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(+)-Pleuromutilin

e (+)-Pleuromutilin is a diterpene natural product first isolated
from the fungus Clitopilus passeckerianus in 1951 and shown
to inhibit the growth of Gram- positive bacteria

* Thousands of semisynthetic derivatives has been made in
which the C14 ester have been identified as potent antibiotics

 Retapamulin was approved in 2007 by FDA as topical
antibiotic

(+)-Pleuromutilin (1) Retapamulin

Proc. Natl. Acad. Sci. U. S. A. 1951, 37, 570
Antimicrob. Agents Chemother. 2006, 50, 3882

Tetrahedron 2014, 70, 6911
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Proposed Biosynthesis

class I terpene synthase domain

Gazz. Chim. Ital. 92, 884-901 (1962).
Pure Appl. Chem. 17, 331-348 (1968).
Tetrahedron 22, 359-387 (1966).

Ruiting Liu@ Wipf Group Page 3 of 13 6/23/2018



8-Membered Ring Construction
* Grob fragmentation by Gibbons

BzO

KH
OH 18-crown-6 _
diglyme, 110°C
|| 99%

JACS.1982, 104, 1767
J. Am. Chem. Soc. 1989, 111, 8284.
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8-Membered Ring Construction

* Cascade cyclization by Procter etc

OPiv OPiv

Sml2 (2.5 equiv)
THF/tBuOH (5:1)

—
—

0°C, 88% OH
Me
HO COzMe
dr 2.5:2.5:1:1

Chem. - Eur. J. 2013, 19, 6718.
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8-Membered Ring Construction

* Reductive cyclization by Herzon etc

Me
Me CH, t-BuLi 5
hen HCI
OMe \<o N %/ then HC _ OMe 40 .
(; NBoc OPMB 48% (;O -
O OPMB

Me Me
Mo o) Ni(cod)2, lpr, Et3SiH; TBAF Ve J(o
_ - _ e P
(; NG 60%, dr > 20:1 (; 5
0 AR 0

Science 356, 956959 (2017)
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Retrosynthetic Analysis

R
R1 R-] 1 R2
HO Féz OH PO \.Ro PO
V _ Sm|2
Me::- =
O — OH — —
Me Me
Me Me
O o)
1: Ry = Me, R, = vinyl
12-epi-1 : Ry = vinyl, R, = Me
O
Ry
PO \Re . H Q
crotylation
- Me p—
OTrt ’ Me o) Me
Me O R

Me (HO)QBM R

Z-6: R, = Me, R, = CH,CH,OTt
E-6: Rs = CH2CH20Trt, R4 = Me

3
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Synthesis of 5,6-membered ring

% PN
MgBr
<O>_\'V'@JBF Cul. THE 4) TCCA, EtOAg, 0°C
CuCN-2LiCl, TMSCI o o Vo :
-78°C to -50° 5) HCI (aq), THF, 70°C
Me  "2) Pd(OAc), (10 mol%) 78°C l0 -80°C @ Me Y HCl @),
@) 4.8:1 dr 4.4:1dr
o) DMSO, O, rt 71% 52%
frOTrt
6) CeCl2-2LiCl o) _
MeMgCl, 0°C (HO)-B Me
7) PCC, CH2CI2 8) KHoPO,, Nal H 9) (R)-3,3™-Br,-BINOL (20 mol%)
78% DMSO, 95°C Me tBuOH, 3A MS, PhME, 0°C
69% Me 80%
o 99% brsm
74
HO / HO 10) MOMCI, iPr,NEt
11) HCOH, Et,0
— _ 70% over 2 steps
OoTrt + _
v Sl 12) [Cu(MeCN),JOTf
e Me 4-OMebpy, ABNO
Me Ve NMI, MeCN
o} . o 92%
a 13b
13a:13b =1.2:1
Ruiting Liu@ Wipf Group
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Completion of Synthesis

rigorously
deoxygenated / /
13) Sml, (3 equiv) MOMO MOMO
H,0 (6 equiv) 14) LIHMDS
THF, 0°C, 5 min = TIPSOTf =
then TMSCI (5 equiv) e THF e
93%, 23:1 dr -78°Cto 0°C
Me 76% Me
O TIPSO
confirmed by X ray
TFAO._CO5H
. 17) EDCI, DMAP
Mn(dpm)s (13 mol%) 16¥5th|;ﬂH3 CH,Cly, 1h
PhSiH5, TBHP OH
. Et,O, -78°C then MeOH, EtsN
iPrOH, rt 6194, 141 or Me then HCI/THF, 50°C
55% o 80%

single diastereomer TIPSO

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

Mn(dpm)s (10 mol%)
PhSiH; (1.5 equiv)
TBHP (2 equiv)

iPrOH, rt

[1,5]-HAT

single diastereomer

X=H, 56%
X=D, 47%
> 98% D transfer

e Standard hydrogenation conditions employing cationic transition metal
complexes gave rapid and exclusive reduction of the more sterically

accessible vinyl group

* The protected C14 alcohol perform poorly under the HAT conditions
suggests that cleavage of the O-H bond to form the C14 ketone serves

as a driving force for this transformation

J. Am. Chem. Soc. 2000, 122, 11660
Science 2015, 349, 1532
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Me

Ruiting Liu@ Wipf Group

Me

Synthesis of 12-epi-1

E-6 e OTrt

(HO),B ™7
(R)-3,3™-Br,-BINOL (20 mol%)

tBuOH, 3A MS, PhME, 0°C
85%

13c:13d =1.2:1

Sml, (3 equiv)
H,0 (6 equiv)
THF, 0°C, 5 min

then TMSCI (5 equiv)
77%. 17:1 dr

Me 2
HO Me
HO
. - OTrt + - OTrt
Me
Me Me
@) O
13d 13c
74
MOMO
_ 4-steps _
= > 12-epi-1
OH
Me
Me
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Cyclization of a 11,12-bis-epi substrate

Sml, (3 equiv)
H,0 (6 equiv)
THF, 0°C, 5 min

then TMSCI (5 equiv)
20%

Dowd-Beckwith rearrangement

C11 stereochemistry exerts a pronounced effect on the reactivity
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Conclusion

* Preparation of (+)-pleuromutilin and (+)-12-epi-
pleuromutilin in 18 steps from (+)-trans-
dihydrocarvone.

* Highly stereoselective Smi2-mediated cyclization to

establish the eight-membered ring and a
stereospecific transannular [1,5]-hydrogen atom
transfer to set the C10 stereocenter
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