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Traditional medicine for treatment of inflammation, gastric, respiratory, cancer, etc.

Yagi in 1910 “enmei-so” - first Isolation of Isodon diterpenoids from a mixture of
leaves of I. japonicus and I. trichocarpa.

Three Japanese research groups in 1958
isolated enmein - First elucidation of 
structure by X-ray crystallography in 1966

Since first discover, >600 compounds are reported in China mostly, Japan, and Korea. 
Experts in this field – E. Fujita (Japan), H. -D. Sun (China)

Isodon is a group of flowering plants in the family Lamiaceae

Isolation



Basic Backbone

>212 compounds (majority) - non-oxidized at C20

C15 – generally functionalized with ketone or alcohol

C5, C9 – almost never functionalized except one case

Proposed biosynthesis

Yeonman, J. T. S.’s Thesis, 2014



Classification by Sun in 2006

three major classes

Sun, H.-D.; Huang, S.-X.; Han, Q.-B. Nat. Prod. Rep. 2006, 23, 673-698.



minor classes

Classification by Sun in 2006

Sun, H.-D.; Huang, S.-X.; Han, Q.-B. Nat. Prod. Rep. 2006, 23, 673-698.



Known Bioactivities: antibacterial, antitumor, anti-inflammatory, anti-feeding agents

Sun, H.-D.; Huang, S.-X.; Han, Q.-B. Nat. Prod. Rep. 2006, 23, 673-698.

antibacterial

antitumor



Total synthesis of ent-kauranoids 11 total synthesis papers regarding this family
>13 papers regarding synthetic study



Early Synthesis based on step-by-step synthesis
with classical chemistry



Fujita’s Synthesis of Enmein in 1972

A

A

Birch in the next page



first step

second step

role of alcohols

Fujita’s Synthesis of Enmein in 1972

protection
Beta-alcohol: kinetic product

anions



Fujita’s Synthesis of Enmein in 1972

obtained by 
degradation 
of enmein

Huang-Minlon reduction/ dehydration w/SOCl2, hydroboration

Introduction of double bond
Dehydration by heating

10% KOH upon heating

Meerwein-Ponndorf-Verley



Fujita’s Synthesis of Enmein in 1972

Total 44-steps from highly scalable phenanthrene derivative
- too many steps – not efficient
- asymmetric synthesis was only achieved by semi-relay-synthesis
- Birch reduction and well studied reaction conditions for high stereoselectivity
is still interesting.



Mander’s Synthesis of 15-desoxy effusin in 1986

Birch 
reduction
In situ
alkylation Pb(OAc)4, Cu(OAc)2

Vilsmeir

KOEt
and 
hydro
lysis

hydrogenation didn’t work
reduction w/Na gave saturated carboxylic acid



Mander’s Synthesis of 15-desoxy effusin in 1986

Dearomatized C-C bond formation

Red-Al reduction
hydrolysis

propionate
and Michael addition
(KH, DMF, -30 oC)

borohydride reduction/protection

hydroboration/ bromination w/ CBr4



Mander’s Synthesis of 15-desoxy effusin in 1986

Total 29 steps from 
dihydronaphthoic acid 

P = KOH, q = CH2N2

r = LAH
s = Ac2O

X-ray obtained

MOM deprotection/oxidation/wittig

oxidative cleavge



New Design and Synthesis: Cascade and Catalysis



First total synthesis: Yang’s Synthesis of Maoecrystal V in 2010

Retrosynthesis

Key: Wessely oxidative dearomatization of a pheol
followed by IMDA reaction

O-H insertion



Yang’s Synthesis of Maoecrystal V in 2010

LAH or DIBAL 
in one flask reduction
favors anti-diol

other reducing agents – organoboranes, 
NaBH4/Lewis acid/ hydrosilane different isomer
cationic-pi interaction between ammonium salt and aryl

one pot



Yang’s Synthesis of Maoecrystal V in 2010

Wessely et al. Monatsch. Chem. 1950, 81, 811.



Yang’s Synthesis of Maoecrystal V in 2010

allylic bromination/ trapping w/ tempo

no epimerization

17 steps longest linear sequence
features Rh(II)-catalyzed O-H insertion
Wessely’s oxidation/ IMDA cascade
, but not asymmetric 

TO summarize….



Danishefsky’s synthesis of Maoecrystal V in 2012

Maoecrystal V

Peng, F.; Yu, M.; Danishefsky, S. J., Tetrahedron Lett. 2009, 50, 6586-6587.

bicyclo [2.2.2] octane - IMDA



Danishefsky’s synthesis of Maoecrystal V in 2012

First approach- frustrated

wrong diastereomer
as a major



Second approach

Danishefsky’s synthesis of Maoecrystal V in 2012

Simplified structure
to avoid chiral influence of cycloxane
New strategy to induce C8-C14

meso

single isomer
wrong isomer!!



Danishefsky’s synthesis of Maoecrystal V in 2012

from here… 21 steps…

Ac2O; NaBH4 MOMCl; K2CO3 mCPBA

Ac2O, Pyr;
DMP PhSH; NaBH4

Raney Ni; 
MsCl, DMAP

DMDO; BF3



Danishefsky’s synthesis of Maoecrystal V in 2012

Lombardo 
reagent

Simmons
Smith

H2/PtO2

PCC

Lombardo 
reagent

pTSA, 
benzene

Saegusa

TFDO

BF3

31 steps longest linear sequence
tedious than Yang’s synthesis
potentially applicable as asymmetric IMDA



Zakarian’s synthesis of Maoecrystal V in 2013

a different disconnection for Diels-Alder using silyl-tethered precursor
; early construction of tetrahydrofuran

intramolecular
hydroacylation

or 
radical mediated cycliaztion efficiency of tether removal and distance



Zakarian’s synthesis of Maoecrystal V in 2013

controlled by steric

another 
Wessely
type

IMDA



Zakarian’s synthesis of Maoecrystal V in 2013

Maoecrystal V

Bu3SnH- too reactive
under many types of initiators

24 steps longest LS; tether mediated DA reaction



Zakarian’s enantioselective synthesis of (-)-Maoecrystal V in 2014

developed by Davies –
benzylic ether C-H insertion

Chiral ligand screening

low dr or ee for all cases



Zakarian’s enantioselective synthesis of (-)-Maoecrystal V in 2014

Chiral Auxiliary screening



Zakarian’s enantioselective synthesis of (-)-Maoecrystal V in 2014

potential tethers



Zakarian’s enantioselective synthesis of (-)-Maoecrystal V in 2014



Zakarian’s enantioselective synthesis of (-)-Maoecrystal V in 2014

(-)-Maoecrystal V

chiral auxiliary with simple non-chiral catalyst solved low ee-problem

; less efficient than asymmetric catalysis , but can be alternative way 



Thomson’s enantioselective synthesis of (-)-Maoecrystal V in 2014

another Diels-Alder; but asymmetric and intermolecular reaction

stryker’s
cat.

no ring closure
under the same conditions

one pot

fragmentation to pheol was not observed.

Scale-up to 1G – ratio 1:1

complete regio, endo-selectivity



Thomson’s enantioselective synthesis of (-)-Maoecrystal V in 2014

early attempts by other reductions – poor conversion, reproducibility, decomposition

developed by Nicolaou

First try; inseparable

18 steps LS, sharpless epoxidation; Heck; intermolecular DA; beautiful

kornblum
oxidation

electronic factor (at C1) 
is very important
in C-H oxidation step



Reisman’s concise synthesis of (-)-Maoecrystal Z in 2011

report by Fujita in 1981
- retro Dieckmann/aldol cascade

Retrosynthesis

selective initiation
due to steric?



Reisman’s concise synthesis of (-)-Maoecrystal Z in 2011
more electrophilic MA/
portionwise addition

Myer’s alkylation



Reisman’s concise synthesis of (-)-Maoecrystal Z in 2011

SmI2/THF - decomposition

12 eq LiCl/ tBuOH (1.1 eq)

(1) The lithium cation may 
coordinate 
to the carbonyl and make it 
easier to reduce; 
(2) the bromide and 
chloride anions may 
coordinate 
to the Sm(II) and alter its 
reactivity; 
(3) the lithium salts may 
enhance or prevent 
aggregation of SmI2, 
making it more or less 
reactive



Reisman’s concise synthesis of (-)-Maoecrystal Z in 2011

monoaceylation
was challenging

highly efficient, well designed, 12 steps from (-)-cyclogeraniol, 
Ti(III)-mediated spiro-lactone formation/SmI2-mediated cascade
successful monoacetylation could cut one more step.



Reisman’s synthesis of (-)-Trichorabdal A and (-)-Longikaurin E in 2013

Retrosynthesis

demostrated previously

same intermediate in Maoecrystal Z



Reisman’s synthesis of (-)-Trichorabdal A and (-)-Longikaurin E in 2013



Ihara et al. JACS 1998, 120, 4916.

Reisman’s synthesis of (-)-Trichorabdal A and (-)-Longikaurin E in 2013

silyl ketene acetal
more challenging
; few example



Reisman’s synthesis of (-)-Trichorabdal A and (-)-Longikaurin E in 2013

concise and reliable now; PdII-mediated oxidative cyclization
;15 and 17 steps from (-)-γ-cyclogeraniol



Zhai’s synthesis of Sculponeatin N in 2014

Retrosynthesis

another IMDA!!
Formal [3+2]

radical cyclization



Zhai’s synthesis of Sculponeatin N in 2014



Zhai’s synthesis of Sculponeatin N in 2014

Single isomer!!!

protodesilyation

first try with acrolein
low yield

Second try with propargyl
bromide low dr

reductive Heck – unsuccessful

AIBN as an initiator – thermodynamically more favorable [2.2.2] bicycle as a major

w/ S-Bu3B (5:3)

smart setting for the preparation of substrate, concise, radical cycl to form [3.2.0] briged cycle

13 steps from known sm



Zhai’s synthesis of Sculponeatin N in 2014

from SI of Zhai’s paper

nBu3SnH seems to be very good H-donor
Et3B – seems to induce kinetic product
AIBN – resulted in thermodynamic product (maybe due to stabilized radical?)



Thomson’s synthesis of Sculponeatin N in 2014

Retrosynthesis



Thomson’s synthesis of Sculponeatin N in 2014

Grieco’s elimination

high temp or high pressure

identified by isolation
Wacker

Weinrab amidealkylcuprate

alkylcuprate

RCM



Thomson’s synthesis of Sculponeatin N in 2014

Heck or Reductive Heck 
– not successful

significant by-product

solution – radical cycl.



Thomson’s synthesis of Sculponeatin N in 2014

α-hydroxylation
END GAME
- cyclopentanone to
lactone

1) TBAF
2) H5IO6

attempted oxidative cleavage/
re-ring closure upon reductionallylic oxid.

/silyl enol ether

chemoselective
ozonolysis

23 steps from 
3-methyl cyclohexanone;

featuring Nazarov, RCM
to construct two quaternary 

carbon centers,
radical cyclization for [3.2.0]bicycle



IN SUMMARY

44 steps + α 29 steps 27 steps

13 steps + α
23 steps 

17 steps 

31 steps 

24 steps 

18 steps 
12 steps + 4 

15 steps + 4 and 17 steps + 4 

So far 11 total synthesis….Who will be the next??

Diels-Alder
is still predominant!!



THANK YOU FOR YOUR ATTENTION.. Q & A


