


Match the molecule!

COOH

CO,CH,

derivative of  (5R,8R,9S,10R)-12-0x0- salvinorin A (-)-kolavenol scutecyprol A
lupulin D ent-3,13(16)-clerodien-
15- oic acid

most potent
antibacterial naturally occurring
hallucinogen

extremely potent

antifeedant antileishmanial . o
antitumor activity

Sergio, R. et al. J. Agric. Food. Chem. 2004, 52, 7867.



Clerodane diterpenoids

- Large group of secondary metabolites
- interesting biological activities

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Stereochemical variety

neo-TT ent-neo-TC ent-neo-TT

neo-CC neo-CT ent-neo-CC ent-neo-CT

Tokoroyama, T. Synthesis 2000, 5, 611-633.

clerodin



Biosynthesis

- formed via the backbone rearrangement of labdadienyl cation produced
by cyclization of geranylgeranyl pyrophosphate

trans-clerodane diterpenoids cis-clerodane diterpenoids
Tokoroyama, T. Synthesis 2000, 5, 611-633.



Challenges in clerodane synthesis

-Classical stereochemical problems:
- diastereoselective ring formation
- diastereoselective reactions on the ring

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Traditional methods for clerodane synthesis

-Diastereoface-selective reactions on rigid ring/ thermodynamic

equilibration

R y R H'E
: : \ .I"’-‘, HE

- Wieland-Miescher ketone analog

- Cyclohexane derivatives

H1 HI
Q0 ——m = GG
R?
Illr".-"H.E

-Multiple stereocontrolled ring formation

Rl HI
WHE C‘THE
UHB R3

- Diels-Alder reactions
- Ring closure reaction

Tokoroyama, T. Synthesis 2000, 5, 611-633.

R R!
HAUHS H4 HS



Diastereoface selective/ thermodynamic equilibration

H

o
Birch reduction ‘@ alkylation
O PG reduction t0

PG = protecting group alcohol & Claisen

rearrangement catalytic hydrogenation

\

o)

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Diastereoface selective/ thermodynamic equilibration
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PG = protecting group alcohol & Claisen
rearrangement

o)

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Diastereoface selective/ thermodynamic equilibration

alkylation
or

Birch reduction

(0] / reduction to

PG = protecting group alcohol & Claisen

rearrangement
0]
R
\ H c,s‘

reductive alkylation

0 Wittig

PG = protecting group

fdeoxygenation

Birch reduction
or
catalytic reduction

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Diastereoface selective/ thermodynamic equilibration

catalytic hydrogenation

0] |=-| (o)
catalytic reduction alkylation
0o PG >

. reduction to PG
PG = protecting group alcohol & Claisen
rearrangement
\\“
Me
O

% catalytic
Me H(redur:ﬁ::m)

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Example #1: annonene

- Satoru Takahashi, Takenori Kusumi, Hiroshi Kakisawa
- Chemistry Letters (Chemical Society of Japan)

- 1979

- first synthesis of frans-clerodane diterpene

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Takahashi, S. et al. Chemistry letters 1979, 517.



Example #1: annonene

o
| . O 1. keN CN
Birch reduction AcOH
o —_— — D +
(0 2.80Cl, O" o
_/ Pyr _/
1 2 1:1 mixture of 3:4 3
84% over 2 steps
1. DIBAI-H
2. NaBH,
60% over 2 steps
200°C
decalin
6 hr
(Clasien-
Rearrangement)

85:15 mixture of 7:8

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Takahashi, S. et al. Chemistry letters 1979, 517.



Example #1: annonene

1. PCC
2. 3-furyl lithium

Pd-C 3. acetylation
ethanol 4. Ca, liquid NH5
— > ———
R 1:1 mixture of 10:11 72% over 4 steps O
o ‘o 84% yield _/
/ over 2 steps
9 70% 12
acid
quantitative

H, (1000 psi)/
[Ir(cod)(Pcy)s(py)]*PFg

““‘\\

Tokoroyama, T. Synthesis 2000, 5, 611-633. 14
Takahashi, S. et al. Chemistry letters 1979, 517.



Example #1: annonene

70
1. PhgP*-C'H,

—
78%

15

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Takahashi, S. et al. Chemistry letters 1979, 517.



Example #2: palauolide

- Edward Piers & John S. M. Wai
- University of B.C.
- 1987

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Piers, E. et al. J. Chem. Soc., Chem. Commun. 1987, 1342.



Example #2: palauolide

MgBr
CUBF.MGQS,

o BF; Et,0, THF
. -78°C, 3 hr (77%)

““‘

TsCH,NC
+BuOK/ t-BuOH,HMPA
o 40-55°C, 3 days (64%)

'

>
2. t-BuOK, t-BuOH,

37 30 °C, 10 hr (82%)

OMOM
1. DIBAI, DME,
60°C, 6 hr
2. HOAc-H,0, THF,
r.t. 10 hr
-«

(85%)

2

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Piers, E. et al. J. Chem. Soc., Chem. Commun. 1987, 1342.

1. LDA
THF-HMPA, 0°C



Intermolecular Diels-Alder strategy

R

RI

- simultaneous establishment of 3 stereocenters: C-8, C-9, C-10
- can’ t easily attach substituents to C-5

HR _ R
Rl
R’ o)

- establishment of C-5 and C-10 simultaneously
- need to construct C-8 and C-9 separately

Tokoroyama, T. Synthesis 2000, 5, 611-633.



Example #3: mamanuthaquinone

OMe HO OMe

MeO

OMe  Eiacl, (1.5 eq),
X OMe THF (1 eq.),
DCM, r.t. (85%)

,
%
2
v

mamanuthaquinone

@)
Ar
Ir H
Me ; :i
D
Me
endo-TS exo-TS

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Yoon, T. et al. Angew. Chem. Int. Ed. Engl. 1994, 33, 853.



Example #4: 6-acetoxy-2-oxokolavenool

OBn
OBn < <OBn
ZnCl, 1. Me,CulLi
N 0°C 2. LIAIH,
+ —_— — -
MeO,C N (92%) +epim°er 6:1
(o) E (o) (62 /o) =E'_= o)
C02Me Coon

-«

t“‘\‘

OH

“‘“‘\

OAc

Tokoroyama, T. Synthesis 2000, 5, 611-633. 6-acetoxy-2-oxokolavenool

Liu, H-J. et al. Tetrahedron 1998, 25, 5067 .



Intramolecular Diels-Alder example

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Kawai, N. et al. Tetrahedron Lett. 1999, 40, 4193.

DI-II



Intramolecular Diels-Alder example

. o ~
.4
Et,AICI
DCM
CHO 0 15°C
| =
™ (63%)
OTBDMS TBDMSO

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Kawai, N. et al. Tetrahedron Lett. 1999, 40, 4193.



Intramolecular Diels-Alder example

NaN(SiMejs),,
Mel/THF, rt

/8%

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Kawai, N. et al. Tetrahedron Lett. 1999, 40, 4193.



Example #6: ring closure reaction

- @ SiMe,
oo Li | 1. TiCl,, DCM, -78°C
o, 2. MeONa/MeOH
SiMe ¢
SiMe; o
' ~ 80%
2. (CO,H),, H,0

82% over 2 steps

SiME3
Me

MesSin| || H

Me Me
Me ®)

O

a b C

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Tokoroyama, T. Tetrahedron Lett. 1984, 25, 5067 .



Example #6: ring closure reaction

1 SiMe3
< Li | 1. TiCl,, DCM, -78°C

o) 2. MeONa/MeOH
u ’
SiMe ¢
P 3 —
IWE 0%
2. (CO,H),, H,O

82% over 2 steps

TiCl, (2 eq)
CIChzSMe (1.1 eq)
DCM
-781t0 0 °C
81%

Tokoroyama, T. Synthesis 2000, 5, 611-633.
Tokoroyama, T. Tetrahedron Lett. 1984, 25, 5067 .




