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1

pepluaneparaliane

jatrophane and
jatrophane-type diterpenes

O
AcO

iBuO

AcO

AcO OAc

OAc
HOAcO

H

salicifoline

O H

O

AcO

iBuO OiBu

ONic
HOAcO

H

OAc

O

euphowelwitschine A

HO

H

BzO

HO H

OAc

OAc

H
OAc

OH

pepluanol A pepluene

AcO

BzO

HO
OAc

H
OH OAcOAc

OAcH

OH
O

H
H

BzO

HO

paralianone A

AcO
HO

NicO

AcO H
AcO

AcO OAc

ONic

pepluanin A

AcO

AcO H
AcO

O OAc

OBz

OAc

O

kansuinin A

HO

jatrophone

O

O

O

O

O
BzO

HO H
H

H

H

latilagascene F

O
AcO

CinnO H

H

H

euphorbia factor L7a

OAc

H

OBz

HO

OiBu

H

O H

HO

euphodendriane A

cembrane

jatrophane

lathyrane tigliane

daphnane

ingenane

H

H

HO

OAc

H

O HO

HO

OH

H
H

prostratin phorbol

H

OH

HO

OH

H

O HO

HO

OH

H

HO

H O

O
O

H

O

O

MeO

HO

Ph

resinferatoxin

HO

H O

O
O

H

O
O

C13H27HO

HO

OAc

kirkinine

HOHO
HO

OH

H
O

ingenol euphorksol A

AcOHO
BzO

H
O

O

O

COOMe

OHH

H

H
O

O H

O

O

ehrenbergol E

flexibilisolide C
HO

H O

O
O

H

O PhO

HO

OAc

HO

yuanhuapin

reviews: Chem. Rev. 2008, 108, 4295.
Chem. Rev. 2014, 114, 8579.
Phytochem Rev. 2020, 19, 265.
Phytochemistry, 2023, 212, 113703.

HO
HO

BzO H

BzO

OAc

HO
HO

peditithin H
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O

O

O
R

O

O

O

R
O

O

O

R

O
OTMS

R

O

O

O

OTBS OTMS
R

O

OTBS

O

+

acid-mediated cyclization

aldol reaction

(±)-jatrophane R= CH3
(±)-normethyljatrophane R= H

Smith (1981)

O O

OH

OTBS

OH

S
S

OTMS

O

OTMS

S

S

1. Br2, NEt3
2. HO(CH2)2OH

3. nBuLi, CH2O

4. (COOH)2

4 steps, 62%
1. TBSCl, ImH

2. nBuLi

1. MeI, CaCO3,
CH3CN, H2O

2. AcOH
3. TMSCl

5 steps, 42%

1. LDA
2. Collin's reagent

OTMS

O

O

O

OTBS

O

O

O
OH

HCl, THF

O

O

O
O O

O

O

O
O

HO

O

O

O

O

O

O

1. PdSO4, py, H2
2. KI, AcOH

2 steps, 71%

TsOH

79%88%

LDA, TMSCl
TiCl4

47%, dr 2:1

1. (CH2OH)2, TsOH
2. Collins' reagent

2 steps
85%

TsOH,
2 weeks

Mukaiyama aldol

JACS, 1981, 103, 219.(±)-normethyljatrophane

O

O

O

reverse aldol

O
OH

1. LDA, HMPA,
propanal, -78 °C
2. TBSCl, ImH
3. LAH
4. Collins' reagent

O

OTBS

4 steps, 55%

O

O

O
OBr

O

TBSO

O

O

O
O

Et2AlCl/Zn
O

O

O
HO

+

ease to convert

3 steps, 68%

OTMS

R1

O

OTES

R2 O

O

O

R1

(+)-hydroxyjatrophane A R1= OH, R2= CH3

(+)-hydroxyjatrophane B R1= CH3, R
2= OH

R2

O

O

O

HO

(+)-hydroxyjatrophane B

O

O

OHO

(+)-hydroxyjatrophane A

O

O

O
O

O

Ph
OMe

41%

O

OTES

HO

OH

O

O

O
O

O

O

O
O

Ph

OMe
1. AlH3, Et2O
2. HCl, H2O
3. TESCl, NEt3DMAP

3 steps, 60%

O

Ph

OMe

Cl

41%

Smith (1989)

JACS, 1989, 111, 6649.

OH

O
O

O
Davis'
reagent

O

OH (CH2O)n
BF3 Et2O

O

OH

O
BF3

O

O

O
BF3

O
O

O

JOC, 1988, 53, 4317.
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Stille and Hegedus (1990)

O

O

O

(±)-jatrophane

OTMS

O

HO

OTMSO

O

+

acid-mediated
cyclization

aldol reaction

O

O

OTf

SnBu3

SnBu3

OTMS

OTMS

SnBu3

5 steps, 40%

OH

O

OTBS

OTMS

O

OTMS

1. TBAF
2. BSA

2 steps, 73%

O
SnBu3LDA

43%

OTMS

O

O

SnBu3

OTMS

1. NCS, DMS, Et3N
2. HCl, THF
3. NCS, DMS, Et3N
4. NaHMDS, PhNTf2

4 steps, 47%
O

O

OTf

SnBu3

Pd(CH3CN)2Cl2
LiCl, CO (50 psi)

24%

O

O

O

(±)-jatrophane

carbonylative
Stille coupling

O

OEt

SnBu3

CuCNLi2S
+

OTMS

R1

O

OTES

R2

O

O

Bu3Sn

OEt

BF3 Et2O

80%

TL, 1984, 25, 5959.

JACS, 1990, 112, 33, 8465.

O

1. KMnO4
2. MeOH, H2SO4

2 steps, 44%
COOMe

COOMe 1. NaOMe
2. TBAF

OMe

OTMS

COOMe

OTMS

OH

O

O

OMe
1. TMSCl, ImH
2. LDA, PhNTf2

OTMS

O

OTf

OMeNMO, OsO4

3 steps, 58%
dr 10:1

P(OEt)2

O

OTMS

O

OTf

P(OEt)2
O

O
Cl

LDA, 87%

O

O

OTf

P(OEt)2

O

O

O

O

OTf

NaH

62%

O

O

HO

1. Pd(PPh3)4
2. TBAF
2 steps, 96%

2 steps, 66%

1. (COCl)2, DMSO, NEt3
2. LHMDS

1. (COCl)2, DMSO, NEt3
2. Pd/BaSO4, H2
3. KI, AcOH

5 steps, 70%
O

O

OH

O

O

O

(+)-jatrophane

Me3Sn OTBS

JACS, 1992, 114, 33, 7692.

(+)-jatrophane

O

O

O
O

O

OTf

Stille
coupling

Me3Sn

OTBS

+
O

O

OTf

P(OEt)2

O

O

OTMS

O

OTf

OMe

O

Cl

COOMe

COOMe

O

Dieckmann
condensation

+

FeCl3
92%

Wiemer (1992)
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Hiersemann (2006)

(–)-15-Acetyl-3-propionyl-1- norcharaciol

O
AcO

O H O
O

OMe

O

TBSO H

HO

O
HO

TBSO H O

TBSO I

OO
(–)-15-O-acetyl-3-O-propionylcharaciol

O
AcO

O H O
O

NO

O

MeO

O OH
O OR1

OTBS

TBSO

R2O2C

OR1

O

O

R2O

R2O

OTBS

O

P(OAlk)2

OO

3 steps, 90%
nBuLi, THF

TBAF, THF

-78 oC, 10 min

74%

OR2

O

TBSO

HO

decane, sealed

tube, 180-190 oC

77%, dr 4.5:1

O

H

O

H3C H

OTBS
CO2R

2

R1 = TBS (80%)

R1 = TPS (78%)

R1 = BOM (68%)

1. R1Cl, Base

2. DIBALH

3. SO3 pyr, DMSO

Alk = Me, iPr
E/Z > 10 / 1

2. NaOMe
2 steps, 90%

1. nBu2BOTf

RCM

Pd-coupling

OL, 2006, 8, 8, 1573.

HWE

RCM

OPMB

SePh

+

O

P(OEt)2

O

TBSO

TMSO

OTES

O

+

major

+

H
O

TBSO
H

CH3

H

CO2R
2

OR2

O

TBSO

HO

minor

O

P(OEt)2

O

TBSO

TMSO

P(OEt)2O

1. TMSCl, NEt3
2. nBuLi

2 steps, 98%nBuLi, 58%

OTES

O

O
TMSO

TBSO OTES

O
HO

O O
O

1. TBAF
2. PPTS, EtOH
3. DMP, pyr

4. HF pyr
4 steps, 50%

O
HO

HO O

1. PPh3, DIAD,
p-BrC6H5CO2H
2. K2CO3, MeOH
3. EtCO2H, EDC
DMAP

3 steps, 48%

1. Grubbs (
2. Ac2O, TMSOTf

2 steps, 75%

(–)-15-Acetyl-3-propionyl-17-norcharaciol

O
AcO

O H O
O

major minor
TL, 2004, 45, 289.

5

6

13

12

carbonyl–ene
reaction
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AcO

TBSO H O

O
RO

TBSO H O

or

or

RCM

failed

failed

5

Hu GM Macrocyclic Jatrophane diterpenes Luqiong Huo

Hiersemann (2009)

OMe

O

TBSO

HO
1. H2O2, NaHCO3
2. La(NO3)3 6H2O
3. IBX

3 steps, 30%

TBSO

OO

O

TBSO I

OO

1. LAH
2. 2,2-DMP, PPTS
3. O3, PPh3

1. CBr4, PPh3
2. MeLi, MeI
3. Cp2Zr(H)Cl, I2

3 steps, 62%

TBSO

SePh

OO

PMBO

SePh

9-BBN, (dppf)PdCl2
Ph3As, CsCO3, 86%

OPMB
TBSO

HO

OPMB

O

1. tBuLi

2. DDQ

3. IBX

Br

O
HO

TBSO H O

6 steps

3 steps, 68%

OL, 2009, 11, 12, 2555.

3 steps, 88%

O
AcO

O H O
O

5 6

1213
Attempted C12-C13 Ring Closure

(–)-15-O-acetyl-3-O-
propionylcharaciol

AcO

TBSO H OR

O I
AcO

TBSO H O

O I
Nozaki-Hiyama-Kishi

or
iodine-lithium exchange

Attempted C5-C6 Ring Closure by RCM

O
RO

TBSO O

O
RO

TBSO OR

Attempted C5-C6 Ring Closure by RRCM (relay ringclosing metathesis)

O
HO

HO H O

R

O
HO

HO OR

R

[Ru]

O
HO

HO OR

R

[Ru]

O
HO

HO OR

R

O
HO

HO OR

R
R = Me

R = H

O
HO

HO H O
JOC, 2009, 74, 1698.

5 6

13

12

O
AcO

O H O
O

NHK, M-X

7

11

Suzuki-Miyaura

14

5 5

6' 6'

6 6

5' 5'

6
6'

6
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Nishiyama and Yamamura (1993)

AcO
AcO

BzO H

HO

O

euphohelioscopin A

HO

AcO

H

H

H

O

O

O
euphoscopin A

OHO

O
O

AcO

OH
AcO

OTBS

O
O

Ph

O

O
O

Ph

OBn

O
O

Ph

1. TBSCl, ImH
2. OsO4, NMO
3. PhCH(OMe)2

3 steps, 88%

1. K2CO3, MeOH
2. MsCl, NEt3
3. TBAF
4. (COCl)2, DMSO, NEt3

4 steps, 51%

1. MeLi, CuCl, BF3 OEt2
2. L-selectride
3. BnCl, NaH, NaI

3 steps, 66%

OBn

TBSO
O

1. p-TSA, MeOH
2. TBSCl, ImH
3. (COCl)2, DMSO, NEt3

3 steps, 55%

Me

O
O

OBn

1. Cp2TiCl2, MeMgBr
2. BH3 THF, H2O2, NaOH
3. p-TSA, MeOH
4. CH2=C(CH3)OMe, CSA

4 steps, 54%

1. Li, NH3, EtOH
2. (COCl)2, DMSO, NEt3
3. CeCl3

3 steps, 77%
dr 4.6:1

MgBr
Me

O
O

NTs
O

O
OHO

O
O 2 steps, 50%

NaOH

Phytochemistry, 1989, 28, 3421.

AcO
HO

NicO

AcO H
AcO

AcO OAc

ONic

pepluanin A

O
AcO

NicO

AcO H
AcO

AcO
ONic

OAc

OTES
MOMO

MOMOPMBO

OTf

euphosalicin

Mulzer (2004)

O
HO

1. KH2PO4, H3PO4
pH = 4.1
2. TBSCl, NEt3, DMAP
3. LAH, TBSOH

3 steps, 28%

OTBS

AcO
48%, 98% ee

pancreatin
vinyl acetate

NEt3

OTBS

O

OTBS

HO

N

OMe

OMe1. K2CO3
2. PDC

OTBS

Me2N O

OH
MOMO

O

O

1. oxone, acetone,
18-c-6, NaHCO3

2. MOMCl, DIPEA
3. TBAF

3 steps, 57%

1. MOMCl, DIPEA
2. KHMDS
Davis’ reagent

CSA
trichloroacetimidate

3 steps, 55%

MOMO

MOMO

O
O

OH

MOMO

MOMO

O
O

OPMB

OTES
MOMO

MOMOPMBO

OTf
OTES

MOMO

MOMOPMBO

O

N

1. pyrrolidine
2. TESCl, NEt3

2 steps, 80%

1. MeLi
2. KHMDS, PhNTf2

2 steps, 74%

heat, 85%

OTBS

HO
89%

MeLi

HH H H

H

2 steps, 82%

O
HO

O
H2O O OTBS

O

NO

O OH

O
OH

OHOO

OH

H -H2O H2O

-H

Tetrahedron, 1997, 53,1938.

53%

Synlett, 2004, 2558.

O

OMOMO

O

O

OMOM

O

O

Me

O
O

OH
TsNCO, CuI

NEt3



OPMB

HO

O

O

OBnH

aq. H2SO4

3 steps, 58%

OPMB

OHO

OBn
O

assumed

actually

O

OTMS

BnO OPMB

H

H

chair-TS

boat-TS

O

OPMB

H

H
OBnTMSO

OPMBO

TMSO
OBn

failedMCPBA

H

H

H

H

H

O

HO

OH
HO

O
O

OTBSH

H

O

H
H

O

H

H
H

5 steps, 44%

epoxidation O
O

OTBSH

H

O

O
O

OTBSH

H

O

desired

O
O

H

H O
O

H

H

O

O
O

H

H

O

desired

+

OTBS

Me2N O

1:1 mixture

1:1 mixture

+

test:

HO
HO

BzO H

BzO

OAc

HO
HO

peditithin H

O

HO

HO OH

O O
OTBDPS

O

1. CH3ReO3, 3-pentanol
2. TBDPSCl, ImH
3. (CH3)2CuLi

3 steps, 58%
OH

O
OTBDPS

O

LiHMDS, MoOPH
75%, dr 5:1

Qingjiang Li and Sheng Yin (2020)

OL, 2020, 22, 9360.

1. DIBALH

2. EtPPh3Br,
nBuLi

3. TBSCl, ImH

4. BzCl

4 steps, 45% OTBSOBz

OTBDPS

OTBSOBz

O

1. HF py, THF
2. DMP
2 steps, 64%HO

TBSO

O

BzO

TBSO

VO(acac)2, TBHP

BzO

TBSO

OH

toluene

180-190 oC

47%

HO

TBSO

O
85%

MsCl, Et3N
then DBU

68%

BzO

TBSO

O
BzO

TBSO

OH

[O]

HO

TBSO

OBz
O

TBSO

OBz
BzO

TBSO

O

HO
[O]

7
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Helv. Chim. Acta 2005, 88, 1560.

Mulzer (2005)

O O
O OHOMCPBA 1% Na2CO3

2 steps, 75%

1. NaBH4, CeCl3 7H2O
2. NaH, PMBCl
3. BnOCH2C(O)Cl

O

O

O

O

OPMB

OPMBO

O
OBn

OHO

OBn

OPMB

OHO

OBn

assumed

actually

KHMDS
TMSCl

76%

OPMB

OHO

OBn
O

MCPBA

Z-enol ether
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OBz
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HO

OMe

O

OH

C2 elongation

Eschenmoser
methylenation

RCM and
hydroboration/oxidation

3 steps, 66%

OH

NH

(+)-pseudoephedrine

Myers’ protocol

JACS, 1997, 119, 28, 6496.
2 steps, 70%

OL, 2009, 11, 22, 5326.

HO

H

H

H

H

OTBDPS

H

H

OPMB

test : CBS , alpine borane

Noyori asymmetric
hydrogenation

O

TMS

[Ru], iPrOH

Synlett, 2013, 24, 2665

carefully degassed
and ethene-purged

JACS, 1995
117, 7562.

remove TMS
Pd cat. reductive epoxide opening

(Tsuji and Shimizu)

TIPSO

O

TIPSO

O

Pd L

L

TIPSO
OH

Pd L

LO

H

O

TIPSO
OH

Pd L

LH

TIPSO

OH
Pd0Ln

HCOOH NEt3

CO2
Chem. Lett. 1986, 1775.

Rinner (2009)

TBDPSO
PMBO

O
HO

AcO

R1

R2

AcO H

AcO OAc

OAc
BzO

(R1 = Me, R2 = H) altotibetin A

(R1 = Me, R2 = H) Pl-3

OH

HO

O

O

Ph

PhHO

PhO

O

PhPh

HO
Ph 1. NaOMe

2. LDA, CH2O
3. TsCl, NEt3

4. DBU, NaI
5. TBDPSCl, ImH
5 steps, 52%

1. IBX
2. LDA, (R)-HYTRA

TBDPSO

MeO

O TBDPSO
PMBO

PMBO

CCl3

NH

1. DIBALH
2. CSA

2 steps, 41%

1. thexylborane
H2O2, NaOH
2. IBX

TBDPSO
PMBO

O

3. Grubbs ( )
3 steps, 91%

OH

O

HO

1. (MeO)MeNH HCl

2. nBuLi TMS

TMS

3 steps, 55% HO

TMS

Alternative route

Grubbs ( )

93% HO

O

TIPSO

OH

2 steps, 65%
de > 98%

1. NaH, HMPA
2. HCl
2. VO(acac)2, TBHP

1. TIPSOTf, lutidine
2. Pd2(dba)3, CHCl3

HCOOH, NEt3, L

DACH phenyl Trost ligand

HNNH

OO

Ph2P PPh2

N

N
H2

S OO

iPr

Ru

Cl

(S,S)-RuCl[TsDPEN]p-cymene

TBDPSO

OPMB

test: TBAF in THF/DMSO
KHMDS/LHMDS/NaH
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HO
HO

HO

MOMO

O

OMOMO

(OEt)2P

O

OMe

O

O

TBDPSO

O

Mohan (2012)

1. (CH2OH)2, HC(OMe)3, TBABr3
2. LAH

3. TBDPSCl, ImH

4. PPTS, acetone, H2O, 55
oC

4 steps, 65%

1.
2. MOMCl, DIPEA

2 steps, 77%

MgBr MOMO

TBDPSO

MOMO
OH

TBDPSO

1. OsO4, NaIO4
2. allylmagnesium
bromide

2 steps, 75%

MOMO

O

OMOM
1. MOMCl, DIPEA
2. TBAF
3. TPAP, NMO

3 steps, 68%

MOMO
MOMO

O

O

(OEt)2P

O

+

MOMO

O

OMOM

O

OMOM

H

TL, 2012, 53, 2730.

1. TBAF
2. (COCl)2, DMSO, NEt3
3. CBr4, PPh3

3 steps, 22%

MOMO

Br

Br

CuI, MeLi, I2
yield not given

MOMO

I

OTBSO

MOMO

TBDPSO

OTBS

1. nBuLi

2. TBDPSCl, NEt3
2 steps, 35%, dr 1:1

TL, 2013, 54, 3919.

S S

1. nBuLi

2. MOMCl, TBAI, DIPEA

3. TBAF

3 steps, 60%

MOMO

HO

S

S
1. SO3 py, DMSO

2. Ph3PCHBr2, KO
tBu

2 steps, 43%

MOMO

S

S

Br

Br

CuI, MeLi, I2
50%, E/Z 4:1

MOMO

S

S

I

O

MOMO

HO

S

S

+

NHK or tBuLi

failed

failed

RCM

HWE
NHK or M-X

MOMO
OMOM

O+

I

MOMO
OMOM

I

Route 1Route 2

MOMO
OMOM

MOMO
MOMO

HO

OTBS

failed

Wolkoff's
reagent

CuI, MeLi

Tanino–Miyashita’s
approach

TL, 2006, 47, 861.
JACS, 2007, 129, 8960.

NHK or tBuLi

Br

Br

TBDPSO

O
MOMO

OMOM

O

5 6

12

13

11

7

1

23
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AcO
AcO

BzO

AcO OAc

OAc

Pl-3

OH

Rinner (2014)

O

O

O

Cl

OH

HO

OH

O

O

Cl

O
O

O
O

O
O

O
OI

HO

HO

I

HO

O
O

I

HO

O
O

I

TIPSO

O
O

O
O

TIPSO

1, NaBH4, MeOH
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