
alcohols are not equivalent
regioisomers = diastereomers

t-BuO

O

OH

OMe

Me

OMe

OH

Ot-Bu

O

Pseudo-C2
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Nat. Prod. Rep. 2017, 34, 1345–1358.

D
eg
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e 

of
 S

ym
m

et
ry

Me
N

HN

N
Me

NH

H

H

(+)-chimonanthine

OO

OO

OH

OH

HO

HO

polyozellic acid

Bilateral symmetry
~7% of NPs

Me OMe

Me

Me
O

H H

H

H
H

Me

O

(–)-dimericusone A

Dimers
~17% of NPs

O

OH
Me

OH

Me
OH Me

Me

OH

OH

HHO
OH

Me

(+)-ryanodol

Hidden symmetry

O

OH
Me

OH

Me
OH Me

Me

OH

OH

HHO
OH

Me

alcohols are equivalent
regioisomers = identical

OH

OH
HN

NH

Me

Me

Meso

S1

S2

alcohols are enantiotopic
regioisomers = enantiomers

OH

OH

C2-symmetric

C2

Prochiral

HO OH
Me

alcohols are enantiotopic
regioisomers = enantiomers

§ Common symmetry elements:

§ Choice of symmetry element will dictate 
desymmetrization strategy
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O
OO

Me

Me

OO
Me

HO

merrilactone A (Inoue, 2003)

OBn

OBn

Me

Me

O

O

Cl

Cl

O

O

O

+
OH

OH

Me

Me

i. hν
ii. Zn, TMSCl

iii. LiAlH4

47%

i. BnBr, NaH
ii. OsO4, NMO

iii. Swern

OBn

OBn

Me

Me

O

O

allyl-MgBr

73%OBn

OBn

Me

Me

OH

OH

GI

then
Pb(OAc)4

95%

OBn

OBn

Me

Me

O

O

LiHMDS

THF, –100 ºC

85%

O
Me

Me
OBn

OBnH

OH

3.1:1 dr

O
Me

Me
OBn

OBn

O

OEt

O

Br

4 steps

OH
Me

Me
OH

OH

O

Me

HO

12 steps3 steps
merrilactone

A

O
OO

Me

Me

OO
Me

HO
HN

N
O

OH

HO2C

actinophyllic acid (Chen, 2017)

O

HN

N
O

OH

HO2C

O

130 ºC

75% O

i. EG, TsOH
ii. OsO4, NMO

iii. Pb(OAc)4
then

NaBH(OAc)3, PMBNH2

50%

N
PMB

O
O

i. TeocCl
ii.

N
OH

Br Br

N
Teoc

ON

Br
O

O

61%

i. MeOLi

ii. DDQ

36%

N
Teoc

ON

MeO
O

O

i. TFA
then

[Pd], Ar–Br

ii. HCl

49%

N

O

ON NO2

MeO

HN

N
O

OH

HO2C H

Cl

i. PdCl2, H2

ii. LDA, CH2O
then

THF; HCl

15%
actinophyllic acid·HCl

Angew. Chem. 2017, 129, 12445–12449.
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N

OH

H

Me

H
O

lycodoline (Fan, 2017)

H

Me

O

O

HO

meso-ish

N

OH

H

Me

H
O

O

Me

i. pyrrolidine;
acrolein
ii. MsCl

iii. LiBr, Li2CO3
150 ºC

40% (80g scale!)

H

Me

O i. allyl-MgBr
ii. BH3·THF

iii. IBX

51%
H

Me

O

O

HO

KHMDS, TMSCl

H

Me

OTMS

O

TMSO

Pd(OAc)2

H

Me

O

O

TMSO

AcO

52%

H

Me

O

O

RO

AcO

R = H, TMS

HO NH2
NaBH3CN

80–85%
N

OH

H

Me

O
OH

i. KH;
Ph2CO

ii. PtO2, H2

75%

N

OH

H

Me

H
O

lycodoline

N

OH

H

Me

H
O

lycodoline

t-BuOK, P(OEt)3, O2

84%
N

OH

H

Me

HO
O

lycoposerramine G

quant.     H2O2

N

OH

H

Me

HO
O

miyoshianine A

O

N

OH

H

Me

HO
O

miyoshianine A

O
CO(CCl3)2, Et3N

N

OH

H

Me

OH

O

44%

N

OH

H

Me

OHO
lycojaponicumin D

N

H

Me

H
O

anhydrolycodoline (1 step)

N

OH

H

Me

H
O

serratezomine C (1 step)

HO

huperzine O

Swern
N

OH

OH

O

Me
H
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N
OMe

CO2Me

O
O

Ar

NH
MeO

H

H

reserpine (Chen, 2018)

N
OMe

CO2Me

O
O

Ar

NH
MeO

H

H

OHC H

O

AcO

Br2HC CHBr2

O

+

i. Zn/Cu
then

NH4Cl, Zn/Cu
ii. H2SO4

14%

OHC H

O

H

i.
OMePh3P

ii. AcOH
RNH2

37%

O

NH

NH

OMe

H

N CHO

NBoc

H
O

H

5 steps
i. NaClO2

ii. TMSCHN2

iii. AcOH

13% (+RSM)

N CO2Me

O

N H

H

Boc

i. L-proline, PhNO
ii. Ac2O, DMSO

iii. raney-Ni, H2
iv. ArCOCl;
SiO2, heat

15%

N
OMe

CO2Me

O
O

Ar

NH
MeO

H

H

reserpine
Ar = 3,4,5-OMePh

Angew. Chem. 2018, 57, 16152–16156.

OHMe OH

MeO
HO

OOH

Me
HN

NH2HN

Ac

NMe2

O

pactamycin (Johnson, 2013)

OHMe OH

MeO
HO

OOH

Me
HN

NH2HN

Ac

NMe2

O
Me Me

O O

HN

NMe2

O

Me Me

OO

HN
NH

NMe2

O

OBn
OPh

Ph N
CO2Bn

cinchonidine

70%, 96% e.e.Me Me

OO i. p-ABSA

ii. Rh2(Oct)4
1,1-DMU

67%

Me Me

OO

HN

NMe2

O

i. LTBA
ii. TBSOTf54%

Me Me

OTBSO

HN
NH

NMe2

O

OBn
OPh

i. LDA, CH2O
ii. O3

iii. NaOMe

35%

O OTBS

Me
HN

NH
NMe2

O

CO2Bn

HO

OTBS

Me
HN

NH
NMe2

O

CO2Bn

TBDPSO

O

OHMe

i. H2O2, NaOH
ii. TBDPSCl

iii. MeMgBr

46%



J. Farr Symmetry Driven Total Syntheses 2 April 2021

J. Am. Chem. Soc. 2013, 135, 644–647.

OHMe OH

MeO
HO

OOH

Me
HN

NH2HN

Ac

NMe2

O

pactamycin (Johnson, 2013)

Me Me

O O

HN

NMe2

O

OTBS

Me
HN

NH
NMe2

O

CO2Bn

TBDPSO

O

OHMe
m-Ac-aniline
Sc(OTf)3

66%

OTBS

Me
HN

NH
NMe2

O

CO2Bn

TBDPSO

HO

OHMe

HN

Ac

O

O

CN

i. TBAF
ii. K2CO3

72%

Me

OH

OHMe OH

MeO
HO

OOH

Me
HN

NHHN

Ac

NMe2

O

CO2Bn

Pd(OH)2, H2

82%
pactamycin

Science 2013, 340, 180–182.
J. Am. Chem. Soc. 2013, 135, 17990–17998.

O

Me Me

O OH

Me

Me
Me

Me

O

Me

Me Me

Me

Me

hyperforin (Shair, 2012)

O

Me Me

O OH

Me

Me
Me

Me

O

Me

Me Me

Me

Me

MeO OMe

Me

Me

Me
O

TESO
Me
Me

OMe

OMe

Me
O
LA Me

Me

OMe

OMe

i. t-BuLi, BaI2
prenyl–Cl

ii. s-BuLi

Me

O
Br

72%

MeO OMe

Me

Me

Me
O

O

OMe

OMe

Me
Me

Me

79%        TMSOTf

i. PIFA, TBHP
ii. BrBMe2

iii. LiTMP

24%
O

O OMe

Me OH

Me

Me

i. ClC(S)OC6F5
ii. allyl–SnBu3

Et3B

iii. HG-II, 2-Me-2-but.
iv. LiTMP, TMSCl

51%

O

O OMe

Me

Me

Me

Me

Me

TMS

i. LiTMP, i-PrC(O)CN
ii. p-TsOH

iii. LDA; [Cu]
prenyl–Br

iv. LiCl, 120 ºC

15%
O

Me Me

O OH

Me

Me
Me

Me

O

Me

Me Me

Me

Me

hyperforin
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HO

HO

OH
HOMe

Me

Me
Me

HO

O

MeOHHO

ryanodol (Inoue, 2014, 2016)

HO

HO

OH
HOMe

Me

Me
Me

HO

O

MeOHHO
HO

O

O
OMe

Me

OHO

HH

Me Me

OH
Me

Me

OH

O

O

O

+
i. 210 ºC

ii. R2NH*, MeOH

Me

Me
O

O

CO2H
CO2Me

Me

Me
O

O

MeO2C
HO2C

+

86% ee95% ee

(+)-CSA 

MeOH

Me

Me

O

CO2Me

Me

Me
O

O

MeO2C
HO2C

+

O

OMe

O

Me

Me
O

O

i. H2O

ii. Pt(+)-Pt(–), 20V

6% (5 steps)
83% ee (99% recry.)

6 steps

Me

Me

O

O

HO

OH

Me

Me

OH

O

HO

OH

OH

OH
HOMe

Me

O

H
TfOH

67%

4 stepsHO

O

O
OMe

Me

OHO

HH

Me Me

6 stepsMOMO

O

O
OMe

Me

BnO

O

OMOM

Me Me

O

OPh
S

AIBN
allyl–SnBu3

70%

MOMO

O

O
OMe

Me

BnO

O

OMOM

Me Me

HO

O

O
OMe

Me

BnO

O

MeOH

Me Me

6 steps

H
O

O

O
OMe

Me

BnO

O

MeO

Me Me

O
Bn TMS

5 steps 5 steps
HO

HO

OH
HOMe

Me

Me
Me

HO

O

MeOHHO

ryanodol
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Me

H

Me
Me

O

H

Me

Me

cyanthiwigin F (Stoltz, 2008)

Me

H

Me
Me

O

H

Me

Me

O

O

Me

Me

L*, Pd(dmdba)

78%

O

O

Me

Me

O

O

Me

Me

+

4.4
99% ee

1
meso

:

O

O

O

O
i. allyl–OH, NaH

ii. K2CO3, MeI

51%, 1:1dr

O

O

Me

Me

O

O

O

O

i. KHMDS
PhNTf2

ii. Zn, R–I, [Pd]

57%O

Me

Me

Me

HG-II
vinyl–BPin

then
NaBO3

51%

Me
O

Me

Me

O H
i. t-BuSH, AIBN

ii. KHMDS, PhNTf2

iii. i-PrMgCl, CuCN
Pd(dppf)Cl2

23%
Me

H

Me
Me

O

H

Me

Me

cyanthiwigin F

Nature 2008, 453, 1228–1231.

O

O

Et

·
H Br

H
H

H

H

H
Br

kumausallene (Tang, 2011)

OH OH
O

O

Et

·
H Br

H
H

H

H

H
Br

i. O3
ii. allyl–TMS, BF3·OEt2

iii. GII, (E)-3-hexene

41%

O

O

H

H

H

O
Et

OH

i. CBr4, PPh3
ii. DIBAL-H

      

iv. K2CO3

27%

Ph3P
TMS

iii.
O

H

Et OH

Br

OH OH

3 steps from 
acetylacetone (96% ee)

PdCl2, CuCl2
CO, NaOAc

87%

O

O

H

H

H

O

77%      NBS, DMF

O

O

Et
·

Br

H
H

H

H

H

H
Br

kumausallene
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O OH

Me

OOH OH OH

Me Me Me
H

Me

H
Me

Me

OH

Me Me

zincophorin (Krische, 2013)

Me Me

OH OH

Me

O OH

Me

OOH OH OH

Me Me Me
H

Me

H
Me

Me

OH

Me Me

OH OH

Me

(S)-Ir-SEGPHOS
Na2CO3, H2O

51%

OAc

Me

Me Me

OH OH

Me

>99.9% ee, 6:1 dr

I2, NaHCO3

75%, 20:1 dr
O

I+

Me
HO

Me

Me Me

O

I

Me

OH

OAc

AcO
i. Stewart-Grubbs
ii. Zn, NH4Cl

iii. Me2C(OMe)2

58%

Me Me

O O

Me

OH

Me Me
i. (–)-DIPT, TBHP

Ti(Oi-Pr)4

ii. CuCN, MeLi

77%Me Me

O O

Me

OH

Me Me

OH

Me

H2/CO, [Rh]
Xantphos

then
p-TsOH, MeOH

61%

O
Me Me

OHOH OH

Me

Me

H
OMe

i. Et3SiCl

ii. (COCl)2, DMSO
Et3N

71%

O
Me Me

ORO OR

Me

Me

H
OMe

R = TES

+

I

Me

OTES

Me Me

Me

8 steps

O OMe

Me

OOH OH OH

Me Me Me
H

Me

H
Me

Me

OH

Me Me

zincophorin methyl ester

i. t-BuLi, diamine*
ii. TiCl4, SnCl4

Hünig’s, thiazole

iii. DMAP, MeOH

25%

SN

SO
Me

i-Pr
thiazole
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H

H

(+)-alloyohimbane (Aubé, 1994)

NN
H

H

H

H

O

H

H

NN
H

H

H

H

(–)-yohimbane (Aubé, 1994)

NN
H

H

H

H
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O

H

H

CO2Men

MenO2C

96% de

i. LiAlH4
ii. TsCl, pyr.

iii. NaCN
iv. KOH

CO2H
CO2H

i. EtOH, TsOH
ii. NaH

iii. DMSO, 155ºC

30% (7 steps)

O

H

H

i. R—NH2, 5Å MS
ii. m-CPBA

75%

H

H

NHN O

4:1 dr

hν

77%

H

H

NO

i. POCl3

ii. NaBH4

72%

NN
H

H

H

H

75%       H2, Pd/C

NN
H

H

H

H(–)-yohimbane

i. LiAlH4
ii. TsCl, pyr.

iii. NaCN
iv. KOH

35%

CO2H
CO2H

i. EtOH, TsOH
ii. NaH

iii. DMSO, 155ºC

82%

O

H

H

O
O

O

i. R—NH2, 4Å MS
Bu2SnCl2
ii. m-CPBA
iii. hν

46%

H

H

NO

MeO2C

i. POCl3

ii. NaBH4

72%

N
H

H

H

2.5:1 dr

CO2Me

NN
H

H

H

H

i. NaOH
ii. NH4OH, HOBT

iii. TFAA

iv. NaBH4

30%

92%       H2, Pd/C

NN
H

H

H

H(+)-alloyohimbane
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N
H

NH

HNHO

H

H

HO
Cl
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H
N

O

O

H
N

NH

Br

Br

Br
Br

NH

NH

axinellamine A & B (Baran, 2011)

N

N
H

NH

HNHO

H

H

HO
Cl

HN
H
N

O

O

H
N

NH

Br

Br

Br
Br

NH2

NH2
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NHBoc

Cl Cl

TMSO
OTMS

NHBoc

+

Co2(CO)8
NMO, EG

46—58%

O

NHBoc

TMSO OTMS

i. NaBH4, CeCl3
ii. NCS, PPh3

iii. Zn/In, NH4Cl

61%

NHBoc

Cl Cl

RCHO

Cl

Cl NHBoc

NHCOCF3

HO
H

i. NaN3

ii. TFA
guan.

59%

N3

N3 NH

NHCOCF3HO
H

NBoc
BocHN

i. t-BuOCl, TfNH2
ii. DMP

iii. TFA
iv. H2NCN

61%

N3

N3

NHHN

H2N

N
H

NH

Cl
NH2

i. DMDO; TFA
ii. [Ag]

iii. H2/PtO2;
ArCOCCl3

N

N

NH

HNHO

H

H

HO
Cl

HN
H
N

O

O

H
N

NH

Br

Br

Br
Br

NH2

NH2

axinellamine A : 35%
axinellamine B : 23%

NH
HN

H2N

N

N

NH

HN

Cl
NH2

O

NH2H

H

H

palau’amine

OH

R2N

R2N

HN
NH

NH
HN

H2N

H2N

NH
HN

H2N

N

N

NH

HN

Cl
NH2

O

NH2H

H

H OH

NHCOAr

NHCOAr

N
N

N
N

NH

NH

O

O

t-BuOCl

32% Cl

ArOCHN
NHCOAr

NN N

NO
NH

NH

O

unassigned

Harran:

Br
Br

O
N3

N3
O

i. SiO2
ii. SOCl2

iii. guanidine
iv. TFA

6% N3

N3

NHHN

HN

NH

NH2

H2N

incorrect stereochemistry

Baran:

J. Am. Chem. Soc. 2011, 133, 14710–14726.

J. Org. Chem. 2009, 74, 5909–5919.
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OH

Me

MeMe

6-deoxyerythronolide B (Krische)

O
N

CO2H

OH

O
Me Me

OH

OH

HO

(–)-maximiscin (Baran)
Me

Me

H

H

Me

H

(+)-hirsutene (List)
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§ Catalytic Enantioselective Desymmetrization of Meso 
Compounds in Total Synthesis of Natural Products

§ Local Desymmetrization through Diastereotopic Group 
Selection: An Enabling Strategy for Natural Product Synthesis

§ Appreciation of symmetry in natural product synthesis 

Synthesis 2017, 49, 1938–1954.

Eur. J. Org. Chem.  2017, 1381–1390.

Nat. Prod. Rep.  2017, 34, 1345–1358.

Other syntheses not discussed:

N

O

O

Me

HO

MeO

OMe

(+)-homochelidonine (Lautens)


