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Recent important publications:

Ximing Li
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Isolated & disclosed: Eli Lilly, 1950; 1956

Structure corrections from…

Approved for clinical use: 1958

Full structure assignment: 1982 (+25 years!)

…an aspartagine to isoaspartate rearrangment

Harris & Harris, J. Am. Chem. Soc. 1982, 104, 4293–4295

…an unrecognized atropisomer isomerization:

Williamson & Williams, J. Am. Chem. Soc. 1981, 103, 6580–6585

O
OO

O
O

O

OH
OH

CH2OH

Me

OH

Me

NH2

Cl

Cl

N
H

O

O
H
N

O

OH

N
H

O
NHMe

CONH2

H
N

H
N

O

HH

NH

O

H

HO OH
OH

O

HO

HO

N
H

O
H
N

O
CONH2

isoaspartate

asparagine

Cl
a rotation of ca. 180o

triggered by a retro-aldol reaction.

A member of glycopeptide antibiotics, which…

a) are among leading members of the clinically important 
natural products discovered through the isolation of bacterial 
metabolites;
b) possess a broad spectrum of antibacterial activity against 
Gram-positive pathogens with manageable side effects;
c) are recommened for use with patients allergic to β-lactam 
antibiotics and those undergoing cancer chemotherapy/ 
dialysis therapy.

correct assignments
wrong assignments
(before 1982)
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Mechanism:                                                                                                                                                                      
Uniquely, the glycopeptides antibiotics directly bind the peptidoglycan precursors necessary for construction 
of the cell wall, thus make it difficult for bacteria to make single genetic alterations that result in resistant 
conferring changes.

(most other antibiotic classes:
target a specific protein or 
nucleic acid within bacteria)

(The binding to D-Ala-D-Ala sequesters a substrate for the enzyme-
catalyzed bacterial cell wall cross-linking reaction (transpeptidase))
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3 reported total synthesis of Vancomycin in 1998-1999: David A. Evans, K. C. Nicolaou, Dale L. Boger.

Major difficulty: 3 centers of axial or planar (atropisomer) chirality in Vancomycin
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Evans - retrosynthesis:
(based largely on their previous work with orienticin C: 2 chiral center canceled)

The ABCD acyclic tetrapeptide was prepared before sequentially closing the 
macrocycles in the reverse order, forming the CD ring macrocycle prior to 
formation of the AB ring system. 

The AB, CD, and DE ring systems are sequentially introduced and relied on 
empirically defined substrate control of the kinetic atropodiastereoselectivity of 
the three key macrocyclizaton reactions.
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Evans - retrosynthesis:
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Evans synthesis

IV
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Mechanism:

HOBt: Hydroxybenzotriazole
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Evans - retrosynthesis:
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Evans synthesis
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VOF3-mediated 
oxidative biaryl 

coupling + 
reductive 

quenching > 95 : 5
selectively formed the 
unnatural atropisomer base-promoted, 

room-temperature 
SNAr reaction

favored the natural 
atropisomer disposition

nitro group reduction, 
aniline diazotization/ 

reduction, 
and Pd-catalyzed 

hydrogenolysis of aryl 
triflate
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Evans synthesis
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Evans synthesis
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The triphenolic D ring was orthogonally protected as the 
O-allyl, O-TBS, and O-Ms derivaties, avoiding problematic 
debromination experienced in the total synthesis of 
orienticin C:
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Evans synthesis
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Evans synthesis
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Evans synthesis
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Evans synthesis
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Nicolaou - retrosynthesis:
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Nicolaou - retrosynthesis:
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Nicolaou synthesis

IV  +  V
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Suzuki

Mitsunobu 
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CuBr activated 
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formation through 
triazene chelation
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Nicolaou synthesis
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Nicolaou synthesis
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Boger - retrosynthesis:
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The order permitted the recycling of any undesired atropisomer 
for each ring system and provided predictable control of the 
stereochemistry, dependably funneling all synthetic material into 
one of the eight atropodiastereomers found in the natural product.
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Boger - retrosynthesis:
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I   +  V

NO2

F

OTBS

MeO2C N
H

O
NH2

OMe
Br

NO2

F

OTBS

MeO2C N
H

O
H
N

OMe
Br

O
NHBoc

OMe
OHHO

TBSO

MeO2C N
H

O
H
N

OMe
Br

O
NHBoc

OMe
OHO

1) EDCI-HOBt, 81%
2) TBSOTf, 99%

II
EDCI-HOBt, 91%

R

1) K2CO3-CaCO3
    4A MS, DMSO
    85%, 1 : 1.2-1.5
    (natural-P : M)

for M:
2) DCB, 140 oC
    1 : 1

R = NO2

R = Cl
H2, Ra-Ni; HBF4, t-BuONO;

CuCl-CuCl2, 89%

Pd2(dba)3
(o-tolyl)3P

88%
IV

MeO OMe
OMe

MEMO
NHCbz

H
N

O

N
H

TBSO

MeO2C
O

NHBoc

OMe
OHO

Cl

87%
Bu4NF-HOAc

SNAr;
CaCO3 

scavenge the 
F- as CaF2

nitro group reduction; 
aniline diazotization;

Sandmeyer substitution.

Cl - providing higer barrier for atropisomer 
interconversion, further enhancing stability 

toward a later atropisomer equilibration.

Suzuki

1: 1.3 (natural-P : M)
120 oC, 3 : 1
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MeO OMe
OMe

MEMO
NHR1

H
N

O

N
H

HO

RO2C
O

NHBoc

OMe
OHO

Cl

87%
Bu4NF-HOAc

R = Me, R1 = Cbz

R = H, R1 = Cbz

R = H, R1 = H
H2, Pd/C, 99%

LiOH, 99%

62%
EDCI-HOBt

OMe
OHO

Cl

NHBoc
O

H
N

H
N

O

HH

NH

O

H

MeO OMe
OMe

MEMO

HO

F
O2N

OH

N
H

O
NMeBoc

O

H
NHO2C

NC

1) HCO2H
2) EDCI-HOAt, 61% over 2 steps
3) CsF, DMSO, 65-75%

OMe
OO O2N

Cl

N
H

O

O
H
N

O

OH

N
H

O
NMeBoc

CN

H
N

H
N

O

HH

NH

O

MEMOH2C
H

MeO OMe
OMe

HO

8 : 1
favoring natural P-isomer


