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1-1. Background
- isolated in 1952 by Dr. E. C. Kornfield at Eli Lilly

- isolated from a soil sample containing Amycolatopsis orientalis,
which produced a substance active against most gram-positive
organisms

- approved for clinical use in 1958 but its structure wasn't fully
established until 1982

- today's use:
- antibiotic of last resort, especially against methicillin-

resistance Staphylococcus aureus (MRSA) strains
- for those with penicillin allergies
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Fig. 2 Molecular basis for resistance to vancomycin.
(figures copied from Medicinal Chemistry of Bioactive Natural Products, 2006, 35)
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Fig. 1 Vancomycin's mechanism of action. (figure copied from Chem. Rev.,
2017, 117, 11954)

1-2. Mechanism of Action and Resistance

- peptidoglycan layer gives mechanical stability to the cell wall of
the bacteria
- an important intermediate of this layer is muramyl-
pentapeptide
- vancomycin binds to D-Ala-D-Ala thereby preventing
transamidation and transglycosylation reactions

- Vancomycin resistant enterococci and S. aureus strains have
emerged
- molecular basis: peptidoglycan intermediates are altered
- D-alanyl-D-lactate (VanA, VanB, VanD)

- as seen on the left, the ester linkage causes
the loss of a hydrogen bond, resulting in
~1000-fold decrease in binding affinity

- D-alanyl-D-serine (VanC, VanE, VanG)
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2-1. Evan's Synthesis (Angew. Chem. Int. Ed., 1998, 37, 2700)
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1. PivCl, TEA, THF, rt
88% over 2 steps | 2. TFA, DMS, DCM, 0 °C:
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THF/H,0/MeOH, 0 °C HOw, 2. MeOH, 55 °C
- NHTfa = NHTfa

65% over 5 steps 54% over 2 steps

MeHN

F d.r.> 955
HO,,
H ‘ NO,
HO.C N
NH
(0] ~NMeBoc
86% o:g/ o) )
NHDdm
EDC, HOAt, THF, 0 °C
Y 7
Oallyl
F
O
1. CsF, DMSO, rt on
o Ho., NO 2. Zn° AcOH, EtOH, 40 °C N
) N

Cl : 3. HBFy4, tBUONO, MeCN; NH
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68% over 2 steps

1. N204, NaOAc,
DCM/MeCN, 0 °C

2. H,0,, LiOH,
THF7H,0

Cl
OH
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ST -€ e} 5 ‘\\NMeBoc
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NHDdm
Vancomycin aglycon
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2-2. Nicolaou's Synthesis (Angew. Chem. Int. Ed., 1998, 37, 2708; Angew. Chem. Int. Ed., 1998, 37, 2714; Angew. Chem. Int. Ed., 1998, 37, 2717)
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1. PhsP, DEAD, DPPA,
THF, 0 °C
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1. nBulLi, CH3PPh3Br, 1. nBu,SnO, toluene, A; [Pd(Ph3P),],
Ox H THF, -20 °C WwOH BnBr, nBusNI, 70 °C BnO 0 Na,COs,
2. AD-B, HO 2. nBuLi, benzene, 0 °C to rt; "N toluene/MeOH/H,0,
tBuOH/H0. rt ‘ B(OMe)z, THF, -78t0 25°C B(OH) 90°C ‘
84% (96% ee) over 2 steps 49% over 2 steps 84% combined
MeO OMe MeO OMe MeO OMe 1:2 (A:B)

NHBoc

1. EDC, HOAt, =, 1. EDC, HOBt, A, 1. DPPA, DEAD,
THF, -5 °C THF, 0 °C PhsP, THF, -20 °C
2. CuBrsSMe,, K,CO3, 2. TMSOTHf, 2,6-lutidine, 2. LiOH,
pyridine, MeCN, A ~_ DCM, 0 °C B ~_ THF/H0, 0 °Cc
- n -
46% over 2 steps 77% over 2 steps OMe 94% over 2 steps
(combined yield)
MeO
Y
» "
\ \
N N
N N
Br 1. TBAF, Br 1. FDPP, DIPEA,
THF, 0°C DMF, rt
2. Et3P, H,0, 2. TBSOTf, 2,6-lutidine,
MeCN, rt DCM, -10°C
3. LiOH, 3. TMSOTH, 2,6-lutidine,
THF/H,0,0°C DCM, 0 °C o

NHBoc

NHBoc

39% over 3 steps 50% over 3 steps

1:1 mixture atropisomers
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BnO.
OBN 4 AD-B, MeSO,NH,, 1. BocNMeLeuOH "
tBUOH/H,0, rt BnO 1. NaN3, DMF, 55 °C BnO EDC, HOBt, THF, 0 °C OH
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,-5°C N ~NMeBoc _  tBuOH/H,0, 0°C N ~NMeBoc_  MeOH, rt N ~NMeBoc
HO N ' < MeO N : < MeO N :
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85% over 2 steps 1. Raney Ni, MeOH, rt
2. H,, PA(OH),/C, rt

Cl Cl
(o)
OTBS OTBS
MeMgBr, -40 to -20 °C; Q _
iPrMgBr, -40 °C; NN\ HBF 4, i-amylONO, N
B(OMe),, -40 to 0 °C; N NH MeCN, -20 °C; NH
H,0,-NaOH, -20 to 0 °C H 0 4 wNMeBoc  KI, -20 °C to rt 0 4 «NMeBoc
o <
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MeO
Y
Cl
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CH,N,, Et,0, rt &
3. AIBr3, EtSH:DCM, rt N NH
43% over 3 steps o) 5 «NHMe
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2-3. Boger's Synthesis (J. Am. Chem. Soc., 1999, 121, 10004; J. Org. Chem., 1997, 62, 4721)
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HO OH
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TBSO,,, 79% over 2 steps B 91% 85% combined
r Br . .
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OH OH OH
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61% over 2 steps ; HCEOSE HOAL
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