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m Isolated & disclosed: Eli Lilly, 1950; 1956 m A member of glycopeptide antibiotics, which...

Approved for clinical use: 1958 a) are among leading members of the clinically important
natural products discovered through the isolation of bacterial

Full structure assignment: 1982 (+25 years!) 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 f-lactam
antibiotics and those undergoing cancer chemotherapy/

m Structure corrections from... dialysis therapy.

...an unrecognized atropisomer isomerization: ...an aspartagine to isoaspartate rearrangment

Williamson & Williams, J. Am. Chem. Soc. 1981, 103, 6580—-6585 Harris & Harris, J. Am. Chem. Soc. 1982, 104, 4293-4295
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B 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.
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* Vancomycin binds to D-Ala-D-Ala through a 5 H-bond
network and prevents enzyme access

(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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m 3 reported total synthesis of Vancomycin in 1998-1999: David A. Evans, K. C. Nicolaou, Dale L. Boger.

m Major difficulty: 3 centers of axial or planar (atropisomer) chirality in Vancomycin

m Evans - retrosynthesis:

(based largely on their previous work with orienticin C: 2 chiral center canceled)
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2. & 4. Peptide Coupling
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1. Oxidative Coupling

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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m Evans - retrosynthesis:
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Mechanism:
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m Evans synthesis

1) NaHCO3,
VOF,, BF3-OFEt, 2) HATU-HOAt
AgBF, D, 65%
NaBH(OAc), 3) HF-py, 85%
/ >
65% 0
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OMe \ @

OMe  -095:5
selectively formed the HO,C NHBoc

VOF s-mediated
oxidative biaryl
coupling +
reductive

quenching MeO

MeHN

unnatural atropisomer Na,COg, base-promoted,
79% | DMSO, 25 °C; room-temperature
Tf,NPh SNAr reaction
favored the natural
OR atropisomer disposition OAlly!
OMs 1) Zn; NaNO, 5:1 7 % NO, 0 OMs
1 CUQO, H3P02
—— R =H,R' =Boc 2) Pd(dppf)Cl, Cl
: HCO,H
PivCl o .
—> R = Piv, R' =Boc _t< uch o \N
1 nitro group reduction, o
TFA; TFAA NHR™ " aniline diazotization/ ol  NHBoc
> R = Pj 1_ reduction, MeHN (o)
R=Piv, R =COCF, and Pd-catalyzed
overall: hydrogenolysis of aryl
88% triflate
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m Evans synthesis
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m Evans synthesis

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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Na,COs, base-promoteq,
79% | DMSO, 25 °C; room-temperature
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m Evans synthesis

OPiv OPiv
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m Nicolaou - retrosynthesis:
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atropodiastereoselectivity 2 : 1 (P : M)

® Nicolaou synthesis

Pd(PPhj),

v + Vv >
84%

Suzuki

Mitsunobu DPPA, DEAD
w/ inversion

LiOH, 99%

1) BuyNF, 80%
2) EtsP, 71%
3) LiOH, 68%

4) FDPP, 71%

€
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1) Bu,NF, 80%
2) EtsP, 71%
3)

® Nicolaou synthesis
( S LiOH, 68%
l}l 4) FDPP, 71%
-.N TBS ether cleavage,
N azido group reduction;
Br ethyl ester hydrolysis;
FDPP-mediated
macrolactamization.
F
FDPP:
F F
NHR'
I
— R=H,R'=Boc P—O F
TBSOTY, 83% Q_
—>» R =TBS, R' =Boc F
TMSOTT, 84%
—» R=TBS, R'=
X
HO
BnO OTBS
1) VI, EDCI, HOBt, 82%
1) EDCI, HOBt OH0 2) TBSOTH, 2,6-lutidine R ~\NMeBoc
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/1%,2steps L3 R = CO,H, X = ClI
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® Nicolaou synthesis C j
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other atropisomers'—s=X=Cl,Y=H
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oxidation.
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HZOZ, 32%

iodination; l 1) Nal, I,, TMCSI

CONHDd




Total Synthesis of Vancomycin in the late 1990s

m Boger - retrosynthesis:
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The order_ permitted the recycl_ing of any undesired atropisomer j/ H ‘

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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m Boger - retrosynthesis:
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B Boger synthesis

N02 N02 OMe
F F HO OH
OTBS OTBS
1) EDCI-HOB, 81% o I O 4
2) TBSOTT, 99% ' \NH, EDCI-HOBt, 91% , N
I +V > MeO,C ” - MeO,C H NHBoc
O
Br Br
OMe OMe
CaCO; 4AMS, DMSO 2) DCB, 140 °C
Cl - providing higer barrier for atropisomer scavenge the  85%, 1:1.2-1.5 1-1 0
interconversion, further enhancing stability F as CaF, (natural-P: M)
foward a later atropisomer equilibration. OMe OMe
OH Suzuki o OH
(o-tolyl)5P
Buy,NF-HOACc 88% H
-« - ., N
87% NHBoc v MeO,C ” : NHBoc
O
Br
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MeO : :
nitro group reduction; _ R=NO
K 1:1.3 (natural-P : M) aniline diazotization; 2> Ra-Ni; HBF,, t'BUON(o); 2
120 °C, 3 : 1 3 Sandmeyer substitution. CuCl-CuClp, 89% L5 g = g
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B Boger synthesis

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




