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Antimicrobial Agents

» Antibiotic refers to drugs derived wholly or partially from microorganisms
— Antimicrobial agents can be synthetic

* 190 million doses of antimicrobials administered each day
— 133 million courses prescribed to non-hospitalized patients each year

» First antibiotic discovered by Alexander Fleming in late 1920s (penicillin)
— Followed by sulfonamides in late 1930s

* Penicillin not really mass produced until 1940s (WWII)

* Many new antibiotics isolated in 1940s (streptomycin, tetracycline,
vancomycin)

« As resistance began to occur, synthetic antimicrobial agents prepared in
1960s (amoxicillin, meticillin)

* No really new classes of antimicrobial agents since cephalosporins in 1960s
Most disrupt biosynthesis of cell wall, DNA, or proteins

R H
N
?]/ S OH \H,
° < k& (%CC -

0] -
/" ~OH
o}

the penicillins OMe e i:>_ o,
H ,/
N s HO™ NH2 HO  OH O/P’OH
MeO ]:r
© N\)< NHCH3 OH
O

H2N streptomycin

meticillin
vancomyvcin



Antimicrobial Resistance

« CDC: “one of the world’s most pressing public health problems”

« Causes:
— Random mutation (bacteria can reproduce as often as every half hour)
— Misuse of antimicrobials
* Not taking full dosing regimen
« Taking antimicrobials for viral infections (cold, flu, cough/sore throat (except strep
throat))

« Mechanism

— Mutation

« Change in the antimicrobial target (i.e. DNA replication enzyme) such that bacteria can
still replicate DNA, and antimicrobial agent cannot bind to enzyme

— Destruction or Inactivation
« Enzyme in bacteria modifies or degrades antimicrobial agent before it reaches target

— Efflux

» Keeps intracellular concentration of antimicrobial low by pumping antimicrobial out of
cell

— Genetic Transfer

« DNA from a resistant bacteria are transferred into non-resistant bacteria (making them
resistant, too)



|solation of Platensimycin

Merck, 2006 — Antisense RNA silencing of whole-cell Staphyloccocus
aureus

— Bacteria makes less FabF enzyme — more sensitive to chemicals targeting that
enzyme

Screen of 250,000 natural product extracts led to platencimycin

Isolated from Streptomyces platensis, a bacterium recovered from South
African soil sample (2-4 mg/L fermentation broth)

Active against Meticillin Resistant Staph. aureus (MRSA) & Vanomycin
Resistent Enterococcus (VRE)

Various NMR, MS to determine structure

X-ray of 6’-bromo derivative established absolute stereochemistry
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Biology

« Targets fatty-acid biosynthesis

— FAB organized differently in bacteria (many enzymes from discrete genes) and
humans (multifunctional protien encoded from single gene)

» Targets B-ketoacyl-ACP (acyl-carrier-protein) synthase, AKA FabF
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« Platensimycin binds only to enzyme w/ attached acyl group — short lived

(milliseconds)

— Merck created acyl-enzyl mimic by substituting cysteine W|th qutamlne




Timeline — Reception to Publication
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Nicolaou’s Racemic Total Synthesis
* Retro:
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Nicolaou’s Racemic Total Synthesis
Multi-cycle:
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Nicolaou’s Racemic Total Synthesis

1

1) KHMDS, Mel O A
o) THF/HMPA (5:1) BTN

] 78 °C - -10 °C o)

\ 88% . 6
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Nicolaou’s Racemic Total Synthesis
 Aromatic Amine:

OMOM oMOM OMOM
OH NaH H,
MOMCI 10% PdIC (0.1 eq.) Boc,0
- NO g NH 40 °C NHBoc
NO2  THF, 0°C —rt 2 MeOH/EtOAc (10:1) 2 999% OMOM

OH 82% OMOM 99% OMOM

nBulLi, TMSCI, -78 °C

> OMOM OMOM
205°C
then MeO _ -
nBuLi, MeOC(O)CN .
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Nicolaou’s Racemic Total Synthesis
 End Game:
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Snider’'s Racemic Formal Synthesis

Retro:
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Snider’'s Racemic Formal Synthesis

» Tricycle:

OMe K, NH3,
19 LiBr
2,3-dibromopropene
6 Et,O, tBuOH, -78 °C
0] then
HCI/THF

51%

1:2 con'c HCITHF
0°C—ort

57% cis
43% trans

35%

H o)
AIBN, nBuzSnH
PhH, A
84% O 14

‘10% KOH in MeOH

20% cis
80% trans

AIBN, nBusSnH
PhH, A

81%
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Snider’'s Racemic Formal Synthesis
* Multi-cycle:
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Snider’'s Racemic Formal Synthesis
 Interception of Nicolaou’'s Multi-cycle:

o]
OH
\
\
0] SeO, (3 eq.)
dioxane o)
uwave 110 °C 10 min Me
1 83% allylic alcohol
7% desired enone
SeO, (8 eq.) MnO,
dioxane CH,Cl,

uwave 140 °C 30 min
59% dienone
27% allylic alcohol

94% desired enone

0]

6 CrO3#3,5-dimethylpyrazole 6 A
10 \ g \

7 CH2C|2, -25°C 10
O™ Vet 75% o w SERY 0

e 4:1 mixture regioisomers Me e
favoring desired product
(inseparable)

7 steps, 32% overall yield



Nicolaou’s Racemic Formal Synthesis
* Retro:
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Nicolaou’s Racemic Formal Synthesis
* Tri-cycle:

1) LDA
PMB o
O QFt DIBAL.H 1) LDA, TMSCI
Et THE-HMPA (5:1) 6 PhMe T
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Br B Br
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0 > >
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’ : Br 45 °C, 64%
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O o
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Nicolaou’s Racemic Formal Synthesis
 Interception of multi-cycle:
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Nicolaou’s Asymmetrlc Total Synthesis
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Nicolaou's Asymmetric Total Synthesis
« Asymmetric Cycloisomerization Strategy:

™S 0
1) IBX, MPO
5 Total Synthesis) CHxCl,,0°C 67% (3 steps) o
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Nicolaou's Asymmetric Total Synthesis
« Cyclodearomatization Strategy:
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