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Historically, how has the study of biosynthesis benefitted synthetic chemistry?
1. Driving innovation in chemical synthesis

Two-phase biosynthesis of terpenoids
- Cyclase phase (via cascade polyene cyclizations)
- Oxidase phase (late-stage, selective oxidations via oxidases)
- mimicked by C-H activation

Lessons learned:
- minimization of protecting groups
- employment of divergent synthesis

Retrosynthetic pyramid of
the eudesmane family:

Nature 2009, 459, 824-828
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2. Overturning chemical “rules”

JACS 1989, 111, 6234-6241
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- Baldwin rules: exo epoxide-opening products are kinetically favored
- The first biomimetic, contra-Baldwin cascade without the use of directing groups was
developed by Jamison (template THF & neutral water promote endo-selectivity)
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SCIence 2007, 317, 5842, 1189-1192
What to expect from this GM:
- Strategies for bond formation & cleavage
- Oxidative rearrangements
- General biosynthetic strategies (divergent synthesis)
- Miscellaneous structures (metal-containing NPs)
- Unresolved biosyntheses of curious structures

Relevant Baran GMs:
Biocatalysis (Gulder, 2009)
Nature’s Catalysts: A Search for Synthetic Equivalents | (Rodriguez, 2010)

Useful resources:
Natural Product Biosynthesis: Chemical Logic and Enzymatic Machinery, 2017

Nature Chem. Biol. 2011, 7, 865-875
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Bond formation: Sulfur insertion in biotin i Mechanism of thiazoline biosynthesis (via NRPS assembly line): Chem. & Biol. 2002, 9, 333-344
r ) ~ Sulfur-incorporation often arises from amino acidsi HMWP2 Condensation Cyclization Dehydration
Chem. & Biol. 2002, 9, 333-344 ' o Cyz
JJ\ HO S Me ' ACP A PCP; PCP, PCP; PCP, PCP4
z ! Cyj Cys Cyj
- OH <\’ ‘COH . o L §o L §o — §_o B VT o
H H N HN P oo IO N\? ;[ I ) o I
2 me Me ; Y, ) v !
S COy S ' -~ HS o % S
bioti S . cysteine 5 H we OH o
. lotn J Yersiniabactin ! ' HO HO
Biotin synthase is a radical S-adenosylmethionine (SAM) enzyme that performs :' ‘:
sulfur insertion via iron-sulfur clusters ' Iron-sulfur clusters are H Fe— !
: cofactors that Arg—N_ _S_ .S—Cys S~ e’S !
i commonly mediate _Fe___Fell | '
i electron transfer ~ Cys—$ S S$—Cys Felg-Fe
Two modes of cleavage of SAM: : oFe-2S Cys 4Fe-4S .
;- "Nu NHp Y S .........__..Sourceofsulfur radical initiator. __ |
methyltransferase N : H
, Me ENTVE i
S ' | y N: radical SAM enzyme adenine
Met” adenine -0,C StA < | ' homolytic cleavage
fo) % E 2 \-/\/ U o N N/) : - Met +
' NH3+ ' / \
OH OH Nu=Me : ' [4Fe-4S]* [4Fe-4S]2+ OH OH
, OH OH : e donor
: ' 5’-deoxyadenosyl radical
....................................... e I R
Biotin biosynthesis via biotin synthase: e mmm e mm e .
(0] (0] (0] ' R ’J.r‘ [
R =SSN o
0 e  5-dAH J J e  5-dAH M T €O,
)j\ SAM  Met HN” "NH HN" "NH SAM  Met HN" "NH
HNYONH\ /_‘ H?—@ H H \ /: H H bioti
> R R iotin
H H_ [4Fe-a52* : : [4Fe-4S]P+ -
H R H ? H H H H
HAT Arg—N_ S _.S-Cys Arg—N_ ..S_ .S-Cys HAT Arg—N_ ..S{n .S—Cys
H H Fell Felll Fe! Fell Fell Felll
o Cys— - N~ \S_c —a” Nea” \s_c -t Ne” \S_C
dethiobiotin ys—S S ys Cys—S S ys Cys—S S ys
ﬂ oFe-2S cluster Arg—N. " _s—Cys
F Fe
Pimeloyl CoA + L-Ala Cys—S~ e ~s” " Ss-cCys

Curr. Opin. Chem. Biol. 2009, 13, 58-73 2



Curiosities in Biosynthesis: Lessons & Revelations

Baran Group Meeting

Christine T. Chong 4/29/23
Bond Formation: Nature’s Strategies Towards N-N Bonds 1 3. Radical Recombination
Strategies: : _ -
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Oxidative Cleavage
J. Biol. Chem. 2014, 289, 19, 13661-13666
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all-trans retinal

- carotene oxygenase was previously falsely named as a monooxygenase

- 180 labelling studies: aldehydic oxygens in the retinal product pair derive from the
same molecule of substrate O,

- oxidative cleavage via dioxygenase logic

- methods in synthesis: OsO,/NalO,4, O3, photoexcited nitroarenes

Nature 2022, 610, 81-86 4
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Synthesis of the all-cis cyclopentanetetraol moiety

Oxidative Dearomatization/Ring Contraction

terrein cryptosporiopsin

R=HorCl

J. Chem. Soc., Perkin.Trans. 11992, 57-65
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Chem. Eur. J. 2021, 27, 11895-11903

difficulty in controlling regio- and stereochemistry J. Mol. Cat. A: Chem. 1995, 101, 1, 75-80
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Oxidative Rearrangements: Ring Expansion in Cephalosporin C

Synthesis of Cephalosporin skeleton (Lilly)

- Hypothesis: cephalosporin C is a metabolic transformation product of penicillin N
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JACS 1963, 85, 12, 1896-1897
JACS 1969, 91, 6, 1401-1407
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Nat. Prod. Rep. 2014, 31, 1405-1424

Antibiotics: Challenges, Mechanisms, Opportunities, Second Edition 2015 6
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Divergent Biosynthesis: Oxonium lons
as Key Intermediates in Laurencia
Natural Products
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HO Me

E)-enyne: laurefurenyne D
(Z) enyne: laurefurenyne C
(reassigned structures)

(E)-enyne: laurefurenyne F
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C,5 halogenated ether acetogenins

- polyketide origin, isolated from red
algae of the genus Laurencia

- trialkyloxonium ions proposed with
chemical evidence as key intermediates

- trialkyloxonium ions are suceptible to
rapid hydrolysis and typically do not
participate in biological processes, in
contrast to trialkylsulfonium ions
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Comprehensive Nat. Prod. Chem. 1999, 1, 303-324; Bull. Chem. Soc. Jpn. 1991, 64, 1763-1775; Org. Lett. 2017, 19, 6252-6255; JACS 2019, 141, 7776-7788; JACS 2019, 141, 15951-15962 7
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Biosynthetic Proposals Towards Key Oxonium lon Intermediates in
Laurencia Natural Products
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Comprehensive Nat. Prod. Chem. 1999, 1, 303-324; Bull. Chem. Soc. Jpn. 1991, 64, 1763-1775 8
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Metal-containing Antibiotics S 0-,-Me ; ; .
Science 2021, 374, 1005-1009 Feq | Blosynthests of Fluopsin C: co
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- Cu(ll) complex containing 2 N-methylthiohydroxamate ligands 'OJWO FIcE (o}
- Discovered in bacterium Pseudomonas aeruginosa O

- found in soil, water & on human skin

- responsible for many dangerous infections for the immunocompromised
- Antimicrobial activity & cytotoxicity against mammalian cells & whole animals S

3

Biological background
- Cu is utilized by bacterial immune cells as a bactericide to poison invading microbes
- Copper resistance and detoxification is essential for the bacteria
- Cu-chelating compounds facilitate Cu import or detoxification in the cytoplasm
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Unresolved Biosyntheses

HO
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nocuolin A ACS Chem. Biol. 2022, 17, 2528-2537

,2,3-oxadiazine (yet to be accessed synthetically)

-1,2
- 1,3,4- and 1,2,4-oxadiazines have been prepared by chemical synthesis
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J. Nat. Prod. 2013, 76, 2, 142-149
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