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o) Endoperoxy-Containing Natural Products
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Prior Work

Synthesized by: Why was this synthesis so “impossible?”
Nakagawa (Biomimetic) ] .
Goto-Nakatsuka (Convergent) Presence of indole and 8-membered endoperoxide

and more, including analogs
Protecting group reliant

MeO
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Synthesized by Baran et al, 2015 . . .
y 2 4 No reliable method for installing methoxy on C6
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Review on prior syntheses: Nakagawa, M., & Hino, T. 1997. HETEROCYCLES, 46(1), 673.
Baran et al, JACS, 2015 737 (32), 10160-10163



Baran Group’s Synthesis

Iridium catalyzed Pictet-Spengler
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Baran Group’s Synthesis

Baran lab was aware of FtmOx1, and attempted the biomimetic oxidation, but was overall unsuccessful...

A. Failed attempts at the late-stage oxidation of indoles 15
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R <\F X » R R
\ . 8 substrates N
[O] >70 reactions ﬁ
L Me
R! = H, OMe Me Me /H 0-o Me
R2 =H, prenyl Me

R3 = CO,Me, diketopiperazine

R4 =H, Ac, Pro-Fmoc, diketopiperazine 16

The specific reactions attempted was not documented but trials likely
failed due to substrate compatibility.

Hydrogen bonding from Try68 required to initiate HAT
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Baran et al, JACS, 2015 737 (32), 10160-10163
Lin et al, ACS Catalysis 2022 12 (12), 6968-6979
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FtmOx1 Mechanism
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Zhou et al. Angew. Chem. Int. Ed. 2022, 61, €202112063; Angew. Chem. 2022, 134, €202112063

Li et al. Org. Biomol. Chem., 2009,7, 4082-4087
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o) Ting Group’s Synthesis — Retrosynthetic Analysis

Chi P. Ting
Brandeis University

UIUC, Postdoc (Wilfred A. van der Donk)
UC Berkeley, PhD (Tom Maimone)
UIUC, BS (Steven Zimmerman)
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13-oxoverruculogen fumitremorgin B

Dihydroxylation
and Prenylation

C-C Activation

MeO MeO NH

Ting et al. JACS Article ASAP DOI: 10.1021/jacs.3c07078



Ting Group’s Synthesis — Forward Route

HCI-HN
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$35/gram
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Ting et al. JACS Article ASAP DOI: 10.1021/jacs.3c07078 Me



Ting Group’s Synthesis — Forward Route
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o)  Ting Group’s Synthesis - Dihydroxylation

Syn-Dihydroxylation Conditions

\

MeO NH ) MeO
Me
Me MeO
Entry Conditions Solvent Yield of Syn-Dihydroxy Yield of 6-methoxyspirotryprostatin B
1 0s0,4, NMO-H,0, pyridine, 30°C THF/H,O (10:1) 10 30
2 0s0Q,4, NMO-H,0, pyridine, rt THF/H,0 (10:1) 9 29
3 0s04, NMO-H,0, rt MeCN/Acetone/H,0 (2:2:1) 4 26
4 0s0,4, NMO-H,0, rt Acetone/H,0 (4:1) 8 19
5 AD-mix-a, MsNH,, rt tBuOH (1:1) 0 ND
6 AD-mix-B, MsNH,, rt BuOH (1:1) 0 ND
7 0OsO,4, TMEDA, -45°C CH,Cl, Decomp. ND
8 0s0,, dihydroquinine, pyridine THF/H50 (10:1) 9 ND
9 4-nitrobenzonitrile, 390 nm LEDs, rt EtOAC N.R. -
10 4-nitrobenzonitrile, 390 nm LEDs, rt MeCN N.R. -
Trans-Dihydroxylation Me
NBS Me)\/\CI
> MeO
KOH, 18-C-6
MeO NH THF/H,0 MeO PhH
/ 75% 60%

13-epi-fumitremorgin B

Ting et al. JACS Article ASAP DOI: 10.1021/jacs.3c07078



Ting Group’s Synthesis - Endgame

FtmOx1 (10 mol%)
L-ascorbate

aKG, air
MeO > +
Tris buffer, pH 7.5 MeO
13-epi-fumitremorgin B 13-epi-verruculogen
Entry Deviations from standard Yield of endoperoxide Yield of Deprenylation
1 none 9 2
2 no L-ascorbate 0 0
3 HEBES buffer, pH 7.5 0 0
4 37°C 19 ND
5 (NH4)oFe(S0y4), 28 ND
6 (NH4),Fe(SOq4),, 37°C 62 7
7 Other non-enzymatic conditions Decomp. or N.R. -

DDQ
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MeCN, 70°C MeO
55%

MeO

13-epi-verruculogen 13-oxoverruculogen

Ting et al. JACS Article ASAP DOI: 10.1021/jacs.3c07078



Other aKG, Fe2+ enzymatic syntheses

Amino Acids
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manzacidin C
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Me NH, Me NH, ~ Hans Renata
L-Leucine manzacidin C
tBuO,C
NH Getl variant, O, NH BocN
+ E—
J COH _ aKG, Fe, J COH )
H,N N/\/\r — > H,N~ N : _— NH
H —_— H
H NH, H  OH Nh, HN  :
variant TTN NHBoc
L-Arginine L-Arginine . . -
Getl WT 20 dipeptide fragment of enduracidin |
Getl DGDF 87
Getl QDPYF 94
Other Late Stage Biomimetic Syntheses B

Cryl (2.5 mol%)
0,, aKG, Fey*

~— Zarakian
Almost all are

biomimetic...
applicability to non-
native substrates?

2-0DD-PH
0,, aKG, Fe,

\j

~— Renata

OMe OMe _J
(-)-yatein (-)-deoxypodophyllotoxin
For a full review: Renata et al : Nat. Prod. Rep., 2020, 37, 1065



o) Conclusion
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Thank you! Any Questions?



