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J. R. Kesting, L. Olsen, D. Staerk, M. V. Tejesvi, K. R. Kini, H. S. Prakash, J. W. J. Jaroszewski, J. Nat. Prod. 2011,

Fungal metabolites from endophytic fungus Pestalotiopsis virgatula,
inhabiting the plant Terminalia chebula

Contain rare benzo[c]oxepin heterocycle
Exhibit anti-inflammatory and analgesic activity
Contain unprecedented 1,9,11,18-tetraoxadispiro[6.2.6.2]octadecane spiroketal

Attractive synthetic challenge — no total synthesis
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BIOINSPIRED RETROSYNTHESIS

dimerization-
spiroketalization

OH OH
dimerization-
spiroketalization
=~ S
o — o
EoMO  oTes OTBS oH OH




SYNTHESIS OF DIMERIZATION PRECURSOR
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STRUCTURE OF PESTALOSPIRANE B

BIOINSPIRED TANDEM DIMERIZATION-SPIROKETALIZATION
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SYNTHESIS OF (-)-PESTALOSPIRANE

nOe

N

H

Me
Me
0 = OO
X0
[}
00— 0 o O % H
H OH
OH OH HO bH

(+)-Pestalospirane B nOe
"H, 13C NMR data agree with natural product
* Synthetic (+)-pestalospirane B exhibited negative short-wavelength Cotton effect (Amax 250 nm)
* Natural product reported to exhibit positive Cotton effect (Amax 250 nm)

* Absolute stereochemistry of natural product determined by comparing TDDFT calculations (B3LYP/TZVVP level)
with ECD data

* No optical rotation data for natural product!

NEED TO SYNTHESIZE OPPOSITE ENANTIOMER FOR COMPARISON
TO CONFIRM ABSOLUTE STEREOCHEMISTRY

S. Badrinarayanan, C.J. Squire, J. Sperry, M. A. Brimble, Organic Letters, 2017, 79, 3414-3417.
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NATURAL PRODUCT IS (-)-3R,3'R,125,12'S-PESTALOSPIRANE
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RETROSYNTHESIS

PENIPHENONE A

® (+)-Peniphenone A isolated from cultures of mangrove fungus Penicillium dipodomycola (strain HN4-3A),
from stem of mangrove plant Acanthus ilicifolius in South China sea

* Isolated alongside peniphenones B/C - inhibit Mycobacterium tuberculosis protein tyrosine phosphate B
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l OH
o Acanthus ilicifolius
HO. OH
o JC
Peniphenone B Peniphenone C
inhibits M. tuberculosis tyrosine phosphate B inhibits M. tuberculosis tyrosine phosphate B
(ICs 0.16 M) (ICso 1.37 M)

Isolation: H. Li, J. Jiang, Z. Liu, S. Lin, G. Xia, X. Xia, B. Ding, L. He, Y. Lu, Z. She, J. Nat. Prod. 2014, 77, 800-806.
Synthesis: J. T. J. Spence, J. H. George, Org. Lett., 2015, 17, 5970-5973.

SYNTHESIS OF a-Methyl g-Aryl MOTIF
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M sp2-sp? cross-coupling
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PMBO |
. Br. Cu/Zn, PhH/DMA, 60 °C, 3 h;
Pd,(dba); (0.2 eq.), RuPhos (0.4 eq.),
PMBO 100 °C, 16 h (29%)

Negishi sp2-sp? cross coupling
(Buchwald conditions)

J. E. Milne, S. L. Buchwald, J. Am. Chem. Soc. 2004, 126, 13028-13032.




CONVERSION TO SPIROKETAL

O;, CH,Cl,-MeOH, -78 °C,

15 min then Me,S, -78 ©
tort, 2 h, 60%

IBX, DMSO,
T, 5.5 h (94%)

M. Pantin, D. P. Furkert, M. A. Brimble, J. Org. Chem., 2018, 83, 7049-7059.

i. LIAIH,, Et,0, 0 °C,
15 min, (99%)
ii. IBX, DMSO, 16 h (99%
iii. EtMgBr, Et,0, 0 °C,
2 (66%
iv. IBX, DMSO, 16 h (92%)
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AN ALTERNATIVE APPROACH

oxetane ring opening oxetane formation
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KRISCHE TYPE H-MEDIATED C-C COUPLINGS
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M. Panthin, D. P. Furkert, M. A. Brimble, J. Org. Chem., 2018, 83, 7049-7059.

IMINIUM DIELS-ALDER TOWARDS GYMNODIMINE
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1.T. Seki, M. Satake, L. Mackenzie, H.F. Kaspar, T. Yasumoto, Tetrahedron Lett., 1995, 36, 7093-7096; 2. T. Hu, |. Burton, A. Cembella, J.M. Curtis, M.A. Quilliam,
J.A. Walter, J.L.C. Wright, J. Nat. Prod., 2001, 64, 308-312; 3. D. Uemura, T. Chuo, T. Haino, A. Nagatsu, S. Fukuzawa, S. Zheng, H. Chen, J. Am. Chem. Soc.,
1995, 117, 1155; 4. A |. Selwood, A.L. Wilkins, R. Munday,, F. Shi, L.L. Rhodes, P.T. Holland, Tetrahedron Lett., 2013, 54, 4705-4707.
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PRAMLINTIDE

® Pramlintide (Symlin®) — synthetic analogue of human amylin

* Non-aggregating, non-amyloidogenic, more soluble, equipotent to human amylin
® Used in adjunctive therapy for type 1 and type 2 diabetes

® t1248 min; precipitates above pH 5.5; need subcutaneous injection — 3 x daily Sym |in
(pramlintide acetate)
S—3S
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use chemoenzymatic N-glycosylation (N3, N14, N21, N22, N31, N35)
to improve pharmacokinetics and physiochemical properties
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6 GIcNAc pramlintide analogues 6 (NeuAcGalGIcNAcMan),Man(GlcNAc),

analogues

Cooper et al., Proc. Natl. Acad. Sci. U.S.A, 1987, 84, 8628. Younk, et al., Exp. Opin. Pharmacother., 2011, 12, 1439.
R. Kowalczyk, M. A. Brimble, Y. Tomabechi, A. J. Fairbanks, M. Fletcher, D. L. Hay, Org. Biomol. Chem., 2014, 12, 8142-8151.

GLYCOPRAMLINTIDES (native GicNAc)

GLYCOPRAMLINTIDE PENTASACCHARIDES
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R. Kowalczyk, M. A. Brimble, Y. Tomabechi, A. J. Fairbanks, M. Fletcher, D. L. Hay, Org. Biomol. Chem., 2014, 12, 8142-8151.
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R. Kowalczyk, M. A. Brimble, Y. Tomabechi, A. J. Fairbanks, M. Fletcher, D. L. Hay, Org. Biomol. Chem., 2014, 12, 8142-8151.

GLYCOPRAMLINTIDE UNDECASACCHARIDES
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NATIVE GLYCOPRAMLINTIDES

® Agonist activity at AMY,, receptor best for N-21, N-31 and N-35 glycopramlintides (C-term)

* Agonist activity decreases with the size of the sugar:
undecasaccharide < pentasaccharide < GIcNAc

® Constructed a model consistent with these findings

CLICK GLYCOPRAMLINTIDES
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R. Kowalczyk, M. A. Brimble, Y. Tomabechi, A. J. Fairbanks, M. Fletcher, D. L. Hay, Org. Biomol. Chem., 2014, 12, 8142-8151.

CLICK GLYCOPRAMLINTIDES - SYNTHESIS

Previous study showed N-Glycosides at N-21 and N-35 most active but:

- only used single GIcNAc substitutions
- native N-glycosides tedious to prepare

Use click chemistry to efficiently generate glycomimetics.
Do click analogues act similarly to native N-glycosides at AMY, receptor?
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NATIVE vs CLICK GLYCOPRAMLINTIDES
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AMYLIN RECEPTOR ACTIVITY
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AMY 1, activity maintained when 2 GlcNAc m M‘\m m

moieties introduced using native GIcNAc : @
or click GIcNAc or a combination of both STl

LAUREN YULE
L.R. Yule, R.L. Bower, H. Kaur, R. Kowalczyk, D.L. Hay,
M.A. Brimble, Org. Biomol. Chem., 2016, 14, 5238-5245.

GLYCOCIN F - GLYCOSYLATED BACTERIOCIN

® Bacteriocin: ribosomally-synthesised antimicrobial peptide with narrow phylogenetic spectrum of activity

® Glycocin F — secreted by Lactobacillus plantarum KW30
® Rapid and sustained bacteriostasis (ICs, of 2 nM); Potential probiotic

® BGIcNAc at Ser-18, BGIcNAc at Cys-43, His-42 — All needed for activity

S-linked B-GIcNAc

Glycocin F

G. E. Norris et al, FEBS Lett., 2011, 585, 645-650; Biochem., 2011, 50, 2748.
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S-LINKED GLYCOPEPTIDES

only three rare S-linked glycopeptides:

Sublancin 168 — Bacillus subtilus 168
H. Wang, W. A. Van der Donk,
J. Am. Chem. Soc., 2011, 133, 16394-16397.

S-linked B-GlcNAc

Glycocin F - Lactobacillus plantarum KW30
G. E. Norris et al, FEBS Lett., 2011, 585, 645-650.

S-linked B-Glc
recombinant gene products from putative bacteriocin gene cluster in
Bacillus thuringiensis serovar andalousiensis BGSC 4AW1

W. A. Van der Donk et al, J. Am. Chem. Soc., 2014, 136, 84-87.
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GLYCOCIN F - REVISED SYNTHETIC STRATEGY

Native Chemical
Ligation

(o]
A
2L e ] |
HaN SNy 4 )\K

2 N JGly--Ser8--- His?---------- Cys"}-coon
o

SYNTHESIS OF GLYCOCIN F

Ohc
A0 oo
ACO— R OAc OAc
oH
FmocHN Aco/ﬁﬁ\/o Acoﬁ/s
AcO! AcO

a—Q HATU HOAt, O Hs - W AcNH j
) 2.2,6,6-tetramethylpyridine, r.t. HN CGAGYDSGTCDYMYSHCFGIKHHSSGSSSYHC]-0H
2-chlorotrityl chloride resin ——————————— 3

OACO Fmoc SPPS " Fragment Il +
Aﬁ%’cﬁ\v ° OHC CHO S o
[ i. Native chemical ligation

AcNH
FmocHN)ﬁ("” KPAWCWYTLAM SCH,CHy(Ks)-OH | 6.0 M Gn.HCI, 200 mM Na HPO,,
(o] 1 1"
[¢]

HATU. HOAt 100 mM MPAA, 20 mM TCEP,pH 7, 4 h
A g . ii. Deprotection of formyl and O-acetyl
2,2,6,6-tett thylpyridine, r.t.
etramethylpyridine, . Fragment | NHoNHs, ESH,
NMP:6.0 M Gn.HCI:1 M HEPES (4:1:1.7), 1 h
OH OH

HO oLo Q

Yo 7 ”ﬁ’g%/sw

AcNH AcNH
KPAWCWYTLAMCGAGYDSGTCDYMYSHCFGI KHHSSGSSSYHCI— OH
1 12

43

Oxidative folding
2 mM cysteine, 0.25 mM cystine
0.1 mM EDTA, 1.5 M Gn.HCI, 4 °C, 16 h

OH OH
AcNH = AcNH
——

1
Glycocin F KPAWCWYTLAMCGAGYDSGTCDYMYSHCFGIKHHSSGSSSYHC'— OH
1 |

43

DOUBLE S-LINKED ANALOGUE

I
S S

Lactobacillus plantarum ATCC 8014 — growth curve method

Glycocin F ”O’m/s
HO

NHAc

ICsp 1.13 nM (synthetic)
ICsp 2.0 nM (from Lb. plantarum KW30)

S-linked GIcNAc more
active than O-linked OH

IC5, 12.0 nM

IC5, 0.5 M

“Total Chemical Synthesis of Glycocin F and Analogues: S-Glycosylation Confers Improved Antimicrobial Activity” Z. Amso, S. W. Bisset, S.-H. Yang, P.
W. R. Harris, T. H. Wright, G. E. Norris, M. A. Brimble, Chemical Science, 2018, 9, 1686-1691.

C-TERMINAL TAIL ANALOGUES

Lactobacillus plantarum ATCC 8014 — growth curve method

1S remove His® to Cys*3
% —Oas~ IC5o 400 M (trypsin)
ICso 50 nM Ho

remove

oH
Cys*® GIcNAG HM/ s—© = HM/ s
replaced with mannose Cys* GlcNAc

replaced with glucose
IC5, 1015 nM

IC5, 661 nM

Length of C-terminal tail important for activity
Nature of C-terminal tail sugar also important for activity




INTERHELICAL LOOP ANALOGUES

Lactobacillus plantarum ATCC 8014 — growth curve method

IC:n 57.6 NM Gly'3 removed from loop
IC5, 2480 nM Gly'® and Gly's removed from loop
IC5o 2710 M Gly', Gly's and Gly'® removed from loop

change in loop between residues 13 and 20 reduces activity
and decreases a-helical content of glycocin F

No activity ICs5, 1015 nM

GLYCOCIN F: STRUCTURE-ACTIVITY

Disulfide bonds essential for activity
— maintain stability and integrity of loop and/or hold alpha helices in specific position

High effect on activity

Low effect on activity
Glycocin F

SEAN BISSET ZAID AMSO GILL NORRIS
(PhD student) (PhD student) Massey University

“Using Chemical Synthesis to Probe Structure-Activity Relationships of the Glycoactive Bacteriocin Glycocin F” S. Bisset, S.-H. Yang, Z. Amso, P. Harris,
M. Patchett, M. A. Brimble and G. Norris, ACS Chemical Biology, 2018, 13, 1270-1278.




