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[solation, activity, structure

» Meroterpenoid = mixed polyketide and terpenoid.

4 members.
,3 \ \/c’
» Isolated from marine bacterium strain Streptomyces oA \K V/\Qp
near California. \/

merochlorin B (2) \LL
merochlorin A (1) N

» Antibiotic activity against methicilline-resistant

Staphylococcus aureus MIC = 2-4 pg/mL ™ML ™o
Clostridium difficile MIC = 0.15 pg/mL . *:C‘
/§l1§\’l\\ ﬁj/ A I
merochlorin C (3) merochlorin D (4)

» Mechanism of action unknown.

Kaysser, L.; Bernhardt, P; Nam, S.-J.; Loesgen, S.; Ruby, J.G.; Skewes-Cox, P; Jensen, PR.; Fenical, W.; Moore, B.S. . Am. Chem. Soc. 2012, 34, 11988-11991.



[solation, activity, structure

» Novel chemical skeleton unrelated to known
bacterial agents.

» Structure determined by NMR experiments, but 2
centers’ configuration corrected by X-ray.

» Bicyclo[3.2.1]octanone core with

4 contiguous centers, 3 of which are quaternary.
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Biosynthesis by Fenical and Moore

DNA sequencing and mutations to identify genes/enzymes involved in the biosynthesis.

A
Mcl23: prenyl trasferase
Mol oo Mcl24: vanadium-dependent
haloperoxidase
Mcl17
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Kaysser, L.; Bernhardt, P; Nam, S.-J.; Loesgen, S.; Ruby, J.G.; Skewes-Cox, P; Jensen, PR.; Fenical, W.; Moore, B.S. . Am. Chem. Soc. 2012, 34, 11988-11991.



Biosynthesis by George

» Same strating point

prenylation by Mcl23

» Then chlorination by Mcl24

== Common intermediate

» Oxidative dearromatization by Mcl3

(protein containing Fe-S cluster)

» 2 possible cycloadditions initiated,

probable stepwise mechanism.
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Total synthesis by George

Biomimetic approach :
» Rapid installation of molecular
architecture

» Minimal protecting group manipulations

» Minimal functional group
interconversions

Retrosynthesis :

Alkylation, chlorination and oxidative
cyclization.
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Total synthesis by George

O O NaH, EtOH, 0°C to rt
M + % = > % ¥
Br

then K,CO3, formaldehyde, rt
60% o)

"alkylation-deacetylating aldol-type methylenation"

1. Meli, Et20, -78°C

— _ 76% . Br | = _
2. PBr3, pyridine, Et20
o RT
99% unstable

Biber, N.; Mows, K.; Plietker, B. Nat. Chem. 201 1, 3, 938-942. Qi, |.; Beeler, A.B.; Zhang, Q.; Porco, Jr. ].A. J. Am. Chem. Soc. 2010, /32, 13642-13644.



Total synthesis by George

Friedel-Crafts acylation

MeO MeO
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NaH, DMF .
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Alkylation
Good 4-selectivity

9

Efforts to drive the reaction further delivered 2-alkylated side product.
«unusual partial isomerization» delivered 3:1 mixture




Total synthesis by George

MeO OH
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Oxidative dearromatization — [5+2] cycloaddition ¢

» Method commonly used for bicyclo-

[3.2.]]octanone core.

R1 OMe

R2 = OMe

R3

Type A

Type B

Type C

Pb(OAc)4 already used by Pettus et al.

Scheme 1. Biosynthetically Inspired [5 + 2] Cycloaddition
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Green, J.C.; Pettus, T.R.R. . Am. Chem. Soc. 201 I, 133, 1603-1608.Yamamura, S.; Nishiyama, S. Synlett, 2002, 533.



Total synthesis by George

Chlorine introduced earlier. Same strategy.

MeO CICH,COCI, SnClI MeO
@(\002”‘9 CH,CICH,CI, 55 °C . 1.5 h CO;Me
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Total synthesis by George

» Oxidation-cycloaddition cascade :

- 2 C-C bonds formation (green)
- 2 rings formation |

’Y\/Y
OH

- 4 contiguous stereocenters formation. MeO OO
- 2 all-carbon stereocenters formation. cl

) ) MeO OH
BlOS)’ﬂthGSlS 7 14 (3:1 mixture of E:Z)

Pb(OAc)4, CHCls oxidative

.
0% -40°Cto RT, 30 min  cyclization

» | diastereoisomer formed from mixture .
Nonconcerted [5+2] — tertiary carbocation
intermediate.

Formation of sterically favored — most stable

diastereisomer.

» Yield better than without CI (20%). HO
» No merochlorin B formed by [3+2]

13



Proposed biosyntheses

» Fenical and Moore
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Kaysser, L.; Bernhardt, P; Nam, S.-J.; Loesgen, S.; Ruby, |.G.; Skewes-Cox, P; Jensen, PR.; Fenical,W.; Moore, B.S. | Am. Chem. Soc. 2012, /34, 11988-11991.



Total synthesis by George

Methoxy deprotection. Compound unstable to Lewis acids.
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X-ray structure of 1 1

Second demethylation hindered
by phenolate :
Inetermediate workup.



Conclusion

Racemic synthesis.
Rapid generation of analogues possible
Scalable synthesis : Ig of merochlorin A obtained.

4-step synthesis.
Key steps : aromatozation, alkylation, oxidative cyclization, based
on biosynthesis proposal.



