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Introduction

Herquline A
(Omura, 1979)

Penicillium herquei

@ |[solated from the Penicillium herquei Fg-372 by
Qumra et al:

Herquline B

(Omura, 1996) @ Herquline A was shown to prevent platelet

aggregation in addition to displaying antibiotic
properties by inhibiting replication of the
influenza virus;

@ A sterically compact 6/9/6/5/6 pentacyclic

Herquline C skeleton.
(Houk, Tang and Wood)
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Herquline A

Herquline B Herquline C




Total Synthesis of Herquline B and C

H,c—N

Herquline C

(Wood, Baran and Schindler)

NH,




Retrosynthetic Analysis of Herquline B and C
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Synthesis of Compound 9
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Amidation Reaction

1. Condensating agent




Amidation Reaction

2. Mechanism
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Synthesis of Compound 9
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Synthesis of Compound 13

Y

OMe O
H
O Q Trlmethylorthoformate O C NHg, Li
O

PTSA, reflux, 2 h THF/CF3;CH,0OH
80% vyield Birch Reduction

N N
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HCHO, AcOH

NaCNBH3;, MeOH
Amine Methylation

13 4 12
33%, four steps
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Birch Reduction
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Synthesis of Compound 13

Y

OMe O
H
O Q Trlmethylorthoformate O C NHg, Li
O

PTSA, reflux, 2 h THF/CF3;CH,0OH
80% vyield Birch Reduction

N N
BocHN H co,Me BocHN H  co,Me

HCHO, AcOH

NaCNBH3;, MeOH
Amine Methylation

13 4 12
33%, four steps
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Amine Methylation
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Synthesis of Herquline B and C

MsCI, EtzN KH, THF
DCM - 35% yield, from 13
5

80% yield

-~
TFA, DCM

Herquline B _ PH8.0 -
then 3 M aqg. HCI

MeOH/THF
60% yield

e Herquline C 15

Herquline A
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Retrosynthetic Analysis of Herquline B and C
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Baran, P. S. et al. J. Am. Chem. Soc. 2019, 141, 29.
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Synthesis of Compound 21

Me MeO

HATU, DIPEA
NHM e Amldat/on React/on

2 %

93

OMeI | OMe
HCO,H, then 105 °C o
(>30 gram scale) NH
70% yield
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Ir-Catalyzed Reduction

[Ir(COE)CI],, Et,SiH, Li, NH;, CF3CH,OH

D Toluene D THF

86% vyield 77% vyield
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Ir-Catalyzed Reduction Reaction
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Brookhart, M. et al. J. Am. Chem. Soc. 2012, 134, 11304.
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Synthesis of Herquline B and C

22 (used crude)

Herquline B

Li, NH,

gl

t-BuOH/THF

DBU, Toluene

-

28% yield, from 21

1 N HCI
THF/MeOH

Herquline C
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Retrosynthetic Analysis of Herquline B and C
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Schindler, C. S. et al. J. Am. Chem. Soc. 2019, 141, 34009.
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Synthesis of Compound 31

oM
OBn OMe OBn MeO e
| | ||
HBTU, Et3N 1) TFA, DCM o
+ > >
DMF o) 2) BnBr, NaH, DMF
CO,H CO,Me 74% yield 74% yield o
N over two steps H-CN
NHBoc NHCH;3 BocHN CH; CO,Me 3
24 25 26 27
szinz, K2CO3
DMSO/H,0
81% vyield Y

L-selectride PhI(OAc), BCl;, CgMesH
 THF THF, MeOH D DCM
79% yield 99% yield
from 30
31 (R = OMe) 30 (R = OMe) 29 28
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Synthesis of Compound 36

Sml,, THF, 0 °C
77% yield

31 (R = OMe)

HCI, acetone

A

H H
|

—Si Si—

el i\

Fe3(CO)4a, toluene
then HCI, acetone
60% yield

Na, NH,, THF

90% vyield

36 35

A

78 °C
55% yield

NaBH,4, MeOH
80% yield

34
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Fe-Catalyzed Reduction Reaction
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Beller, M. et al. Angew. Chem. Int. Ed. 2009, 48, 9507.
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Synthesis of Herquline B and C

(COCl),, Et3N DBU, toluene, rt

DMSO, DCM 97% yield
82% vyield
H,, Pd/C H,, Pd/C
95% vyield 90% vyield
Herquline C Herquline B
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Summary

14 Steps, 0.98% overall yield;
Amidation Reaction;

Suzuki Coupling Reaction;
Birch Reduction.

13 Steps, 1.22% overall yield;
Amidation Reaction;

Suzuki Coupling Reaction;
Birch Reduction.

Wood, J. L. et al. J. Am. Chem. Soc. 2019, 141, 25.

Herquline B

9 Steps, 7.79% overall yield;
Amidation Reaction and Ir-Catalyzed
Reduction;

Suzuki Coupling Reaction;

Birch Reduction.

Baran, P. S. et al. J. Am. Chem. Soc. 2019, 141, 29.
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Summary

® 13 Steps, 5.75% overall yield;

® Amidation Reaction and Fe-Catalyzed
Reduction;

® Suzuki Coupling Reaction;

Herquline B ® Birch Reduction.

® 12 Steps, 6.07% overall yield;

® Amidation Reaction and Fe-Catalyzed
Reduction;

® Suzuki Coupling Reaction;

® Birch Reduction .

Herquline C

Schindler, C. S. et al. J. Am. Chem. Soc. 2019, 141, 34009.
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The First Paragraph

In 1979 and 1996, Omura and co-workers reported the isolation of
herqulines A (1) and B (2), two secondary metabolites produced by a fungal
strain originally isolated from a soil sample collected in the Saitama
Prefecture of Japan, Penicillium herquei Fg-372. Preliminary evidence from
these studies suggested tyrosine as a biosynthetic precursor to both
congeners and screens for biological activity revealed 1 and 2 to be inhibitors
of platelet aggregation. In a subsequent study, 1 was demonstrated to be an
effective inhibitor of influenza virus replication. The structure of 1 was
confirmed via single-crystal X-ray analysis, which allowed complete
assignment of the illustrated relative stereochemistry. In contrast, the
structure of 2 was deduced solely from spectral data and the stereochemistry

at C(11) and C(11a) was left unassigned.
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The Last Paragraph

In conclusion, efforts to develop a synthesis capable of delivering
herqulines A and B have been successful in providing access to (-)-
herquline B (2) and a heretofore unrecognized congener (+)-herquline C
(3). These studies have also revealed that, in contrast to earlier reports, 3
does not undergo conversion to herquline A (1) upon exposure to pH 8.0
buffer; thus, the biosynthetic origins of 1 have yet to be fully delineated

and it remains an intriguing target for synthesis.

29



Acknowledgement

-

Thanks

for your attention

30



