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Isolation & Structure Correction
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Ito, S.; Matsuya, T.; Omura, S.; Otani, M.; Nakagawa, A.; Iwai, Y.; Ohtani, M.; Hata, T.  J. Antibiot. 1970, 23, 315-317.
Furusaki, A.; Matsui, M.; Watanabe, T.; Omura, S.; Nakagawa, A.; Hata, T. Isr. J. Chem. 1972, 10, 173-187.

Streptomyces murayamaensis (链霉菌）
alp: gene cluster to produce kinamycin D
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Revised structure by 
Gould & Dmitrienko

Isocyanamide assignment:
Vetoed by a positive 
Nessler’s reagent test and a 
negative chromotropic acid 
test for its hydrolysate

Gould, S.; Tamayo, N.; Melville, C.; Cone, M. J. Am. Chem. Soc. 1994, 116, 2207-2208.
Mithani, S.; Weeratunga, G.; Taylor, N.; Dmitrienko, G. J. Am. Chem. Soc. 1994, 116, 2209-2210. 
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Discovery of Lomaiviticins
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Micromonospora Iomaiviticins(小单孢菌)
from Polysyncraton lithostrotum(斐济海鞘)
lom: lomaiviticin biosynthetic gene cluster

He, H.; Ding, W.; Bernan, V.; Richardson, A.; Ireland, C.; Greenstein, M.; Ellestad, G.; Carter, G. J. Am. Chem. Soc. 2001, 123, 5362-5363.
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mixture of two isomeric structures
R = Me, R' = H and R = H, R' = Me

(-)-lomaiviticin E: R = R' = Me
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Biological Activities
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IC50 Values (nM) of (-)-Kinamycin C and (-)-Lomaiviticins A, C, D, E

Woo, C.; Beizer, N.; Janso, J.; Herzon, S. J. Am. Chem. Soc. 2012, 134, 15285-15288.
Xue, M.; Herzon, S. J. Am. Chem. Soc. 2016, 138, 15559-15562.

Compound K562 LNCap HCT-116 HeLa
Kinamycin C 72 116 274 517

Lomaiviticin A 11 2 2 7
Lomaiviticin C 472 332 223 589
Lomaiviticin D 197 196 167 161
Lomaiviticin E 469 964 255 292
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Mechanism of Action

7Xue, M.; Herzon, S. J. Am. Chem. Soc. 2016, 138, 15559-15562.

• DNA strand break
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Mechanism of Action

8Herzon, S. Acc. Chem. Res. 2017, 50, 2577-2588.

• Binding Model
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9Kaneko, M.; Li, Z.; Burk, M.; Colis, L.; Herzon, S. J. Am. Chem. Soc. 2021, 143, 1126-1143.

Mechanism of Action
• The role of carbohydrate residues  
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Proposed Biosynthesis Pathway
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Gore, M.; Gould, S. J. Org. Chem. 1992, 57, 2774-2783.Luo Group Meeting (CCME@PKU)



Proposed Biosynthesis Pathway

12
Wang, B.; Guo, F.; Ren, J.; Ai, G.; Aigle, B.; Fan, B.; Yang, K. Nat. Commun. 2015, 6, 7674.

Liu, X.; Liu, D.; Xu, M.; Tao, M.; Bai, L.; Deng, Z.; Pfeifer, B.; Jiang, M. J. Nat. Prod. 2018, 81, 72-77.
Wang, P.; Hong, G.; Wilson, M.; Balskus, M. J. Am. Chem. Soc. 2017, 139, 2864-2867.
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Synthetic Studies & Total Syntheses
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Challenges
• Densely oxygenated A ring with correct configuration
• Diazo-containing B ring
• Selective oxidation of C ring (rather than D ring) to quinone
• Oxidative dimerization to furnish Lomaiviticins
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Synthetic Studies & Total Syntheses
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Early Studies
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Mohri, H.; Stefinovic, M.; Snieckus, V. J. Org. Chem. 1997, 62, 7072-7073.

• 1997, Snieckus group, acylamide condensation 
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• 1997, Jebaratnam group, diazotization strategy

Early Studies
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Early Studies

18Kumamoto, T.; Tabe, N.; Yamaguchi, K.; Ishikawa, T. Tetrahedron Lett. 2000, 41, 5693-5697.

• 2000, Ishikawa group, intramolecular FC acylation / DA cyclization
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Early Studies
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Cantalapiedra, E.; Frutos, O.; Atienza, C.; Maeto, C.; Echavarren, A. Eur. J. Org. Chem. 2006, 1430-1443.

• 2006, Echavarren group, failed to give prekinamycin (pericyclic strategy)
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1st Total Synthesis of Kinamycin (2006 Porco)

20Lei, X.; Porco, J. J. Am. Chem. Soc. 2006, 128, 14790-14791.
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Prekinamycin and Isoprekinamycin

21Birman, B.; Zhao, Z.; Guo, L. Org. Lett. 2007, 9, 1223-1225.
Liu, W.; Buck, M.; Chen, N.; Shang, M.; Taylor, N.; Asoud, J.; Wu, X.; Hasinoff, B.; Dmitrienko, G. Org. Lett. 2007, 9, 2915-2918.

• 2007, Birman group, synthesis of prekinamycin

• 2007, Dmitrienko group, synthesis of isoprekinamycin
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Nicolaou’s Ullman & Benzoin Strategy

22Nicolaou, K.; Li, H.; Nold, A.; Pappo, D.; Lenzen, A. J. Am. Chem. Soc. 2007, 129, 10356-10357.

• 2007, Total synthesis of kinamycins
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23Nicolaou, K.; Nold, A.; Li, H. Angew. Chem. Int. Ed. 2009, 48, 5860-5863.

• 2009, Lomaiviticin aglycon monomeric unit

Nicolaou’s Ullman & Benzoin Strategy
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24Nicolaou, K.; Chen, Q.; Li, R.; Anami, Y.; Tsuchikama, K. J. Am. Chem. Soc. 2020, 142, 20201-20207.

• 2020, Lomaiviticin A monomeric unit

Nicolaou’s Ullman & Benzoin Strategy
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Nicolaou’s Ullman & Benzoin Strategy
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Shair’s Diels-Alder Strategy
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• 2008, Lomaiviticin A central ring system

Krygowski, E.; Benenato, K.; Shair, M. Angew. Chem. Int. Ed. 2008, 47, 1680-1684.Luo Group Meeting (CCME@PKU)



Shair’s Diels-Alder Strategy

27Krygowski, E.; Benenato, K.; Shair, M. Angew. Chem. Int. Ed. 2008, 47, 1680-1684.Luo Group Meeting (CCME@PKU)



Shair’s Diels-Alder Strategy

28Lee, H.; Ahn, J.; Lee, A.; Shair, M. Chem. Eur. J. 2010, 16, 13058-13062.

• 2010, Lomaiviticin aglycon skeleton
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Shair’s Diels-Alder Strategy

29Lee, A.; Shair, M. Org. Lett. 2013, 15, 2390-2393.

• 2013,  C4-Epi-Lomaiviticin B
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Shair’s Diels-Alder Strategy
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31
Feldman, S.; Selfridge, B. J. Org. Chem. 2013, 78, 4499-4511.

• 2013, Lomaiviticin A aglycon core 
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Herzon’s Heck Strategy

32Woo, C.; Lu, L.; Gholap, S.; Smith, D.; Herzon, S. J. Am. Chem. Soc. 2010, 132, 2540-2541.
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Herzon’s Heck Strategy
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Herzon, S.; Lu, L.; Woo, C.; Gholap, S. J. Am. Chem. Soc. 2011, 133, 7260-7263.

• 2011, Lomaiviticin aglycon
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Herzon’s Heck Strategy

34Herzon, S.; Lu, L.; Woo, C.; Gholap, S. J. Am. Chem. Soc. 2011, 133, 7260-7263.
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Herzon’s Heck Strategy
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• 2021, (2S,2’S)-Lomaiviticin A
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Herzon’s Heck Strategy

36

O

O
O
Et

O

BzO N

Me

Me Tf

O Me
OH

OMeOMOMO

MOMO O
Br

1. Pd(CLA)2
PS-PPh3
Ag2CO3

2. TfN3, DMAP

44% for 2 stepsMOMO

MOMO O

O N2

O Et

O

O

Me

OBz

MeO

O

O
BzO

N Me
Tf Me

1. TMSOTf
2,6-lutidine

2. CAN
3. MgBr2, rt

32% for
3 steps

OH

OH O

O N2

O Et

O

O

Me

OBz

MeO
O

O
BzO

N Me

OH

HO
O

O
N2

O
Et

O

O

Me
OBz
OMe

O

O

BzO
N

Me

H

H

TfMe

MeTf

1. NaOMe, MeOH
2. NaBH3CN, CH2O

22% for 2 steps

2

OH

OH O

O N2

O Et

O

O

Me

OH

MeO
O

O
HO

Me2N Me

2'

OH

HO
O

O
N2

O
Et

O

O

Me
OH
OMe

O

O

HO
Me2N

Me

H

H

(2S,2'S)-lomaiviticin A

Kaneko, M.; Li, Z.; Burk, M.; Colis, L.; Herzon, S. J. Am. Chem. Soc. 2021, 143, 1126-1143.Luo Group Meeting (CCME@PKU)



Structure Revision of the Lomaiviticins
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• 2021, Herzon group, microED

Kim, L.; Xue, M.; Li, X.; Xu, Z.; Paulson, E.; Mercado, B.; Nelson, H.; Herzon, S.  J. Am. Chem. Soc. 2021, 143, 6578-6585.Luo Group Meeting (CCME@PKU)



Summary

38

OH

OH O

O N2

O Et O

O N2

OO

HO OH

O

Me OH
OMeO EtO

OO

HO
MeMe2N

MeO
HOMe

O

O
HO

Me2N Me

Oxidative Dimerization
Mn(hfac)3 → (R, R)

[Cp2Fe]PF6 → (R, S)
CAN → (S, S)

A Ring
Diels-Alder, Ishikawa/Shair
Olefin Metathesis, Feldman

B Ring
Friedel-Crafts, Porco

Benzoin, Nicolaou 
Heck, Herzon

C Ring
Claisen, Birman

OH

HO

O

O N2 O

O

O

Me2N
Me OH

Et

O

O

O
HO

OH
O

N2

O O
O

Et
O

O

Me
HO

NMe2

HO
MeO Me

OMe
OH

Me

Lomaiviticin A

• Intriguing diazo 
• DNA strand breaking mechanism 
• Anti – cancer and anti – leukemia potential
• Synthetic challenges
• Structure revision
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