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Introduction

Education and Career

• BSc degree in chemistry 
at the University of 
Science and Technology 
of China

• PhD at Boston University 
(Advisor: Prof. J. Porco)

• Postdoctorate studies at 
Scripps Research 
(Advisor: Prof. P. Baran)

• Assistant professor at UT 
Soutwestern since 2018



• Nimbolide is a natural product 
obtained from the leaves and flowers 
of Nee.

• It has been shown to possess multiple 
therapeutic effects, like anti-malaria 
and anti-bacterial.

• It also inhibits tumorigenesis and 
metastasis without causing any 
toxicity around a wide range of 
cancers.
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Neem tree leaves (Azadirachta indica)

Nimbolide, a terpene natural product
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• SSB: single-stranded DNA break.

• PARP: it is a protein that stands for poly-ADP ribose polymerase. It helps 
damaged cells to repair themselves. As a cancer treatment, PARP inhibitors stop 
the PARP from doing its repair work in cancer cells and the cell dies.

• XRCC1: it is a protein involved in DNA damage repair.

• RNF114: this protein is a E3 ubiquitin ligase, involved in protein homeostasis and 
removal of unwanted or damaged proteins.
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DNA damage: an overview
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Available on Sigma Aldrich!
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Extraction and Purification of Nimbolide

Molecules 2020, 25, 2913.

5g of dried leaves = 
0.0336g of nimbolide 

(0.67%)



The enone moiety and lactone ring of 
nimbolide were identified as the 
essential pharmacophore for the 

observed activity
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Pharmacophore meets strategy
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Let’s talk about their starting material
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Let’s talk about their starting material

Nature Protocols 2014, 9, 2624-2629.
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Synthesis of the pharmacophore-contained building
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Synthesis of the pharmacophore-contained building

Me

MeO2C

Me

H

CO2Me

O

from abietic acid (3 steps) or
dehydroabietic acid (5 steps)

Me

MeO2C

Me

H

CO2Me

O
Et3N, TMSOTf, 
CH2Cl2, 21°C

then Pd(OAc)2, 
DMSO, O2

92%

K2OsO4
.2H2O, 

NMO, acetone/H2O    

then TMSCl, 
imidazole, DMAP 

87%

Me

MeO2C

Me

H

CO2Me

O

OTMSO
TMS

Me

MeO2C

Me

H

CO2Me

O

OTMSO
TMS

Me

MeO2C

Me

H

CO2Me

O

OTMSO
TMS

O

O

TFDO, TCE
-40°C to 21°C

53% (5) + 11% (6)

2 3 4

5 6

TsNHNH2, then NaH, 
toluene, 0°C to 110°C
64% from 5 (7:8 6.2:1)
66% from 6 (7:8 1:10)

C2 C3

Me

MeO2C

Me

H

CO2Me

O

OTMSO
TMS

Me

MeO2C

Me

H

CO2Me

O

OTMSO
TMS

7 8



17

Synthesis of the pharmacophore-contained building
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Synthesis of the pharmacophore-contained building
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Synthesis of the diversifiable unit
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Synthesis of the diversifiable unit
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Synthesis of the diversifiable unit
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Rautenstrauch Rearrangement
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Towards Nimbolide Endgame
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Model study for cyclization to nimbolide
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Me

H

CO2Me

OO
O

Me

H

Me
I

Me

H

CO2Me

OO
O

Me

H Me
I

d.r. 1:1

Fe(acac)3,
PhSi(OiPr)H2

DCE/(CH2OH)2
10:1, 21°C

(a+b) 43%
brsm, 67%

Me

H

MeO2C
Me

OO
O

Me

H

Me
Me

H

MeO2C
Me

OO
O

Me

H

Me

ba

“Fe-H”mechanism:

Me

H

CO2Me

Me

OO
O

Me
I Me 5-exo-trig

Me

H

MeO2C
Me

OO
O

Me

H

Me
I

d.r. 1.3:1 (b:a)

O Me
MeO2C

O
O H

Me

O
H

Me Me
H

OH

nimbolide (1)

Me

H

CO2Me

OO
O

O
Me

H

H
Me

I

O

Me

H

CO2Me

OO
O

O
Me

H

H
Me

H

O
c

conditions

MHAT: decomposition
AIBN, Bu3SnH in toluene or benzene: the major product was c, trace of 1
AIBN, Bu3SnH, PhF: 1 24%
AIBN, Bu3SnH, C6F6: 1 47%

Tetrahedron 2008, 64, 7724-7728.



28

Nimbolide Endgame
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Late stage diversifications
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Late stage diversifications
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Late stage diversifications
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Cytotoxicity and studies on the analogues
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Nimbolide analogues with a five-member C ring and downstream natural products 
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30 R = H
31 R = OMe
32 R = OTBS

Five-membered C ring

Compound                 IC50 (𝜇M)

      27                      1.45 ± 0.19
      28                      0.98 ± 0.13
      29                      0.21 ± 0.05
      30                      0.30 ± 0.05
      31                      0.27 ± 0.05
      32                      0.079 ± 0.01

Downstream natural products

Compound                 IC50 (𝜇M)

22                             > 10 
23                             > 10
24                             > 10
25                             > 10
26                             > 10

Intermediate/related structure

Compound                 IC50 (𝜇M)

        1                       0.34 ± 0.05  
       12                           > 10
       19                      0.23 ± 0.04
       44                      0.88 ± 0.11
       45                           > 10
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Nimbolide analogues with a six-member C ring 
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36 R = H
37 R = OMe
38 R = OTBS

Six-membered C ring

Compound                 IC50 (𝜇M)

      21                      0.49 ± 0.04
      34                      0.49 ± 0.07
      36                      0.17 ± 0.03
      35                      0.16 ± 0.04
      37                      0.11 ± 0.03
      38                      0.18 ± 0.04
      33                      0.80 ± 0.09
      39                      0.88 ± 0.11
      41                      0.16 ± 0.03
      40                      0.20 ± 0.05
      42                      0.17 ± 0.04
      43                      0.05 ± 0.04
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PARP1 trapping studies and selected analogues

Is the PAPR1 still efficiently 
trapped at the DNA-damage 

site by the nimbolide 
analogues? 
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Yes!
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