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Nimbolide, aring seco-C limonoid natural product, was recently found to

il Checkiorupdates inhibit the poly(ADP)-ribosylation (PARylation)-dependent ubiquitin E3
ligase RNF114. In doing so, itinduces the ‘supertrapping’ of both PARylated
PARP1and PAR-dependent DNA-repair factors. PARP1inhibitors have
reshaped the treatment of cancer patients with germline BRCA1/2 mutations
partly through the PARP1 trapping mechanism. To this end, modular

access to nimbolide analogues represents an opportunity to develop
cancer therapeutics with enhanced PARP1 trapping capability. Here we
report a convergent synthesis of nimbolide through alate-stage coupling
strategy. Through a sulfonyl hydrazone-mediated etherificationand a
radical cyclization, this strategy uses a pharmacophore-containing building
block and diversifiable hydrazone units to enable the modular synthesis of
nimbolide and its analogues. The broad generality of our synthetic strategy
allowed access to a variety of analogues with their preliminary cellular
cytotoxicity and PARP1 trapping activity reported.
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Nimbolide, a terpene natural product

nimbolide (1)

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.

Neem tree leaves (Azadirachta indica)



DNA damage: an overview

Nimbolide
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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.

« XRCCA1:itis 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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Nimbolide
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Synonym(s):
NSC-309909
Empirical Formula (Hill Notation):
C27H3007
CAS Number: 25990-37-8 Molecular Weight: 466.52
PubChem Substance ID: 329825074 NACRES: NA.25
Sign In to View Organizational & Contract Pricing
SKU Pack Size Availability Price Quantity
SMB00586-5MG 5mg ) Available to ship on January 04, 2024 Details... % » $493.00 ‘ - + ] @
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—xtraction and Purification of Nimbolide

' Optimum extraction process

s Grinding - Filtration
: N , > Crude extract
- Extraction - Evaporation
Dry Neam leaves Microwave-assisted extraction o
' - Extraction under optimum condition predicted by RSM - S-L extraction
- Qauntification of nimbolide content by HPLC with DCM
. Purification process - Evaporation
Purification
¢  DCM crude extract
B e . ———————
: g;glvt’%l;i‘é) PTLC plate 5g of dried leaves =
4 0.0336g of nimbolide
(0.67%)

Molecules 2020, 25, 2913. 6



Pharmacophore meets strategy

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

observed activity

nimbolide
pharmacophore




Pharmacophore meets strategy

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

observed activity

nimbolide
pharmacophore

late-stage
pharmacophore
oriented coupling
N\




Let’s talk about their starting material

Me

1. K2CO3’ Mel,
acetone, 21°C, 93%
.
2. Fe(CO)s dibutyl
ether, 165°C, 63%

Me . o
- -Fe(CO); 1.03 -78°C, 35%

= >
2. Jones reagent
then Mel, 70%

. H W
Me CO.H Me CO,Me

abetic acid starting material (2)



Let’s talk about their starting material

Me

1. K2CO3’ Mel,
acetone, 21°C, 93%
'
2. Fe(CO)s dibutyl
ether, 165°C, 63%

Me . o
- -Fe(CO); 1.03 -78°C, 35%

= >
2. Jones reagent
then Mel, 70%

. H 4
Me CO.H Me CO,Me

abetic acid starting material (2)

First-generation optimization:

Me

Me "
- -Fe(CO); conditions
/

H

Me COj;Me

Jones reagent
then Mel, 70%

. CAN, back to the starting material CO:Me

. FeCl3 back to the starting material
. CuCl,, back to the starting material
. I traces of product

. Me3N=0, NR

. NMO, NR T Y
. O3, forms the aldehyde 35% Me CO,Me

NoO O, OWON =

7R
Me CO,H

abetic acid
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Let’s talk about their starting material

Me 1. Mel, K,CO3

86%
’
2. phthaloyl
. peroxide (M), 76%
~ H
Me C02H Q
(+)-dehydroabietic acid M = O
(0
(0
H
(0
0 Q N
[ e
0 0 Z ©
I < — .
5 — o O H
(0
(0

Preparation of phenols
using phthaloyl peroxide:

o
OH
OH
< o FG
=7/
o N |

11
Nature Protocols 2014, 9, 2624-2629.



Let’s talk about their starting material

OH Me

Me 1.Mel, K,CO;

86%

’

2. phthaloyl
' peroxide (M), 76%

~ H

Me C02H o
(+)-dehydroabietic acid M = o
(o)

(o)

Ozonolysis of phenols

COOH ooH
OMe

. H
Me CO,Me

Chem. Commun. 2016, 52, 12426-12429.
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Synthesis of the pharmacophore-contained building

CO,Me Et;N, TMSOTH, CO,Me
Me CH,Cl, 21°C Me
Me O 272, > Me O
then Pd(OAc),,
MeO,C DMSO, O, MeO,C
H 92%

2

from abietic acid (3 steps) or
dehydroabietic acid (5 steps)
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Synthesis of the pharmacophore-contained building

CO,Me
. CO,Me Et;N, TMSOTY, y COMe . 0s0,2H,0, Me ’
Me e o CHCI; 21°C Me © o NMO, acetone/H,0 Me O
r
then Pd(OAc),, then TMSCI,

MeO,C DMSO, 0,  MeO,C imidazole, DMAP  MeQC [ o L

H 92% H 87% \

TMS
2 3 4

from abietic acid (3 steps) or
dehydroabietic acid (5 steps)
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Synthesis of the pharmacophore-contained building

CO-,Me
L. COaMe EtN, TMSOTY COMe  y 0s0,2H,0, Me ’
Me e o CHxXCly 21°C Me o NMO, acetone/H,O Me O
’
then Pd( OAC then TMSCI,

MeO,C DMSO, 0,  MeO,C imidazole, DMAP  MeQC [ o L

H 92% 87% \

TMS
2 3 4

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

COzMe COzMe TFDO, TCE
o Me 0 -40°C to 21°C
co W c3 53% (5) + 11% (6)
-+ 0\ <
MGOzc
HCO oTms MeO,C OTMS
™S ™S
5 6 °>‘<°
Me CF3

(TFDO)

methyl(trifluoromethyl)dioxirane
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Synthesis of the pharmacophore-contained building

CO,M
M CO,Me EtsN, TMSOTHT, CO,Me K>0s0O42H50, Me 2
Me e o CHxCly 21°C o NMO, acetone/H,0 Me O
then Pd(OAc then TMSCI,
MeO,C DMSO,0,  Me0,C imidazole, DMAP ~ MeO2C 0
H 92% 87% H ™\ OTMS
TMS
2 3 4

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

COzMe COzMe TFDO, TCE
0 Me 0 Me 0 -40°C to 21°C
Me Me 0 0
C2 c3 53% (5) + 11% (6)
+ 0\ -
MGOzc
HO otms MeOC 1 O otms
TMS TMS
5 6

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

COzMe C02M9
Me
Me O
/
MGOzC
HO oTms MeO,C OTMS
TMS TMS
7 8
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Synthesis of the pharmacophore-contained building

H
I;’\ A N.A
O . 7 ~
base N - "SO,R
)l\/Rz * HN=NHSOR, o N7 “sOR; —> )I\/ -
R “H,0 )l\/Rz R R,
R4
Bamford-Stevens
mechanism -Ts
/) .’.‘. ON
o R “
1 /k/ ﬂl\/
R R
H R, © 2 R, 2




Synthesis of the pharmacophore-contained building

Bamford-Stevens
mechanism

CO,Me
Me

MGOzc o)
H ™\ OTMS
TMS

H’\
o] 15 CUN
N

7’

)k/Rz + H2N—NHSOZR3 3 N 802R3 —_— )I\/
R “H,0 )l\/Rz R R,
Rq

COzMe
+ = Me
KHMDS, PPh;MeBr Me
then TBAF, THF
. 7
61% MeO,C
H OHony
9
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Synthesis of the pharmacophore-contained building

Bamford-Stevens
mechanism

CO,Me
Me
Me O

H "\ OTMS
TMS

H’\
o) 1
N

R)]\/Rz + HN—NHSO,R; a N” “SO,R,
1

H,0 )|\/ R,
R4

7’

)
R1/\@R2 - R1/h/ 2 < @ <
H /@k/R2
R4

COzMe
+ -
KHMDS, PPh;MeBr Me Me p-TsOHH,0O, PhCI;
then TBAF, THF TESCI, imidazole
> 4 >
61% MeO,C 77%
H OHon
9

C02Me
Me
Me
HC OTES
10
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Synthesis of the pharmacophore-contained building

: T\

)l\/Rz * RNTNASOR: N/ \302R3
R, “H,0

N e\
base - 302R3

)'\/

Bamford-Stevens
mechanism -Ts
| N
R1N ? - R1/h/ D /k/R T ﬂ"i\/
2 R
H R © R, 2
CO;Me CO,Me CO;Me
Me 0 + - Me Me
Me KHMDS, PPh;MeBr Me p-TsOHH,0O, PhCI; Me
/ then TBAF, THF TESCI, imidazole ﬁ
MeO,C > 2
2 ° 779 L_
H O oTms o1% MeO:C L OH gy * o/ HC otes
TMS
7 9 10
C02Me C02MG
O Mme O Me _
- SeO, PNO;
/ - i >
90%
. || 66%
o7 HO oH o7 HO otEs
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13
3-furaldehyde

Synthesis of the diversitiable unit

iPrMgCl, \\

NH(OMe)Me HCI: O
OEt ——MgcCI

o —

66% Me
-~
o_/
14 15

21
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13
3-furaldehyde

Synthesis of the diversitiable unit

14

OEt

iPrMgCl,

NH(OMe)Me-HCI;

———MgCI

66%

-

H

~_~Ph
N N

0
o r
R
CBS
— Me R=H or alkyl
=
0 / 1. (S)-CBS, BH3'SMe,
82%, 95% ee
15 .
2. Et3N, PivCl
97%
OPiv
/
Me
=
o/
16

22



Synthesis of the diversitiable unit

o ~=Ph
Me iPrMgCl, \\ g0
0 OEt e NH(OMe)Me-HCI: O d
PPh3 OEt — MgCI CBS
/4 H - M R=H or alkyl
| . 66% €
98%
o —
o/ 1. (S)-CBS, BH3SMe,
82%, 95% ee
13 14 15
2. Et3N, PivCl
3-fura|dehyde 97%
(0]
TsHNN o)
I 1. TMSN3 I, pyridine \\ _
CHCl3, 0°C 2 mol% (AUPPhsNTf), PhMe OPiv
47% (brsm 68%) CH,Cl, -30°C
Me ‘ - Me ‘ | —

5 2. TSNHNH,, 65°C 3 63%. 85% ee
@ 68% @ —
o / o) / o /

18 17 16

Rautenstrauch Rearrangement
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Rautenstrauch Rearrangement

PivO

© OPiv
bﬁ& H,O \Q*m @ : R,
-
i R : R /\[
H "2 H "2

LAu
N R2

(@)
o L
2@ 1 Oz’é.)?
—R; ' R4
AuL H / |
AuL R,

B %
H AulL
1%,
(o) 7 R4

J. Am. Chem. Soc. 2005, 127, 16, 5802-5803.



Towards Nimbolide Endgame

o C02M9
CO,Me Me
O Me 2 ! Me Me |
Me b K,CO3 PhF, 140°C ﬂ " Me
/7 + . > || H
ﬁ TsHNN N 43% (19) + 31% (20) 7 H O O
7/ HC OH \ o ©
(o) [ \
o
12 18 20

sulfonyl hydrazone-mediated etherification

N
O NNHTs (II_,.
CO N

TsNHNH, K2CO3
- — > )
R1 R R1 R

A IR KRZ_

Angew. Chem. Int. Ed. 2010, 49, 4993-4996; Synlett. 2001, 11, 1779-1780.



d.r. 1:1

Tetrahedron 2008, 64, 7724-7728.

Model study for cyclization to nimbolide

Fe(acac)s, MeO,C MeO,C
PhSi(OiPr)H, Me ~ \ Me Me | Me
- Me Me Me
DCE/(CH,O0H), Me + ﬁ

10:1, 21°C

(a+b) 43% O H
brsm, 67% a b

\ dr. 1.3:1 (b:a)
mechanism: “Fe-H" E
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Model study for cyclization to nimbolide

d.r. 1:1

mechanism:

“Fe-H"

conditions

Fe(acac)s,
PhSi(OiPr)H,
o

DCE/(CH,0H),
10:1, 21°C

(a+b) 43%
brsm, 67%

5-exo-trig

nimbolide (1)

MHAT: decomposition

AIBN, BusSnH, PhF: 1 24%
AIBN, BusSnH, CeFs: 147%

AIBN, Bu3SnH in toluene or benzene: the major product was ¢, trace of 1

Tetrahedron 2008, 64, 7724-7728.

MeO,C
MeO,C 2
Me 2 Me Me Me
Me Me Me
Me + A
H o (0 % H 0 o
o (o)
H
a b
d.r. 1.3:1 (b:a)

27



Nimbolide Endgame

0 Me Me |
Me K,COs3 PhF, 140°C yA Ve
b H H
yA ' : > o
TSHNN @ 43% (19) + 31% (20) 7 0

AIBN, nBusSnH,
CoFg 80°C

45% (1) + 23% (21)

nimbolide (1)

28



Late stage diversifications

OMGOzC Me
NaOMe,
MeOH, 0°C Me~#
€
quant.
OMe H o o H H o
6-deacetylnimbin (22) nimbolide (1)

pyridine
Ac,O, DMAP
92%
Me02C

H OAc (0
OMe H O

nimbin (23)
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Late stage diversifications

MeO,C
O 2 Me
NaOMe,
MeOH, 0°C Me~
€
quant.
OMe H o o H H o
6-deacetylnimbin (22) nimbolide (1)
pyridine Mn(dpm); TBHP,
Ac,O, DMAP PhSiH,(iPrO)
92% 32%, brsm 64%
OMGOZC Me
Me
(o) H OAc O
OMe H o
nimbin (23) 2,3-dihydronimbolide (24)
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Late stage diversifications

NaOMe, LiOH-H,O

MeOH, 0°C Me~ THF, 60°C
- —_—
quant. 64%
OMe H O O H n O
6-deacetylnimbin (22) nimbolide (1) 6-deaceylnimbinene (25)
pyridine Mn(dpm); TBHP, pyridine,
Ac,O, DMAP PhSiH,(/PrO) Ac,0O, DMAP
92% 32%, brsm 64% 95%

H OAc (0
OMe H o

nimbin (23) 2,3-dihydronimbolide (24) nimbinene (26)



Alternative ring tolerated

Essential y O RS
‘ - _/— Alternative stereochemistry tolerated
IIO
Me }Ld Alternative six-membered ring tolerated
O Lactone crucial

Cytotoxicity and studies on the analogues
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Nimbolide analogues with a five-member C ring and downstream natural products

30R=H

31 R = OMe
32 R = OTBS 44

Downstream natural products Intermediate/related structure

Compound ICs50 (M) Compound ICs50 (M)
22 >10 1 0.34 £ 0.05
23 >10 12 >10
24 >10 19 0.23 £ 0.04
25 >10 44 0.88 £ 0.11
26 >10 45 >10

45

Five-membered C ring

Compound

ICs0 (M)

1.45+0.19
0.98 £0.13
0.21 £0.05
0.30 £ 0.05
0.27 £ 0.05
0.079 £ 0.01



Nimbolide analogues with a six-member C ring

Six-membered C ring

Compound ICs50 (uM)
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

36 R=H
35 37 R = OMe
38 R = OTBS

M R=H
39 40 42 R = OMe
43R = OTBS



Relative PARP1-trapping ability

a

PARP1
Histone H3
b

PARP1 trapping studies and selected

Chromatin bound

Is the PAP
trapped at-

DMSO
Nimbolide
43

32

25

~ 130

analogues

R1 still efficiently
‘he DNA-damage

|
I
|

- 100

i s N e e — 5

P=0.0009

P <0.0001

MeO,C
i | I O'Me "\ Me Me
H

/| P=0.0003

43
32
25

o)
wn
=
a IC5,(0.05 * 0.04 M)

Nimbolide

site by
analogues”

'he nimbolide

Yes!

Me ~

nimbolide (1)
IC5 (0.34 £ 0.05 «M)

ICsp (0.079 £ 0.01 M)
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Larisa P. Pop
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