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New homocamptothecins: Synthesis, antitumor activity, and molecular modeling Cited 23 times

Mizo, Zhenyuan; Sheng, Chunquan; Zhang, Wannian; Ji, Haitao; Zhang, ing; Shao, Luecheng; You, Liang; Zhang, Min; Yao, Jianzhong;

Che, Xiaoyin - Bicorganic and Medicinal Chemistry, 2008, vol. 16, #3, p. 1493 - 1510

Abstract ~  IndexTerms A~ Substances (126) \  Reactions (78 v  Full Tec 71

Abstract

Homocamptothecins (hCPTs) represent a class of new emerging antitumor agents, which contains a seven-membered

bered ring (€ ring) of Some

B in place of the
novel 7-substituted hCPTs were designed and synthesized based on a newly developed synthetic route which couples
ring A with ring C, E and D. Most of the synthesized compounds exhibit very high cytotoxic activity on tumor cell line
umor spectrum and are more potent than

4545. Some compounds,such a5 95,5, and Sy, show broad in vitr an
topotecan. Th ionship (3D-QSAR) methads, CoMFA and CoMSIA,
(s»m) ofthe ds. Furthermore,

to human DNA

1. The important hydrophobic, base-pair stacking, and hydrogen-bonding interactions were observed between the
hCPT derivatives and their receptor. The results from molecular modeling will guide the design of novel hCPTs with

were applied o explain the st

¥
molecular docking was used to clarify the binding mode of the

higher antitumor activity.

Index terms
EMTREE drug term: 10 methyl 11 chloro 7 (p hyDh in chloride, 7 (2 b jirmi h
i 702 i hecin, 7 (2,4 di

73 chloro 4 i hylh 73 chloro 4

hylh 76 hylh hecin, 734 i

. e . 7(35 i hylh 7(3,5 dimethylph

Manual [digital] Indexing I 764 Dimine
: ic agent, th notecan, topotecan, unclassified d
EMTREE medical term: animal experi 2nimal model, ty, article, colon cancer, comparative molecyl

protein binding, drug structure, drug synthesis, human, human cell, hydrogen bond, hydraphobicity, male, molecular doc]

imaging, tumor cell
Author keyword: 3
Reaxys Index T

tumor cell line

mptothecins, Molecular docking

ic surface
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Availability in other databases v
~  Physical Data - 132
Available Data v
v Spectra - 139
Document Type v

~  Other Data - 1,527
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We have a long history in providing chemistry information and
driving new developments

2017: New Reaxys
2016: New  Medicinal Chemistry

Reaxys (RMC) module
2009: launched
Reaxys :
® 2020:
launched ° @) Al-assisted
° Retrosynthesis
2013/2014:

Complete overhaul
1992: CrossFire of Reaxys and

® launched content expansion
1989: Beilstein and Gmelin including RMC
@) database go online

1881: First edition of
. Beilstein Handbook

1817: First edition of
Gmelin Handbook
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NEWS - 28 MARCH 2018

Need to make amolecule? Ask this Al for
instructions

Artificial-intelligence tool that has digested nearly every reaction ever performed

could transform chemistry.

% - - y . s 4 .
https://www.nature.com/articles/d41586-018-03977-w B 74‘“ - AY

An artificial-intelligence tool could help scientists plan multi-step chemical reactions. Credit: Roger

Mayne Archive/Mary Evans Picture Library
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https://www.nature.com/articles/d41586-018-03977-w

nature > articles > article

nature Qualitative evaluation ‘Chemical Turing Test’ methodology:

For molecule @
Article ‘ Published: 29 March 2018 Route A Route B_ Route A RouteB
o 9 JACS

Planning chemical syntheses with deep . wrgsinde J{} ‘%

neural networks and symbolic Al Yo

Al

Nature 555, 604-610(2018) | Cite this article Qualitative evaluation result: No significant difference in expert choice

like A.

Marwin H. S. Segler , Mike Preuss & Mark P. Waller &

22k Accesses | 241 Citations | 574 Altmetric | Metrics

MCTS preference ratio

Abstract : : oo
To plan the syntheses of small organic molecules, chemists use il
retrosynthesis, a problem-solving technique in which target molecules ]
are recursively transformed into increasingly simpler precursors. j ]
Computer-aided retrosynthesis would be a valuable tool but at present it & 5.
is slow and provides results of unsatisfactory quality. Here we use Monte % &
Carlo tree search and symbolic artificial intelligence (Al) to discover 5]
retrosynthetic routes. We combined Monte Carlo tree search with an o

0 -

Expert choose Reaxys predictive retrosynthesis route (57%) versus literature
route (43%) p=0.26

ELSEVIER



Retrosynthetic Route Designer

My Synthesis Projects

- Date/Time

May 15, 2020
4:01 AM

May 15, 2020

ey
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Powered by Reaxys and () Pending.Al

My Synthesis Projects

@&Q Draw a target substance

Structure

HN
NH,

HHJ\/\,/\.W\/\/\./\

Draw a Target

Parameters

Type of plans:

Full route (20 routes max)

Processing time:

600 seconds

Type of plans:

Full route (20 routes max)

Diversity:
High (Rxn: 3, BB: 3)

Used building blocks:

SIAL, LN, RX, EM

Diversity:

High (Rxn: 3, BB: 3)

Logout

Download PC

No. of Routes

View result

Edit ## Delete {iif

View result >

20 Feedback D
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Recxys. Quick search  Query builder ~ Results  Synthesis planner  History Ryan Huang e 4 00O

Search substances, reactions, documents and bioactivity data

Import

in Reaxys, Reaxys Medicinal Chemistry, PubChem, eMolecules, LabNetwork and Sigmadldrich

Search Reaxys

|

Documents, e.g. publications about quasicrystals
AND

Content Overview | Latest update: 31. October 2019 >

118M 49M 59M 37M

%° Substances A Reactions @ Documents @ Bioactivities
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“esults tor carbon nanotube New G Edit 2

@ 167’ 184 Documents  Titles, Abstracts, Keywords : "carbon', nanotube Preview Results ~v View Results >

Editin Query Builder £ Create Alert L\

33') 158 Substances Structure i as drawn Preview Results v View Results >

Edit in Query Builder # Create Alert L\

@ 2’ ]_ 83 , 579 Documents  Titles, Abstracts, Keywords : "carbon" Preview Results ~v View Results >
Edit in Query Builder £ Create Alert L\
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EBR3INE |

FIBR5IfaT |

Filters 67,184 Documents with 32,702 Substances, 15,892 Reactions, 27 Targets
Limitto > %4
0 = Qo ® Publication Year §, v | Heatmap FH
Export
Index Terms (List) v
Effect of the AACVD based synthesis atmosphere on the structural properties of multi-walled carbon Cited 1 times
— Index Terms (ReaxysTree) v 1
Preview nanotubes
Publication Year v Mierczynski, Pawel; Shtyka, Oleksandr; Kozanecki, Marcin; Filipczak, Paulina; Maniukiewicz, Waldemar; Gromov, Dmitry G.;
Dubkov, Sergey V;; (...) Szynkowska, Malgorzata |.; Maniecki, Tomasz P. [Arabian Journal of Chemistry, 2020, vol. 13, # 1, p. 835 - 850]
Document Type 1 A Abstract v IndexTerms v Substances 4 ~ Full Text 7
article 127,874 ‘ .
Abstract hit: {...of multi-walled carbon nanotubes (MWCNTS) has been the focus of considerable research effort...} v
m| conference paper 24210
review 6,957
S 3,506 Index Terms hit: {...Carrier gas, Multi-walled carbon nanotubes, MWCNTs...} v
conference review 1,279
erratum Carbon nanotubes modified with 5,7-dinitro-8-quinolinol as potentially applicable tool for efficient Cited 5 times
[ ? removal of industrial wastewater pollutants

Abdel Salam; Abou El-Nour; Awad; Orabi [Arabian Journal of Chemistry, 2020, vol. 13, # 1, p. 109 - 119]

Abstract \» Index Terms s Substances 3 ~ FullText A

TS R E A |
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Search Reaxys
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#E P18 = (Advanced search)
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ReGXVS Quick search  Query builder ~ Results  Synthesis planner  History ESEhESSR

4

h in:
searchin Find search fields and forms Q
2 @ i :n: Q Fields Forms History
Import Structure  Molecular Formula CASRN  TI, AB & KW
a Reaxys /A
(Topics and Keywords v \
A SR ENESHRY \dentification v
D Physical Properties v
. Spectra v
Drag & Drop to build a new query
MedChem f v
1BIB1007E 1 B 1 |
v

l Reactions
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Query Builder — search Natural Compounds plus Applications
Example 1

Search for compounds isolated from natural source, have 30 carbons
and reported antimicrobial effect.

Isolated from natural products

Molecular Formula

Use

24



Query Builder — search Natural Compounds and Applications

Ryan Huang fg\ g- @

|
Q. natural X

O = B o) o @ = H® o3

Import  Save Resetform Delete all Structure  Molecular Formula CASRN  TI, AB & KW

REOXYS Quick search  Query builder ~ Results  Synthesis planner  History

Reaxys A\

. 9 Isolated fi Natural S
<> lIsolated from Natural... Find any Show fields (Isolated from Natural Source) X | @

1. Type in “natural” to search for “Isolated from Natural Source” search block
2. Select by left click
3. Most of the search block require fill in values. Click show fields.

ELSEVIER
25



Query Builder — search Natural Compounds and Applications

Reaxys
s 9
Import

O

I}

Save  Reset form Delete all

<> |solated from Natural...

<> Molecular Formula is

ELSEVIER

Quick search  Query builder  Results ~ Synthesis planner  History

e
Structure\ Molecular Formula

H o

CASRN  TI, AB & KW

Find any Show fields ~, (Isolated from Natural Source) X

[ 2

v C30*

1. Select Molecular Formula

2. Typing C30*

Ryan Huang (Q. VAN

Find search fields and forms

Q. natural

<> Isolated from Natural Source

@

Reaxys A\



Query Builder — search Natural Compounds and Applications

Reaxys
= O i}
Import Save Resetform Delete all

AND

AND

<> Isolated from Natural...

ELSEVIER

is

Quick search  Query builder ~ Results  Synthesis planner

Find any

History Ryan Huang 2 4 @

Search in: Targets > Substances » 0':' Sea elds and forms

Q)

H
Structure  Molecular Formula

Show fields ~ (lIsolated from Natural Source)

v C30%

Hide fields A

v  Laboratory Use and Handling

use X

H o3

CASRN  TI, AB & KW

Reaxys 7\
« @.
:E'Q X
>
X
==
==
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B _ 1%

« 13C NMR (DMSO-d6, 150 MHz) 6 173.5, 157.8, 153.4, 150.1,
148.1, 145.9, 131.6 ,130.4, 130.2, 129.2, 128.7, 128.1, 127.8,
120.1 ,96.9, 73.6, 65.6, 50.8, 30.2, 7.8

Tips: REEBEEED - ©23173, 153, 130, oI EpEFEHF -
HEL7IEEES$H173.0-173.9 B 7

L
ELSEVIER



Query Builder
o NNRZYZ=EEA

Reaxys

O O i

Import  Save Resetform Delete all

<> Isolated from Natural...

Tips:

. %081, 2, 3T -
- EEEINNTHEEA

ELSEVIER

Quick search  Query builder

Hide fields ~

|solated from Natural Source

Synthesis planner

Molecular Formula

History

CASRN  TI, AB & KW

B

IR IR E RIS R I

BB RAEY)

- Ryan Huang fQ\ Q @
Find search fields and forms

Q, natural X
Reaxys 7\

| <> Isolated from Natural Source
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Import

Query Builder

- AMnrEEAE

= O il

Save  Resetform Delete all

] i

Structure  Molecular Formula

H o3

CASRN  TI, AB & KW

'S
<> Isolated from Natural... Hide fields A X
is N/ Isolated from Natural Source B
<> Molecular Weight >= Voo 348 B X
<> Molecular Weight <= Vo 349 B X

ELSEVIER

Find search fields and forms

Q. Molecular

E’Wolecular Formula

<> Molecular Weight

<> Fragment Molecular Formula

<> Molecular BINs

<> Molecular Deformation

E

.
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Query Builder
° //J\\HDNMRTEH

Search in- Substances > Find search fields and forms
Q. NMR X

S O ] @ i H 3
Import Save Resetform Delete all Structure  Molecular Formula CASRN  TI, AB & KW
A . Cs - . Reaxys A\
is v Nucleus (NMR Spectroscopy) < NMR Spectroscopy
is v  Coupling Nuclei B
is v Solvents (NMR Spectroscopy) B
>

= v  Temperature (NMR Spectroscopy), °C B

R

. = v  Frequency (NMR Spectroscopy), MHz

contains v 173

Bl




Query Builder - search articles with Wildcards and Boolean operators
Example 3

Try to search articles in Nanomedicine and lung cancer

Use wildcards
Replace multiple characters: *
Replace single characters: ?

Use Operators
NEAR (adjacent to each other)
NEXT (search sequentially)

PR
ELSEVIER



Query Builder — search articles with Wildcards and Boolean operators

REOXyS Quick search  Query builder ~ Results  Synthesis planner ~ History Ryan Huang 8 4 0

e & Find search fields and forms

o =) L9 [} @ i #0 Q Fields

Forms History

Import Save Resetform Delete all Structure  Molecular Formula  CAS RN || TI, AB & KW
R Fay
N eaxys
Topics and Keywords A
<V> Group 1 Y4 g Ungroup e X P R
. . Substance Properties
<> All Keywords is nanoparticle™ B X < ’ “ E
Comments
n <> Titles, Abstracts & K... is nanomedic® B X <> Reaction Data & Conditions

e— <> Titles, Abstracts & Keywords

-
<> All Keywords

is Vv Lung* NEXT cancer® B X <> All Keywords

ELSEVIER



Query Builder — search reactions with conditions and keywords

Example 4

Search reactions with specific conditions
e.g. Let’s find how to synthesis Rufinamide in flow reactor

* Rufinamide: a drug to treat seizure




+

—_

Import

Query Builder — search reactions with conditions and keywords

=

Search in:

6 Q. condition|

)44

O i @ H o]
Save Resetform Delete all Structure  Molecular Formula CASR TI, AB & KW
A H\T/ Ij
_—
—=N
HoN N - P
As drawn
2 Group3 # g Ungroup X
<> Reaction Data & Condi... contains Vv  continuous; flow B X
| . ) .
m <> Titles, Abstracts & K... contains Vv continuous; flow B X

ELSEVIER
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Do

<> Reaction Data & Conditions

<> Other Conditions
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Take Home Message

- ##E# =T A Structure Search

EBEE > TRESR (BREE - B - BN - TR
- BHRETE Synthesis Planner <Retrosynthesis>

SHRETAE = > BHEMN - FEEK
- BFARFEEA

= MFilters (XE$2! - {270 1)

- ¥#EMZIE = Query Builder

. R 17.08.2020
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Researchers need to address a number of questions when developing a new drug
candidate (competitive landscape, novelty search, synthesis planning, building

blocks..)
) ) : &
—Ch, *What are its ADME and TOX o TN
profile? -
Target- Design of i *Is there CYP, HERG inhibition? .. macoiogy
based ol _-ls it negative in AMES test?
T . 9 Spiro-oxindole Initial le "y —
arge ffold . . . - -
seato |s it active and efficacious? e
|s it selective? o,
*Is there off-target activity? ,
MedChem properties
*What is known about ) .
els it *How to synthesize

the target?
*Who is working on it?
*What other
companies work on?

|0 0 A
2

Competitive intelligence

novel/patentable?
*Is there freedom to
operate?

©

Novelty searching

A 4

*What are its PhysChem

properties?
*Isitadruglike
compound?

PhysChem properties

it?
*|s starting material
available?

Y]

Synthesis planning

*How to purify product?
*How to analyse product
(NMR, HPLC, UV, IR)?

Y b
o

Product analysis




B2 m 2 (BB H) B Z4EBETT "Me TOO” “Me BETTER* Project

Challenge: a general scaffold has good activity at the EGFR receptor, we need to identify:

olLIEFREEGFR L ~ FRESEBZERCEHESY) - FEFIA/ICS0 data
KHEEEER O EEERER
ux QETHTAVAS TR

EITEAFS

ELSE\. [ER



First & Second generation of EGFR-TKI

Erlotinib Gefitinib Afatinib Dacomitinib
Roche AZ&TeVa Boehringer-Ingelheim Pfizer

Y

s °
N : $ o .
/ c{ L) ox

E

H
F
_o

. &4 17.08.2020




Query builder allows the user to setup comprehensive search strategy defining the
structure, target and bioactivity

REOX\/S Quick search  Query builder  Results  Synthesis planner  History Sign in
& O [0] = # 3 Find search fields and forms
Import Save Resetform Deleteall Molecular Formula CASRN Doc. Index

Felds Forms History

< Structure x MedChem
@I Create Structure | Reaction Drawing < Target Name

<>  Substance Action on Target

= 1

< Target Name x
<>  Measurement pX
is b Target Name B
<>  Target Nature
<> Target Mutant/Chimera Details
< Measurement Parameter x
<>  Target Transfection
is b Measurement Parameter =

@




Search for all derivatives of the general structure by selecting from the filter options

REUXYS Quick search  Query builder  Results  Synthesis planner  History Signin ®
& Structure editor Create structure template from name » Search this structure as:
() As drawn
0O E D C X MM @.JE P28 H: o @ O @ As substructure
f3 L3 (®) On all atoms
’ () On heteroatoms
H
@ ) Similar
s c .
! NHa N I|L| Tautomers I
+ = N © I:I Stereo
- | s I:I Additional ring closures
iTi Z F
: N [ | Related Markush
iR P
Salt
},‘ a D dils
l Br |:| Mixtures
- | I:‘ Isotopes

N I:l Charges
A [ ] Radicals

| . [5&_90000 o 2 =+ More options |

Clear {if Transfer to query »

sl
ELSEVIER




Define the target as EGFR

<= Target Name >
is ~ Target Name (=1
Target Name Q, EGFR| >

> @ Targets
> [@ protein
> L& binding protein
> @ heterocydic compound binding protein
> L@ nucleic acid binding protein
> @ DNA binding protein
> @ structure-specific DNA binding protein
> @ double-stranded DNA binding protein
> [ Epidermal growth factor receptor (EGFR (Epidermal growth factor receptor))
> [m Epidermal growth factor receptor [human] (EGFR)
[- Epidermal growth factor receptor [dog] (EGFR)
[mm |  Fnidermal orowth factor recentor IMus musculus] (Fofr

Selected search items:

Epidermal g... [human] X Epidermal g...or [dog] X Epidermal g... usculus] X Epidermal g...vegicus] X

Clear selected >

18,839,700
15,203,250
10,076,444
3,260,624
1,264,051
1,064,053
147,781
147,137
62,930
59,040

2

2TTIR

More =+




Add the measurement parameter as IC50 and run the search

<& Measurement Parameter

Measurement Parameter
A

ELSEVIER

Reaxys

£ B O @

Import Save Resetform Deleteall

<> Structure

On all atoms

<> Target Name
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Reaxys provides 8,311 substances matching the criteria defined by the user
In their search strategy
Review substance results & switch to Heatmap view:

Reaxys Quick search Query builder Results Synthesis planner History Signin ©®
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-
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Heatmap view allows for the rapid assessment of the substance and target
interactions
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SAR analysis: What structures give high and low activity?
[ Observation 1: Core ring as ]

Ms present in all

substituent pattern around this

Observation 3: Changes to the
ring seems well tolerated

Observation 2: Length of linker
bioactivity

from the core may play a role in }
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Based on SAR observations researchers could potentially design some new
compounds
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EE\[1 NOTE: These molecules cannot be found in Reaxys

Cl



However, before synthesising the new molecules the researcher might want to check
if the molecules are patented or not. This will help prevent wastage of time, effort &
money

Markush search functionality coupled with powerful structure editor allows researcher to define the R-groups, control the
length of side chains etc. thus enabling the researcher to define and search for patent related information

Recxys Quick search  Query builder  Results  Synthesis planner  History e A @
&. Structure editor Create structure template from name > Search this structure as:
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Feedback ()

&b Tips: Salts and Mixtures are disabled, Related Markush and As substructure are included



37 Markush structures are obtained from the search and the 3 examples provided

show the structure to be similar to the proposed new compounds, thus further
analysis on their coverage and claim need to be conducted
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This particular compound is quite similar to the proposed structure and we can see
that it has been claimed in an AstraZeneca patent

HN ; Cl
HS-—NW /)
\ R2 N

R6 RS
Reaxys 1D: 12250782
12250782
O Identification Documents - 1 >
G
x
A |dentification
Reaxys |D: 12250782
e Location in Patent Reference
CAS Registry Number(s):
"M Claim 24 ASTRAZEMNECA AB; ASTRAZENECA UK LIMITED - WO2005/30757, 2005, Al
olecular Formula:
_ Full Tet A  Show details >
Molecular Weight:
InChiKey: /
% Substance Label - 1
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The original text in the patent shows similarity to the structure in Reaxys

Structure description in the patent

24. A quinazoline derivative according to any one of the preceding claims having a
structural sub-formula A2

Structure in Reaxys

HN
wherem: 0
m is 2 and R is 2-fluoro and 3-chloro; NN
N “:Z{‘Y' RS—N N ,)
R'is A \ / R2 N
nis0; R6 R3




Detailed analysis of patent regarding the structures claimed can be cumbersome and

time consuming

HN

O o) Ny F
R5—nN N /)

\ / R2 N

Cl

Full text to describe the different R groups in the patent is
cumbersome to read. Researchers spend a lot of time to
understand the coverage

ELSEVIER
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WO 2005030757 -184- PCT/GB2004/004085
and R’ is hydrogen or (1-6C)alky! and R® is selected from substituted-(1-6C)alkyl
(wherein substituted-(1-6C)alkyl is (1-6C)alkyl substituted by 1, 2 or 3 substituents
independently selected from (1-6C)alkoxycarbonyl, carbamoyl, (2-6C)alkanoylamino, and 0xo
or a (1-6C)alkoxycarbonyl together with a hydroxy group), (1-6C)alkoxy, (1-6C)alkylsulfonyl,
(3-T)heterocyclyl (wherein the heterocyclyl is carbon linked), heteroaryl, (3-
7)heterocyclyl(1-6C)alkyl (wherein the heterocyclyl is carbon linked to the (1-6C)alkyl moiety)
and heteroaryl(1-6C)alkyl,
and wherein any heteroaryl or (3-7)beterocyclyl group within R” is optionally substituted (on
any available carbon atoms) by 1, 2 or 3 substituents independently selected from halogeno, (1-
6C)alkyl, hydroxy(1-6C)alkyl, (1-6C)alkoxycarbonyl, carbamoyl, (2-6C)alkanoylamino and
hydroxy and/or optionally a substituent selected from oxo, cyano, nitro and (1-4C)alkoxy,
and wherein any heteroaryl or heterocyclyl group within R® is optionally substituted on any
available ring nitrogen (provided the ring is not thercby quaternised) by (1-4C)alkyl or (2-
4C)alkanoyl, or
R’ and R® together with the nitrogen atom to which they are attached forma 4, 5 or 6
membered ring which contains one or two nitrogen atoms as the only heteroatoms present in
the ring and which is optionally and which is substituted on an available ring carbon atom by 1
or 2 substituents independently selected from carbamoyl and (1-3C)alkylencdioxy.

25. A quinazoline derivative according to claim 24, wherein R® is selected from (3-
7)heterocyclyl (wherein the heterocyclyl is carbon linked), heteroaryl, (3-
Thheterocyelyl(1-6C)alkyl (wherein the heterocyclyl is carbon linked to the (1-6C)alkyl moiety)
and heteroaryl(1-6C)alkyl,

and wherein any heteroaryl or (3-7T)heterocyclyl group within R* is optionally substituted (on




Reaxys helps improve the efficiency of this process by transferring the fragment structure
information into a structure table to improve the patent analysis efficiency

Label Value Size Attributes Substituted by Frequency
R2 methoxy
R3 methyl
H N CI RS hydrogen
@) 0O F alkyl 1-6C $s8 0-3
\ N R6 hydrogen
Flﬁ-—.N N ’) alkyl 1-6C
\ﬁs é; Hz N alkenyl 2-8C
R
alkynyl 2-8C
alkoxy 1-6C
+ Reaxys transfers the text description into structure table ycloallyl e
and improves the reading efficiency .
« Reviewing the information in tabular format can also . e
help guide strategy to overcome patent restriction by heterocycll $s9 0-2
identifying potential opportunities where R-groups are heteroaryl

not covered by the patent
$*cyclalk37$*alk13

$*hetars*alkl3

$*hets*alkl3

— <1 allnd 1.4C
ELSEVIER
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