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Introduction



Motivation

Which catalysts can
improve the yield of of
this chemical (aspirin)?

Let’s find reactions
producing this molecule.




ChemScraper and Reaction Miner Integration

Task: Extract reactions from documents

1. ReactionMiner: Extracts structured chemical reaction information from literature (document PDF text)
2. ChemScraper: Parses CDXML/SMILES from literature (document molecule diagrams)

Integration: Match ReactionMiner information to parsed ChemScraper molecule diagrams (SMILES)

% Chemical Reaction

Herein, we reporl such a method: a nickel-catalyzed

cross-coupling reaclion of aryl- und heteroarylboronic x‘f; Product 2-chlorophenol
acids with chromene acetals. The method represents a o Daaciambe. | iap wal SR
mechanistic alternative to nucleophilic acetal substitution @& Reactants phenol, oxalyl chloride
that cnables access to a broad range of previously inacees- - (2) Time 3 hours
sible C-2 subslituled chromenes by late-stage diversifica- E] Temperature 10 °C
tion of a common scuflold. To our knowledge, il also 3 P
represents the first example of a Suzuki Miyaura cross- ) Solvent NaOH solution
coupling reaction with allylic acctals, &"’ Yield 78% (2-chlorophenol)
Text =] Workup Reagent 6MHCI
‘a) Speed 500 rpm
ReactionMiner!1] '« Inhibitor BHT
® Light Condition dark
@ rH 13.2 ~N ; ;
%) Cooling Condition ice bath Chemical Reaction SMILES
Product 2-chlorophenol | Oc1cccec1Cl
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[1] Zhong et al., "Reaction Miner: An Integrated System for Chemical Reaction Extraction from Textual Data". In Proceedings of the 2023 Conference on Empirical Methods in Natural Language Processing: System Demonstrations (pp. 389-402). 4
[2] Shah et al., “ChemScraper: leveraging PDF graphics instructions for molecular diagram parsing,” IJDAR, vol. 27, no. 3, pp. 395-414, Sep. 2024, doi: 10.1007/s10032-024-00486-7.




ChemScraper: Molecular Diagram Parsing



ChemScraper: Molecular Diagram Parsing

Vector (e.g. PDF) Raster (e.g. PNG)
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Molecular Graph

ChemScraper Parsing Model: graph decoder to convert input graph on primitives to output molecular graph
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Born-digital Parser: PDF Molecule Image

NO,

(a) PDF Image

2 ~_» NO

(b) MST
nodes: lines & characters
edges: connections/merges

(e) Molecular Graph
nodes: atoms & superatoms
edges: bonds

(c) Visual Graph
nodes: lines & characters
edges: connections/merges

(d) Tokenized Visual Graph

nodes: bonds, atoms & superatoms
edges: connections
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ChemScraper and Reaction Miner Integration

Task: Extract reactions from documents

1. ReactionMiner: Extracts structured chemical reaction information from literature (document PDF text)
2. ChemScraper: Parses CDXML/SMILES from literature (document molecule diagrams)
Integration: Match ReactionMiner information to parsed ChemScraper molecule diagrams (SMILES)

;,!3\_ . .
Herein, we reporl such a method: a nickel-catalyzed -Chemlcal Rea“|on

cross-coupling reaction of aryl- and heteroarylboronic :C; Product 2—chlorophenol

acids with chromene acetals. The method represents a B Daactan : O A e Sy

mechanistic alternative to nucleophilic acetal substitution & Reactants phenol, oxalyl chloride

that enables access to a broad range of previously inacces- - @ Time 3 hours

T ey - sible C-2 subslituled chromenes by late-stage diversifica- E] Temperature 10 °C
( tion of a vommon scuflold. To our knowledge, il also 3 P
sl - represents the first example of a Suzuki - Miyaura cross- =l Solvent NaOH solution
coupling reaction with allylic acctals. &9‘, Yield 78% (2-chlorophenol)
Text 1 Workup Reagent 6MHCl
‘) Speed 500 rpm
ReactionMiner[1] i kil EEL
Light Condition dark
@ rH 13.2 ~N ; :
:» Cooling Condition ice bath Chemical Reaction SMILES
Product 2-chlorophenol | Oc1cccec1Cl
CDXML >- ‘
Reactant1 phenol Oc1ccecct
<fragment BoundingBox="1639.75 397.78 2243 99 984.1800000000001" Z="1"
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[1] Zhong et al., "Reaction Miner: An Integrated System for Chemical Reaction Extraction from Textual Data". In Proceedings of the 2023 Conference on Empirical Methods in Natural Language Processing: System Demonstrations (pp. 389-402). 9
[2] Shah et al., “ChemScraper: leveraging PDF graphics instructions for molecular diagram parsing,” IJDAR, vol. 27, no. 3, pp. 395-414, Sep. 2024, doi: 10.1007/s10032-024-00486-7.
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ChemScraper and Reaction Miner Integration

IR (KBr Pellet, cm™)

3021, 2959, 2925, 2865, 1773, 1457, 1338, 1301. 1025, 986, 867. Document Page Molecule | Predicted SMILES
3 4 Paper9_Sla 1 1 Br/C(C)=C/C=0
e I b S o T 2 CC1(C)C(/C=C/C(C)=C/C=C B(OC(C2)=0)OC(CN2C)=0)=C(C)CCC1
SN ra ry; u o a u , m rm° 3 CC1(C)C(/C=CIC(C)=C/C=C/B(0)0)=C(C)CCCH1
- e 4 CC1(C)C(/C=C/C(C)=C/C=CI/C(C)=C/C=0)=C(C)CCC1
Al selingl (23) 5 COC1=CC=CC(OC)=C1C2=C(P(C3CCCCC3)Cc4CCCCC4)C=CC=C2
Vi, 10 sred slution of 21 (159 g, 0,101 ol 10 60 in THE (.44 maL ot 23 °C was added 1 M ChemScraper Output
Input Document (Paper9_Sla.pdf)
Reaction Reaction Miner Dictionary
Goal: Extract reactions from documents 1 Text A stirred solution of 32 ....
e Reaction Miner: Structured reaction data from document PDF text Product all-trans-retinal (23)
e ChemScraper: CDXML/SMILES from document molecule diagrams Reactant1 32
e Integration: Match reaction miner data to chemscraper molecule diagrams and SMILES Reactant2 22
Yield 66% (all-trans-retinal (23))
Chemical Reaction 1 Reference molecule SMILES Reaction Miner Output
Product all-trans-retinal (23) Paper9_Sla_Page1_No004 CC1(C)C(/C=C/C(C)=C/C=C/C(C)=C/C=0)=C(C)CCC1
Reactant1 32 Paper9_Sla_Page1_No003 CC1(C)C(/C=C/C(C)=C/C=C/B(0)0O)=C(C)CCC1
Reactant2 22 Paper9_Sla_Page1_No001 Br/C(C)=C/C=0
Yield 66% (all-trans-retinal (23)) |- -

Final combined output
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ChemScraper and Reaction Miner Integration

Matching Reaction Miner Data and Chemscraper Molecule Diagrams s pellec )

3021, 2959, 2925, 2865, 1773, 1457, 1338, 1301, 1025, 986, 867.

. . 4
1. String matching =
s CHG T
* Molecule ID from reaction miner compared to words near molecules Benbe L... s f|
* Levenshtein distance between nearest strings to select best match
Mli).’/;w[::;z:::::: .7,(1 u)"as converted to boronic acid 32 via the following procedure: In a 7 mL Wheaton
Y Exa m p I e : 3 2' 2 2’ CO m po n d Za vial, to a stirred solution of 21 (35.9 mg, 0.101 mmol, 1.0 eq.) in THF (1.44 mL) at 23 °C was added | M
Input Document (Paper9_Sla.pdf)
2. SMILES matching
e Compound name from Reaction Miner converted to SMILES using OPSIN API
e Tanimoto similarity on converted SMILES and chemscraper SMILES output to select best match
e Example: ethyl acetate, propanoate, vinyl iodide
Document Page Molecule | Predicted SMILES Reaction Reaction Miner Dictionary
Paper9_Sla 1 1 Br/C(C)=C/C=0 1 Text A stirred solution of 32 ....
2 CC1(C)C(/C=CI/C(C)=C/C=C B(OC(C2)=0)OC(CN2C)=0)=C(C)CcCC1 Product all-trans-retinal (23)
3 CC1(C)C(/C=C/C(C)=C/C=C/B(0)0O)=C(C)CCC1 Reactant1 32
4 CC1(C)C(/C=C/C(C)=C/C=C/C(C)=C/C=0)=C(C)CCC1 Reactant2 22
5 COC1=CC=CC(0OC)=C1C2=C(P(C3CCCCC3)Cc4ccccre4)c=cc=Cc2 Yield 66% (all-trans-retinal (23))
11
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ChemScraper and Reaction Miner Integration

Experimental Procedure for the Preparation of N-vinylcinnamamide (5a):

M5

L NH
. pu
o) (COC),, Cat.DMF 0 DMAP. EGN Propylamine i
AN - DM /\_/\/Lc' DM DCM A
I\) RT, 16h | RT, 2h RT, 1h m J H
Z 1a ~F 2a Z 5a

To a stirred solution of compound 1a (2.0 g, 13.51 mmol) in DCM (20 mL) under N> atm was
added oxalyl chloride (1.80 mL, 20.27 mmol) and cat. DMF at 0 °C and stirred the reaction
mixture at RT for 16h. The excess oxalyl chloride was removed by vacuum to give the
compound 2a. In another RB flask compound 3a (0.86 g, 12.51 mmol), DMAP (0.16 g, 1.35
mmol) and EtaN (2.60 ml, 18.37 mmol) were taken in DCM (20 mL) and cooled the reaction
mixture to 0 °C. To this reaction mixture, above prepared acid chloride (compound 2a) was
slowly added and stirred the reaction mixture at RT for 2h. The progress of the reaction was
monitored by TLC (20% Ethyl acetate in petroleum ether) showed completion of the reaction.
After completion of the reaction; reaction mixture was quenched with water (100 mL) and
extracted with DCM (2x100 mL). The combined organic layers were washed with water, brine
and dried over Na>SOy, filtered, filtrate was concentrated under reduced pressure to afford
crude compound 4a (4 g) as a brown liquid which was further proceeded to the next step
without purification.

mmmmmmm;ldlgomgoundlgﬂﬁﬁ (60mL) was addedlj:-propyl aminel (T.50]
mL) dropwise|al0PC andthelresulting]reactionlimix turdwas btirred R for! [h] [The progress

of the reaction was monitored by TLC (20% Ethyl acetate in petroleum ether) showed

Input Document Page Integration Output JSON

Molecule with ID 56 (M56) matched with a reaction extracted from text region with id 19 (TR19) 12



ChemScraper and Reaction Miner Integration

I Medicinal Chemistry & Drug Discovery

Synthesis of New Lansiumamide A/Alatamide (cis-Isomer)
Based Unnatural a-Amino Acid Derivatives via the Suzuki-
Miyaura Cross Coupling as Key Step

M. Sambaiah,™ " PradeepKumar Thota,” Shrinivas S. Kottawar,” Satyanarayana Yennam,

K. Shiva Kumar,** and Manoranjan Behera*"

We have developed a new synthetic method for the prepara-
tion of Lansiumamide-amino acid well as Alatamide (cis-
isomer)-amino acid (2) hybrids.
N-(Z)-2-bromovinyl) Kinnamarmide
fwith phenylboronic|acid (Z)-N-(2-iodovinyl)benzamide|iwith
4-methoxylphenylboronidacid] The Suzuki coupling of N-{(E)-2-
bromo-2-phenylvinyl) cinnamamide as well as (E)-N-(2-lodo-2-

Introduction

Clausena lansium is a natural product which belongs to the
genus of Clausena which a member of the Rutaceae family. The
plant Rutaceae is generally spread in southern China and
popular for its medicinal use. The leaves of Rutaceae family
plants are utilized for the treatment of asthma, cough, gastro-
intestinal disorder and stomach related sickness while the
seeds have been utilized for treatment of ulcers, chronic as well
as inflammation in the gastrointestinal system. Based on the
results of Jer-Huei Lin, Clausena plant leaves and contain
natural products like Lansiumamide A (Figure 1). Lansiumamide
Alwasfirst isolated from/thel extracts of Clausena lansium Skeels
by Lin inf 1989, who' also confirmed ithe structure ofl thel
molecule.”! Wan has explained in detail the biological activities
of Lansiumamide.” It has been shown to exhibit anticonvulsant

ﬁeﬁhokyphehyl)ﬂnyl)benz’aniide: with 4-borono-pinacol ester
of phenylalanine to give the Lansiumamide-phenylalanine and
Alatamide (cis-isomer)-phenylalanine amino acid hybrids in
good yields. This is the first synthesis of C-linked Lansiumamide
A and Alatamide (cis-isomer)-amino acid conjugates where
both the natural products are linked to amino acid through
C-C bond.
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Figure 1. Chemical structures of Lansiumamide A and Alatamide.

Results and Discussion

’r!ﬁaﬂy we started our synthesis by taking amide 1 as starting
material jgwgapt N-formyl amide by using reported method
(Scheme 2).”*! Thus| compound reacted under
reaction condition with (Bromomethyl)triphenylphosphonium
bromidel (Compound @) inl tthe| presence lofl KO'BU @3 basel to
afford compound 5] However reaction was not much
successful, so, we started exploring various methods for the
preparation of compound 6a and 4b (Scheme 3&4). To design
and validate the synthetic scheme 3 & 4, we initiated the

o] DMF-DMA o) T3P, EtOAc
(¢} o 0
AN NH, Toluene, 100 °C, 6h AN N/\N/ 90 °C, 16h
Step 1 | Step 2
2
|
-+

More visualization outputs 13



Next Steps

e Integration: ReactionMiner + ChemScraper integrated online system

e Born-digital Parser: New parsing strategy focused on accurate line geometries

e Visual Parser: Handling imbalanced class distributions and robustness by adding image noise

Q. Sort results by SMILES or "Draw { Upload" ancther format:

—_—

Q Draw / Upload 1l Location In PDF v J

S
27 rasults
Molecule T| Extracted Structure Qriginal Structure SMILES Flag
SEi SEt
 Unavailabl CIC(#}=C\C1=CC=CC=C1 ~
o™ P - _Ph
Found 1time(s) in 1 document Formula: C9H9 Extracted Structure Original Structure
Weight: 11717 gimol MeSEtPh
on SEt
. Chemical Safety
page: 1 ‘ M ~_ _Ph
Other Occurrenc: es
pagels): 1 Extornal References Original Context Gpen in BDF viewer (3
PubChem ID: 101209250
ELECTR
oduc! Refs.
ser
ription A .- Ph
Unavailable
507
1 2 3 10 v

Improved Born-digital parser strategy

Online ChemScraper system ”
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