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Atom-to-atom mapping: a benchmarking study of popular 
mapping algorithms and consensus strategies 

Arkadii Lin,[a] Natalia Dyubankova,[b] Timur I. Madzhidov,[c] Ramil I. Nugmanov,[c] Jonas Verhoeven,[b] Timur R. 

Gimadiev,[d] Valentina A. Afonina,[c] Zarina Ibragimova,[c] Asima Rakhimbekova,[c] Pavel Sidorov,[d] Andrei 

Gedich,[e] Rail Suleymanov,[e] Ravil Mukhametgaleev,[c] Joerg Wegner,[b]  Hugo Ceulemans [b]   and Alexandre 

Varnek*[a,d] 

 
Abstract: In this paper, we compare the most popular Atom-

to-Atom Mapping (AAM) tools: ChemAxon[1], Indigo[2], 

RDTool[3], NameRXN (NextMove)[4], and RXNMapper[5] 

which implement different AAM algorithms. An open-source 

RDTool program was optimized, and its modified version 

(“new RDTool”) was considered together with several 

consensus mapping strategies. The Condensed Graph of 

Reaction approach was used to calculate chemical distances 

and develop the “AAM fixer” algorithm for an automatized 

correction of erroneous mapping. The benchmarking 

calculations were performed on a Golden dataset containing 

1851 manually mapped and curated reactions.  

The best performing RXNMapper program together with the 

AMM Fixer was applied to map the USPTO database. The 

Golden dataset, mapped USPTO and optimized RDTool are 

available in the GitHub repository 

https://github.com/Laboratoire-deChemoinformatique. 

Keywords: chemical reactions, data cleaning, atom-to-atom mapping 

 

 

1 Introduction 

Atom-to-atom mapping (AAM)[6,7] is a procedure that 
establishes a correspondence between the atoms of reactants 
and products. AAM allows to identify a reaction centre (RC) 
which, in turn, helps to prepare reaction templates used in an 
automatized forward/retrosynthesis planning[8–12], as well as 
to perform reaction classification[13] and reaction 
searching[14,15]. 

Several publicly and commercially available AAM tools 

are currently available. Their comparison would allow 

choosing an appropriate tool suitable for a given project. 

Some benchmarking studies have been already 

reported,[16,17] but they became outdated once new 

mappers were released. 

In this paper, we compare the most popular AAM tools: 

Automapper (ChemAxon)[1], Indigo[2], RDTool[3], 

NameRXN (NextMove)[4], and RXNMapper[5] which 

implement different AAM algorithms. Thus, the open-

source Indigo toolkit[2] applies the VF2 algorithm [18] which 

is an advanced graph matching algorithm based on 

Maximum Common Substructure (MCS) isomorphism 

principle[19]. This algorithm detects common structural 

motifs in reactants and products followed by identification 

of related pairs of atoms. 

ChemAxon’s Automapper uses a combination of MCS 

and a minimal Chemical Distance (CD) approaches. 

According to Chen et al.[20], a chemical distance is 

calculated as a sum of two terms: the number of chemical 

bonds created, broken, or transformed, and the number 

of atoms, which charge or valence state has been 

modified in chemical reaction. The AAM procedure with 

ChemAxon’s Automapper consists of two steps: 1) 

detection of an appropriate MCS, and 2) CD-based 

optimization of mapping the atoms that are not a part of 

the MCS.  

The NameRxn software[4] from NextMove performs 

AAM using large ensemble of rules describing known 

reaction mechanisms/transformations. The algorithm 

classifies a given reaction according to the implemented 

heuristics, followed by identification of the reaction centre 

described by an ensemble of atoms at chemical bonds 

formed, broken or transformed in course of chemical 
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reaction. Once a reaction centre is defined, AAM 

becomes a simple procedure of simply numbering the 

atoms. Notice that no AAM is performed if the algorithm 

fails with reaction classification. 

RXNMapper tool[5] implements a deep learning 

algorithm that is much faster than the abovementioned 

ones because it does not need to perform time-consuming 

combinatorial-seeking operations. RXNMapper uses a 

model based on the transformer architecture [21–23] which 

relates SMILES strings [24] of reactants (input) and 

products (output). An attention mechanism is used to 

assign a correspondence between the atoms of reactants 

and products. RXNMapper was trained in unsupervised 

settings on a subset of the USPTO database [25] for which 

the AAM accuracy >99% was reported. 

Reaction Decoder Tool (or RDTool) uses a consensus 

approach combining four distinct MCS-based algorithms: 

Mixture-MCS model, Min-sub model, Max-sub model, and 

Assimilation model[26]. All of them are based on pairwise 

MCS identification between reactant and product 

molecules. In the Min-sub model (further mentioned as 

MIN), the smallest MCS between the reactants and 

products are first mapped. On the contrary, in the Max-

sub model (further mentioned as MAX), the largest MCS 

between the reactants and products are first mapped. 

Then, the mapped part is removed from the reaction 

followed by the repetition of pairwise MCS identification 

until no more atoms can be mapped. The user-defined 

structural matches instead of MCS can be applied in 

preference. The Mixture-MCS model (further mentioned 

as MIXTURE) shares some features from MIN and MAX 

approaches. Assimilation model uses a restricted MCS 

algorithm that prefers the ring-to-ring mapping over the 

ring-to-chain one. Among those, the best AAM solution is 

selected according to a score accounting for (i) fragments 

count, (ii) dynamic bonds count, and (iii) energy of bonds 

cleavage/formation. According to Rahman et al.[3], the 

best solution corresponds to the minimal structural 

changes. In line with this principle, the algorithm 

minimizes the bond changes in the reaction and, therefore, 

reduces the chemical distance and energy costs for 

forming or breaking the bonds. To compute the energy of 

bonds cleavage/formation, the precomputed values are 

used [27–29]. Notice that the number of dynamic bonds is 

counted using the Dugundji-Ugi matrix[30], which requires 

a fully balanced reaction equation. For this reason, 

RDTool performs some data pre-processing including 

reaction balancing. This, unfortunately, cancels 

previously performed reaction standardization. 

It should be noted that any mapper assigns to the 

atoms the numbers (hereafter, called “AAM numbers”) 

further used in the reaction SMILES or RXN file to identify 

atom-to-atom mapping. Among the benchmarked 

mappers, only ChemAxon mapper uses the initial ordering 

of atoms as AAM numbers.   

All benchmarking calculations were performed on a 

reference Golden dataset containing 1851 manually 

mapped and curated reactions. 

2 Method 

2.1 Optimized RDTool and consensus solutions  

Since RDTool is an open-source software, we decided to 
refactor the code in order to use independently three out of 
four constituent algorithms: Min-sub (MIN), Max-sub (MAX) 
and Mixture-MCS (MIXTURE) models. The fourth algorithm 
was omitted due to the code fuzziness. The code was also 
revised in order to accelerate the functioning of the program. 
This new version of the program was named new RDTool. 

In complement to individual AAM tools, six consensus 

scenarios were considered: 

1) Consensus 1 - RXNMapper & MAX & MIXTURE & 

MIN & ChemAxon & Indigo & NameRXN; 

2) Consensus 2 - RXNMapper & MAX & MIXTURE & 

MIN & ChemAxon & Indigo; 

3) Consensus 3 - RXNMapper & MAX & MIXTURE & 

MIN & ChemAxon; 

4) Consensus 4 - RXNMapper & MAX & ChemAxon; 

5) Consensus 5 - RXNMapper & ChemAxon; 

6) Consensus 6 – MAX & MIN & MIXTURE. 

Within these six consensus strategies, each 

individual/tool generates its AAM solution, followed by 

selection of the best one according to minimal Chemical 

Distance score. 

2.2 Assessment of AAM accuracy with Condensed Graph 

of Reaction 

Chemical Distance corresponding to a given AAM solution can 
be easily assessed for any reaction transformed into a 
Condensed Graph of a Reaction (CGR)[31,32]. CGR is a single 
graph, which encodes an ensemble of reactants and products 
as shown in Figure 1. CGR results from the superposition of 
the atoms of products and reactants having the same 
numbers. The nodes in CGR correspond to “static” or 
“dynamic” atoms whereas the edges correspond to “static” or 
“dynamic” bonds. The state of dynamic objects - charge and 
radical label for atoms and bond order for bonds - is changed 
in course of reaction. Once the AAM operation is performed, 
a related CGR can be prepared even if a reaction equation is 
not balanced (e.g., a minor reactant or a leaving group is 
missed). In line with the Chen et al.[20] definition, a Chemical 
Distance for a given reaction is estimated by the number of 
related dynamic objects. Clearly, different AAM solutions lead 
to different CGRs. 
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Figure 1. The reaction between malonic ester and 4-chloro-beta-nitrostyrene (left) and related Condensed Graph of a Reaction (CGR) 

(right). Dynamic bonds in CGR are depicted by dash lines. The dynamic bond “2>1” between two carbon atoms 8 and 9 corresponds  

to the transformation of a double bond to a single bond, whereas “0>1” corresponds to the formed single bond between atoms 8 and 

17. The reaction centre (RC) includes atoms 8, 9, and 17 at the dynamic bonds.

In this study, CGRs have been prepared for all 

reactions from the reference set according to AAM 

performed either manually by experts in organic chemistry 

or using considered software tools. Ideally, a mapping 

provided by a particular tool corresponds to the manual 

one, i.e., the related CGRs should be identical. Notice that 

in some cases, erroneous mapping leads to the same 

chemical distance as that issued from the manual AAM 

(see example in Section 2.3). Therefore, the identity of 

two condensed graphs is a more solid criterion of the AAM 

correctness than a simple comparison of related chemical 

distances. 

2.3 Heuristics for correction of erroneous AAM 

Systematic errors of atom-to-atom mapping can be 

corrected using heuristics based on the CGR approach. 

The idea is to replace a structural motif representing an 

erroneous reaction centre and its environment in a CGR 

with another one corresponding to a correct mapping 

using empirical remapping rules. The concept of AAM 

fixing was proposed in our early publication[33]; here we 

demonstrate its fully automatized implementation.  

The overall process can be split into two parts: (i) 

fixing rules preparation (see Figure 2), and (ii) fixing rules 

application (see Figure 3). A fixing rule is generated for a 

pair of correct/erroneous AAM generated for a given 

reaction and represented in either RXN or SMILES 

formats. A fixing rule is generated in 4 steps: 

1. Two related CGRs are prepared for correctly and 

erroneously mapped reactions. For each CGR, a 

reaction centre with its closest environment 

(RCclose) is extracted (see Figure 2a). 

2. Preparation of “extended reaction centres”, RCext, 

by augmentation of correct RCclose fragment by 

the atoms belonging to the erroneous RCclose and 

vice versa. In such a way, both correct and 

erroneous RCext fragments contain the same set 

of atoms (Figure 2b). 

3. In order to determine the required permutations 

P of AAM numbers, the extended reaction 

centres are deconvoluted to reaction equations. 

A permutation rule can be obtained by 

overlapping the atomic AAM numbers’ lists 

extracted from the corresponding deconvoluted 

reaction equations (Figure 2c).  

4. A fixing rule is compiled out of three instances: 

an erroneous and correct RCext and a 

permutation rule (Figure 2d). 

 

Notice that the order of atoms in the two atoms’ lists 

at step 3 must be the same: the algorithm crashes or 

generates wrong permutation solutions when the atoms 

are shuffled by the mapper. Among all benchmarked here 

tools, only ChemAxon mapper keeps the order of atoms 

as in the initial RXN of SMILES. Therefore, AAM Fixer was 

applied only to the reactions mapped by ChemAxon.  

Once a fixing rule is prepared, it can be applied to fix 

AAM numbers for a given reaction for which a CGR is 

generated (Figure 3a). Then erroneous extended reaction 

centre is embedded in the CGR (Figure 3b). Hits found for 

a particular RCext signal that the AAM numbers are wrong 

and can be fixed with the corresponding permutation rule 

P (Figure 3c). AAM numbers in the product part of the 

reaction are permuted according to P. Finally, a new CGR 

is generated for the corrected reaction followed by the 

embedding of the correct RCext in order to check whether 

the AAM fixing was done successfully (Figure 3d). The 

original AAM numbers are restored if the latter embedding 

fails. Once extracted, the fixing rules can be applied to 

correct AAM generated by any mappers.    

Fixing rule extracted from a given reaction is validated 

by its application to the same reaction. In some cases, the 

correct mapping cannot be achieved. Usually, it concerns 

the cases when atoms distant from the reaction center 

need to be remapped, see Figure S1 in SI. Finally, all 

validated fixing rules are integrated into AAM Fixer. 
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Figure 2. AAM fixing rule preparation workflow illustrated on the example of the addition-elimination reaction for which erroneous 

mapping was obtained with ChemAxon. (a) The RCclose fragments corresponding to the correct and erroneous mapping include six 

atoms only four of which (atoms 2, 3, 10 and 13) are in common. (b). Eight atoms, that belong to correct or wrong reaction centres 

or shared by both (atoms 1, 2, 3, 4, 9, 10, 11 and 13) are considered in RCext. Thus, extended reaction centres are prepared by the 

addition of atoms 9 and 11 to the correct RCclose fragment and of atoms 1 and 4 to the erroneous RCclose. (c) Deconvolution of RCext 

to reaction equations and superposition of the related atoms in the products reveals a permutation rule. (d) The numbers of the atoms 

to be permuted are shown in red. The dynamic bond “1>0” in CGRs corresponds to a broken single bond, and “0>1” corresponds to 

a formed single bond. Notice, that the chemical distances (the number of dynamic bonds in CGR) are equal to 2 for both erroneously 

and correctly mapped reactions. 
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Figure 3. Example of a fixing rule application. Here, an addition-elimination reaction was mapped by ChemAxon toolkit which mixed 

up the nitrogen atoms N6 and N14. To fix this problem, (a) a CGR is generated, and (b) isomorphic embedding of an erroneous RCext 

is performed. (c) AAM atomic labels of the nitrogens N6 and N14 in the product are permutated according to the fixing rule. Finally, 

(d) a new CGR is generated, and the correct RCext is embedded to check if the AAM correction is done successfully. Here, the 

dynamic bond “1>0” corresponds to a broken single bond, and “0>1” corresponds to a formed single bond.

2.4 Data 

The data set used in this study as a reference resulted from 
the merging of curated dataset used in the benchmarking 
study by Jaworski et al.[34] and a subset of reactions extracted 
from USPTO database. The first set contains reactions with 
full stoichiometry and taken from the Organic Syntheses 
collection[35], randomly selected and typically mostly 
stoichiometrically unbalanced reactions from Reaxys[36], 
mechanistically complex reactions taken from various 
literature sources (e.g., Kurti’s “Strategic Application of 
Named Reactions in Organic Synthesis”[37] or Grossman’s 
“The Art of Writing Reasonable Organic Reaction 
Mechanisms”[38]), relatively simple reactions with full 
stoichiometry taken from total syntheses published in Org. 
Lett., J. Am. Chem. Soc., and J. Org. Chem., typical reactions 
without full stoichiometry extracted from patents, and 
mechanistically complex reactions which include 
rearrangements and multicomponent reactions taken from 
recent literature (in most cases, after 2010 and from Org. Lett., 
J. Am. Chem. Soc., and J. Org. Chem.). A detailed description 
of reactions types included into the dataset can be found in 
ref.[34] The second set extracted from USPTO gathers 
examples of the most popular reaction types used in medicinal 
chemistry (e.g. SN2, Buchwald-Hartwig, Suzuki-Miyaura 
coupling, etc.)[39]. 

A manual check of 1405 organic reactions from the 

Jaworski’s set[34] revealed several serious problems with 

structures preparation or atom-to-atom mapping. Thus, 10 

reactions were identified as duplicated (see an example 

in Figure S2 in Supporting Information), 30 reactions were 

discarded since they contained molecules with invalid 

valences (Figure S3) or they could not be interpreted 

(Figure S4). The discarded reactions were analyzed 

manually and curated, if possible. Namely, 17 reactions 

with chemical structure representation errors were 

corrected. We’ve also discovered some 350 reactions 

containing radicals that were manually curated (see an 

example of such reaction in Figure S5).  

Manual inspection of atom-to-atom also revealed 

several problems. Eight reactions containing obvious 

errors (e.g., one carbon atom in a reactant corresponded 

to both oxygen and carbon atoms in a product 

simultaneously) were manually curated (see an example 

in Figure S6). On the other hand, 22 reactions with non-

obvious mapping which may depend on experimental 

conditions (see Figure S7), and 3 reactions with unclear 

reaction mechanisms or lost reactants (see Figure S8) 

were removed. 

Curated Jaworski’s dataset containing 1382 reactions 

was extended with 469 manually mapped USPTO 

reactions. The final reference (“Golden”) dataset 

comprises 1851 reactions. Its composition has been 

analysed with the help of the NameRxn (NextMove) tool. 

The tool failed to classify 628 reactions. Occurrences of 

particular reaction types for remaining 1164 reactions are 

given in Supporting Information (see Figure S9 in SI).   

In addition, the entire USPTO database [25] containing 

some 1.3M unique and standardized reactions [40] 

(functional groups standardization, dearomatization, 

valence checking, selection of major tautomers, removal 

of explicit hydrogens, cleaning radicals and isotopes, 

clear stereo, split of ions, aromatization, duplicates 

removal) was used in order to demonstrate the functioning 

of AAM Fixer. 

 

3 Results and Discussion 

3.1 Benchmarking results 

15 mapping strategies described in the Method section 

were applied to the Golden dataset. As it follows from 

Figure 4, ChemAxon is the fastest tool: it takes 

approximately 0.003 second to map one reaction. 

NameRXN (NextMove) and RXNMapper follow 

ChemAxon with 0.02 and 0.05 seconds per reaction, 

respectively. RDTool is the slowest one: it takes around 

2.46 seconds to map one reaction. This is not surprizing 

since RDTool executes four mapping algorithms followed 

by calculation of seven metrics used to perform 

consensus prediction. Revision of its code significantly 

accelerated the mapping procedure: the new RDTool 

including three AAM algorithms (MIN, MAX, and 

MIXTURE) is about 40% faster than the original tool. 

 

Figure 4. Average CPU time per reaction for different AAM tools . 

Figure 5 and Table 1 report an information about AAM 

performance of different tools and algorithms assesed for 

the Golden set. As explained in Section 2.2, AAM 

performed for a given reaction was considered correct if 

related CGR coinсided with that obtained by the manual 

mapping. 
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Figure 5. Performance of different AAM tools and consensus 

strategies.  

Compared to other tools, NameRXN [41] demonstrates 

the lowest rate of correct atom-to-atom mapping (33.6%). 

This can be explained by the fact that the AAM algorithm 

uses a limited set of reaction classification rules. If there 

is no rule characterizing a given reaction, no mapping is 

performed. In addition, existing rules do not always 

guarantee a correct AAM (see Figure 6). 

 

Figure 6. Example of a bromination reaction wrongly mapped by 

the NameRXN tool. In this reaction, one of the bromine atoms of 

thionyl bromide (number 19 or 21) replaces the OH group in [1-

(4-fluorophenyl)-1,3-dihydro-2-benzofuran-5-yl]methanol. 

However, in the product, the tool assigns number 23 to the Br 

atom, which formally corresponds to a fictive reactant missed in 

the reaction equation. 

The RXNMapper tool demonstrates a good 

performance: 1550 reactions (83.74%) were correctly 

mapped which is the best result among all considered 

reaction mappers. Unlike other studied mappers, 

RXNMapper consistently generates correct AAM for 

esterification and esters hydrolysis reactions. However, 

this tool has a serious drawback: it resets any previously 

performed standardization operation and reorders the 

reactants and the products (Figure S10).  

The original RDTool succeeded to map 76.23% of 

reactions in the reference data set, which is very similar 

to the new RDTool (76.18%). The code revision 

performed in this work allowed us to significantly reduce 

the time of computations (see Figure 4) and to apply MIN, 

MAX, and MIXTURE algorithms separately (see Method 

section). Comparing performances of the new RDTool 

and its constituting individual mapping algorithms, we 

found that the MAX algorithm already provides a 73.96% 

accuracy, which corresponds to 97.1% of the total number 

of reactions correctly mapped by the new RDTool. Thus, 

the MAX algorithm is almost as accurate as the entire 

RDTool but is 5 times faster. 

The accuracy of ChemAxon’s AAM (70.45%) is similar 

to earlier reported results.[5,34] Overall, 547 reactions were 

erroneously mapped. 

The success rate of the Indigo mapper is relatively low, 

especially for halogenation reactions. In some cases, the 

tool maps a halogen atom in a product as it comes from 

an unspecified reactant, even if a Hal2 molecule is present 

in the reactants part (see an example in Figure S11 in SI). 

In addition, in the case of symmetric molecules, Indigo 

makes one-to-many correspondence of one reactant atom 

to several product atoms, i.e., it assigns the same 

numbers to the atoms in different symmetrically identical 

fragments (see an example in Figure S12). This leads to 

significant problems with further usage of mapping results, 

e.g., with CGR generation. Therefore, reactions with one-

to-many correspondence were classified as “unsuitable” 

(see Figure 5 in red). 

Among all examined consensus solutions, only 

Consensus 3 combining RXNMapper, MAX, MIXTURE, 

MIN and ChemAxon methods performs slightly better than 

RXNMapper individually (84.06% vs 83.74%). This 

negligible accuracy improvement does not compensate a 

30 folds slowdown of the consensus compared to the 

individual solution. 

Besides that, Table 1 demonstrates that the lowest 

Chemical Distance (CD) does not always guarantee 

correct AAM assignment. Thus, for a large portion of 

reactions, erroneous and correct mapping correspond to 

equal chemical distances whatever the mapping algorithm 

is. Moreover, in some Diels-Alder reactions, the lowest 

CD corresponds to erroneous AAM (see Figure 7).  

Another question concerns the difference in the AAM 

algorithms implemented in the benchmarked tools. Table 

1 shows that the number of reactions correctly mapped 

with only one selected algorithm is negligible except of 

that for RXNMapper which is the only tool performing 

correct mapping for esterification and esters hydrolysis 

reactions on the Golden dataset. The latter, however, 

wasn’t reproduced for the entire set of USPTO reactions. 

It is also surprising that according to our tests, the tool 

perfectly maps reactions of some particular types in the 

Golden dataset, but it fails on those from USPTO [25]. In 

particular, this concerns reduction of carboxyl groups to 

alcohols (89% reactions of this type in USPTO were 

erroneously mapped), methyl ester formation in methanol 

(31%), and esterification reactions (10-30%). 
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Table 1. AAM benchmarking results. 

AAM tool or 

consensus 

strategy 

# correctly 

mapped 

reactions 

Accuracy,% #reactions 

correctly 

mapped by the 

given tool only 

# “unsuitable” 

reactions a 

# erroneous 

AAM with 

different CDb 

# erroneous 

AAM with the 

same CDc 

ChemAxon 1304 70.45 5 0 339 208 

Indigo 712 38.47 4 518 457 164 

NameRXN 622 33.60 9 873 113 243 

RXNMapper 1550 83.74 49 9 208 84 

RDTool 1411 76.23 0 30 250 160 

New RDTool 1410 76.18 0 9 269 163 

MIN 1316 71.10 0 8 395 132 

MAX 1369 73.96 0 8 311 163 

MIXTURE 1347 72.77 0 8 339 157 

Consensus 1d 1494 80.71 -e 0 289 68 

Consensus 2 1532 82.77 - 0 246 73 

Consensus 3 1556 84.06 - 0 220 75 

Consensus 4 1554 83.95 - 0 222 75 

Consensus 5 1549 83.68 - 0 221 81 

Consensus 6 1422 76.82 0 8 262 159 

a The mapping tool can not map a given reaction 

b Chemical Distance for the erroneously mapped reaction differs from that with correct AAM. 

 c Chemical Distance for the erroneously mapped reaction is equal to that with correct AAM. 

d See description of the consensus strategies in Section 2.1.  

e not relevant for consensus strategies  

3.2 Correction of erroneous mapping with the AAM Fixer 

In order to investigate the efficiency of the AAM Fixer tool, it 
has been applied to the mapped Golden dataset aiming (i) to 
extract the fixing rules and (ii) to correct erroneously mapped 
reactions.  

For 547 (out of 1851) reactions incorrectly mapped by 

ChemAxon, 535 unique fixing rules were extracted. Out of 

those, only 442 rules have been validated (see section 

2.3) which allowed us to correct 452 reactions with 

erroneous mappings. Interestingly, that the rules derived 

for ChemAxon mapping allowed us to correct 62 reactions 

from the Golden set erroneously mapped by RXNMapper. 

This proves the transferability of the fixing rules. 

Unfortunately, it is impossible for the moment to extract 

fixing rules for reactions mapped by RXNMapper since all 

considered here AAM algorithms except ChemAxon 

mapper change the atoms’ order in the RXN file (see 

Section 2.3). 

Finally, AAM Fixer powered by the rules, extracted for 

the Golden dataset, was applied to the USPTO dataset 

mapped by RXNmapper. This led to AAM corrections for 

2021 reactions. Such a small portion of fixed reactions is 

caused by the fact that rules are quite selective due to the 

RC environment of radius 1 (RCclose).  

The advantage of the AAM Fixer is its ability to fix AAM 

in cases when the chemical distance for a wrong AAM is 

the same or even lower than for a correct one, like Diels-

Alder or esterification reactions (Figure S13 in Supporting 

Materials). Notice that the fixing rules can be prepared 

manually and then implemented in the AAM fixer.  
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Figure 7. Example of Diels-Alder reaction with erroneous (top) and correct (bottom) atom-to-atom mappings. Here, the reaction itself 

is on the left side, and the corresponding CGR is on the right side. The symbol “n>m” corresponds to the transformation of bond order 

n to m[33]. Notice that the chemical distance corresponding to erroneous mapping (CD=5) is lower than that for correctly mapped 

reaction (CD=6). 

4 Conclusions 

Benchmarking study comparing the performance of 

Atom-to-Atom Mapping of 5 popular tools (RXNMapper, 

ChemAxon, NameRXN, Indigo, and RDTools) and several 

algorithms and consensus strategies applied to the 

“Golden” dataset revealed that no one provides with an 

ideal AAM assignment. RXNMapper is ranked the best 

with the accuracy 83.74% and a reasonable speed of 

calculations (0.05 seconds). However, the deep learning 

model integrated into this tool looks overfitted because it 

fails to map certain types of USPTO reactions although 

very similar reactions from the Golden set were perfectly 

mapped.  

It has been demonstrated that the lowest Chemical 

Distance doesn’t always guarantee correct AAM 

assignment. Thus, for some Diels-Alder reactions, 

erroneous mapping corresponds to smaller CDs 

compared to correct AAM. For a large portion of reactions, 

erroneous and correct mapping correspond to equal 

chemical distances for any studied tool. For such cases, 

we have developed a rule-based AAM Fixer tool that 

corrects frequent types of AAM errors. It extracts rules 

from a pair of correct and wrong AAM and can fix mapping 

for new reactions. 

Finally, we’ve proven that the Condensed Graph of 

Reaction approach is particularly useful for chemical 

distances assessment, detection and correction of wrong 

mapping.  

5 Data availability.  

The manually mapped “Golden” dataset containing 

1851 reactions, the USPTO database mapped with 

RXNMapper, standardization workflow and the optimized 

RDTool (new RDTool) are available on GitHub: 

https://github.com/Laboratoire-de-

Chemoinformatique/.The AAM Fixer tool with embedded 

rules is available on GitHub: https://github.com/cimm-

kzn/AAMFixer . 
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