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Figure S1. Drug molecules for which the retrosynthesis route did not find synthetic paths to defined 
starting materials (molecules that have fewer than 10 carbon, 3 nitrogen and 5 oxygen atoms) 
within 100 seconds of search time under the expansion criteria specified in the Methods section. 
  



Figure S2 (Starting from next page). The complete list of pathways for the 99 targets in the 
combined analysis, allowing up to one low-probability step for every pathway. An example of how 
to read a pathway is given below. 

 
Notes about model proposed reactions for the first 50 targets: 
T0- 1) the selectivity of zinc reduction is questionable; 2) reaction is theoretically possible but maybe hard in 
practice. 
T2 – 2) reaction needs a base 3) ester -> acid chloride transformation is questionable; 4) Boc group would 
deprotect; 5) KMnO4 forcing conditions, Boc may deprotect. 
T3 - 4) there is possibly overaddition of Grignard reagent. 
T4 – 2) selectivity is questionable. 
T5 – many step are present to get to methylated product when it could be done in 1 step from 4; 7) metal is 
needed for reduction 9) aldol condensation can be a side reaction. 
T7 – N-N bond might react (dimerization). 
T8 – reaction needs a base. 
T10 – 2) NaOH is a solid without a solvent. Note this can be seen for some other solid reagents as well. 
This is potentially due to that in such cases many common solvents (water, for example) are omitted in the 
reaction record used to train the reaction recommendation model  
T11 – 2) using PIDA for ketone -> ester is uncommon; 3) there is likely overaddition, resulting in alcohol, not 
ketone. 
T12 – 1) reaction needs a metal; there are many steps for a symmetric compound, and there would not be 
selectivity in all the steps that it predicts (e.g. reaction 3 only transforming one nitrile)  
T14 – selectivity is questionable 
T16 – 1) reaction would need water in workup  3) nitro -> nitrile with only acid is questionable; 4) reaction 
is not possible without Grignard or metal 
T18 - 1) diazole is unlikely to work as nucleophile for SNAr; 3) there is possible overaddition; 
T19 – 1) it is possible to eliminate amine with acid forming conjugated system 3) CS2 is not a commonly 
used chemical due to toxicity 
T21 - 1) reaction needs a base 3) if reaction 1 works then selectivity of this step is questionable 4) SOCl 2 
could convert alcohol -> chloride 5/6) these can potentially happen in one reaction 7) DiBAlH2 would 
reduce nitrile as well 
T22 –1) reaction is theoretically possible but may not work in practice; 2) selectivity is questionable; 3) 
selectivity is questionable; 4) either there is no reaction or questionable selectivity. 
T24 –2) the conditions would deprotect boc; 3) the conditions could deprotect boc. 
T27 – SOCl2 might not work well in the presence of free amine or phenol 



T28 – it is unlikely as a single transformation 
T29 – 1) ether -> alcohol using acid is unlikely with all the other functional groups present 3) reaction 
requires harsh conditions (350-500℃) and probably high pressure 
T31 – 1) selectivity is questionable 
T32 – 1) amide may be formed 3) reactivity is unlikely 
T33 – 2) there is no reductant or method to form N-C bond  
T35 – under the conditions it would alkylate the carboxylic acid as well 
T38 – it is unlikely as a single transformation  
T37 – 3) the carbamate could react as well 
T38 – it is unlikely in one pot 
T39 – 3) reaction is not possible without metal for coupling  
T41 – 1) there is no methylating agent 5) there is a possibility of transmetalation of either bromide or 
chloride 
T42 - 2) double addition might occur; 4) over addition is possible 
T44- 1/2) there are circular protecting groups 3) it is unlikely that the guanidine is nucleophilic enough to 
substitute the thiourea and not react with carbamate. 
T45 – 3) it is not likely that NH3 undergoes SNAr, maybe need metal 
T47 – Aniline not very nucleophilic unlikely that hindered (2,6-Xylidine) would react easily. 
T48 – 2) there are many free nucleophiles, and selectivity is questionable  
T50 – 1/2) they can possibly be done in one step 4) overaddition is likely  
  















Figure S3 (Starting from the next page). The full list of pathways for the 99 targets in the separate 
analysis, allowing up to one low-probability step for every pathway.  
Notes about model proposed reactions for the first 50 targets: 
T0 - 1) the selectivity of zinc reduction is questionable; 2) reaction is theoretically possible but maybe hard in 
practice.  
T2 - 1) storing nitrogen gas would not be preferable; 2) acyl fluorides is not common. Byproduct is HF gas (or 
a fluoride salt) which is toxic.  
T3 - 1) reaction typically requires base. 
T4 - 2) selectivity could be an issue. 
T5 – there are unnecessary protection/deprotection cycles. 
T7 – reaction needs a base. 
T6 – the two steps could be combined. 
T8 – reaction needs a base. 
T10- 1) SNAr might not happen with nitro group as leaving group; 3) reaction needs a base. 
T11- 2) using PIDA for ketone -> ester is uncommon; 3) methyl magnesium iodide would overadd to acyl 
chloride and make alcohol not ketone; 4) reaction needs a  base; 7) it is skeptical that triflate would be good for 
SNAr. 
T12 - 1) a metal is needed for reduction. 
T14 – selectivity is questionable. 
T16 – 1) there is no source of oxygen (likely would come from water in workup); 3) it is doubtful that nitro -> 
nitrle will work with only acid.  
T18 - 1) diazole is unlikely to work as nucleophile for SNAr;  3) overaddition is possible;  
T19 - 1) amine could possibly also be eliminated in neat H2SO4 (would form conjugated system) 3) CS2 is usually 
avoided in practice. 
T22 - 5) cyclization is likely, it is also possible the primary alcohol would react since less hindered than the di-
substituted amine. 
T24 - 2) Boc group would not survive these conditions. 
T25 - SNAr conditions are typically harsh, would expect amide formations as well. 
T27 - Diazomethane cannot be stored; amine or phenols are likely to react. 
T29 – 1) Primary unhindered alcohol might react; 2) It is likely to get a mixture of mono-,di-, and tri-substituted 
product. 
T30 - 1) reaction needs a metal. 
T31 - 1) reaction needs a base. 
T32 – 2) it is unlikely (multistep) reactivity. 
T33 – 2) there is no reductant for the nitro group or method to form a N-C bond. 
T35 – acid would be alkylated as well. 
T37 – no reductant (hydrogen source). 
T38 – 1) reaction is theoretically possible but unlikely in practice. 
T39 - 3) reaction is unlikely without a metal (Pd or Cu). 
T41 – 2) there is no alkylating agent; 4) H2O is needed for workup, but predicting it as a reagent among other is 
confusing 
T42 – 2) double alkylation might occur; 4) double addition might occur. 
T44- 1/2) there are circular protecting groups; 3) it is unlikely the guanidine is nucleophilic enough to substitute 
the thiourea and not react with carbamate. 
T45 – 4) Grignard in presence of free aniline might work but not ideal. 
T47 – reaction needs a base 
  















 
Figure S4. Chemicals present both in the combined analysis and separate analysis, the numbers 
below the molecules are the number of time the chemical is used in the separate analysis: combined 
analysis. 



 
Figure S5. Molecules that are present only in the separate analysis, with numbers below the 
molecules indicating the number of syntheses that share this molecule. 



 
Figure S6. Molecules that are present only in the combined analysis, with numbers below the 
molecules indicating the number of syntheses that share this molecule. 
 
  



 
Figure S7. Heatmap for pairwise similarity between syntheses of pairs of targets – upper panel: 
combined analysis; lower panel: separate analysis.  
  



Figure S8 (Starting from the next page). The full list of pathways for the 78 targets in the combined 
analysis, with all low-probability steps excluded 
  











Figure S9 (Starting from the next page). The full list of pathways for the 78 targets in the separate 
analysis, with all low-probability steps excluded 
 
  











Table S1 (starting from next page). The 127 targets used to perform retrosynthesis on, with the 
information on how they are selected from the original 420 targets. 
 
 





















































 


