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S1. Chematica-designed pathways leading to hydroxychloroquine and presented in a

form of a list.
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S2. Details of Chematica searches.

The search details are structured in the following manner: (i) stop conditions (threshold prices
and/or synthetic popularities), (ii) details of scoring functions, and (iii) additional parameters.
Whereas most of these settings were discussed in detail in our earlier publications (see refs.S1-S4),
some functionalities are new and merit brief description:

(a) Increasing the value of either “minimum search width” or “max reactions per product”
increases the “breadth” of possible reactions considered at each step and, typically, yields more
diverse results at the expense of longer time to complete calculations.

(b) Similarly, last five parameters for pathway 14 (cf. below) aim at increasing the diversity of
results. If a certain transformation repeats in a given number of the top-scoring pathways and is
identified as a “key-step,” it becomes disallowed after user-specified number of iterations. The
key-transformation is defined as a reaction generating (in the retro direction) the highest
simplification of the structure according to the specified chemical scoring function. Such reaction,
in order to be identified as a “key-step,” has to be applied to an intermediate having certain
percentage of the target’s mass.

(c¢) Four options, “Apply_tunnels”, Apply_FGI, FGI_with_protections and Multirx, are
designed to strategize over multiple steps and to navigate around intermediates presenting reactive
and conflicting groups. In addition, their use in combination with large penalty for protection steps
(in the Reaction Scoring Function) yields pathways with complete protection/deprotection strategy
(as opposed to implicit treatment of protection chemistries in the earlier versions of Chematica).

(c) If “Cut all Heterocycles” filter is “on,” all aromatic heterocycles present in a molecule have to
be synthesized rather than supplied as starting materials.

(d) The “remove_diast” option excludes from the search all reactions yielding mixtures of
diastereoisomers. Although it does not apply here for HCQ, we usually left this option on.

All the settings used for designing synthetic routes described in the text are listed below.

Pathways: 2 (from 8-chloro-4-iodoquinoline), 3, 5, 6, 7, 9
Stop points:

Buyable molecules: 1000 g/mol, 200 $/g

Known molecules: 1000 g/mol, 50 popularity

Scoring Functions:

Chemical Scoring Function: SMALLER**3, SMALLER**1.5
Reaction Scoring Function: 60 + 120000 * PROTECT + 1000000 * (CONFLICT +
NON_SELECTIVITY + FILTERS)

Additional parameters:

Minimum search width =400

Max reactions per product = 60

remove_diast = True



Macrocycles filter: ON

Pathways: 2 (from dichloroquinoline), 4, 8, 17

Stop points:

Buyable molecules: 1000 g/mol, 200 $/g

Known molecules: 1000 g/mol, 50 popularity

Scoring Functions:

Chemical Scoring Function: SMALLER**3, SMALLER**1.5

Reaction Scoring Function: 60 + 120000 * PROTECT + 1000000 * (CONFLICT +
NON_SELECTIVITY + FILTERS) + 50000 * HIDE_SEEK _NAME(['Pd'])
Additional parameters:

Minimum search width =400

Max reactions per product = 60

remove_diast = True

Macrocycles filter: ON

Pathways: 1,15

Stop points:

Buyable molecules: 1000 g/mol, 1000 $/gram
Known molecules: 1000 g/mol, 5 popularity

Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5
Reaction Scoring Function: TUNNEL COEF * FGI_COEF *60 + 10000000*(CONFLICT
+NON_SELECTIVITY+FILTERS+PROTECT)
Additional parameters:

Macrocycles filter: ON

Minimum search width =200

Max reactions per product = 30

apply_tunnels = True

apply FGI = True

FGI _with protections = True

multirx = True

remove_diast = True

Pathways: 13, 16

Stop points:

Buyable molecules: 1000 g/mol, 200 $/gram

Known molecules: 1000 g/mol, 10 popularity

Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5

Reaction Scoring Function (for pathway 13): TUNNEL COEF * FGI_COEF *
60+10000000*(CONFLICT+NON_SELECTIVITY+FILTERS+PROTECT)+10000000*HIDE _
SEEK NAME(['Ozonolysis','Amination of aryl iodides','Synthesis of haloarenes via
triflates'])+10000000*HIDE_SEEK SMILES([' Fclcenc2ec(Cl)cecl2'])

Reaction Scoring Function (for pathway 16): TUNNEL COEF * FGI_COEF *
60+10000000*(CONFLICT+NON_SELECTIVITY+FILTERS+PROTECT)+10000000*HIDE
SEEK NAME(['Ozonolysis','Amination of aryl iodides','Synthesis of haloarenes via triflates'])
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Additional parameters:
Macrocycles filter: ON
Minimum search width =200
Max reactions per product = 30
apply_tunnels = True

apply FGI = True
FGI_with_protections = True
multirx = True

remove_diast = True

Pathways: 10,11,12

Stop points:

Buyable molecules: 1000 g/mol , 50 $/gram

Known molecules: 1000 g/mol , 40 popularity

Scoring Functions:

CSF: HOOD**3, HOOD**1.5

RSF: TUNNEL COEF * FGI_COEF *60+10000000*(CONFLICT +
NON_SELECTIVITY+FILTERS+PROTECT)+10000000*HIDE _SEEK NAME([
'Ozonolysis','Amination of aryl iodides','Synthesis of haloarenes via triflates','Decarboxylative
alkylation',’ Photocatalytic',/Amination of aryl tosylates','Coupling of Ammonia with Aryl
Sulfonates','Hydroaminomethylation','Tandem Ni/Ir'])

Additional parameters:

Macrocycles filter: ON

Minimum search width =200

Max reactions per product = 30

apply_tunnels = True

apply FGI = True

FGI_with_protections = True

multirx = True

remove_diast = True

Pathway 14

Stop points:

Buyable molecules: 1000 g/mol, 30 $/gram

Known molecules: 1000 g/mol, 20 popularity

Scoring Functions:

CSF: HOOD**3, HOOD**1.5

RSF: TUNNEL COEF * FGI_COEF *
120+10000000*(CONFLICT+NON_SELECTIVITY+FILTERS+PROTECT)+10000000*HIDE
_SEEK_NAME(['Ozonolysis','Amination of aryl iodides','Synthesis of haloarenes via
triflates','Decarboxylative','Photocatalytic',’Amination of aryl tosylates','Coupling of Ammonia
with Aryl Sulfonates','Hydroaminomethylation','Tandem Ni/Ir'])

Additional parameters:

Macrocycles filter: ON

Minimum search width =400

Max reactions per product = 60

S-7



apply_tunnels = True

apply FGI = True
FGI_with_protections = True

multirx = True

remove_diast = True

algo_mode = restart_search

key rx prod target fraction=0.5
restart_search_num_same paths =3
restart_search_expanded spiders_same paths = 800
restart_search_csf = SMALLER**3
restart search_csf fraction bound = 0.8

Pathways avoiding usage of dichloroquinine

Pathway 23

Stop points:

Buyable molecules: 1000 g/mol, 200 $/gram

Known molecules: 1000 g/mol , 15 popularity

Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5

Reaction Scoring Function: TUNNEL COEF * FGI COEF *60+10000000*(CONFLICT
+NON_SELECTIVITY+FILTERS+PROTECT+HIDE _SEEK SMARTS(['[Cl,I]c1ccc2¢([CLI])e
cnc2cl'])+HIDE _SEEK NAME(['Synthesis of haloarenes via triflates','Coupling of Ammonia
with Aryl Sulfonates',’Amination of aryl tosylates','Buchwald-Hartwig type reaction','Ir/Ni','Rh-
cat']))

Additional parameters:

Macrocycles filter: ON

beam_width =200

max_reactions_per_product = 30

apply_tunnels = True

apply FGI = True

FGI _with protections = True

multirx = True

remove_diast = True

Pathway 24

Stop points:

Buyable molecules: 1000 g/mol, 50 $/gram

Known molecules: 1000 g/mol, 15 popularity

Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5

Reaction Scoring Function: TUNNEL COEF * FGI COEF * 60+10000000*(CONFLICT
+NON_SELECTIVITY+FILTERS+PROTECT+HIDE _SEEK SMARTS(['[CLI]c1ccc2¢([CLI])e
cnc2cl'])+HIDE SEEK NAME(['Synthesis of haloarenes via triflates','Coupling of Ammonia
with Aryl Sulfonates',’Amination of aryl tosylates','Buchwald-Hartwig type reaction','Ir/Ni','Rh-
cat','Pfitzinger Reaction']))

Additional parameters:
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Macrocycles filter: ON

beam_width =200
max_reactions_per_product = 30
apply_tunnels = True

apply FGI = True

FGI with protections = True

multirx = True

remove_diast = True
selection_method = yield rsf millimole selection
sort_results by = fully penalized cost
selection_penalty = 100

Search details for the synthetic pathways leading to dichloroquinoline (the same for pathways
18-22):

Chemical Scoring Function: HOOD**1.2+50*RINGS+50*STEREO

Reaction Scoring Function: TUNNEL COEF * FGI_COEF * 60 + 10000000 * (CONFLICT +
NON_SELECTIVITY+FILTERS+PROTECT+HIDE _SEEK SMARTS(['[CLI]Jclccc2e([CLI])ce
nc2cl']) + HIDE_SEEK NAME(['Synthesis of haloarenes via triflates','Coupling of Ammonia
with Aryl Sulfonates',’Amination of aryl tosylates','Buchwald-Hartwig type reaction','Ir/Ni','Rh-
cat']))

Additional parameters:

selection_method = yield rsf millimole_ selection

sort_results by = fully penalized cost

selection_penalty = 100

Cut all Heterocycles filter: ON

Macrocycles filter: ON

Buyable molecules: 1000 g/mol, 10 $/g for pathways 1,3-5 ; 20 $/g for pathway 2

Known molecules: 1000 g/mol, 5 popularity

Search details for the synthetic pathways leading to: levulinic aldehyde, 3-oxo-butanoic acid
7-chloro-quinolin-4-ylamine and N-ethyl-N-propargylamine (stop points on pathways
1,4,10,17)

Stop points:

Buyable molecules: 1000 g/mol, 20 $/gram

Known molecules: 1000 g/mol , 60 popularity
Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5
Reaction Scoring Function: FGI. COEF * 60+10000000* (CONFLICT +NON_SELECTIVITY+
FILTERS+PROTECT)

Additional parameters:

beam_ width = 100

max_reactions_per_product = 30

apply FGI = True

FGI_with_protections = True

multirx = True
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remove_diast = True

Search details for the synthetic pathways leading to remdesivir:
Stop points:

Buyable molecules: 1000 g/mol, 100 $/gram

Known molecules: 1000 g/mol, 20 popularity

Scoring Functions:

Chemical Scoring Function: HOOD**3, HOOD**1.5

Reaction  Scoring  Function: TUNNEL COEF*FGI_COEF*20+400000000*PROTECT+
1000000*(CONFLICT+NON_SELECTIVITY+FILTERS)
Additional parameters:

Macrocycles filter: ON

apply_tunnels = True

beam_width = 200

max_reactions_per_product = 30

apply FGI = True

FGI _with protections = True

multirx = True

remove_diast = True
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S4. Screenshots of Chematica’s syntheses of remdesivir

Name: Muttinx:Silylation of primary alcohols—Silylation of secondary Name: Reaction of acyl chlorides with amines Name: N-akylation of secondary amides
alcohols Calculated yield: good Calculated yield: moderate
Calculated yield: n/a
Typical conditions: Net3 or pyridine.DCM Typical condtions: NaH.THF
Typical condtions: multirx: see individual reactions
llustrative Reference: 10.1016/.ejmech.2016.03.047 AND llustrative Reference: 10.1021/0026391¢ and
llustrative Reference: multinx: see individual reactions 10.1016/.bmcl.2008.08.004 AND 10.1016/.bmc.2011.03.002 AND 10.1002/anie.201107597 (supp. Info) and 10.1021/01901432a (supp.

10.1021/ja077463q (SI) AND 10.1016/jtetlet 2014.10.006 (SI) AND Info) and 10.1016/.tet.2011.08.026
A0 ANMEE hmel 2002 N4 N2 AN AN 1074 mORNT 47 AN

o,

A | | LT ek
2 o0 — e O o& @@©

Navigate Navigate

Name: Furan Thiophen Pyrrole C2 RCHO Name: Debenzylation Name: Cyanation of hemiacetals
Calculated yield: good Calculated yield: good Calculated yield: good

Typical conditions: RLi.or.LINR2.-78C Et20.then.RCHO.then.H+ Typical conditions: H2. P/C or Pd(OH)2 Typical conditions: BF3xOEt2.0CM
llustrative Reference: 10.1055/s-1991-28395 AND lustrative Reference: DOL lustrative Reference: 10.1002/ejoc.200300465 and

10.1016/50040-4039(99)01876-6 10.1002/1521-3773(20020603)41:111895::AD-ANIE1895>3.0.C0;2-3 10.1055/5-2007-983882 and 10.1055/s-2007-970751 and

and 10.1021/j0400589j and 10.1021/jm8012932 (Sl,page S6) and 10.1021/010492647 and 10.1016/S0040-4020(96)01140-4
40 1ARNINN0TO11 INIR 171184
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Name: Deprotection of TBS ethers Name: Reaction of phosphoryl chiorides with Name: Multinx:Boc removal-—Deprotection of TBS ethers
Calculated yield: moderate Calculated yield: good Calculated yield: n/a

Typical condtions: TBAF.THF Typical condtions: DIPEA.DCI Typical conditions: mutinx: see individual reactions

llustrative Reference: 10.1016/.tet 2013.01.017 and lustrative Reference: 10.1021/01051151f AND 10.1021/j00255101 AND llustrative Reference: multirx: see individual reactions
10.1016/}tet.2004.04.042 10.1016/} jorganchem.2014.08.029 AND 10.1002/adsc.201000733

Navigate

Name: Steglich Esterification Name: Cleavage of benzyloxycarbamates Name: Aminolysis of phosphoryl chiorides
Calculated yield: good Calculated yield: moderate Calculated yield: good

Typical conditions: alcohol.DCC.DMAP.DCM or thiol. DCC.DMAP.DCM Typical conditions: TMSLACN or HBr.AcOH Typical condtions: Et3N.DCM
llustrative Reference: 10.1002/anie. 197805221 lustrative Reference: 10.1016/.bmcl.2009.12.045 and llustrative Reference: 10.1021/0000585f AND 10.1021/jm300074y

10.1016/}.ejmech.2013.05.017 and 10.1021/jm0701324 and AND 10.1016/.molstruc.2009.12.018 AND 10.1016/j.tet 2012.07.062
10.1016/.bmc.2013.12.028 AND10.1016/5.bmcl.2014.04.082 AND 10.1016/j.tet.2013.11.099
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Name: Multirx:Silylation of primary alcohols—Silylation of secondary Name: Reaction of acyl chiorides with amines Name: N-alkylation of secondary amides

alcohols Calculated yield: good Calculated yield: moderate

Calculated yield: n/a
Typical conditions: Net3 or pyridine.DCM Typical conditions: NaH.THF

Typical conditions: multirx: see individual reactions.
llustrative Reference: 10.1016/j.ejmech.2016.03.047 AND lustrative Reference: 10.1021/j0026391c and

llustrative Reference: multirx: see individual reactions 10.1016/.bmcl.2008.08.004 AND 10.1016/.bmc.2011.03.002 AND 10.1002/anie.201107597 (supp. Info) and 10.1021/01901432a (supp.
10.1021/ja077463q (SI) AND 10.1016/jtetiet 2014.10.006 (SI) AND Info) and 10.1016/j.tet.2011.08.026

A0 ANMRE Rl PANR N4 N1R AND AN 1071 6mORNTADA AND

ne

X ; “ A T
i . — 70

Navigate Navigate

Name: Furan Thiophen Pyrrole C2 RCHO Name: Debenzylation Name: Cyanation of hemiacetals
Calculated yield: good Calculated yield: good Calculated yield: good

Typical conditions: RLi.or.LINR2.-78C.Et20.then.RCHO.then.H+ Typical conditions: H2. Pd/C or PA(OH)2 Typical conditions: BF3xOEt2.DCM
llustrative Reference: 10.1055/s-1991-28395 AND llustrative Reference: DOI llustrative Reference: 10.1002/ejoc.200300465 and

10.1016/50040-4039(99)01876-6 10.1002/1521-3773(20020603)41:111895::AD-ANIE1895>3.0.C0;2-3 10.1055/5-2007-983882 and 10.1055/s-2007-970751 and
and 10.1021/j0400589j and 10.1021/jm8012932 (Sl,page S6) and 10.1021/010492647 and 10.1016/S0040-4020(96)01140-4
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Name: Mutirx:Boc removal—Deprotection of TBS ethers Name: Reaction of phosphoryl chiorides with thiols/alcohols/phenols Name: Muttirx Deprotection of TBS ethers
Calculated yiekd: n/a Calculated yield: good Calculated yield: n/a

Typical condtions: mutirx: see individual reactions Typical conditions: DIPEA.DCH Typical conditions: multirx: see individual reactions

llustrative Reference: multirx: see individual reactions llustrative Reference: 10.1021/01051151f AND 10.1021/00255101 AND llustrative Reference: multirx: see individual reactions
10.1016/}jorganchem.2014.08.029 AND 10.1002/adsc.201000733

Navigate

Name: Steglich Esterification Name: Boc removal Name: Aminolysis of phosphoryl chiorides
Calculated yield: good Calculated yield: moderate Calculated yield: good

Typical conditions: alcohol. DCC.DMAP.DCM or thiol. DCC.DMAP.DCM Typical conditions: TFA.DCM Typical conditions: Et3N.DCM

llustrative Reference: 10.1002/anie. 197805221 llustrative Reference: 10.1016/.bmc.2015.01.014 and llustrative 10.102 AND 10.1021/j
10.1016/.tet.2011.02.028 and 10.1016/j.tet.2015.11.027 AND 10.1016/.molstruc.2009.12.018 AND 10.1016/j.tet. 2012.07.062
AND10.1016/1bmcl 2014.04.082 AND 10.1016/.tet.2013.11.099
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Name: Mutinx:Silylation of primary alcohols—Silylation of secondary Name: Reaction of acyl chlorides with amines Name: N-alkylation of secondary amides
alcohols Calculated yield: good Calculated yield: moderate
Calculated yield: n/a
Typical conditions: Net3 or pyridine.DCH Typical conditions: NaH.THF
Typical condtions: mutinx: see individual reactions
llustrative Reference: 10.1016/j.ejmech.2016.03.047 AND llustrative Reference: 10.1021/0026391¢ and
liustrative Reference: multin: see individual reactions 10.1016/;bmcl.2008.08.004 AND 10.1016/1.bmc.2011.03.002 AND 10.1002/anie.201107597 (supp. Info) and 10.1021/01901432a (supp.
10.1021/ja077463q (SI) AND 10.1016/jtetiet.2014.10.006 (SI) AND Info) and 10.1016/.tet.2011.08.026
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Name: Furan Thiophen Pyrrole C2 RCHO Name: Debenzylation Name: Cyanation of hemiacetals
Calculated yield: good Calculated yield: good Calculated yield: good

Typical conditions: RLi.or.LINR2.-78C.Et20.then.RCHO then.H+ Typical conditions: H2. Pd/C or Pd(OH)2 Typical conditions: BF3xOEt2.DCM
llustrative Reference: 10.1055/s-1991-28395 AND llustrative Reference: DOL llustrative Reference: 10.1002/ejoc. 200300465 and

10.1016/50040-4039(99)01876-6 10.1002/1521-3773(20020603)41:111895::AD-ANE 1895>3.0.C0;2-3 10.1055/s-2007-983882 and 10.1055/5-2007-970751 and
and 10.1021/j0400589j and 10.1021/jm8012932 (Sl,page S6) and 10.1021/010492647 and 10.1016/50040-4020(96)01140-4
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Name: Muttix:Boc removal-—Deprotection of TBS ethers. Name: Reaction of phosphoryl chlorides with thiols/alcohols/phenols Name: Multirx:Deprotection of TBS ethers
Calculated yield: n/a Calculated yield: good Calculated yield: n/a

Typical conditions: multirx: see individual reactions Typical conditions: DIPEA.DCM Typical conditions: multirx: see individual reactions.

llustrative Reference: multirx: see individual reactions. lustrative Reference: 10.1021/01051151f AND 10.1021/j00255101 AND llustrative Reference: multirx: see individual reactions
10.1016/} jorganchem.2014.08.029 AND 10.1002/adsc.201000733

Dawge
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Name: Acid catalyzed transesterification Name: Deprotection of Fmoc Name: Aminolysis of phosphoryl chiorides
Calculated yield: moderate Calculated yield: moderate Calculated yield: good

Typical conditions: H+ Typical conditions: piperidine.MeOH Typical conditions: Et3N.DCM

llustrative Reference: 10.1021/cr00020a004 llustrative Reference: 10.1021/acs.orglett. 8003593 and llustrative 10.1021 AND 10.1021/j y
10.1055/5-0029-1219559 and 10.1016/S0957-4166(02)00212-4 and AND 10.1016/.molstruc.2009.12.018 AND 10.1016/jtet.2012.07.062
10.1002/cmdc. 201000109 and 10.1007/500726-013-1663-1 and AND10.1016/1.bmcl 2014.04.082 AND 10.1016/jtet.2013.11.099
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Chematica’s syntheses of Remdesivir mimic the known approach relying on the addition of
appropriate metalated heterocycle to a protected ribolactone and subsequent cyanation of the
obtained hemiacetal. The side chain is constructed via sequential functionalization of

phenylphosphoryl dichloride.
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