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Overview of the QM-based workflow:

Input SMILES

v
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possible MCA and MAA products

v

Generate 1 + 3 - (hnumber of rotatable bonds)
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using ORCA
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Butina clustering (RMSD > 0.5
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ALPB(DMSO) optimizations

* - Display the input SMILES and highlight
Calculate MCA and MAA for all nucleophilic nucleophilic and electrophilic sites

and electrophilic sites, respectively within 3 keal/mol = 12.6 kJ/mol

Figure S1: Flowchart describing the automated QM-based workflow for identifying possi-
ble nucleophilic and electrophilic sites and computing methyl cation affinities (MCAs) and
methyl anion affinities (MAAs) to quantify nucleophilicity and electrophilicity, respectively.
An example of the visual output can be seen in Figure S3.
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Results of QM-based workflow w/o DFT single-point calculations:
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Figure S2: Correlation plots between (a) experimental Mayr’s N - sy and calculated MCAs,
(b) experimental Mayr’s E and calculated MAAs, (c) calculated MCAs at different levels of
theory, and (d) calculated MAAs at different levels of theory. Calculations on the x- and
y-axes are performed at the GFN1-xTB ALPB(DMSO) and PBEO0-D3(BJ)/DEF2-TZVP
COSMO(0) level of theory, respectively. The black regression lines consider all points,
whereas the blue regression line omits compound mca27 (cyanide: [C-]#N).
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Chemical selectivity predictions for Raltegravir:
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Figure S3: Chemical selectivity predictions in the synthesis of Raltegravir. Electrophilic and
nucleophilic sites with MAAs and MCAs within 3 kcal /mol ~ 12.6 kJ/mol are highlighted
The MAAs and MCAs are obtained at the r2SCAN-3c

SMILES:

Cclnnc(C(=0)Cl)o1.Cnlc(C(C)(C)N)nc(C(=O)NCc2ccc(F)cc2)c(0)c1=0

Electrophilicity (MAA)

MAA Value
[kJ/mol]

395.43
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Error Log (Reactant,

Product)

None

, Connectivity

, Connectivity

, Connectivity

, None

, Connectivity

, Connectivity

in blue and green, respectively.

SMD(DMSO)//GFN1-xTB ALPB(DMSO) level of theory. Atom site 2.2 has a connectivity
failure for the MCA product corresponding to the —C"(CH;)(CH;3)NH, group being detached
from the ring, as the CH;' takes its position. Hence, atom site 2.6 is the most nucleophilic

site.
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Figure S4: Retrosynthetic route for synthesizing Raltegravir predicted by Manifold from
PostEra.
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https://app.postera.ai/
PostEra

SMILES:
COC(=0)c1nnc(C)01.COC(=0)clnc(C(C)(C)N)[nH]c(=0)c10

5 3
\ 4
2
7 9
O o—
8 9 1 0 1
H.N
Electrophilicity (MAA) Nucleophilicity (MCA)
Atom MAA Value Error Log (Reactant, Error Log
ID [kJImol] Product) Type IADtom I[\Illgl;:\n\;?]lue (Reactant, Type
Product)
2.2 241.87 None, Connectivity Ester
2.10 478.44 None, None Amine
Double
17 221.10 None, None bond 2.6 466.93 None, Connectivity Double bond
2.14 203.06 None, None Double 2.11 439.36 None, Connectivity Atom W.'th
bond I lone pair
1.2 185.52 None, None Ester 16 408.66 None, None Pyrldlne like
nitrogen
Double
1.4 167.41 None, None -
’ bond Pyridine like
15 393.67 None, None nitrogen
Double
2.6 159.37 None, None -
! bond Pyridine like
25 388.18 None, None nitrogen
Double
2.12 151.88 None, None bond 513 352.00 None. None Atom with
’ ’ ! lone pair
Double
24 149.31 None, None bond 2.3 310.55 None, None Ester

Figure S5: Calculated MAAs and MCAs for the first reaction step in the retrosynthetic
route by Manifold (see Figure S4). The MAAs and MCAs are obtained at the r?’SCAN-3c¢
SMD(DMSO)//GFN1-xTB ALPB(DMSO) level of theory.
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SMILES:
COC(=0)c1nc(C(C)(C)NC(=0)c2nnc(C)o2)[nH]c(=0)c10.CB(0)O

2

3 Ho\l/o
19 20
7 18 c N 22 B
1

o) HN— }7 s<\ %
}F 1108 N 4/

0 =—0 3

10

1
15 N\N/ 13
14 12
0 OH
Electrophilicity (MAA) Nucleophilicity (MCA)
Atom MAA Value Error Log (Reactant, Error Log
ID [kJImol] Product) Type il-l\)tom I[\III(S:II;\n \;ﬁlue (Reactant, Type
Product)
. Double
113 269.73 None, Connectivity, I
bond 115 428.03 None, None Pyridine like
nitrogen
1.2 252.23 None, Connectivity Ester
1.14 420.16 None, None Pyridine like
Double nitrogen
1.16 233.52 None, None bond
1.19 410.56 None, Connectivity |At0m W.'th
Double one pair
1.22 212.39 None, None bond
15 375.44 None, None Pyridine like
Double nitrogen
1.6 184.97 None, None bond
1.10 352.89 None, None Atom W.'th
Double lone pair
1.20 169.10 None, None bond
1.12 334.97 None, None Amide
Double
14 158.20 None, None bond 1.2 328.27 None, Connectivity Double bond

Figure S6: Calculated MAAs and MCAs for the second reaction step in the retrosynthetic
route by Manifold (see Figure S4). The MAAs and MCAs are obtained at the r2SCAN-3c
SMD(DMSO)//GFN1-xTB ALPB(DMSO) level of theory.
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1.11 147.33 None, Connectivity Amide 1.11 325.66 None, Connectivity Double bond

114 10553 None, None Double 121 32321 None, None Atom with
bond lone pair
112 62.28 None, None Double 1.3 311.41 None, None Ester
bond
1.23 293.93 None, Connectivity. Phenol
1.21 41.41 None, None Egr‘]‘s"e
1.13 274.10 None, None Double bond
Double
13 26.83 None, None bond 1.4 269.92 None, None Double bond
Atom with
115 955 None, None Double 2.2 269.87 None, None lone pair
bond
Atom with
15 1858 None, None Double 2.3 269.87 None, None lone pair
bond
1.20 264.93 None, Connectivity Double bond
1.22 262.63 None, None Double bond
1.6 254.13 None, Connectivity Double bond
Atom with
1.1 247.26 None, None lone pair
1.16 241.09 None, None Double bond
1.18 181.68 None, None Ether

Figure S6: Continued.
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Figure S7: Calculated MAAs and MCAs for the third reaction step in the retrosynthetic
route by Manifold (see Figure S4). The MAAs and MCAs are obtained at the r*SCAN-3c

MAA Value Error Log (Reactant,
[kJdImol] Product)

310.44 None, Connectivity,
222.56 None, Connectivity
196.20 None, Connectivity
195.82 None, None
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138.50 None, None

Electrophilicity (MAA)

Type

Double
bond

Ester

Double
bond

Double
bond

Double
bond

Double
bond

Double
bond

Double
bond

SMILES:
NCclcce(F)ecl.COC(=0)clnc(C(C)(C)NC(=0)c2nnc(C)o2)n(C)c(=0)c10

n

6
16|

é2
20\ 21
9 19N
17 18 HN 23 OH
0, o |76\ / 24
/ 11 ¢ 5N 2
15N/ 13
N (6] > 03
14 12
10
0
Nucleophilicity (MCA)
Atom MCA Value LSTRE? (Lo
ID [kdimol] (Resctans
Product)
1.0 488.97 None, None
2.15 411.26 None, None
2.14 403.50 None, None
1.2 400.10 None, Connectivity
2.22 329.57 None, None
25 326.60 None, None
2.12 319.65 None, None
15 317.49 None, Connectivity
1.7 314.44 None, None

SMD(DMSO)//GFN1-xTB ALPB(DMSO) level of theory.

S11

Type

Amine

Pyridine like
nitrogen

Pyridine like
nitrogen

Double bond

Atom with
lone pair

Pyridine like
nitrogen

Amide

Double bond

Double bond



1.8

13

14

17

12

25

2.15

2.3

110.08

82.22

82.22

71.43

71.43

56.35

42.93

24.46

10.16

4.25

-3.30

-4.51

Amide 14 314.44
Double
bond 2.10 304.59
Double
bond 1.3 303.20
Double 1.8 303.20
bond
2.3 298.20
Double
bond 2.21 289.68
Double 2.2 285.58
bond
2.23 272.59
Double
bond
2.13 270.05
Double
bond 2.24 268.37
Double 2.4 256.98
bond
2.11 242.67
Double
bond 26 240.50
Double
bond 2.1 239.26
Double
bond 2.19 229.57
2.16 225.10
2.18 150.97
1.6 143.47
Figure S7: Continued.
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Figure S8: Predicted pKa values for the first reactant in the second reaction step of the
retrosynthetic route by Manifold (see Figure S4). The predicted pKa values are obtained
using MarvinSketch.
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SMILES:
COC(=0)c2nc(C(C)(C)NC(=0)clnnc(C)ol)[n-]c(=0)c20.CB(0)O

2
HOL
\B/

21
20,
o 13,
17 18 22
OH
0 H’\;ILO 7 6\ / 23
16| Hﬂ d SN—;
14 10\
0 OH
Electrophilicity (MAA) Nucleophilicity (MCA)
Atom MAA Value Error Log (Reactant, Error Log
ID [kJImol] Product) Type ol LS (Reactant, Type
ID [kJ/mol]
Product)
Double
1.16 182.48 None, None bond 1.19 489.36 None, None Nitranion
1.2 177.30 None, Connectivity Ester 121 45413 None, None Atom w]th
lone pair
Double
1.13 154.50 None, None .
bond 1.10 449.73 None, Connectivity IAtom W.'th
one pair
Double
1.22 127.95 None, None - .
bond 15 441.35 None, None Pyridine like
nitrogen
1.11 105.30 None, None Amide
115 418.64 None, None Pyridine like
Double nitrogen
14 51.53 None, None bond
1.14 416.15 None, None Pyridine like
Double nitrogen
1.14 44.53 None, None bond
1.13 395.25 None, Connectivity Double bond
Double
1.6 37.56 None, None bond 1.22 376.07 None, None Double bond

Figure S9: Calculated MAAs and MCAs for the second reaction step in the retrosynthetic

route by Manifold (see Figure S4). The atom site 1.19 is deprotonated compared to Fig-
ure S6. The MAAs and MCAs are obtained at the r2’SCAN-3¢c SMD(DMSO)//GFN1-xTB
ALPB(DMSO) level of theory.
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bond
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1.18 174.49
Figure S9: Continued.
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Atom
ID

1.16

1.13

111

1.20

1.2

1.14

21
20, P
19
9 HN
17 SR 2
0 o |7 6\ /
18] 1 g 5N
N /13 4
" \T % 2
4 10
0
Electrophilicity (MAA)
MAA Value Error Log (Reactant, T
[kJimol] Product) yp
Double
206.88 None, None bond
204.55 None, Connectivity Double
bond
151.79 None, None Amide
- Double
143.14 None, Connectivity. bond
81.86 None, None Ester
Double
71.36 None, None bond

SMILES:
COC(=0)c1nc(C(C)(C)NC(=0)c2nnc(C)o2)[nH]c(=0)c1{O0-].CB(0)O

2
HOL ;%
\B/

o

23

O3

Atom
ID

14

12

1.10

1.23

15

1.22

OH
3

Nucleophilicity (MCA)

Error Log
I[\I,I(glz \ézlailue (Reactant,
Product)
477.67 None, None
465.47 None, Connectivity
439.38 None, Connectivity
436.31 None, None
424.93 None, None
419.49 None, Connectivity

Type

Enolate

Double bond

Atom with lone
pair

Anion with
charge minusl1

Pyridine like
nitrogen

Double bond

Figure S10: Calculated MAAs and MCAs for the second reaction step in the retrosynthetic
route by Manifold (see Figure S4). The atom site 1.23 is deprotonated compared to Fig-
ure S6. The MAAs and MCAs are obtained at the r2SCAN-3¢c SMD(DMSO)//GFN1-xTB
ALPB(DMSO) level of theory.
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50.60

34.98

14.93

-17.13

-45.17
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Double

bond 1.15 418.47
Double 1.6 415.25
bond
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bond
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bond
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Double
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Double
bond 1.12 335.83
Double 1.1 332.79
bond
Double 1.13 317.89
bond
1.19 309.30
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1.11 218.05
1.18 174.46
Figure S10: Continued.
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Additional material for the covalent inhibitor reactivity predictions:
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Figure S11: Covalent inhibitor reactivity prediction for 9 different propargylamides. The
calculated MA As are obtained at the r?SCAN-3c SMD(DMSO)//GFN1-xTB ALPB(DMSO)
level of theory and otherwise wB97XD /cc-pVDZ CPCM(H,0). The blue regression lines are

defined in the main text. The red dots are considered outliers in the work of Hermann
et al.
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Figure S12: Covalent inhibitor reactivity prediction for various acrylamides (top), propar-
gylamides (middle), and 2-chloroacetamides (bottom). The calculated MAAs (left)
and relative methanethiolate affinities (MAs) (right) are obtained at the r*SCAN-3c
SMD(DMSO)//GFN1-xTB ALPB(DMSO) level of theory. The black regression lines con-
sider all points, whereas the blue regression lines are defined in the main text. The red dots
are considered outliers in the work of Hermann et al.
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