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Table S1. Computed isomerization energies (in kcal/mol) with DFTB2, with and without included

dispersion, for 1ISO34 database;*® Comparison to reference values is also given.

No. Reaction DFrez  DFTB2- Ref.
D3 value®
1, Jp— - 47 47 1.6
2. — L/ 31.1 31.1 21.9
3. A — /\ 6.4 6.5 7.2
4. N — TN\ 0.9 0.8 1.0
5. %\ — A 0.1 0.3 0.9
6. P =N 3.8 3.7 2.6
7 A~~~ ] 4 7.4 11.2
8. — 24.3 24.6 22.9
[ — D~
9. N — - 8.2 8.1 6.9
10. 4\ — -1.0 0.3 3.6
11. ﬂ — AN 6T 3.7 1.9
12. © — ﬁb 51.4 51.1 47.0
13, OA\ — O 42.0 416 36.0
14. HiON ——= CH{NC 10.2 10.1 24.2
H
15. ANy, T A 75 7.6 7.3
6 - N 8.9 9.0 0.8
16. — 18. 19. 10.
| JAN
NH, H /
7o = N 36.9 37.1 27.0
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18.

19.

20.

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

10.4

4.2

26.8

0.8

1.7

59

8.7

31.8

15.2

58.6

28.5

14.3

10.3

17.3

10.4

4.2

26.8

0.8

1.9

6.0

8.7

31.9

15.2

59.0

28.6

14.3

10.1

17.7

11.2

4.6

20.2

0.9

3.2

5.7

12.5

26.5

18.2

64.2

31.2

11.9

9.5

14.1



it (@] (@]
32. é — 3.4 35 71

(@]
33. . 9.2 8.6 5.6
/MOH >|/T\o/

CH,OH

OH
34. ©/ . @ 11.8 11.9 7.3
MSE

0.5 0.6

MAE 3.7 36
RMSE 4.9 4.8
LE 14.0 14.1

Table S2. Computed Diels—Alder reaction energies (in kcal/mol) with DFTB2, with and without included
dispersion, for DARC database;*® Comparison to reference values is also given.

No. Reaction pFTB2  DF1BZ Ref.
D3 value®
=
1 v — -47.2 -49.5 438
/

N

/f | — @ -58.6 -60.5 -59.3
| — h -25.1 -27.6 -30.0
| — gb -25.9 -28.0 -33.1
@ + || - ﬂ% -34.5 -37.6 -36.5

-41.6 -44.1 -48.2

=

o

o
L
&

-1.8 -5.6 -14.4

[éo
|
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s () N7 — 0 2.8 6.3 116.2
9. @ f’%(_ fo . < 33 73 17.2
0. 70 M”” 44 80 192

1 () 4 e 58 31e

2 O +O§C7¢O — Zjbo 21 262 321

'
13, @ +O§(=N7¢OH T 27 -27.1 -34.1

14, @ +O%<_Nfo — NH -23.2 -27.4 -34.4

MSE 8.2 4.9
MAE 8.7 6.1
RMSE 9.8 6.8

LE 14.8 11.2

Table S3. Computed isomerization reaction energies (kcal/mol) with DFTB2, with and without
included dispersion, for large organic molecules — ISOL22 database;”® Comparison to reference values
is also given.

DFTB2- Ref.

No. Reaction DFTB2
D3 value®




©

10.

11.

12.

13.

COOMe
H
J\@Q D NI NN

o 0—H
\
N = N\
_ _
N SN ~
H o H—0

26.8

8.8

35.3

27.7

12.4

47.3

1.2

38.2

-3.7

45.8

14

25.8

32.6

8.7

37.9

27.2

154

41.2

16.0

1.8

38.3

-3.9

46.3

2.0

27.00

17.3

37.5

9.8

32.8

255

17.4

22.3

6.8

37.9

0.2

33.5

5.3

3.1

21.8
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14. 21.9 215 22.8
15. 4.0 4.6 10.3
16. 23.8 26.4 22.6
17. 17.2 17.3 18.3
18. 5.1 4.7 4.7
19. -6.7 -5.6 11.2
20. -17.3 -16.6 0.8
cl
7
21. 4 @ 6.4 7.4 234
c—{ ) NH,
MSE -1.5 -0.8
MAE 7.8 7.1
RMSE 11.0 10.0
LE 25 23.9

Table S4. Computed reaction energies (kcal/mol) with DFTB2, with and without included dispersion, and
DFT (B3LYP-D3) for Conformers, Isomers, Tautomers — CIT database.

DFTB2  B3LYP-

No. Reaction DFTB2 D3 D3/TZP
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10.

11.

4.3

3.2

0.9

3.3

4.0

34

51

3.8

1.0

2.5

3.1

0.7

4.3

2.5

0.6

3.2

2.7

5.2

3.7

0.8

2.4

3.1

0.6

6.3

52

1.9

5.0

4.7

1.3

8.9

2.8

1.0

1.5

2.1

0.8
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13. o
)K —>)L 14.2 14.2 135
oH
14. o OH
\)J\ R 14.7 14.6 11.9
/\/
15. 0 OH
\)J\ — _u 15.2 15.3 13.8
16. (o] OH
\)}\ 14.8 14.9 11.4
» /\/
17 (0] (o] OH (o]
\é/u\m - \é)\OH 8.8 8.7 10.0
18 (e} (o) OH (o]
\é)‘\‘m . )\/\\OH 10.1 10.2 7.4
\/
19. NH
)K — )t 6.1 6.0 3.9
NH,
20. o o
oH - A)\OH 3.0 2.9 5.5
NH \/\NH
MSEE 0.2 -0.2
MAEL] 1.7 1.9
RMSEH 1.9 2.3
LEE 3.8 5.8

[a] Compared to B3LYP-D3/TZP results
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Table S5. Computed barrier heights (kcal/mol) with DFTB2, with and without included dispersion for Sn2
reactions — subset of NHTBH38/08 database;*® Comparison to reference values is also given.

SN2
No N DFTB2 DFTB2-D3 Ref'm
value
1. F ..CHsF — FCHs...F 2.1 2.0 13.4
2. Cl™...CHsCl — CICHs...Cl 0.8 0.8 13.4
3. FCHs...Cl — F ...CHsClI 29.7 29.7 29.4
4, HOCHs...F — OH ...CHsF 49.0 48.7 47.2
MSE -5.5 -5.6
MAE 6.5 6.5
RMSE 8.5 8.5
LE 12.6 12.6
Table S6. TS bond distances (A) for NHTBH38/08 reactions
—
.1.
No. DFTB2 DFTB2 DFTB3 Ref. valuel®
Sn2 DFTB3
D3 D3
r r2 r ] rn r2 rn r2 r r2
T = 1.92
[F...CHa...F] 1.92 1.92 129 192 192 192 192 1g2 182
5 235
[CI...CHs...CI] 235 2.35 2!.53 235 235 235 235 232 2.32
o251
3. [F...CHa...CI] 1.92 252 129 253 187 253 188  2.05 2.11
5t
4. [F...CHa...OH] 242 141 246 175 215 174 215 176 199
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Table S7. Computed barrier heights (kcal/mol) with DFTB2, with and without included dispersion, for
pericyclic reactions — BHPERI database!'*® (excluding reaction with Si as DFTB parameters for Si atom
are currently not available); Comparison to reference values is also given.

Ref.
DFTB2-  valuel!
No. Reaction DFTB2 -13
D3
=
1 g — ( 41.8 417 35.3
S
=
2 | - @ 26.1 25.0 30.9
=
3 C:E — @j 34.1 343 283
7
4 | — 35.4 28.0 39.6
_~ S
5, @ — @ 25.5 47.7 28.2
AN F
6. C — 3 28.9 27.1 35.6
7 S
=
7, + || . 14.9 12.1 22.1
N
8. @ | — @ 17.4 144 183
9. 2@ —»@ 20.2 147 9.8
10. @HO 31.1 315 23.6
11. N,O + CoHa 35.5 35.1 26.3
12. NsH + CoHa 25.8 25.0 18.1
13. N2CH, + CoHs 14.3 13.3 12.2
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14. HCNO + CzH, 13.0 13.0 11.1

15. HCNNH + CzH.4 114 11.3 5.3
16. HCNCH; + CoH,4 7.5 6.4 4.0
17. H.COHN + CyH,4 11.4 8.9 11.5
18. H.CNHNH + CoHy 6.7 41 4.0
19. H.CNHCH: + CoHy 0.3 -2.0 -1.4
20. Furan + CoHs 20.5 18.4 19.8
21. Pyrrole + CoH4 28.0 254 25.4
22, C4HsPH + C3H,4 22.9 195 18.1
23. C4HsPH + C3H,4 20.4 17.3 18.2
24, Thiophene + CyHa 28.4 255 28.1

MSE 2.0 1.1

MAE 4.3 51

RMSE 51 6.7

LE 10.4 195

Table S8. TS bond distances (A) for BHPERI reactions

. DFTB2- DFTB3- Ref.
No.
Reaction / kcal/mol DFTB2 D3 DFTB3 D3 valuet-13
/
1 | — 2.11 2.11 2.11 2.11 2.14
o
AN
2 | - © 2.25 2.25 2.24 2.24 2.28
=
3. (I . CD 2.25 2.25 2.25 2.25 2.29
e
4 Q — 1.30 1.30 1.29 1.29 1.43
P x
5. @ — @ 1.32 1.32 1.33 1.33 1.31
= Z
6. — 1.32 1.32 1.33 1.33 1.31
P S
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7.
8.
9.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

7\

<+|| .
-l
QQ—»

o

N20 + CoHs
NsH + CoH.
N2CH; + CoH.4
HCNO + C;H4
HCNNH + C2H,
HCNCH; + C;H,4
H,COHN + CyH,
H,CNHNH + C;H,
H,CNHCH; + CzH,4
furan + CoHs
pyrrole + CoHy
C4H4sPH + C3H,
C4H4sPH + C3H,4

thiophene + CzH,4

.
—Q

2.22

2.19

2.04

1.86

1.99

2.03

3.88

2.08

2.20

2.29

2.15

2.22

2.37

2.09

2.06

2.18

2.17

2.13

2.22

2.19

2.04

1.86

1.99

2.03

212

2.08

2.19

2.30

2.15

2.22

2.37

2.09

2.05

2.18

2.17

2.12

2.22

2.18

2.04

1.86

1.99

2.03

2.37

2.07

2.18

2.28

2.14

2.20

2.34

2.09

2.05

2.18

2.17

2.12

2.22

2.18

2.03

1.86

1.99

2.02

3.13

2.07

2.18

2.28

2.14

2.20

2.34

2.08

2.05

2.17

2.16

2.12

2.27

2.22

1.96

1.87

2.00

2.12

2.32

2.19

2.30

241

2.16

2.25

2.47

2.13

2.10

2.23

2.22

2.16

Table S9. Computed barrier heights (kcal/mol) with DFTB2, with and without included dispersion and

DFT (B3LYP-D3) for Sn2 reactions involving different small molecules — Sn2SM database.

No. . et DFTB2- B3LYP-
N
D3 D3/TZP
OH + CH:0H — [HO...CHs...OH" 18 24 4.8
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2. CN +CHsOH — [NC...CHs...OH]~ 316 30.9 23.1
3. PhO + CHsOH — [PhO...CHs...OH]:™ 313
4. NH, + CHsOH — [HoN...CHs...OH]*™ -0.3 -0.3 2.8
5. CN +CHsCN — [NC...CHs..CNJ:~ 255 24.7 21.5
6.  PhO + CHsCN — [PhO...CHs...CN]~ 305 28.8 27.7
7. CN + CHsNH, — [NC...CHs... NH]:~ 455 44.6 41.0
8. PhO ™+ CH;OPh —[ PhO...CHs...OPh]"™ 8.0 6.4 10.1
9. PhO™+ CHsNH, — [PhO...CHs... NHo]"™ 49.8
10. NH; + CHsNH; — [HoN...CHs... NHz]i~ 6.9 5.8 18.9

MSEE! 05 14

MAE[ 55 5.4

RMSE[™ 6.3 6.4

LEE 12.0 13.1

[a] Compared to B3LYP-D3/TZP results
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Figure S1. TS bond distances (A) for Sn2sM.
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Table S10. Computed barrier heights (kcal/mol) with DFTB2, with and without included dispersion and

DFT (B3LYP-D3) for Sn2 reactions involving different medium size molecules — Sn2MM database.

Reactl

No.

React2

DFTB2

DFTB2-
D3

B3LYP-
D3/TzP

1 CN

2. CN™

B CHs- OSO,Ph

prim- OSO2Ph

-5.7

-5.4

-8.4

-7.4

-10.4

-5.7
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3 CN™ sec- OSO,Ph -4.2 -7.1 -7.5
4 NHs CHs- OSO,Ph 42.5 35.7 25.9
5 NHs prim- OSO2Ph 40.0 32.8 27.6
6. NHs sec- OSO,Ph 37.1 30.1 27.4
7 CN™ CHs- OSO,CHa -5.3 -9.0 -10.0
8 CN™ prim- OSO,CHa -4.2 -7.1 -5.5
9 CN sec- OSO,CH;3 -4.3 -7.9 -5.3
10. NHs CHzs- OSO,CH;3 42.7 34.7 25.9
11 NH; prim- OSO,CHj3 40.5 32.0 27.6
12 NHs sec- OSO,CH3 36.9 29.3 27.1
MSE[& 7.8 2.6
MAEE 7.8 35
RMSEE 9.7 4.6
LEM[ 16.8 9.8
[a] Compared to B3LYP-D3/TZP results
Figure S2. Schematic representation of TS for Sn2MM reactions
Sy2 TS
H(CHj)
Nu--------gz-------- LG
I : T
H' H(CH,)
Nu=CNI NH,  LG=080,Ph J0S0,CH;
Table S11. TS bond distances (A) for Sn2MM
No. TS DFTB2 DFTB2-D3 DFTB3 DFTB3-D3 B3LYP-D3
5 2 5 2 5 2 5} 2 5} r2
1. CN  CHs;-0OSO.Ph 245 172 245 172 241 175 243 173 240 1.76
2. CN  prim-OSO,Ph 247 182 247 182 246 184 245 184 248 1.80
3. CN sec- OSOzPh 252 193 252 193 253 19 252 196 258 1.99
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4. NHs
5. NH;
6. NH;
7. CN~
8. CN

9. CN

10. NHs
11. NHs
12. NHs

CHs- OSO,Ph
prim- OSO,Ph
sec- OSO2Ph
CH3- 0S0O,CHs
prim- OSO,CHjs
sec- OSO2CHs
CH3- 0S0O,CHs
prim- OSO,CHjs

sec- OSO,CH;3

2.33

2.38

2.45

2.45

2.48

2.51

2.34

2.38

2.45

1.77

1.86

2.22

1.73

1.82

1.94

1.77

1.85

2.24

2.33

2.39

2.44

2.44

2.48

2.50

2.33

2.38

2.44

1.77

1.86

221

1.73

1.82

1.94

1.77

1.85

2.23

2.27

2.30

2.39

2.42

2.48

2.53

2.27

2.29

2.38

1.82

1.93

2.28

1.75

1.83

1.96

1.82

1.93

2.28

2.26

2.29

2.38

2.40

2.47

2.52

2.27

2.29

2.38

1.82

1.92

2.26

1.75

1.83

1.96

1.82

1.93

2.27

2.06

2.13

2.20

2.38

2.43

2.55

2.07

2.13

2.22

1.94

2.00

2.21

1.78

1.87

1.98

1.94

2.00

2.22

Table S12. Computed barrier heights (kcal/mol) with DFTB2, with and without included dispersion and
DFT (B3LYP-D3) for the epoxidation of alkenes — PEREP database.

DFTB2 DFTB2-D3 B3L¥
No. Reaction D3/TZP
o
13.3
v Lo
o~ 10.4 9.2
7 1 (
10.5
2 L4
o~ ‘ 9.5 7.9
T
7.7 5.9
P
4 ko/O/E 58
6.9 5.1
T
5 “ o 14.1
11.8 10.5
o)
15.2
; P
o~ H 12.0 10.8
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. o’ 14.8
12.3 11.0
(6] H
/O
g /@/ko | 12.9
oNT F 10.5 9.2
(0] H
o 4 8.9
FsC7| O 6.8 5.7
MSEE 1.7 3.1
MAE: 2.0 3.1
RMSEL 2.2 3.3
LER 3.2 4.4

[a] Compared to B3LYP-D3/TZP results

Figure S3. Schematic representation of TS for our epoxydation of alkenes compilation

Table S13. TS bond distances (A) for our compilation — PEREP

No. DFTB2 DFTB2-D3

DFTB3 DFTB3-D3 B3LYP-D3

r 2 r r2

ri r2 r1

I2

r1

2

O

\\ 207 177 207 1.75
-~

i ( 209 166 2.09 1.65
e

190 1.82 190 1.82 1.86 1.66

179 184 179 183 184 1.70
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X
\/

DN

o

e

E{

1.81

1.78

2.06

2.06

2.06

2.04

1.80

1.89

1.90

1.68

1.68

1.67

1.69

191

1.80

1.78

2.05

2.07

2.06

2.05

1.79

1.88

1.89

1.63

1.66

1.65

1.65

1.90

1.76

1.74

191

1.96

1.99

1.84

1.78

1.84

1.85

1.73

1.70

1.65

1.78

1.89

1.77 1.84

1.73 1.83

190 1.73

190 1.73

195 1.68

1.83 1.77

1.78 1.88

1.82

1.80

1.84

1.86

1.84

1.83

1.82

1.73

1.77

1.61

1.59

1.58

1.64

1.77

Table S14. Summary of the error analysis (MSE — mean signed error; MAE — mean absolute error; RMSE

— root mean square error; MAD — mean absolute deviation; RMSD —

root mean square deviation; LE —

largest error in absolute value)' in kcal/mol (compared to the reference values)®® of different DFT and
DFTB methods for all herein studied datasets.

B3LYP-

1S034*3 D3/ def2- PBEQ'ZD%?ffZ' DFTB3  DFTB3-D3 BSIIE\‘FE/;:SZ/ ! DFTB2  DFTB2-D3
QzVvP
MSE 0.1 0.6 13 1.4 0.1 0.5 0.6
MAE 1.9 1.6 3.6 3.4 18 3.7 3.6
RMSE 2.6 2.1 5.0 4.9 25 4.9 4.8
MAD 1.9 15 3.4 3.3 18 3.7 35
RMSD 2.6 2.0 4.8 4.7 25 4.9 4.7
LE 9.4 4.6 13.9 14.1 9.1 14.0 14.1
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B3LYP-

DARC*® D3/def2-  TBEDS/deR- s perpaps  BSLYPTZPI hermy  pRTR2-D3
OZVPis QzVP DFTB3-D3
MSE 10.2 3.3 8.4 5.1 5.6 8.2 4.9
MAE 10.2 4.2 8.7 5.8 5.6 8.7 6.1
RMSE 105 4.8 9.6 6.5 5.9 9.8 6.8
MAD 2.0 3.1 38 3.1 15 45 37
RMSD 2.4 35 4.6 4.1 2.1 53 47
LE 12.4 6.9 145 10.8 76 148 11.2
B3LYP-
ISOL22"8 D3/ def2- PBE'?\%?S“Z' DFTB3  DFTB3-D3 BIZS)IIE}I(EQ[Z)Z// DFTB2  DFTB2-D3
Qzvp® Q i
MSE 3.7 2.7 1.3 -0.6 -3.2 -15 -0.8
MAE 5.9 45 76 7.0 6.1 78 7.1
RMSE 8.0 6.2 10.7 9.8 8.3 11.0 10.0
MAD 5.0 38 7.4 6.8 5.3 76 6.9
RMSD 7.0 5.6 10.7 9.8 7.7 10.9 10.0
LE 20.2 16.5 24.3 21.7 22.4 25.0 23.9
B3LYP- B3LYP/TZP//
CIT Dyzp  PBED3/TZP  DFTB3  DFTB3D3 ~oonn oo DFTB2  DFTB2-D3
MSE - -0.1 -0.6 0.7 0.1 0.2 -0.2
MAE - 1.0 13 13 05 17 1.9
RMSE - 1.4 16 16 0.9 1.9 2.3
MAD - 1.0 12 13 0.6 9.9 10.9
RMSD - 1.4 15 15 0.9 10.1 11.2
LE - 3.9 4.2 4.2 2.1 38 5.8
NHTBH38/  B3LYP- B3LYP/TZP//
08810 D3/ Tzp  PBE-D3/TZP  DFTB3  DFTB3-D3 ~-rno oo DFTB2  DFTB2-D3
MSE 4.1 5.9 -6.8 -6.8 3.7 5.5 5.6
MAE 4.1 5.9 6.8 6.8 37 6.5 6.5
RMSE 4.9 6.2 7.1 7.1 4.1 8.5 8.5
MAD 25 17 16 1.6 16 6.5 6.5
RMSD 2.6 2.0 1.9 1.9 17 6.5 6.5
LE 7.7 76 9.9 9.9 5.9 12.6 12.6
BHPERI®  B3LYP- ppe b3y defo- B3LYP/TZP//
e %32/3%% 0zZVP'S DFTB3  DFTB3-D3  rrpo oo DFTB2  DFTB2-D3
MSE 2.0 4.2 25 0.9 0.1 2.0 1.1
MAE 2.6 4.2 5.3 5.0 2.6 4.3 5.1
RMSE 3.4 4.8 6.5 6.3 3.4 5.1 6.7
MAD 2.3 1.9 45 5.0 25 3.7 5.0
RMSD 2.8 2.2 6.0 6.2 3.4 4.7 6.7
LE 6.6 8.5 14.2 14.4 9.9 10.4 195
n B3LYP. PBE-D3/TZP  DFTB3  DFTB3-D3 EobYP/TZPI phergy DETB2-D3
Sn2SM D3/TZP DFTB3-D3
MSE - 4.7 0.2 -1.0 0.2 0.5 1.4
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MAE - 4.7 51 5.3 0.4 55 54

RMSE - 5.0 5.9 6.2 0.5 6.3 6.4
MAD - 1.6 5.1 5.3 0.4 5.5 5.4
RMSD - 1.8 5.9 6.1 0.5 6.3 6.3
LE - 7.2 10.2 11.9 1.2 12.0 13.1
SN,MME! '[3)2'/‘;;; PBE-D3/ TZP DFTB3 DFTB3-D3 BIZS)IIE}I(E/CIEZ)Z// DFTB2 DFTB2-D3
MSE - 2.7 2.6 1.2 0.2 7.8 2.6
MAE - 2.7 35 34 1.2 7.8 35
RMSE - 2.8 4.6 4.2 1.2 9.7 4.6
MAD - 0.7 3.0 3.3 1.2 5.2 3.0
RMSD - 0.8 3.8 4.0 1.2 5.8 3.8
LE - 4.1 9.8 8.7 1.8 16.8 9.8
PEREPH g%'/‘;(zpé PBE-D3/ TZP DFTB3  DFTB3-D3 BSIE\'FIZ/CST[Z)Z/ ! DFTB2  DFTB2-D3
MSE - -8.6 -3.6 5.1 1.0 -1.7 3.1
MAE - 8.6 3.6 5.1 1.5 2.0 3.1
RMSE - 8.7 4.1 5.3 1.9 2.2 3.3
MAD - 0.6 1.6 1.5 1.5 1.1 0.9
RMSD - 0.7 1.9 1.7 1.6 1.3 1.1
LE - 9.5 6.1 7.4 35 3.2 4.4

[a] Compared to B3LYP-D3/TZP results
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