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Table S1. The relative energy of TStetra ∆𝐺𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒−𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛  and the relative energy of TStetra’ 

∆𝐺𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒−𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛′ responding to coordination-insertion occurred at the side of agnostic insertion and its 

opposite side for A1B1C9, A1B2C11, A1B7C9, A2B7C10, and A3B7C19. 

Index ID 

 

The relative 

energy of 

TStetra  

(frontside)

∆𝐺𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒−𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛 

(kcal/mol) 

The relative 

energy of TStetra’ 

(backside) 

∆𝐺𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒−𝑖𝑛𝑠𝑒𝑟𝑡𝑖𝑜𝑛′ 

(kcal/mol) 

A B C 

1 A1B1C9 

   

3.62 6.52 

2 A1B2C11 

 
 

 

9.06 14.04 

3 A1B7C9 

 
 

 

2.34 7.87 

4 A2B7C10 

 
 

 

9.21 10.07 
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Table S2. The energy barrier difference ∆∆𝐺 of the constructed 621 catalyst datasets. ∆∆𝐺 equals the fourth 

ethylene insertion energy barrier ∆𝐺ethylene insertion minus the 𝛽-hydrogen transfer (after the third ethylene 

insertion) energy barrier ∆𝐺𝛽−H transfer. 

Index ID 

Substructures in  

the energy barrier 

difference ∆∆𝐺 

(kcal/mol) 

A B C 

1 A1B1C1 

  
 

-0.818 

2 A1B1C2 

  
 

0.548 

3 A1B1C3 

  
 

-1.037 

4 A1B1C4 

  
 

6.745 

5 A1B1C5 

   

2.358 

6 A1B1C6 

   

-17.536 

7 A1B1C7 

   

-16.112 

8 A1B1C8 

   

-14.625 

9 A1B1C9 

   

-16.781 

5 A3B7C19 

 
  

7.71 11.66 



3 
 

10 A1B1C10 

   

-17.462 

11 A1B1C11 

   

-15.674 

12 A1B1C12 

   

-3.245 

13 A1B1C13 

   

-0.801 

14 A1B1C14 

   

-2.253 

15 A1B1C15 

   

18.125 

16 A1B1C16 

   

19.815 

17 A1B1C17 

   

17.353 

18 A1B1C18 

   

2.44 

19 A1B1C19 

   

-7.406 

20 A1B1C20 

   

-16.109 

21 A1B1C21 

   

-9.506 

22 A1B1C22 

  

 

-4.965 

23 A1B1C23 

  

 

-4.951 



4 
 

24 A1B1C24 

  

 

0.926 

25 A1B1C25 

  

 

17.615 

26 A1B1C26 

  

 

-1.947 

27 A1B2C1 

 
 

 
2.885 

28 A1B2C2 

 
 

 
4.073 

29 A1B2C3 

 
 

 
0.781 

30 A1B2C4 

 
 

 
10.74 

31 A1B2C5 

 
  

4.818 

32 A1B2C6 

 
  

-10.214 

33 A1B2C7 

 
  

-5.222 

34 A1B2C8 

 
 

 

-8.908 

35 A1B2C9 

 
 

 

-7.374 

36 A1B2C10 

 
 

 

-6.559 
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37 A1B2C11 

 
 

 

-6.098 

38 A1B2C12 

 
  

0.98 

39 A1B2C13 

 
  

-0.566 

40 A1B2C14 

 
  

1.856 

41 A1B2C15 

 
  

21.298 

42 A1B2C16 

 
  

22.814 

43 A1B2C17 

 
  

20.905 

44 A1B2C18 

 
  

-0.676 

45 A1B2C19 

 
  

-2.472 

46 A1B2C20 

 
  

-8.114 

47 A1B2C21 

 
  

-5.082 

48 A1B2C22 

 
 

 

-0.986 

49 A1B2C23 

 
 

 

-0.83 



6 
 

50 A1B2C24 

 
 

 

4.622 

51 A1B2C25 

 
 

 

20.779 

52 A1B2C26 

 
 

 

0.707 

53 A1B3C1 

 

 

 
-2.658 

54 A1B3C2 

 

 

 
-1.396 

55 A1B3C3 

 

 

 
-2.126 

56 A1B3C4 

 

 

 
5.737 

57 A1B3C5 

 

 
 

0.011 

58 A1B3C6 

 

 
 

-13.839 

59 A1B3C7 

 

 
 

-15.764 
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60 A1B3C8 

 

 
 

-18.805 

61 A1B3C9 

 

 
 

-14.121 

62 A1B3C10 

 

 
 

-13.325 

63 A1B3C11 

 

 
 

-12.661 

64 A1B3C12 

 

 
 

-5.505 

65 A1B3C13 

 

 
 

-4.185 

66 A1B3C14 

 

 
 

-4.744 

67 A1B3C15 

 

 
 

14.875 

68 A1B3C16 

 

 
 

16.571 

69 A1B3C17 

 

 
 

14.396 

70 A1B3C18 

 

 
 

-7.809 
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71 A1B3C19 

 

 
 

-9.824 

72 A1B3C20 

 

 
 

-18.113 

73 A1B3C21 

 

 
 

-11.783 

74 A1B3C22 

 

 
 

-7.661 

75 A1B3C23 

 

 
 

-7.604 

76 A1B3C24 

 

 
 

-1.653 

77 A1B3C25 

 

 
 

14.405 

78 A1B3C26 

 

 

 

-5.604 

79 A1B4C1 

 
 

 
5.367 

80 A1B4C2 

 
 

 
5.934 

81 A1B4C3 

 
 

 
4.169 
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82 A1B4C4 

 
 

 
13.546 

83 A1B4C5 

 
  

5.351 

84 A1B4C6 

 
  

-2.525 

85 A1B4C7 

 
  

-11.63 

86 A1B4C8 

 
 

 

-10.15 

87 A1B4C9 

 
 

 

-1.921 

88 A1B4C10 

 
 

 

-8.522 

89 A1B4C11 

 
 

 

-0.39 

90 A1B4C12 

 
  

4.276 

91 A1B4C13 

 
  

-0.867 

92 A1B4C14 

 
  

3.98 

93 A1B4C15 

 
  

17.873 

94 A1B4C16 

 
  

18.997 

95 A1B4C17 

 
  

17.833 
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96 A1B4C18 

 
  

1.33 

97 A1B4C19 

 
  

-2.79 

98 A1B4C20 

 
  

-4.163 

99 A1B4C21 

 
  

-1.101 

100 A1B4C22 

 
 

 

1.507 

101 A1B4C23 

 
 

 

-3.747 

102 A1B4C24 

 
 

 

6.181 

103 A1B4C25 

 
 

 

16.623 

104 A1B4C26 

 
 

 

2.579 

105 A1B5C1 

 

 

 
1.111 

106 A1B5C2 

 

 

 
2.109 
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107 A1B5C3 

 

 

 
1.048 

108 A1B5C4 

 

 

 
8.941 

109 A1B5C5 

 

 

 

2.719 

110 A1B5C6 

 

 

 

-6.36 

111 A1B5C7 

 

 

 

-7.917 

112 A1B5C8 

 

 

 

-13.9 

113 A1B5C9 

 

 

 

-6.022 

114 A1B5C10 

 

 

 

-5.971 



12 
 

115 A1B5C11 

 

 

 

-4.479 

116 A1B5C12 

 

 

 

0.585 

117 A1B5C13 

 

 

 

-1.812 

118 A1B5C14 

 

 

 

0.959 

119 A1B5C15 

 

 

 

18.955 

120 A1B5C16 

 

 

 

20.134 

121 A1B5C17 

 

 

 

17.735 

122 A1B5C18 

 

 

 

-6.632 



13 
 

123 A1B5C19 

 

 

 

-8.055 

124 A1B5C20 

 

 

 

-13.698 

125 A1B5C21 

 

 

 

-10.114 

126 A1B5C22 

 

  

-2.689 

127 A1B5C23 

 

  

-0.298 

128 A1B5C24 

 

  

2.57 

129 A1B5C25 

 

  

18.683 

130 A1B5C26 

 

  

0.504 

131 A1B6C1 

 
 

 
-0.705 



14 
 

132 A1B6C2 

 
 

 
0.724 

133 A1B6C3 

 
 

 
-1.168 

134 A1B6C4 

 
 

 
7.807 

135 A1B6C5 

 
 

 

3.052 

136 A1B6C6 

 
 

 

-16.436 

137 A1B6C7 

 
 

 

-16.541 

138 A1B6C8 

 
 

 

-16.028 

139 A1B6C9 

 
 

 

-17.457 

140 A1B6C10 

 
 

 

-12.095 

141 A1B6C11 

 
 

 

-15.767 

142 A1B6C12 

 
 

 

-4.187 



15 
 

143 A1B6C13 

 
 

 

-0.447 

144 A1B6C14 

 
 

 

-3.119 

145 A1B6C15 

 
 

 

14.266 

146 A1B6C16 

 
 

 

15.524 

147 A1B6C17 

 
 

 

13.354 

148 A1B6C18 

 
 

 

-5.761 

149 A1B6C19 

 
 

 

-7.911 

150 A1B6C20 

 
 

 

-16.611 

151 A1B6C21 

 
 

 

-10.262 

152 A1B6C22 

 
 

 

-5.373 

153 A1B6C23 

 
 

 

-5.132 



16 
 

154 A1B6C24 

 
 

 

0.96 

155 A1B6C25 

 
 

 

15.35 

156 A1B6C26 

 
 

 

-1.591 

157 A1B7C1 

 
 

 
0.19 

158 A1B7C2 

 
 

 
1.451 

159 A1B7C3 

 
 

 
-1.106 

160 A1B7C4 

 
 

 
7.669 

161 A1B7C5 

 
 

 

2.925 

162 A1B7C6 

 
 

 

-13.433 

163 A1B7C7 

 
 

 

-16.197 



17 
 

164 A1B7C8 

 
 

 

-16.601 

165 A1B7C9 

 
 

 

-12.517 

166 A1B7C10 

 
 

 

-11.761 

167 A1B7C11 

 
 

 

-11.197 

168 A1B7C12 

 
  

-3.752 

169 A1B7C13 

 
 

 

-1.08 

170 A1B7C14 

 
  

-2.77 

171 A1B7C15 

 
  

14.986 

172 A1B7C16 

 
  

16.28 

173 A1B7C17 

 
  

14.118 

174 A1B7C18 

 
 

 

-5.542 



18 
 

175 A1B7C19 

 
  

-7.717 

176 A1B7C20 

 
  

-16.059 

177 A1B7C21 

 
  

-10.015 

178 A1B7C22 

 
 

 

-5.483 

179 A1B7C23 

 
 

 

-5.39 

180 A1B7C24 

 
 

 

0.583 

181 A1B7C25 

 
 

 

15.725 

182 A1B7C26 

 
 

 

-1.428 

183 A1B8C1 

 
 

 
0.636 

184 A1B8C2 

 
 

 
1.857 



19 
 

185 A1B8C3 

 
 

 
-0.23 

186 A1B8C4 

 
 

 
9.209 

187 A1B8C5 

 
 

 

2.923 

188 A1B8C6 

 
 

 

-11.443 

189 A1B8C7 

 
 

 

-14.814 

190 A1B8C8 

 
 

 

-16.902 

191 A1B8C9 

 
 

 

-11.399 

192 A1B8C10 

 
 

 

-10.68 

193 A1B8C11 

 
 

 

-10.017 

194 A1B8C12 

 
  

-3.396 

195 A1B8C13 

 
  

-1.564 



20 
 

196 A1B8C14 

 
  

-2.511 

197 A1B8C15 

 
  

16.072 

198 A1B8C16 

 
  

17.586 

199 A1B8C17 

 
  

15.493 

200 A1B8C18 

 
 

 

-5.228 

201 A1B8C19 

 
  

-7.174 

202 A1B8C20 

 
  

-14.924 

203 A1B8C21 

 
  

-9.277 

204 A1B8C22 

 
 

 

-5.316 

205 A1B8C23 

 
 

 

-5.256 

206 A1B8C24 

 
 

 

0.508 



21 
 

207 A1B8C25 

 
 

 

16.677 

208 A2B1C1 

  
 

4.701 

209 A2B1C2 

  
 

7.521 

210 A2B1C3 

  
 

3.491 

211 A2B1C4 

  
 

12.41 

212 A2B1C5 

   

8.394 

213 A2B1C6 

   

-10.301 

214 A2B1C7 

   

-13.005 

215 A2B1C8 

   

-3.549 

216 A2B1C9 

   

-11.33 

217 A2B1C10 

   

-11.688 

218 A2B1C11 

   

-10.068 

219 A2B1C12 

   

0.693 

220 A2B1C13 

   

3.962 



22 
 

221 A2B1C14 

   

1.963 

222 A2B1C15 

   

17.674 

223 A2B1C16 

   

19.102 

224 A2B1C17 

   

16.735 

225 A2B1C18 

   

5.574 

226 A2B1C19 

   

-2.394 

227 A2B1C20 

   

-9.74 

228 A2B1C21 

   

-4.763 

229 A2B1C22 

  

 

-0.139 

230 A2B1C23 

  

 

-0.1 

231 A2B1C24 

  

 

5.808 

232 A2B1C25 

  

 

21.234 



23 
 

233 A2B1C26 

  

 

2.63 

234 A2B2C1 

 
 

 
5.522 

235 A2B2C2 

 
 

 
8.279 

236 A2B2C3 

 
 

 
3.656 

237 A2B2C4 

 
 

 
11.699 

238 A2B2C5 

 
  

8.052 

239 A2B2C6 

 
  

-6.613 

240 A2B2C7 

 
  

-3.943 

241 A2B2C8 

 
 

 

-1.431 

242 A2B2C9 

 
 

 

-5.289 

243 A2B2C10 

 
 

 

-4.568 

244 A2B2C11 

 
 

 

-3.965 

245 A2B2C12 

 
  

2.803 

246 A2B2C13 

 
  

2.046 



24 
 

247 A2B2C14 

 
  

3.94 

248 A2B2C15 

 
  

20.023 

249 A2B2C16 

 
  

21.581 

250 A2B2C17 

 
  

19.547 

251 A2B2C18 

 
  

2.297 

252 A2B2C19 

 
  

0.462 

253 A2B2C20 

 
  

-2.901 

254 A2B2C21 

 
  

-0.555 

255 A2B2C22 

 
 

 

1.087 

256 A2B2C23 

 
 

 

1.678 

257 A2B2C24 

 
 

 

6.852 

258 A2B2C25 

 
 

 

21.46 



25 
 

259 A2B2C26 

 
 

 

2.679 

260 A2B3C1 

 
 

 
2.846 

261 A2B3C2 

 
 

 
5.284 

262 A2B3C3 

 
 

 
2.924 

263 A2B3C4 

 
 

 
10.944 

264 A2B3C5 

 
 

 

5.939 

265 A2B3C6 

 
 

 

-11.528 

266 A2B3C7 

 
 

 

-12.833 

267 A2B3C8 

 
 

 

-8.043 

268 A2B3C9 

 
 

 

-13.376 



26 
 

269 A2B3C10 

 
 

 

-8.654 

270 A2B3C11 

 
 

 

-12.159 

271 A2B3C12 

 
 

 

-0.625 

272 A2B3C13 

 
 

 

1.535 

273 A2B3C14 

 
 

 

-0.044 

274 A2B3C15 

 
 

 

14.716 

275 A2B3C16 

 
 

 

16.168 

276 A2B3C17 

 
 

 

13.923 

277 A2B3C18 

 
 

 

-2.428 

278 A2B3C19 

 
 

 

-4.381 

279 A2B3C20 

 
 

 

-11.673 



27 
 

280 A2B3C21 

 
 

 

-6.185 

281 A2B3C22 

 
 

 

-2.199 

282 A2B3C23 

 
 

 

-2.242 

283 A2B3C24 

 
 

 

3.562 

284 A2B3C25 

 
 

 

18.546 

285 A2B3C26 

 
 

 

-0.661 

286 A2B4C1 

 
 

 
5.798 

287 A2B4C2 

 
 

 
8.646 

288 A2B4C3 

 
 

 
7.396 

289 A2B4C4 

 
 

 
13.857 

290 A2B4C5 

 
  

7.485 

291 A2B4C6 

 
  

0.838 



28 
 

292 A2B4C7 

 
  

-4.925 

293 A2B4C8 

 
 

 

-6.825 

294 A2B4C9 

 
 

 

0.8 

295 A2B4C10 

 
 

 

1.997 

296 A2B4C11 

 
 

 

2.322 

297 A2B4C12 

 
  

4.335 

298 A2B4C13 

 
  

0.171 

299 A2B4C14 

 
  

5.028 

300 A2B4C15 

 
  

15.693 

301 A2B4C16 

 
  

16.646 

302 A2B4C17 

 
  

15.472 

303 A2B4C18 

 
  

3.889 

304 A2B4C19 

 
  

2.497 

305 A2B4C20 

 
  

-0.723 



29 
 

306 A2B4C21 

 
  

1.855 

307 A2B4C22 

 
 

 

3.163 

308 A2B4C23 

 
 

 

4.046 

309 A2B4C24 

 
 

 

8.456 

310 A2B4C25 

 
 

 

14.248 

311 A2B4C26 

 
 

 

4.179 

312 A2B5C1 

 

 

 
3.122 

313 A2B5C2 

 

 

 
4.884 

314 A2B5C3 

 

 

 
1.344 

315 A2B5C4 

 

 

 
8.362 



30 
 

316 A2B5C5 

 

 

 

2.354 

317 A2B5C6 

 

 

 

-5.833 

318 A2B5C7 

 

 

 

-11.278 

319 A2B5C8 

 

 

 

-8.413 

320 A2B5C9 

 

 

 

-4.111 

321 A2B5C10 

 

 

 

-4.152 

322 A2B5C11 

 

 

 

-2.828 

323 A2B5C12 

 

 

 

1.206 



31 
 

324 A2B5C13 

 

 

 

-1.867 

325 A2B5C14 

 

 

 

1.846 

326 A2B5C15 

 

 

 

18.816 

327 A2B5C16 

 

 

 

19.795 

328 A2B5C17 

 

 

 

18.127 

329 A2B5C18 

 

 

 

0.381 

330 A2B5C19 

 

 

 

-1.38 

331 A2B5C20 

 

 

 

2.322 



32 
 

332 A2B5C21 

 

 

 

-2.038 

333 A2B5C22 

 

  

-1.045 

334 A2B5C23 

 

  

-0.49 

335 A2B5C24 

 

  

3.663 

336 A2B5C25 

 

  

20.565 

337 A2B5C26 

 

  

0.074 

338 A2B6C1 

 
 

 
4.94 

339 A2B6C2 

 
 

 
8.089 

340 A2B6C3 

 
 

 
3.954 



33 
 

341 A2B6C4 

 
 

 
13.592 

342 A2B6C5 

 
 

 

9.714 

343 A2B6C6 

 
 

 

-10.713 

344 A2B6C7 

 
 

 

-11.808 

345 A2B6C8 

 
 

 

-4.927 

346 A2B6C9 

 
 

 

-11.633 

347 A2B6C10 

 
 

 

-11.704 

348 A2B6C11 

 
 

 

-10.447 

349 A2B6C12 

 
 

 

1.107 

350 A2B6C13 

 
 

 

5.725 

351 A2B6C14 

 
 

 

2.351 



34 
 

352 A2B6C15 

 
 

 

13.505 

353 A2B6C16 

 
 

 

14.835 

354 A2B6C17 

 
 

 

12.614 

355 A2B6C18 

 
 

 

0.412 

356 A2B6C19 

 
 

 

-1.996 

357 A2B6C20 

 
 

 

-10.437 

358 A2B6C21 

 
 

 

-4.725 

359 A2B6C22 

 
 

 

0.397 

360 A2B6C23 

 
 

 

0.421 

361 A2B6C24 

 
 

 

6.316 

362 A2B6C25 

 
 

 

16.025 



35 
 

363 A2B6C26 

 
 

 

3.747 

364 A2B7C1 

 
 

 
5.699 

365 A2B7C2 

 
 

 
8.591 

366 A2B7C3 

 
 

 
3.95 

367 A2B7C4 

 
 

 
13.219 

368 A2B7C5 

 
 

 

9.384 

369 A2B7C6 

 
 

 

-9.802 

370 A2B7C8 

 
 

 

-5.767 

371 A2B7C9 

 
 

 

-10.733 

372 A2B7C10 

 
 

 

-11.289 



36 
 

373 A2B7C11 

 
 

 

-9.553 

374 A2B7C12 

 
  

1.021 

375 A2B7C13 

 
  

4.701 

376 A2B7C14 

 
  

2.172 

377 A2B7C15 

 
  

14.219 

378 A2B7C16 

 
  

15.825 

379 A2B7C17 

 
  

13.412 

380 A2B7C18 

 
 

 

0.384 

381 A2B7C19 

 
  

-2.065 

382 A2B7C20 

 
  

-9.614 

383 A2B7C21 

 
  

-4.619 



37 
 

384 A2B7C22 

 
 

 

0.39 

385 A2B7C23 

 
 

 

0.599 

386 A2B7C24 

 
 

 

6.16 

387 A2B7C25 

 
 

 

16.812 

388 A2B7C26 

 
 

 

3.997 

389 A2B8C1 

 
 

 
6.36 

390 A2B8C2 

 
 

 
8.855 

391 A2B8C3 

 
 

 
4.688 

392 A2B8C4 

 
 

 
14.956 

393 A2B8C5 

 
 

 

9.098 



38 
 

394 A2B8C6 

 
 

 

-8.953 

395 A2B8C7 

 
 

 

-11.098 

396 A2B8C8 

 
 

 

-6.157 

397 A2B8C9 

 
 

 

-6.239 

398 A2B8C10 
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Figure S1. Different ligand structure catalysts intermediates in the external validation set. 
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Table S3. The energy barrier difference ∆∆𝐺 of the external validation set. ∆∆𝐺 equals the fourth ethylene 

insertion energy barrier ∆𝐺ethylene insertion minus the 𝛽-hydrogen transfer (after the third ethylene insertion) 

energy barrier ∆𝐺𝛽−H transfer. 

Index ID (structures shown in Figure S1) 
The energy barrier difference ∆∆𝐺 

(kcal/mol) 

1 A1B1C27 -2.066 

2 A1B1C28 1.008 

3 A1B1C29 -15.508 

4 A1B2C32 21.240 

5 A1B2C34 19.946 

6 A1B2C35 21.037 

7 A1B3C28 0.246 

8 A1B5C27 0.051 

9 A1B5C28 3.803 

10 A1B6C33 15.009 

11 A1B6C35 15.543 

12 A1B6C36 -19.597 

13 A1B7C33 15.766 

14 A1B7C36 -19.578 

15 A1B7C38 -8.128 

16 A1B7C39 -16.767 

17 A1B7C40 -7.053 

18 A1B8C28 1.983 

19 A1B8C33 16.988 

20 A1B8C35 17.688 

21 A1B8C37 -12.518 

22 A2B1C31 0.987 

23 A2B2C27 7.535 

24 A2B3C29 -8.386 

25 A2B5C27 1.496 

26 A2B5C30 -3.086 

27 A2B7C29 -9.971 

28 A3B1C29 -12.694 

29 A3B5C29 -8.745 

30 A3B8C27 5.326 

 

 

 


