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26 Figure S1. Four coordination models of CuBr with 2-(1-alkynyl)-2-alken-1-ones (R1).
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45 Figure S2. DFT-computed energy profiles for the coordination model CuBr/C1-C2 to synthesize highly 

46 substituted furans without the participation of cocatalysts.
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67 Figure S3. DFT-computed energy profiles for the coordination models CuBr/O1 and CuBr/(C1-C2 and O1) to 

68 synthesize highly substituted furans without the participation of cocatalysts.
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88 Figure S4. DFT-computed energy profiles for the coordination models CuBr/C1-C2 and CuBr/(C1-C2 and O1) 

89 to synthesize highly substituted furans with the participation of DMF.
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107 Figure S5. DFT-computed energy profiles for the coordination model CuBr/O1 to synthesize highly substituted 

108 furans with the participation of DMF.
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127 Figure S6. DFT-computed energy profiles for the coordination models CuBr/C1-C2, CuBr/(C1-C2 and O1) 

128 and CuBr/O1 to synthesize highly substituted furans with the participation of MeOH.
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145 .  

146 Figure S7. The coordination case of CuBr with C3-C4.
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206 Figure S10. Optimized structures for the two-step H-transfer process in CuBr-catalyzed synthesis of high 

207 substituted furans without the participation of cocatalysts (selected structural parameters are listed (bond lengths 
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236 Figure S11. Optimized structures for the CuBr2-catalyzed synthesis of high substituted furans with the 

237 participation of DMF (selected structural parameters are listed (bond lengths in Å)).
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273

274

275

276

277

278

279



15

280

281 Figure S14. The orbital interaction diagram illustrating the coupling of the R1 and CuBr fragments in the tsa1-1 

282 complex (the AOMix-CDA calculation at the BHandHLYP/6-31G* level; the net charge donation, is 0.270 

283 electrons from fragment 1 to fragment 2).
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297
298 Figure S15. α, β-Spin orbital interaction diagram illustrating the coupling of the R1 and CuBr2 fragments in the 

299 tsa2-1 complex (the AOMix-CDA calculation at the BHandHLYP/6-31G* level; α, β-MOs are shown in black 

300 and red respectively; the net charge donation, including the net charge donation of 0.106 electrons for alpha MOs 

301 and the charge donation of 0.273 electrons for beta MOs, is 0.379 electrons from fragment 1 to fragment 2).
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316 Figure S16. Comparison of the energy barriers for intramolecular cyclization reaction without and with DMF, 

317 MeOH or H2O as a ligand. 

318 CuBr coordinates with DMF, MeOH and H2O to form new catalytic species CuBr(DMF), CuBr(MeOH) and 

319 CuBr(H2O). However, our conclusions show that coordination of CuBr with DMF, MeOH or H2O do not alter the 

320 reaction mechanism of intramolecular cyclization process, and the energy barrier of CuBr(DMF)-, CuBr(MeOH)- 

321 and CuBr(H2O)-catalyzed cyclization reaction are 82.9, 82.3 and 79.7 kJ/mol, respectively, which are 25.3, 24.7 

322 and 22.1 kJ/mol higher than that of the case without DMF, MeOH or H2O as the ligand. Therefore, the effect of 

323 DMF, MeOH or H2O as the ligand is negative.
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325 Figure S17. The effect of ligand exchanges (from DMF to R1, from MeOH to R1 and H2O to R1) on the energy 

326 barriers of intramolecular cyclization process.

327 The new catalytic species CuBr(DMF), CuBr(MeOH) and CuBr(H2O) are firstly formed by the coordination of 

328 CuBr with DMF, MeOH and H2O, and then the ligands DMF, MeOH and H2O of CuBr(DMF), CuBr(MeOH) and 

329 CuBr(H2O) are exchanged by the triple bond of the substrate R1 to get intermediate ia1-1. However, the ligand 

330 exchanges (from DMF to R1, from MeOH to R1 and H2O to R1) also do not alter the reaction mechanism of 

331 intramolecular cyclization process. In these cases, the energy barriers of cyclization reaction are 108.0, 79.0 and 

332 73.4 kJ/mol, respectively, which are 50.4, 21.4 and 15.5 kJ/mol higher than that of the case without DMF, MeOH 

333 or H2O as the ligand. Obviously, the ligand exchanges of DMF, MeOH and H2O with triple bond of the substrate 

334 R1are negative for the cyclization reaction.
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335

336 Table S1. The test of BHandHLYP, B3LYP and BLYP by comparing the rate-limiting energy barriers from ima1-

337 1 to tsa1-3-1.

Methods Species Free Energies (a.u) Rate-Limiting Energy Barriers (kJ/mol)
BHandHLYP ia1-1+R2 -3501.5171996
BHandHLYP tsa1-3-1 -3501.4806262 96.0

B3LYP ia1-1+R2 -3502.2181417
B3LYP tsa1-3-1 -3502.1826451 93.2
BLYP ia1-1+R2 -3501.8757734
BLYP tsa1-3-1 -3501.8357860 105.0

338

339 The limiting-rate energy barriers from ia1-1 to tsa1-3-1 (see Figure 1) are 96.0 (BHandHLYP), 93.2 (B3LYP) 

340 and 105.0 (BLYP) kJ/mol in the CuBr-catalyzed synthesis of highly substituted furans without the participation of 

341 cocatalyst, respectively. The difference values of 2.8 (96.0 vs 93.2) and 9.0 (96.0 vs 105.0) kJ/mol are very small, 

342 which do not affect the calculational results. Therefore, using BHandHLYP method to study our present system is 

343 reliable.
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360

361 Table S2. To explore effect of basis sets 6-31g*,6-31+g*, 6-31g** and 6-311g* by comparing the rate-limiting 

362 energy barriers from ia1-1 to tsa1-3-1.

Basis Sets Species Free Energies (a.u) Rate-Limiting Energy Barriers (kJ/mol)
6-31g* ia1-1+R2 -3501.5171996
6-31g* tsa1-3-1 -3501.4806262 96.0

6-31+g* ia1-1+R2     -3501.5175492 
6-31+g* tsa1-3-1 -3501.4809735 96.0
6-31g** ia1-1+R2    -3501.5172291 
6-31g** tsa1-3-1    -3501.4804738 96.5
6-311g* ia1-1+R2    -3501.5177538 
6-311g* tsa1-3-1    -3501.4810921 96.3

363

364 The rate-limiting energy barriers from ia1-1 to tsa1-3-1 (see Figure 1) are 96.0 (6-31g*), 96.0 (6-31+g*), 96.5 

365 (6-31g**) and 96.3 (6-311g*) kJ/mol in the CuBr-catalyzed synthesis of highly substituted furans without the 

366 participation of cocatalyst, respectively. Obviously, the application of large basis sets 6-31+g*, 6-31g** and 6-

367 311g* do not give a better result than that of 6-31g*. In order to save computational cost, 6-31g* is selected as the 

368 economical basis set used in our present system.
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384

385 Intrinsic reaction coordinate (IRC) 

386
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388 Figure S18. Intrinsic reaction coordinate (IRC) of tsa1-1.
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402

403
404 Figure S19. Intrinsic reaction coordinate (IRC) of tsa1-2-1.
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422 Figure S20. Intrinsic reaction coordinate (IRC) of tsa1-3-1.
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440 Figure S21. Intrinsic reaction coordinate (IRC) of tsa1-2-2.
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457 Figure S22. Intrinsic reaction coordinate (IRC) of tsa1-3-2.
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475 Figure S23. Intrinsic reaction coordinate (IRC) of tsa1-2-3.
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492 Figure S24. Intrinsic reaction coordinate (IRC) of tsa1-3-3.
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509 Figure S25. Intrinsic reaction coordinate (IRC) of tsa1-4-3.
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526 Figure S26. Intrinsic reaction coordinate (IRC) of tsa1-2-4.
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543 Figure S27. Intrinsic reaction coordinate (IRC) of tsa1-3-4.
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559
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561 Figure S28. Intrinsic reaction coordinate (IRC) of tsa1-4-4.
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577
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579 Figure S29. Intrinsic reaction coordinate (IRC) of tsa2-1.
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596

597

598 Figure S30. loose scan profile from ia2-4-2 to ia2-3-2 along breakage of the O2-C4 bond (from 1.450 to 2.450 Å).
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615

616   

617 Figure S31. Intrinsic reaction coordinate (IRC) of tsa2-3-2.
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636 Figure S32. Intrinsic reaction coordinate (IRC) of tsa1-1-1’.
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653

654

655 Figure S33. Intrinsic reaction coordinate (IRC) of tsb1-1-1.
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671

672

673 Figure S34. Intrinsic reaction coordinate (IRC) of tsa1-1-2’.
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690

691

692 Figure S35. Intrinsic reaction coordinate (IRC) of tsb1-1-2.
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709

710

711 Figure S36. Intrinsic reaction coordinate (IRC) of tsb1-2-2.
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726

727

728 Figure S37. Intrinsic reaction coordinate (IRC) of tsb1-1-3.
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745

746

747 Figure S38. Intrinsic reaction coordinate (IRC) of tsa1-3-1’.
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764

765

766 Figure S39. Intrinsic reaction coordinate (IRC) of tsa1-4-1.

767


