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1. Overview of substrates and products numbering
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Scheme S1. Structure of all substrates intermediates and products involved in this research
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2. General scheme for the synthesis of this research
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Scheme S2 Synthesis of a) 1,2,3-triazoles 4a-1, b) alkynes 3e-h and ¢) CuL{PPhs; complex

3. FTIR and RAMAN spectra of complex
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Figure S1. FTIR spectrum of CulL;PPhs complex
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Figure S2. Raman spectrum of CulL:PPh; complex

4. Crystallographic details of CulL1PPhs complex

Complexes 8 and CulLiPPhs were recrystallized via slow evaporation procedure from a solution of
acetonitrile and were mounted in oil. The data collection and refinement details are summarized in
Table S1. In the refinements, all the non-hydrogen atoms were anisotropically treated, and the hydrogen
atoms were generated geometrically, placed in the calculated positions (C-H = 0.93-0.97 A) and
included as riding contributions with isotropic displacement parameters set at 1.2—1.5 times the Ueq
value of the parent atom. The final refinement for 8 shows values related to residual nonmodelled
electron density in the solvent accessible voids. The low average quality of the crystals obtained for
this compound does not allow an appropriate refinement of the solvent. Therefore, the SQUEEZE

utility! in PLATON? was used to model its contribution to the overall intensity data.

4.1. Comments

Complex [CulPPhs]s crystallizes in the Monoclinic 12/c space group forming molecules with a central
backbone-like structure constituted of Cu and | atoms building a finite ladder (Fig. S3a).%® This sort of
molecular structure was also observed in the coordination polymer C10HsCulN3O which crystallized
as a helical structure with the Cu and | atoms forming an infinite ladder.b® The copper cations present
two independent coordination geometries with the Cu(2) describing tetrahedral coordination bonded
to one threephenylphosfine (PPhs) group and three iodine atoms with an average volume of 8.747 A3

and a mean quadratic elongation of A = 1.014.* Cu(1) has an infrequent distorted trigonal planar
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geometry bonded to one PPhs group and two iodine atoms. This tricoordinate copper was also observed
in other molecules such as the Cu(l) complex with bis(phosphino)borate ligands, Cu(l) amido and
aminyl radical complexes and copper (l1) aryls.>’ The Cu--Cu distance, with a value of 2.87 A, is not
too far from the sum of the van der Waals radii (2.8 A), implying a probable metal-metal bonding
interaction. The structure has a Z"value of 0.5, which is due to the coincident symmetry of the molecule
with an inversion center at (1/2, 1/2, 1/2). The intermolecular assembly in crystal is mainly controlled
by dispersion and other van der Waals forces considering that no classic hydrogen bonds were found.

Table S1. Selected crystallographic data for complexes [CulPPhs], and CulL:1PPh;

Crystal data [CulPPhs]s CulL:PPh;
Chemical formula C72H60CU4|4P4 C29H31CU|N4P
M; 1810.88 657.00

Crystal system, space group Monoclinic, 12/c Triclinic, P-1

a, b, c(A) 18.3661 (16), 16.0719 (14), 27.117 (3) 10.7747 (8), 15.4475 (10), 19.6421 (12)
a, B,y (°) 90.0, 108.602 (10), 90.0 109.743 (6), 99.759 (5), 103.575 (6)
V (A% 7586.2 (13) 2878.4 (4)

z 4 4

i (mm™) 2.86 191

Crystal size (mm) 0.30 x0.13 x 0.10 0.31 x0.14 x0.12

Data collection

Tmin, Trmax M, M M: M

No. of measured, independent 38232, 8330, 6399 59943, 12529, 8524

irl:])gerved [1>26(D]

reflections

Rint M m

(sin 0/W)max (A7)

0.641

0.641

Refinement

R[F? > 26(F)], wR(F?), S

0.039, 0.105, 1.03

0.052, 0.156, 1.10

No. of reflections 8330 12529
No. of parameters 434 657
APmax, Apmin (e Aig) m: __0-71 1.14, —0.95
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Figure S3. Structure of (a) [CulPPhs]s and (b) two independent molecules of CulL:PPhs; complex, showing
the anisotropic displacement ellipsoids drawn at the 20% probability level. H atoms are shown as small
spheres of arbitrary radii. Only relevant atoms are labeled for the sake of clarity.

The new CulL1PPhs complex crystallizes in the Triclinic P-1 space group forming two independent
molecules in the asymmetric unit with different conformations observed in the level of rotation of the
phenyl rings in the PPhs group (Figure S3b). The molecular structure is conformed by the complexation
of one bis(3,5-dimethyl-1H-pyrazol-1-yl)methane (L1) ligand, one PPhs ligand and one iodine atom
coordinating the central copper cation, that is, a complexes of mononuclear nature. The copper has
tetrahedral coordination with an average volume of 5.727 A% and a mean quadratic elongation of A =
1.058.* The chelate rings from the ligand L1 in molecules A and B adopt a boat conformation with the
Cul(A,B) and C24(A,B) atoms deviated to the same side of the main plane and puckering parameters
Q =0.825(3) A/6 =88.9(2) °/p = 6.7(2) ° and Q = 0.803(3) A/0 = 90.4(2) °/p = 9.4(3) (2) ° for A and
B, respectively. This conformation was also observed in other complexes showing that this structural
tendency is kept despite the differences in the coordination number and the length of the coordinated
bonds.212 Similarly to complex 1, the supramolecular structure is dominated by dispersion and van der
Waals forces since no classic hydrogen bonds were found. In general, both complexes ([CulPPhs]4 and
CulL1PPhs) were synthesized as molecular systems with very similar Cu—P distances with values of
~2.2 A and Cu-1 lengths have values between 2.5 A-2.7 A, which is in agreement with those observed
in the double-stranded copper(l) helicate C10HsCulN3O.® Selected bond lengths (A) and bond angles
(°) for both compounds are summarized in Table S2.

The energy levels of the Frontier Molecular Orbitals (FMOs) HOMO (highest occupied molecular
orbital) and LUMO (lowest unoccupied molecular orbital) for the studied complexes [CulPPhs]4 and
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CulL1PPhs were computed (Figure S4). These calculations were carried out through the STO-3G basis
set at the Hartree—Fock level of theory implemented in CrystalExplorer®® using the crystallographic
information files (.cif) obtained from the X-ray diffraction measurements. These FMOs are the main
orbital participating in chemical reactions and they are also used for predicting the most reactive
position in diverse molecular systems. For example, the HOMO energy describes the ability of
electron-donor orbitals while the LUMO describes the ability of electron-acceptor, and the energy gap
between HOMO and LUMO could describes the hardness and softness of a molecular complex.
Interactions between harder chemical entities (larger the HOMO-LUMO gap values) are more likely
to be dominated by electrostatic interactions, such as in the tricomponent click reaction in water Cu(l)

mediated presented in this work.!*

Table S2 Selected bond lengths (A) and bond angles (°) for complexes [CulPPhs]s and CulLiPPhs

Complex 8

11— 2.5823(8) Cul-11-Cu2  65.48(2) [1-Cu2-12  109.42(2)

Cul

I[1-Cu2 2.7203(7) Cul-I1- 104.63(2) I[1-Cu2-P2  113.82(4)
Cu2’

I1- 2.7253(7) Cu2-11- 79.46(2) I11-Cu2-11"  100.54(2)

Cu2’ Cu2’

12-Cul  2.5357(7) Cul-I2-Cu2  67.23(2) 2-Cu2-P2  112.71(3)

12-Cu2 2.6466(8) 11-Cul-I2 117.73(3) 2-Cu2-11"  103.73(2)

Cul-  2.2301(13) [1-Cul-P1  114.17(4) P2-Cu2-11"  115.54(4)

P1

Cu2-  2.2425(10) 12-Cul-P1  126.71(4)

P2

Complex CulL1PPhs: Molecules A/B
11-Cul  2.7175(7)/ 2.6922(7) 11-Cul-P1 107.85(4)/ 110.28(4)  P1-Cul-N1  122.42(10)/

119.24(10)
Cul-  2.2101(11)/ [1-Cul-N1  108.07(9)/ 105.86(9)  P1-Cul-N2  123.09(10)/
P1 2.2026(12) 124.09(10)
Cul-  2.088(3)/ 2.121(3) 11-Cul-N2  103.78(9)/ 103.67(10) NI1-Cul-N2 89.22(13)/ 90.91(13)
N1
Cul-  2.123(3)/ 2.072(3)
N2

In [CulPPhz]4, the HOMO almost exhibits no metal character and it is located at two equatorial phenyl
groups, whereas the LUMO is found to possess a good metal character, and it is located mainly around
the Cu(l) atoms and over two axial PPhs groups of [CulPPhz]s4. The relatively high magnitude (poor
hardness) of the HOMO-LUMO energy gap (2.56 eV) explains the poor charge transfer interactions
taking place within the molecule [CulPPhs]s (poor softness) (Figure S4a). Regarding complex

CulL1PPhs, the FMOs are localized at the whole molecular complex (except the methylene group,

S7



CHb>). In this case, the HOMO displays a good metal character but it is mostly located at both ligands
(L1 and PPh3), whereas the LUMO is found to possess a very strong metal character mostly located
around the Cu(l) atom (Figure S4b). The high magnitude (strong hardness) of the energy separation
between the HOMO and LUMO (7.14 eV) apparently help explain the high catalytic power of this
homonuclear complex in the click reaction studied by us, which is governed by both electrostatic

interactions and steric effects (Figure S4).

Unfavorable Interaction

R 3 Ener
@ R v B e Me
' : Me \Cu/ Me
Eywo =3-94eV ! N
I Phs

Complex CulL{PPh;3

Very favorable

——— | interaction

Epomo = 1.38 eV

Eomo - Erumo = 7-14 eV

[CulPPh;],

Figure S4. Computed energy levels HOMO-LUMO for complexes (a) [CulPPhs]s and (b) CulL:PPhsusing
the crystallographic information files (.cif) by STO-3G basis set at the Hartree—Fock level theory.
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Figure S16. 'H and **C{*H} NMR spectra of 7-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one
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