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§ S.1 Synthesis and Characterization of 5-(2-{[(prop-2-yn-1-yloxy)carbonyl]-

amino}ethoxy)isophthalic acid

S.1.1. General Information: materials and instruments

Materials. All reagents and solvents were used as received, ultrapure water purified with the Milli-
Q plus system (Millipore Co, resistivity over 18 MQ cm) was used in all cases. The reactions were
monitored by thin-layer chromatography (TLC) on highly purified Silica on TLC-PET foils (with
fluorescent indicator 254 nm, Fluka). ESI-MS analyses were performed by direct injection of
methanol solutions using a WATERS ZQ 4000 mass spectrometer; working temperature: 80 +~ 100
°C; working concentrations: ca. 10 g/L; Cone Voltage: 10 ~ 30 V; working flow: 10 pL/min. The
NMR spectra were recorded at 298 K using a Varian MercuryPlus VX 400 ('H, 399.9; 13C, 100.6
MHz); spectra were referenced internally to residual solvent resonances and were recorded at 298 K
for characterization purposes; full 'H and '*C NMR assignments were done using standard Varian
pulse sequences. Spectra have been edited with the software MestReNova Version: 14.1.0-24037,
2019 Mestrelab Research S.L. Abbreviations: s = singlet, d = doublet, t = triplet, m = multiplet, bs =
broad singlet. ATR-FTIR analyses were performed with a Perkin Elmer Spectrum Two
spectrophotometer, equipped with a Universal ATR accessory, in the range 4000-600 cm~' with a
resolution of 0.5 cm™!. Abbreviations: v = stretching, 6 = bending. Thermogravimetric analyses
were carried out using a Perkin Elmer TGA-7. The samples (initial weight 10 mg) were heated in a

platinum crucible at a rate of 10 °C min™! from room temperature to 900 °C.

S2



8. 1.2 Synthetic Procedures
Synthesis of prop-2-yn-1-yl N-(2-bromoethyl)carbamate (3)!

O 0]
)J\ 3 eq NaHCO, Br PR
+ Br: > N~
overnight

To a solution of 2-bromoethylamine hydrobromide (2, 17.8 g, 86.9 mmol) in THF/H,O (214
mL/171 mL), cooled to 0 °C, NaHCO; (21.9 g, 261 mmol, 3 eq) was added, followed by propargyl
chloroformate (1, 10.0 mL, 102.5 mmol, 1.18 eq) added dropwise. The solution was stirred at r.t.
overnight. THF was evaporated and the aqueous layer was extracted with ethyl acetate (4 x 20 mL).
The organic layer was washed with HCI 1.0 M (2 x 10.0 mL) and brine (2 x 10.0 mL), then dried
with MgSQ,, filtered and concentrated in vacuum to obtain a colourless oil (3, 15.5 g, 75.2 mmol,
yield 86.5%). The crude material was used without any further purification. Rf; = 0.54, Rf; = 0.12,
Rf; = 0.48 (1:2 petroleum ether/Et,0).

ESI-MS(+) (MeOH, m/z): 228 (100) [CsHgNO,Br + Na]".
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Figure S1. ESI-MS(+) spectrum of 3.
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IH-NMR (400 MHz, CDCly): 5 5.51 (bs, 1H, NH?), 4.65 (d, “Jyy; = 2.4 Hz, 2H, -OCH,*), 3.55 (m,
2H, -CH2N(H)-), 3.44 (t, 3y = 6.2 Hz, 2H, BrCH,!-), 2.48 (t, Iy = 2.4 Hz, 1H, -C=CH?).

a 8 B 4
5 (0] ’ | | 11 i
BI'\/\NJJ\O/\ s .
1 H R 3
3 H
1
/ J §
2
*
3 *
jt JL .\JL ) J\Jt | J 1
i) E ¥ i

4.0
f1 (ppm)
Figure S2. 'H-NMR spectrum of 3. Signals labelled with an asterisk are relative to the solvent ethyl acetate.

13C-NMR (CDCls, 100.6 MHz): § 155.25 (-NHC3(0)0-), 77.97 (-C5=CH), 74.82 (-C=C*H), 52.72
(-OC*H,C=CH), 42.79 (-C>H,NH-), 32.22 (BrC'H,-) ppm.
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Figure S3. 3C-NMR spectrum of 3.
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ATR-FTIR spectra of neat 3 (cm™): 3331 (v NH, m), 3293 (v =C-H, m), 2949 (v C-H aliphatic,
w), 2131 (v -C=C-, w), 1703 (v -C(O)NH- carbamate, s), 1520 (6 NH, s), 1245 (v C-0O, s).
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Figure S4. IR-ATR spectrum of 3.

Synthesis of dimethyl 5-(2-{[(prop-2-yn-1-yloxy)carbonyl]amino}ethoxy)isophthalate (5)?

OH
1.5 eq Nal
5 j\ 1.5 eq C52C03 %
NSO + 0) O
N O\ - 2 butanone, 80 °C
o] 0]

overnight
1eq,3 15eq, 4

A solution of prop-2-ynyl N-(2-bromoethyl)carbamate (3, 3.00 g, 14.6 mmol) in butanone (50 mL)
was treated with dimethyl 5-hydroxyisophthalate (4, 4.60 g, 21.9 mmol), Nal (3.28 g, 21.9 mmol),
and Cs,COs (7.14 g, 21.9 mmol), and the resulting suspension was vigorously stirred at 80 °C
overnight. The cooled reaction mixture was first concentrated under vacuum, then diluted with
CH,Cl; (50 mL) and subsequently washed with H,O and then with NaOH 10% v/v. After drying the
organic phase with MgSQO,, the solvent was removed to afford S as a white solid (4.08 g, 12.19
mmol, yield 83.5%). Rf; = 0.48, Rfy; = 0.30, Rfs = 0.20 (1:2 petroleum ether/Et,0). M.p. = 99-102
°C. Soluble at r.t. in CHCl;, CH,Cl,, THF, Et,O, soluble in boiling methanol, ethanol and

isopropanol.
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ESI-MS(+) (MeOH, m/z): 358 (100) [CsH,;NO; + Na]*.
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Figure S5: ESI-MS(+) spectrum of 5.
TH-NMR (CDCl3, 399.9 MHz) 5: 8.30 (t, 4JH,H =1.9 Hz, 1H, Ar-H?), 7.73 (d, 4JH’H =1.9 Hz, 2H,
Ar-H3), 5.24 (bs, 1H, NH9), 4.70 (d, 4JH,H = 2.4 Hz, 2H, -OCH,’C=CH), 4.13 (4, 3JH,H = 6.8 Hz, 2H,
-OCH,*-), 3.94 (s, 6H, OCH3!), 3.63 (m, 2H, -CH,°NH), 2.47 (t, 4JH’H = 2.4 Hz, 1H, -C=CHS3).
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Figure S6. "H-NMR spectrum of 5.
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BC.NMR (CDCl;, 100.6 MHz) &: 16590 (Ar-C%(0)OMe), 158.43 (ArC*0-), 155.44 (-
N(H)C®(0)0-), 131.81 (Cq, Ar), 123.36 (CH, Ar), 119.67 (CH, Ar), 78.04 (-C1'=CH), 74.70 (-
C=C2H), 67.35 (-OC™Hy-), ), 52.58 (-OC1H,-C=CH), 52.40 (-OC'H;), 40.45 (-C8H,N(H)-) ppm.
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Figure S7. 3C-NMR spectrum of 5. The signal labelled with an asterisk is relative to a solvent impurity.
ATR-FTIR spectrum of neat 5 (cm™): 3373 cm™! (v NH, s), 3258 (v =C-H, s), 3078 — 2840 (v C-H

aliphatic and aromatic, m), 2132 (v -C=C-, w), 1738 (v -C(O)O- carboxylate, s), 1714 (v -C(O)NH-
carbamate, vs), 1544 (8 NH, s), 1243 (v C-O, vs).
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Figure S8. IR-ATR spectrum of 5.
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Synthesis of 5-(2-{[(prop-2-yn-1-yloxy)carbonyl]amino}ethoxy)isophthalic acid (6)*
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Dimethyl 5-(2-(((prop-2-yn-1-yloxy)carbonyl)amino)ethoxy)isophthalate (5, 2.42 g, 7.20

was dissolved in a 1:1 v/v mixture of THF/methanol (60 mL) and treated with 18 mL of 2.0 M
aqueous solution of LiOH. After stirring for 3 h, the solvents were evaporated and the residue was
treated with 1.0 M aqueous HCI (20 mL) and extracted with ethylacetate. The organic phase was
dried with MgSO, and evaporated to obtain the pure desired dicarboxylic acid derivative 6 (2.15 g,
7.00 mmol, yield 97%). M.p.= 217-218 °C. Soluble at r.t. in ethylacetate, DMSO, and acetone;

soluble in boiling methanol, ethanol and isopropanol. The product was crystallized from

ethanol/water at -18 °C before use.

ESI-MS(+) (MeOH, m/z): 330 (100) [C14H3NO; + Na]*, 308 (10) [C14sH 3sNO; + HI".
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Figure S9. ESI-MS(+) spectrum of 6.
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'TH-NMR (acetone-dg, 399.9 MHz): 6 8.29 (t, Jyu =1.5 Hz, 1H, Ar-H"), 7.79 (d, 4Jyu =1.5 Hz,
2H, Ar-H2), 4.67 (d, Ty = 2.4 Hz, 2H, -OCH,5C=CH), 4.25 (t, *Jyy 1 = 6.8 Hz, 2H, -OCH,3-), 3.60
(t, 3y = 6.8 Hz, 2H, -CH,*N(H)-), 2.95 (t,*Jyy = 2.4 Hz, 1H, -C=CH?¢) ppm.
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Figure S10. 'H-NMR spectrum of 6.
IBC-NMR (acetone-ds, 100.6 MHz) &: 166.73 (ArC'(O)OH), 159.99 (Ar-C30-), 157.00 (-
N(H)C3(0)0), 133.22 (Cq, Ar), 123.79 (CH, Ar), 120.55 (CH, Ar), 79.73 (-C'’=CH), 75.78 (-
C=C"H), 68.19 (-OC®H,-), 52.48 (-OC°H,-C=CH), 41.08 (-C"H,N(H)-) ppm.
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Figure S11. 3C-NMR spectrum of 6.
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ATR-FTIR spectrum of neat 6 (cm™): 3336 cm™! (v NH, s), 3304 (v =C-H, s), 3200 — 2800 (v -
OH, broad), 3086-2961 (v C-H aliphatic and aromatic, m), 2139 (v -C=C-, w), 1737 (v -C(O)O-
carboxylate, s), 1687 (v -C(O)NH- carbamate, vs), 1550 (6 NH, s), 1259 (v C-O, vs).
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Figure S12. IR-ATR spectrum of 6.
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§ S.2 Characterization of [Cu(1,3-YBDC)]-xH,0

S.2.1. Spectroscopic investigation
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Figure S13. (A) ATR-FTIR spectra of 1,3-H,YBDC (black curve) and [Cu(1,3-YBDC)]-xH,O (red curve); (B)

magnification of the 1800-400 cm! range (in parentheses the % Transmittance values of the labelled peaks).
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Figure S14. Raman spectra of 1,3-H,YBDC, Cu(NO;),'2.5H,0 and [Cu(1,3-YBDC)]-xH,O.
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S.2.2. X-ray diffraction investigation
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Figure S15. Left: full plot of diffraction patterns collected on a Panalytical X Pert Pro (Cu Ka radiation, A = 0.154 nm,

40 mA, 40 kV) diffractometer in Bragg-Brentano mode for samples reacted in 2-propanol at different reaction times

(24, 48, 72 and 120 h). Right: enlargement between 5 and 20° 26. The starred peaks as 12.82° (vertical dashed line in

the enlargement) corresponds to the (001) refection of the highly textured Cu,(OH)3(NOs) contaminant species.
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Figure S16. Diffraction patterns of [Cu(1,3-YBDC)]-xH,O, collected (a) before and (b) after suspending it in water for

24h.
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S.2.3. Atomic absorption spectroscopy (AAS). The overall amount of copper present on the
different samples was determined by means of flame atomic absorption spectroscopy (AAS,
Thermo Scientific iCE 3300 AA01124707) in air-acetylene flame (A = 324.8 nm; spectral
bandwidth = 0.5 nm). The analyses were conducted by comparison with five calibration standards
(2.0, 4.0, 6.0, 8.0, 10.0 ppm) prepared by dilution to 25 mL of different amounts of a 100 ppm
standard solution prepared by diluting 1 mL of FIXANAL (03372-1EA Fluka, Copper atomic
spectroscopy standard concentrate 10.00 g/L) in 0.5 M HNO; (Normatom®, 67-69 %, d = 1.41
g/cm3, MW 63.01, VWR Chemicals). The samples were prepared by first heating the solid (ca. 5
mg) with concentrated nitric acid until complete dissolution and subsequently diluted with HNO;
0.5 M up to a volume of 100 mL.
S.2.4 Ab-initio crystal structure solution from synchrotron X-ray diffraction data. Unit cell
parameters determination was carried out by the standard peak search methods, followed by profile
fitting for the accurate estimate of the peak positions in the 2°-7° 2@ range, which, through the SVD
indexing algorithm?® implemented in TOPAS-R,* provided a primitive tetragonal cell [a = b =
18.190 A, ¢ = 18.872 A, GOF(20) = 212.2]. Space group determination through the analysis of
systematic absences indicated P4/ncc, later confirmed by successful structure solution/refinement.
Structure solution was performed by Monte Carlo/Simulated Annealing technique using a
freely floating Cu atoms and a rigid model, flexible at all saturated torsional angles for the organic
molecule described by the Z-matrix formalism with idealized geometrical parameters. Once a
plausible solution was found, the analysis of the structural model provided further hints toward the
presence of a structurally disordered chain (with two alternative conformations of estimated
0.51(1):0.49(1) site occupancy factors) and of extra residual electron density in the crystal cavities,
interpreted by positioning two light atoms (here, oxygen), as if water molecules were hosted in the
MOF channels. For simplicity, and fully aware that in this kind of channel hydrates the water
content may vary depending on the environmental conditions,? such as temperature and relative

humidity, we have adopted for this (nearly dihydrate) solid phase the nominal stoichiometric
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formula [Cu(1,3-YBDC)]-2H,0. The final refinements were carried out by the Rietveld method,
maintaining the rigid bodies introduced at the structure solution stage. The background was
modelled by a polynomial function of the Chebyshev type, peak profiles were described by the
Fundamental Parameters Approach;® two isotropic thermal factors were refined, one attributed to all
framework and one to the propargyl-carbamate branch atoms, respectively. In spite of the
transmission geometry of the instrument and the capillary spinning during data acquisition, minor
texture effects were present. A preferred orientation correction was therefore applied in the form of
a three-parameters spherical harmonics description.” Further analysis of the experimental pattern
suggested that contaminant nanocrystalline phases were also present, and attributed to
Cuy(OH);(NO;) (monoclinic P2;, average crystal size = 25 nm)® and Cu(OH), (orthorhombic
Cmc2,, mean crystal size = 11 nm).? Due to a large texturing effect, their contribution was modelled
by adding a structureless description (in the LeBail mode)!? in the final refinement cycles. The final

Rietveld refinement plot is shown in Figure S17.
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Figure S17. Rietveld refinement plot for [Cu(1,3-YBDC)]2H,0; Blue trace = observed data; red trace = calculated

pattern. Difference plot in purple; peak markers at the bottom are for [Cu(1,3-YBDC)]2H,O0.
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