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1. Materials

Deuterated chloroform (CDCls), deuterated dimethylsulfoxide (DMSO-df), resorcinol
(CsHeOy), ethyl acetoacetate (CsH10Os, EtOAc), 2-bromoethanol (C2HsBrO), anhydrous pyridine
(CsHsN), 4-dimethylaminopyridine (DMAP) and Dowex® H+ resin were supplied by Sigma-
Aldrich, and used as received. Dichloromethane (CH2Cl2), 1,4-dioxane (CsHsO2), concentrated
sulphuric acid (H2S0s), ethyl acetate (CiHsO2, EtOAc), ethanol (C:HsOH, EtOH), N,N-
dimethylformamide (CsH/NO, DMEF), potassium carbonate (K2COs), sodium bisulphite
(NaHSOs), sodium carbonate (Na2CO:s), brine solution, anhydrous magnesium sulphate (MgSOs),
toluene (C7Hs), diethyl ether ((C:Hs):0) and methanol (CHsOH, MeOH) were supplied by
Scharlau, and used as received.

2. Synthesis of coumarin derivatives

2.1 Synthesis of 7-hydroxy-4-methylcoumarin (HMC)

HMC was synthesized according to previous literature [1,2]. Resorcinol (11.0 g, 0.1 mol) and
ethyl acetoacetate (13.0 g, 0.1 mol) were completely dissolved in 40 mL 1,4-dioxane. Then,
concentrated sulphuric acid (3 mL) was dropwise added to the system, which was subsequently
warmed up to 65°C for 3 h as can be seen in Scheme S1. Afterwards, the suspension was cooled
down to room temperature and poured into 300 mL ice water to obtain a yellowish precipitate.
The crude product was dried in a vacuum oven and recrystallized twice in ethyl acetate to obtain
white crystals of HMC with a yield of 70%, which was kept away from light. Colourless crystals
suitable for single-crystal X ray diffraction analysis were obtained from ethyl acetate/ethanol (3:1)
mixture. The 1H and 13C-NMR spectra are collected in Figure S1 and ATR-FTIR and its MS
spectra are collected in Figure S2.

1H NMR (300 MHz, DMSO-ds, 8): 10.49 (s, 1H, -OH), 7.57 (d, J=8.7 Hz, 1H, Ar-H), 6.78 (dd, ]=8.7
HzJ=2.3, 1H, Ar-H), 6.68 (d, ]=2.3 Hz, 1H, Ar-H), 6.11 (s, 1H, C-H), 2.36 (s, 3H, —~CH).

13C NMR (101 MHz, DMSO-d¢, d): 161.24, 160.44, 154.91, 153.56, 126.58, 112.94, 112.09, 110.34,

102.27, 39.52, 18.19.
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Scheme S1:Synthetic route for the preparation of HMC.

2.2 Synthesis of 7-(2-hydroxyethoxy)-4-methylcoumarin (HEOMC)

The synthetic procedure for HEOMC is described as follows (Scheme S2), according to
previous literature [3]. In a 150 mL two-neck round-bottom flask, (4 g, 2.3 x 1072 mol) of
previously synthesized HMC was dissolved in 20 mL N,N-dimethylformamide. Then, a solution
of (4.3 g, 3.4 X 1072 mol) of 2-bromoethanol in 10 mL DMF was dropwise added to the reaction
and (6.3 g, 45.6 x 10~2mol) potassium carbonate was added one-off under stirring. The reaction
mixture was stirred for 18 h at 88°C under an argon atmosphere. The reaction was monitored by



TLC. When the reaction was completed, the mixture was cooled down to room temperature,
poured into 70 mL ice water and filtrated to get the crude product. The solid was then
recrystallized twice in ethyl acetate to obtain colourless crystals of HEOMC suitable for single
crystal X-ray diffraction analysis with a yield of 86%. The 1H and 13C-NMR spectra are collected
in Figure S3 and ATR-FTIR and its MS spectra are collected in Figure 54.

IH NMR (400MHz, DMSO-d6, ): 7.49 (d, 1H; J=8.8 Hz, Ar-H), 6.86 (dd, 1H; Ji=8.8 Hz, ]-=2.4 Hz,
Ar-H), 6.81 (d, 1H, J=2.4 Hz, Ar-H), 6.13 (s, 1H, -CH), 4.53 (t, 2H, J=4.8 Hz, Ar-O-CH>-), 4.25 (t, 2H,
J=4.8 Hz, -CH2-OCO-), 4.19 (d, 2H, J=11.2 Hz, -CH>-OH), 3.64 (d, 2H, J=11.2 Hz, -CH>-OH), 2.39 (s,
3H, -CH3), 1.08 (s, 3H, -CH).

13C NMR (101 MHz, DMSO-d6, d): 161.79, 160.17, 154.69, 153.36, 126.34, 113.00, 112.39, 111.06,
101.12, 70.29, 59.39, 39.50, 18.12.
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Scheme S2: Synthetic route for the preparation of HEOMC

The synthesis of both DHMC and DHEOMC require the synthesis of the same intermediate
compound, isopropylidene-2.2-bis-(methoxy)propionic anhydride (DMPAA), which was
synthesized according to literature [4,5].

2.3 Synthesis of 4-methylcoumarin-7-yl-3-hydroxy-2-(hidroxymethyl)-2-methylpropanoate DHMC

Then, DMPAA and HMC were reacted to produce an ester. The synthesis of the coumarin
diol derivative was carried out following the route presented in Scheme S3. 7-hydroxy-4-
methylcoumarin  (HMC) (154 g, 8.6x1072mol) were added together with 4-
dimethylaminopyridine (DMAP) (2.1 g, 1.7 X 1072 mol) and dissolved in 238 mL of anhydrous
pyridine and diluted with 537 mL of dichloromethane. The anhydride (DMPAA) (43.4 g, 13.1 X
1072 mol) were added and reacted under stirring for 9 hours at room temperature. The excess of
the anhydride was decomposed by stirring the reaction overnight (18 h) with 85 mL of a pyridine:
water solution in a 1: 1 ratio. Subsequently, the following washes of the organic phase were
carried out: 1M sodium bisulphite, sodium carbonate 10 % (w/t) and brine solution. The organic
phase was dried over anhydrous magnesium sulphate and the solvent was removed at low
pressure. 25.4 g (0.076 mol) of isopropyl-[2,2-bis-(methoxy)]-propanoate of 4-methylcoumarin
were obtained, with a yield of 68%.
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Scheme S3: Synthetic route for the preparation of DHMC.



Finally, the protecting group was easily removed yielding the HMC ester diol. The
compound synthesized in the previous step (HMC-ester) was weighted, (25.4 g, 7.6 X 10"2mol),
and dissolved in 500 mL of methanol. Six teaspoon of the Dowex H* resin was added, and the
mixture was stirred at room temperature for 3 hours. The resin was filtered and washed with 50
mL of methanol. The organic solvent was evaporated on a rotary evaporator and a white solid
was obtained. The product was purified twice by recrystallization in ethyl acetate, obtaining a
final yield of 30%. Then, the solid was recrystallized twice in ethyl acetate to obtain colourless
crystals suitable for single crystal X-ray diffraction analysis. The 1H and 13C-NMR spectra are
collected in Figure S5 and ATR-FTIR and its MS spectra are collected in Figure S6.

1IH NMR (400MHz, DMSO-d6, d): 7.82 (d, J= 2.2Hz, 1H, Ar-H), 7.11 (m, 2H, Ar-H), 6.38 (s, 1H, -
CH), 3.65 (m, 2H, OH), 3.51 (m, 4H, -CH>-0), 2.44 (s, 3H, -CHs), 1.17 (s, 3H, -CH).

13C NMR (101 MHz, DMSO-d6, d): 173.33, 159.60, 153.50, 153.35, 152.96, 126.33, 118.50, 117.37,
113.67, 110.00, 63.99, 51.23, 39.50, 18.18, 16.80.

2.4 Synthesis of 2-((4-methylcoumarin-7-yl)oxy)ethyl 3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate
DHEOMC

The synthesis of the DHEOMC followed the same procedure than the synthesis of the
DHMC and it is shown in Scheme S4.

7-hydroxyethoxy-4-methylcoumarin (HMC) (15.1, 0.07 mol) were dissolved together with
4.16 g (0.03 mol) of 4-dimethylamino pyridine (DMAP) with a mixture of 138 mL of anhydrous
pyridine and 554 mL of dichloromethane. 34 g (0.1 mol) of anhydride (DMPAA) were slowly
added and left to react for 9 hours at room temperature. The excess of the anhydride was
destroyed by stirring the reaction overnight with 66 mL of a pyridine:water solution in a 1:1 ratio.
Subsequently, the organic phase was extracted consecutively with 1 M sodium bisulphite, 10%,
sodium carbonate and brine solution. Finally, the organic phase was dried over anhydrous
magnesium sulphate, which was then removed by filtration and the resulting solution was
evaporated on a rotary evaporator, leaving a viscous orange solid. The yield was 73%.
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Scheme S4: Synthetic route for the preparation of DHEOMC.

For the deprotection step, 20.9 g (6.021 mmol) of the 4-methylcoumarin-7-ethoxyl ester of
2,2,5-trimethyl-[1,3] dioxan-5-(yl)acetic acid in 200 mL of methanol (MeOH) were dissolved and
they added approximately 10 g of Dowex H* resin. The reaction was allowed to react at room
temperature with stirring for 3 hours, the resin was filtered and washed with methanol. The
methanol was evaporated on a rotary evaporator to give the desired compound (white crystals).
The product obtained was purified by recrystallization from toluene. Colourless crystals suitable
for single-crystal X ray diffraction analysis were obtained from ethyl acetate/diethyl ether (1:1)
mixture. The 1H and 13C-NMR spectra are collected in Figure S7 and ATR-FTIR and its MS
spectra are collected in Figure S8.



1IH RMN (400MHz, DMSO-ds, 8): 7.51 (d, 1H; J=8.8 Hz, Ar-H), 6.87 (dd, 1H; J1=8.8 Hz, ]2=2.4 Hz,
Ar-H), 6.83 (d, 1H, J=2.4 Hz, Ar-H), 6.15 (s, 1H, CH), 4.56 (t, 2H, J=4.8 Hz, OCO-CH_), 4.27 (t, 2H,
J=4.8 Hz, CH>-O-Ar), 3.92 (d, 2H, J=11.2 Hz, -CH.OH), 3.74 (d, 2H, J=11.2 Hz, -CH20H), 2.40 (s,
3H, -CH3), 1.08 (s, 3H, -CH3).

13C NMR (101 MHz, DMSO-d¢, d): 174.70, 161.36, 160.13, 154.67, 153.35, 126.48, 113.31, 112.48,
111.29, 101.40, 66.64, 63.81, 62.04, 50.33, 39.50, 18.14, 16.84.
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Figure S1: A) 1H-NMR and B) 13C-NMR spectra of HMC.
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Figure S2: A) ATR-FTIR and B) Mass spectra of HMC
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Figure S3: A) 1H-NMR and B) 13C-NMR spectra of HEOMC
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Figure S4: A) ATR-FTIR and B) Mass spectra of HEOMC
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Figure S5: A) 1H-NMR and B) 13C-NMR spectra of DHMC
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Figure S6: A) ATR-FTIR and B) Mass spectra of DHMC
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Figure S7: A) 1H-NMR and B) 13C-NMR spectra of DHEOMC
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Figure S8: A) ATR-FTIR and B) Mass spectra of DHEOMC



DHEOMC

Figure S9: Electrostatic potential surfaces for the coumarins studied. Contour values range from
-0.080 to 0.080 Hartree/e.



Table S1: Experimental and theoretical vertical excitation energies and oscillator strength for the first two
excited states. The labels 1, 2, 1" and 2" correspond to HOMO, LUMO, HOMO-1 and LUMOH+1,

respectively.
oes . . Experimental
) Transition Theoretical Oscillator ;
Coumarin . L Absorption
(weight) Excitation (nm) Strength
(nm)
S1:1-> 1" (0.95) 306 0.3980 317
HMC S2:2->1" (0.84)
1>2 (0.14) 278 0.0063
S1:1->1’ (0.96) 310 0.4660 319
HEOMC S2:2-> 1" (0.87)
2 .
12 (0.10) 82 0.0034
S1:1->1" (0.88)
2->1" (0.07) 295 0.3136 313
DHMC 2->27 (0.02)
S2:2->1"(0.81)
1->1" (0.07) 272 0.1408
1->2’ (0.09)
S1:1-> 1’ (0.96) 309 0.4934 318
DHEOMC S2:2->1" (0.86)
281 .0037
1->2'(0.11) 8 0.003




(A) HEOMC

o1g

(B) DHMC

Figure S10: ORTEP view of the asymmetric units in (A) HEOMC, (B) DHMC and (C) DHEOMC
depicted at the 50% probability level, together with atom labelling. Colour code: C, black, O,
red, H, white.



Table S2: Geometrical parameters (A, °) of intermolecular n-r interactions in HEOMC, DHMC and
DHEOMC.

Centroids (Cg) Cg-Cg ANG Cg--plane Slippage
HEOMC
Cgl-Cg2i 3.574(2) 2.27(13) 3.441(2) 3.459(2) 0.900
Cg2-Cgli 3.574(2) 2.27(13) 3.459(2) 3.441(2) 0.966
DHMC
Cgl-Cg4ii 3.603(5) 3.9(4) 3.311(4) 3.349(4) 1.331
Cgl-Cgdiii 3.571(5) 3.9(4) 3.525(4) 3.478(4) 0.806
Cg2-Cg3ii 3.547(5) 3.7(4) 3.456(4) 3.496(4) 0.599
Cg2-Cg3iii 3.602(5) 3.7(4) 3.385(4) 3.331(4) 1.371
DHEOMC
Cgl-Cglvv 3.342(2) 0.03(10) 3.279(8) 3.279(8) 0.645

Cg = Centroid of the interacting ring. Cgl: O1, C2, C3, C4, C9, C10; Cg2: C5, C6, C7, C8, C10, C9.

Cg--Cg: distance between centroids; ANG: dihedral angle between planes containing both rings;
Cg-plane: distance from one centroid to the plane containing the other ring. Slippage: distance between
one centroid and its perpendicular projection to the plane containing the second ring. Symmetry codes: (i)
-x, 1-y, 2-z; (ii) x, y, z; (iii) x, 1+y, z; (iv) 1-x, 1-y, 1-z.



Table S3: Geometrical parameters for O-H:-O hydrogen bonds and C-H:-O-type contacts in HEOMC,
DHMC and DHEOMC.

D-H--A DA (A) Angle (°)
HEOMC
O1w—Hiwa-+-Onul 2.874(3) 175
O1w—Hiwg-+-O1sit 2.712(3) 175
O16-Hie+-Orwii 2.716(3) 171
Ciz-H1zc-- O 3.468(3) 167
Cs—Hs--Onr” 3.573(4) 166
DHMC
O19a—Hia+-Ou1a¥i 2.673(14) 163
O214-Hz1a++-O194 1 2.690(12) 158
Ous9a—Haoa++Os14vH 2.694(12) 158
Csa—HzarOaoaviit 3.336(15) 152
Csa—HsaO17al 3.446(15) 172
C12-Hiz-+-O17a% 3.301(13) 158
C20a—H208++-O1141¥ 3.397(14) 155
Cs3a—H33a++-O21aVil 3.313(13) 150
Casa—Hassa-++OgzaViit 3.470(16) 175
Csoa—Hsoa*+*O414% 3.387(15) 163
DHEOMC

O22-H22++-O204 2.904(2) 137
O2s—H24 022V 2.746(2) 163
Cs—Hz++- O 3.578(2) 171
C21-Hz1a++- Ot 3.403(3) 132
C1o—Hioa-+- Ot 3.458(4) 137

D = donor; A = acceptor. Symmetry codes: (i) 1/2-x, -1/2+y, 3/2-z; (ii) x, y, -1+z; (iii) -1/2+x, 1/2-y, 1/2+z; (iv) -
1+x, y, z; (V) 1-x, 1-y, 2-z; (Vi) X, 1+y, z; (Vi) x, -1+y, z; (viii) x, 1-y, -1/2+z; (iX) X, 2-y, -1/2+z; (x) 1+x, 1-y, Vot+z;
(xi) -1-x, -y, -z; (xii) 2-x, 1-y, 1-z; (xiii) =X, -y, -Z.



Table S4: DSC results.

DSC Heating DSC Cooling
COUMARIN '™ To- Tm- AHm  Teonset ¢ ' AHc
onset peak endset /g) ©0) peak  endset 0/g)
(\Y) 8 &) (\Y) (WY
HMC 185.2 187.9 189.4 127.7 153.6 151.5 149.9 -93.2
DHMC 119.3 120.9 122.6 93.9 -- -- -- --
HEOMC 148.9 149.3 150.9 130.4 77.0 739 71.6 -71.3
DHEOMC 120.3 122.7 124.2 122.9 - - - -

Tm-onset: onset melting temperature
Tm-peak: peak melting temperature
Tm-endset: endset melting temperature
AHm: melting enthalpy

Tc-onset: onset crystallization temperature
Tc-peak: peak crystallization temperature
Tc-endset: endset crystallization temperature

AHc: crystallization enthalpy
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