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Scheme of synthesis
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Scheme S1 Synthesis of bis-urea LMWGs frans-1a-c starting from bis-amine trans-S1.
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'H and PC NMR Spectra of new compounds
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Fig. S1 "H NMR spectrum of #rans-1a measured in DMSO-ds at 298 K. The compound was

too insoluble for a proper °C NMR measurement.
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Fig. S2 '"H NMR spectrum of frans-1b measured in DMSO-d; at 298 K.
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Fig. S3 '>C NMR spectrum of #rans-1b measured in CDCl; at 298 K.
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Fig. S4 '"H NMR spectrum of trans-1¢ measured in DMSO-dj at 298 K.
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Fig. S5 >C NMR spectrum of #rans-1c measured in CDCl; at 298 K.
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"H NMR photochemical switching experiments
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Fig. S6 'H NMR spectral changes upon photoirradiation of 1a (1 mm in DMSO-d, at 298 K)
starting with the frans isomer (blue) followed by irradiation with A,,,, = 312 nm light at 20 °C
for 1h to give the cis isomer (green) and subsequent irradiation with A,,,, = 365 nm light for

1.5 h at 20 °C to regenerate the trans isomer (red). For the PSS determination, the average

integral values of the urea NH and aromatic CH singlets was used.
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Fig. S7 '"H NMR spectral changes upon photoirradiation of 1b (1 mm in DMSO-d; at 298 K)
starting with the frans isomer (blue) followed by irradiation with A,,,, = 312 nm light at 20 °C
for 1h to give the cis isomer (green) and subsequent irradiation with A,,,, = 365 nm light for
1.5 h at 20 °C to regenerate the trans isomer (red). For the PSS determination, the average

integral values of the urea NH and aromatic CH singlets was used.
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Fig. S8 'H NMR spectral changes upon photoirradiation of 1¢ (1 mm in DMSO-d; at 298 K)
starting with the trans isomer (blue) followed by irradiation with 4,,,, = 312 nm light at 20 °C
for 1h to give the cis isomer (green) and subsequent irradiation with A, = 365 nm light for
1.5 h at 20 °C to regenerate the frans isomer (red). For the PSS determination, the average

integral values of the urea NH and aromatic CH singlets was used.
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UV-Vis photochemical switching experiments
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Fig. S9 UV-Vis absorption spectral changes starting with frans-1a (1 x 10° M in DMSO,
black spectrum) upon irradiation with A,,, = 312 nm light at 20 °C for 5, 10, 15, 20, 25 and

30 minutes after which the photostationary state (PSS) was reached (red spectrum).

0,41

trans-1
—— PSS (312 nm)

0,3 -

0,2

Abs.

0,1+

0,0

350 400 450
A (nm)

300

Fig. S10 UV-Vis absorption spectral changes starting with trans-1b (1 x 10~ M in DMSO,
black spectrum) upon irradiation with A, = 312 nm light at 20 °C for 5, 10, 15, 25 and 35

minutes after which the photostationary state (PSS) was reached (red spectrum).
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Fig. S11 UV-Vis absorption spectral changes starting with trans-1¢ (2 x 10° M in DMSO,
black spectrum) upon irradiation with A, = 312 nm light at 20 °C for 5, 10, 15, 20, 25 and

30 minutes after which the photostationary state (PSS) was reached (red spectrum).
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UV-Vis thermal stability experiments

trans stable cis metastable cis stable

Scheme S2 Photochemical and thermal isomerization behaviour of bis-urea LMWGs 1la-c.
While irradiation with A, = 365 nm light of the metastable cis isomer leads to regeneration
of stable trans, heating of the sample causes equilibration to a more stable cis form. This is
accompanied by a hypsochromic shift in the UV-Vis spectrum.' The rate constants (k) for this
process were determined at four temperatures (55, 60, 65, 70 °C) by monitoring the

absorption decrease at 365 nm and fitting to the equation: A = Age ™ using Origin software.

Equation y=a+b*x
Adj. R-Square  0,99915
-36’5 - Value Standard Error
F Intercept -3,95545 0,56216
F Slope -11219,3913 188,61175
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Fig. S12 Eyring plot analysis of the thermal isomerization step from metastable cis-1a to the
more stable cis-1a monitored by the decrease in absorption at 365 nm in DMSO. A*H =933
kI mol™'; A*S =-32.9 T mol ' K''; A*G (20 °C) = 102.9 kJ mol™"; #1,, (20 °C) = 70 h.
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Fig. S13 Eyring plot analysis of the thermal isomerization step from metastable cis-1b to the
more stable cis-1b monitored by the decrease in absorption at 365 nm in DMSO. AH = 94.7
kJ mol™'; A*S =-30.8 T mol ' K''; A*G (20 °C) = 103.7 kJ mol™"; #1,, (20 °C) = 96 h.

Equation y=a+b*x
Adj. R-Square  0,99611
‘37,0 -1 Value Standard Error
F Intercept -3,15643 1,25064
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Fig. S14 Eyring plot analysis of the thermal isomerization step from metastable cis-1¢ to the
more stable cis-1¢ monitored by the decrease in absorption at 365 nm in DMSO. A*H = 96.8
kI mol™; A*S =-26.2 Tmol ™ K'; A*G (20 °C) = 104.5 kJ mol™"; #1,, (20 °C) = 133 h.

ESI-13



Single crystal X-ray analysis

Single crystals of trans-1b were grown upon cooling of a solution in hot MeOH. A single
crystal was mounted on top of a cryoloop and transferred into the cold nitrogen stream (100
K) of a Bruker-AXS D8 Venture diffractometer. Data collection and reduction was done
using the Bruker software suite APEX2.> The final unit cell was obtained from the xyz
centroids of 5420 reflections after integration. A multiscan absorption correction was applied,
based on the intensities of symmetry-related reflections measured at different angular settings
(SADABS). The structures were solved by direct methods using SHELXT. * and refinement of
the structure was performed using SHLELXL.* The hydrogen atoms were generated by
geometrical considerations, constrained to idealised geometries and allowed to ride on their
carrier atoms with an isotropic displacement parameter related to the equivalent displacement
parameter of their carrier atoms. Crystallographic data: C3sHs¢N4O,; My, = 600.86; crystal size
0.31 x 0.11 x 0.10 mm; monoclinic; space group P2i,; a = 18.6106(6) A, b =9.3237(3) A, ¢
=20.2857(6) A; a=90°, f=98.9410(10)°, y=90°; V' =3477.20(19) A’; Z=4; pratca = 1.148
g cm > H(Mok,) = 0.071 cm '3 7= 100(2) K; &min/max) = 2.984/26.372°; 38948 reflections
collected; 6792 unique reflections (Rinx = 0.0453); data/restraints/parameters: 6792/0/405;
GoF on F? = 1.035; R1 = 0.0548 and wR2 = 0.1405; [5241 I>25(])]; R1 = 0.0755 and wR =
0.1566 (all data); largest diff. peak and hole: 0.480 and —0.369 eA”.

Fig. S15 Displacement ellipsoid plot at the 50% probability level of trans-1b.
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DFT Calculations

The Gaussian 09 program’ was used for geometry optimizations and the calculation of
energies. Initially, different input geometries were optimized at the semi-empirical PM6 level
to find the global minima. Further geometry optimizations were performed at the DFT
B3LYP/6-31G+(d,p) level with tight convergence criteria and using an IEFPCM Toluene

solvation model. The DFT geometries was found to have zero imaginary frequencies.

Table S1 Cartesian coordinates of cis-1a:

atom X Y Z

C 3.118855000 0.088250000 -0.099927000
C 2.379644000 -1.176838000 0.115158000
C 3.048076000 -2.230695000 -0.541664000
C 4.305347000 -1.724604000 -1.193930000
C 4.532057000 -0.310216000 -0.577525000
C 1.242119000  1.829949000 -0.085345000
C 1.125258000  3.103025000 0.508130000
C 2472296000 3.601257000 0.956327000
C 3.498703000 2.614184000 0.318621000
C 5.201156000 0.608997000 -1.608842000
C 1.265095000 -1.451407000 0.946916000
C 0.738151000 -2.756601000 0.878112000
C 1.363464000 -3.771322000 0.143181000
C 2.561649000 -3.540033000 -0.543348000
C 0.129666000  1.246102000 -0.734754000
C -1.123829000 1.862182000 -0.526508000
C -1.237695000 3.090510000  0.138322000
C -0.104389000 3.756845000 0.620721000
C 4.681272000 2.395866000  1.273759000
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Sum of electronic and zero-point Energies = —1536.278269

ESI-17



Gel-sol photoswitching experiment

312 nm, 15 min.
e ———

Fig. S16 Gel irradiation using 312 nm light with (right sample) and without (left sample) 420

nm cut-off filter. When the sample is shielded from light no gel-sol transition is observed.

Fig. S17 Electron micrograph of a sample of the toluene gel (0.5 mg mL™") obtained with

trans-1b after irradiation with 312 nm light giving a solution.
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Fig. S18 Selected regions in the normalised IR spectra of solid trans-1b (black line) and a
dried sample of the 312 nm light irradiated gel (red line) measured by FT-IR (ATR).
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