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1. General procedures

All reactions involving air sensitive reagents were performed under an N, atmosphere.
Solvents were degassed by purging with N2 for a minimum of 30 min or by three freeze-pump-
thaw cycles. Reagents were purchased from Sigma Aldrich, Fluorochem or TCI Europe and
were used without further purification. Solvents were reagent grade and used without prior
water removal unless otherwise indicated. Anhydrous solvents were obtained from a solvent
purification system (MBraun SPS-800). Flash column chromatography was performed on
silica gel (Merck, type 9385, 230—400 mesh) or on a Biichi Reveleris purification system using
Biichi silica cartridges. Thin layer chromatography (TLC) was carried out on aluminium sheets
coated with silica gel 60 F254 (Merck). Compounds were visualised with a UV lamp (254 nm)
and/or by staining with KMnO4 or CAM.

'H and *C NMR spectra were recorded on a Varian Mercury-Plus 400 or a Bruker Avance
600 NMR spectrometer at 298 K unless otherwise indicated. PSS studies were performed on
a Varian Unity Plus 500 NMR spectrometer. Chemical shifts are given in parts per million
(ppm) relative to the residual solvent signal (CDCl; = & 7.26 for *H, & 77.2 for 3C; CD.Cl, =
0 5.32 for *H, & 53.8 for °C; ds-methanol = & 3.31 for *H; ds-THF = & 5.02 for 'H, & 67.2 for
13C). Multiplets in 1H NMR spectra are designated as follows: s (singlet), d (doublet), t (triplet),
g (quartet), p (pentet), m (multiplet), br (broad). High resolution mass spectrometry (HRMS,
ESI+) was performed on an LTQ Orbitrap XL spectrometer. Semi-prep high-performance
liquid chromatography was performed on a Shimadzu Prominence HPLC system, using a
Phenomenex Luna 10 ym PREP Silica(3) column (250 x 10.0 mm, particle size 100 A). UV-Vis
absorption spectra were recorded on an Agilent 8453 UV-Vis Diode Array System, equipped
with a Quantum Northwest Peltier controller, in 10 mm quartz cuvettes. Irradiation experiments

were performed using LEDs obtained from Thorlabs Incorporated.
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2. Preparation and characterisation of compounds

2.1 Upper halves

B G0 4B

$1 S2 S3 sS4

Ketones S1,* S2,2 S32 and S4° were synthesised according to literature procedures.

2.2 Lower halves

1-phenylindolin-2-one (S5)

KzCO3 (20 eqUiV.),
| Cul (5 mol%), DMEDA (15 mol%) 0
0] + . N
N 1,4-dioxane (1.0 M)
reflux, 24 h

Oxindole S5 was synthesised according to a modified literature procedure.* An oven-dried N2
filed Schlenk tube was charged with Cul (190 mg, 0.10 mmol, 10 mol%), K.COs (5.53 g,
40.0 mmol, 2.0 equiv.) and oxindole (3.15 g, 24.0 mmol, 1.2 equiv.). The Schlenk tube was
fitted with a rubber septum, and then was added dry 1,4-dioxane (20 mL, 1.0 M). lodobenzene
(2.24 mL, 20.0 mmol, 1.0 equiv.) and N,N-dimethylethylenediamine (DMEDA) (0.32 mL,
0.15 mmol, 15 mol%) were added successively. The rubber septum was removed and the
Schlenk tube was quickly sealed with a glass stopper fitted with a Glindemann® PTFE sealing
ring, and the tap of the Schlenk tube was then closed to N2. The Schlenk tube was immersed
in an oil bath pre-heated to 110 °C and stirred vigorously for 24 h. The reaction mixture was
cooled to room temperature, diluted with EtOAc (15 mL) and filtered through a plug of celite,
eluting with EtOAc (50 mL). The volatiles were evaporated in vacuo and the resulting residue
was purified by flash column chromatography (SiO., pentane:EtOAc 9:1) to provide S5 as a
white solid (2.54 g, 61%). *H NMR (400 MHz, CDCls) & 7.53 (t, J = 7.8 Hz, 2H), 7.45 — 7.38
(m, 3H), 7.35 - 7.28 (m, 1H), 7.21 (td, J = 7.8, 1.3 Hz, 1H), 7.08 (td, J = 7.5, 1.1 Hz, 1H), 6.79
(d, 3 =7.9 Hz, 1H), 3.72 (s, 2H); *C NMR (101 MHz, CDCls) & 174.6, 145.4, 134.7, 129.8,
128.2,127.9, 126.8, 124.8, 124.5, 122.9, 109.5, 36.2.
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1-(4-methoxyphenyl)indolin-2-one (S6)

K,CO3 (2 equiv.), OI(D
I Cul (5 mol%), DMEDA (15 mol%) N
* -
MeO 1,4-dioxane (1.0 M)

100 °C, 24 h

@)
Izg

MeO
S6

Oxindole S6 was synthesised according to a modified literature procedure.> An oven-dried N,
filled 5 mL crimp-top vial was charged with Cul (9.50 mg, 0.05 mmol, 5 mol%), K2COs (276 mg,
2.00 mmol, 2.0 equiv.), oxindole (160 mg, 1.2 mmol, 1.2 equiv.) and 4-iodoanisole (234 mg,
1.0 mmol, 1.0 equiv.). Subsequently, dry 1,4-dioxane (1 mL, 1.0 M) and DMEDA (16.0 pL,
0.15 mmol, 15 mol%) were added. The vial was placed inside an aluminium heating block pre-
heated to 100 °C and stirred for 24 h. The reaction mixture was cooled to room temperature,
diluted with EtOAc (15 mL) and filtered through a plug of celite, eluting with EtOAc (50 mL).
The volatiles were evaporated in vacuo and the resulting residue was purified by flash column
chromatography (SiO2, pentane:EtOAc 4:1) to provide S6 as a pale pink solid (212 mg, 89%).
H NMR (300 MHz, CDCls) 6 7.35 — 7.25 (m, 3H), 7.25 — 7.14 (m, 1H), 7.12 — 6.97 (m, 3H),
6.73 (d, J = 7.9 Hz, 1H), 3.85 (s, 3H), 3.70 (s, 2H); 3C NMR (101 MHz, CDCls) & 174.9, 159.3,
146.0, 128.1, 127.9, 127.0, 124.7, 124.4, 122.8, 115.1, 109.4, 55.7, 36.1.

K,CO3 (2 equiv.), o:(D
| Cul (5 mol%), DMEDA (10 mol%) N
~0 - T :
N Br 1,4-dioxane (1.0 M)

40°C,72h

1-(4-bromophenyl)indolin-2-one (S7)

S7

Oxindole S7 was synthesised according to a modified literature procedure.> An oven-dried N2
filled 10 mL crimp-top vial was charged with Cul (35.8 mg, 0.19 mmol, 5 mol%), K,CO3 (1.04 g,
7.51 mmol, 2.0 equiv.), oxindole (500 mg, 3.75 mmol, 1.2 equiv.) and 1-bromo-4-iodobenzene
(2.28 g, 4.51 mmol, 1.2 equiv.). Subsequently, dry 1,4-dioxane (3.80 mL, 1.0 M) and DMEDA
(40.0 uL, 0.38 mmol, 10 mol%) were added. The vial was placed inside an aluminium heating
block pre-heated to 40 °C and stirred for 72 h. The reaction mixture was cooled to room
temperature, diluted with EtOAc (30 mL) and filtered through a plug of celite, eluting with
EtOAc (100 mL). The volatiles were evaporated in vacuo and the resulting residue was purified

by flash column chromatography (SiO2, pentane:EtOAc 4:1) to provide S7 as a pale pink solid
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(700 mg, 65%). *H NMR (300 MHz, CDCls) & 7.67 — 7.61 (m, 2H), 7.35 — 7.27 (m, 3H),
7.25—7.15 (m, 1H), 7.09 (td, J = 7.5, 1.1 Hz, 1H), 6.79 (d, J = 7.9 Hz, 1H), 3.70 (d, J = 1.8 Hz,
2H); 3C NMR (101 MHz, CDCls) & 174.4, 144.8, 139.0, 133.0, 128.3, 128.0, 128.0, 124.9,
124.4,123.2, 121.8, 109.4, 36.1.

2.3 Motors

General procedure for the synthesis of oxindole-based motors

Y

Ri TiCl, (1.5 equiv.)
( o DIPEA (1.5 equiv.)
() Y
SR
o)

R 2 THF (0.15 M)
3 0°C-rt,2h
x=1,2
upper half lower half motor

An oven-dried Schlenk tube under N, atmosphere was charged with the appropriate ketone
(S1-S4) (0.50 mmol, 1.0 equiv.) in dry THF (2 mL, 0.25 M), and cooled to 0 °C in an ice bath.
TiCls (0.08 mL, 0.75 mmol, 1.5 equiv.) was added dropwise and the resulting suspension was
stirred for 5 min at this temperature. To this mixture was added a solution of the appropriate
oxindole derivative (oxindole, 6-bromooxindole, or S5-S7) (0.75 mmol, 1.5 equiv.) in dry THF
(2 mL, 0.75 M) via syringe. Subsequently, DIPEA (0.10 mL, 0.75 mmol, 1.5 equiv.) was added
dropwise, and the resulting mixture was allowed to warm to room temperature and stirred for
2 h. The reaction was quenched with aqueous HCI solution (1 M, 5 mL) and extracted with
EtOAc (3 x 10 mL). The combined organic layers were washed with brine and dried over
MgSOQ,, and the volatiles removed in vacuo to yield a yellow oil. The crude was subsequently
purified by flash column chromatography (SiO., pentane:EtOAc 4:1), and subsequently
recrystallised via slow evaporation of MeOH into a concentrated solution of the product in

CHCI; to yield the corresponding motor exclusively as the stable E isomer.
(E)-3-(2-methyl-2,3-dihydro-1H-cyclopenta[alnaphthalen-1-ylidene)indolin-2-one (Es-1)

Motor Es-1 was synthesised according to the general procedure to yield
orange needles (56.0 mg, 36%). *H NMR (600 MHz, CDCls) 6 8.40 (br s,
1H), 8.00 (d, J=8.2 Hz, 1H), 7.99 - 7.95 (m, 1H), 7.64 (dd, J = 8.4, 1.2 Hz,
1H), 7.59 (d, J = 8.2 Hz, 1H), 7.53 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.43
(ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.11 (td, J = 7.6, 1.2 Hz, 1H), 6.90 (ddd,

Es-1 J=7.8, 1.1, 0.6 Hz, 1H), 6.63 (td, J = 7.6, 1.1 Hz, 1H), 6.41 — 6.34 (m,
1H), 4.69 — 4.62 (m, 1H), 3.53 (dd, J = 15.6, 5.9 Hz, 1H), 2.78 (d, J = 15.6 Hz, 1H), 1.30 (d,
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J = 6.8 Hz, 3H); 13C NMR (151 MHz, CDCls) 6 170.5, 162.7, 150.8, 140.1, 134.9, 133.0, 132.9,
129.3, 129.0, 127.8, 127.6, 127.0, 125.8, 125.6, 124.2, 123.2, 120.6, 120.1, 109.0, 43.7, 41.7,
19.6; HRMS (ESI+, m/z) calcd for C22H1sNO [M+H]" = 312.1383, found 312.1382.

(2)-3-(2-methyl-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-ylidene)indolin-2-one (Zs-1)

An oven-dried N filled crimp-top vial was charged with motor Es-1
(20.0 mg), dissolved in degassed (freeze-pump-thaw, three cycles)
EtOAc (40 mL) and irradiated with a 365 nm LED for 16 h while stirring.
The volatiles were removed in vacuo to give an orange oil, which was
subsequently purified by flash column chromatography (SiO.,
pentane:EtOAc 100:0 — 90:10, gradient over 1 h) to yield Zs-1 (5.00 mg,
25%). *H NMR (600 MHz, CDCl3) 8 8.12 (br s, 1H), 7.94 (d, J = 8.2 Hz, 1H), 7.91 — 7.88 (m,
1H), 7.87 —-7.84 (m, 1H), 7.64 (d, J=7.6 Hz, 1H), 7.54 - 7.48 (m, 3H), 7.23 (td, J = 7.7, 1.1 Hz,
1H), 7.10 (d, J = 1.1 Hz, 1H), 6.80 (ddd, J = 7.7, 1.1, 0.5 Hz, 1H), 4.08 (p, J = 6.9, 1H), 3.55
(dd, J = 15.4, 5.8 Hz, 1H), 2.77 (d, J = 15.4 Hz, 1H), 1.37 (d, J = 6.9 Hz, 3H); *C NMR
(151 MHz, CDCls) 6 167.0, 161.6, 148.9, 140.3, 134.6, 133.3, 132.7, 131.0, 128.4, 128.3,
127.9, 126.0, 125.5, 125.3, 123.5, 123.2, 121.7, 120.2, 109.7, 44.3, 41.4, 19.5.

(E)-3-(5-methoxy-2-methyl-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-ylidene)indolin-
2-one (Es-2)

OMe Motor Es-2 was synthesised according to the general procedure, with

some modifications. An oven-dried Schlenk tube under N, atmosphere
was charged with ketone S2 (113 mg, 0.50 mmol, 1.0 equiv.) in dry THF
(2 mL, 0.25 M), and cooled to 0 °C in an ice bath. TiCls (0.08 mL, 0.7 mmol,
1.5 equiv.) was added dropwise and the resulting suspension was stirred

Eg-2 for 5 min at this temperature. To this mixture was added a solution of
oxindole (100 mg, 0.75 mmol, 1.5 equiv.) in dry THF (1 mL, 0.75 M) via syringe. Subsequently,
DIPEA (0.10 mL, 0.75 mmol, 1.5 equiv.) was added dropwise, and the resulting mixture was
allowed to warm to room temperature and stirred for 2 h. The reaction was quenched with sat.
aqueous NH4CI solution (5 mL) which caused the formation of an orange precipitate. The
precipitate was filtered off and washed with pentane followed by cold CH.CI; to yield motor
Es-2 as an orange precipitate (124 mg, 73%). *H NMR (600 MHz, ds-THF) & 9.43 (br s, 1H),
8.38 — 8.26 (m, 1H), 7.55 (d, J = 8.3 Hz, 1H), 7.46 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 7.39 (ddd,
J=8.3,6.8,1.4 Hz, 1H), 7.11 (s, 1H), 6.98 (td, J = 7.6, 1.2 Hz, 1H), 6.79 — 6.74 (m, 1H), 6.49
(td, J=7.6, 1.1 Hz, 1H), 6.28 (d, J = 7.7 Hz, 1H), 4.56 (p, J = 6.7 Hz, 1H), 4.11 (s, 3H), 3.52
—3.39 (M, 1H), 2.71 (d, J = 15.6 Hz, 1H), 1.21 (d, J = 6.7 Hz 3H); 3C NMR (151 MHz, dg-THF)
6 170.5, 161.3, 160.5, 153.5, 142.5, 131.0, 128.5, 128.2, 128.1, 127.9, 126.1, 125.9, 125.7,
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124.5, 123.8, 120.3, 119.6, 109.2, 103.6, 56.5, 44.1, 42.8, 20.2; HRMS (ESI+, m/z) calcd for
C23H10NO [M+H]* = 342.1489, found 342.1490.

(E)-3-(5-bromo-2-methyl-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-ylidene)indolin-2-
one (S8)

Motor S8 was synthesised according to the general procedure to yield
orange crystals (67.0 mg, 34%). *H NMR (300 MHz, CDCls) 6 8.39 (d, J =
8.5 Hz, 1H), 7.93 (br s, 1H), 7.85 (s, 1H), 7.64 (dd, J = 12.9, 8.0 Hz, 2H),
7.47 (t, J = 7.7 Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.87 (d, J = 7.8 Hz, 1H),
6.61 (t, J = 7.7 Hz, 1H), 6.31 (d, J = 7.8 Hz, 1H), 4.63 (p, J = 6.6 Hz, 1H),
3.50 (dd, J = 15.9, 5.9 Hz, 1H), 2.74 (d, J = 15.8 Hz, 1H), 1.27 (d,
J = 6.7 Hz, 3H); *C NMR (101 MHz, CDCl3) & 170.0, 161.2, 150.5, 140.1,
135.1, 131.2, 130.0, 128.5, 128.3, 128.2, 128.0, 127.9, 127.8, 127.2, 125.5, 123.0, 120.7,
120.6, 109.1, 43.6, 41.4, 19.5; HRMS (ESI+, m/z) calcd for C22H16BrNO [M+H]* = 390.0488,
found 390.0485.

(E)-2-methyl-1-(2-oxoindolin-3-ylidene)-2,3-dihydro-1H-cyclopentala]naphthalene-5-
carbonitrile (Es-3)

tBuXPhos Pd G3 (16 mol%)
tBuXPhos (27 mol%)
Zn(CN), (2.0 equiv.)

DMF/H,0 (65 mM)
70°C, 16 h

S8 3

An oven-dried Schlenk tube under N> atmosphere was charged with motor S8 (44.0 mg,
113 pmol, 1.0 equiv.) tBuXPhos G3 (16.0 mg, 18.0 ymol, 16 mol%), tBuXPhos (12.9 mg,
30.4 ymol, 27 mol%) and Zn(CN)2 (26.5 mg, 22.5 mmol, 2.0 equiv.). A degassed (3x freeze-
pump-thaw) mixture of DMF/H2O (99:1, 1.70 mL, 65.0 mM) was added and the resulting
solution was heated to 70 °C and stirred for 16 h. After cooling to room temperature, the
mixture was diluted with EtOAc, washed with brine, dried over MgSOs, and the volatiles were
removed in vacuo. The crude product was purified by flash column chromatography (SiOx,
pentane:EtOAc 9:1), and subsequently recrystallised via slow evaporation of MeOH into a
concentrated solution of the product in CHCI; to yield motor Es-3 as deep red crystals
(37.0 mg, 98%).
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IH NMR (400 MHz, CDCls) & 8.39 (d, J = 8.4 Hz, 1H), 8.01 (s, 1H), 7.92
(br's, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.73 (ddd, J = 8.3, 6.9, 1.2 Hz, 1H), 7.54
(ddd, J = 8.3, 6.9, 1.2 Hz, 1H), 7.14 (td, J = 7.7, 1.1 Hz, 1H), 6.87 (d,
J=7.8Hz, 1H), 6.62 (td, J = 7.7, 1.1 Hz, 1H), 6.29 (d, J = 7.8 Hz, 1H), 4.69
(p, J = 6.6 Hz, 1H), 3.53 (dd, J = 15.9, 6.0 Hz, 1H), 2.80 (d, J = 15.8 Hz,

Es-3 1H), 1.26 (d, J = 6.8 Hz, 3H); *C NMR (101 MHz, CDCls) & 169.7, 159.4,
148.2, 140.6, 140.4, 132.0, 130.3, 129.1, 128.8, 128.4, 128.4, 128.1, 126.3, 125.7, 122.8,
122.5, 120.9, 117.9, 113.3, 109.4, 43.5, 41.2, 19.2; HRMS (ESI+, m/z) calcd for CosHisN2O
[M+H]* = 337.1335, found 337.1332.

(2)-2-methyl-1-(2-oxoindolin-3-ylidene)-2,3-dihydro-1H-cyclopenta[a]naphthalene-5-
carbonitrile (Zs-3)

An oven-dried N filled crimp-top vial was charged with motor Es-3
(10.0 mg) was dissolved in degassed (freeze-pump-thaw, three cycles)
EtOAc (20 mL) and irradiated with a 365 nm LED for 16 h while stirring.
The volatiles were removed in vacuo to give a red oil, was subsequently

purified by semi-prep high performance liquid chromatography (SiOo,

heptane/propan-2-ol 99:1, 4.0 mL min, 60 min, see section 4 for details)
to yield Zs-3 (3.00 mg, 30%). 'H NMR (600 MHz, CDCls) & 8.32 (d, J = 8.2 Hz, 1H), 7.96 (d,
J=8.5Hz, 1H), 7.94 (s, 1H), 7.74 — 7.69 (m, 2H), 7.66 (d, J = 7.7 Hz, 1H), 7.63 (t, J = 7.4 Hz,
1H), 7.31 (t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 4.12 (p,
J = 7.0 Hz, 1H), 3.58 (dd, J = 15.5, 7.0 Hz, 1H), 2.83 (d, J = 15.5 Hz, 1H), 1.39 (d, J = 7.0 Hz,
3H); 3C NMR (151 MHz, CDCl3) & 169.2, 161.2, 148.5, 139.5, 138.6, 131.9, 130.1, 128.5,
128.5, 128.4,127.6, 126.4, 126.2, 125.7, 123.6, 121.5, 120.9, 117.6, 113.8, 110.0, 43.4, 41.1,
19.1.

(E)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-one (Es-4)

Motor Es-4 was synthesised according to the general procedure to yield pale
yellow crystals (102 mg, 62%). *H NMR (600 MHz, CDCl;) & 7.90 (dd,
J=8.3, 2.2 Hz, 2H), 7.78 (d, J = 8.5 Hz, 1H), 7.63 (br s, 1H), 7.47 — 7.38
(m, 2H), 7.31 (ddd, J = 8.3, 6.9, 1.4 Hz, 1H), 6.96 (td, J = 7.6, 1.3 Hz, 1H),

Es-4 6.75 (d, J = 7.7 Hz, 1H), 6.31 (td, J = 7.7, 1.2 Hz, 1H), 5.67 (d, J = 7.9 Hz,
1H), 4.89 (h, J = 7.0 Hz, 1H), 2.78 (ddd, J = 14.6, 4.6, 3.1 Hz, 1H), 2.60 (ddd, J = 14.4, 12.5,
5.3 Hz, 1H), 2.37 (ddq, J = 12.8, 5.3, 3.1 Hz, 1H), 1.19 — 1.11 (m, 4H); *C NMR (151 MHz,
CDCls) 6 169.2, 156.7, 141.1, 139.5, 132.1, 131.6, 130.4, 129.7, 128.7, 128.1, 127.3, 126.1,
125.4, 125.0, 124.0, 123.1, 122.7, 121.2, 108.8, 32.5, 29.7, 29.4, 20.9; HRMS (ESI+, m/z)
calcd for C23H19NO [M+H]*" = 348.1359, found 348.1357.
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(2)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-one (Zs-4)

An oven-dried N filled crimp-top vial was charged with motor Es-4
(10.0 mg) was dissolved in degassed (freeze-pump-thaw, three cycles)
EtOAc (20 mL) and irradiated with a 365 nm LED for 16 h while stirring.
The colour change of the solution during irradiation from yellow to orange

indicated the generation of the Zy-4 isomer. The mixture was then heated

Zs-4

to reflux in the dark for 2 h, and the solution had turned yellow once again.
After being left to cool to room temperature, the volatiles were removed in vacuo to give a
yellow oil. This was subsequently purified by flash column chromatography (SiO,
pentane:EtOAc 100:0 — 90:10, gradient over 1 h) to yield Zs-4 (5.00 mg, 50%). *H NMR
(400 MHz, CDCls) 6 8.00 (d, J = 8.2 Hz, 1H), 7.88 — 7.80 (m, 2H), 7.78 (br s, 1H), 7.74 (d,
J=7.8 Hz, 1H), 7.42 (dd, J = 6.9, 1.3 Hz, 1H), 7.39 — 7.33 (m, 2H), 7.24 (d, J = 7.7 Hz, 1H),
7.10 (t, J =7.7 Hz, 1H), 6.72 (d, J = 7.7 Hz, 1H), 3.95 (h, J = 7.2 Hz, 1H), 2.75 (dt, J = 14.2,
3.6 Hz, 1H), 2.57 (td, J = 13.7, 4.7 Hz, 1H), 2.39 (dddd, J = 12.6, 7.7, 4.7, 2.8 Hz, 1H), 1.28
(d, J=6.9 Hz, 3H), 1.13 (tdd, J = 12.5, 7.5, 4.2 Hz, 1H); *C NMR (151 MHz, CDCl;) 5 167.1,
154.1, 141.0, 139.6, 133.0, 131.9, 131.8, 129.6, 128.5, 128.4, 126.5, 125.6, 124.9, 124.6,
124.4, 123.7, 123.5, 121.8, 109.8, 35.3, 29.9, 29.7, 20.3.

(E)-6-bromo-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-one (S9)

Motor S9 was synthesised according to the general procedure to yield
yellow crystals (121 mg, 60%). *H NMR (600 MHz, CDCIs) & 8.18 (s, 1H),
7.94 — 7.88 (m, 2H), 7.73 (dd, J = 8.5, 1.0 Hz, 1H), 7.45 — 7.41 (m, 3H),
7.33 (ddd, J = 8.3, 6.7, 1.3 Hz, 1H), 6.95 (d, J = 1.8 Hz, 1H), 6.44 (dd,
J =8.4,1.8Hz, 1H), 5.49 (d, J = 8.4 Hz, 1H), 4.86 (dt, J = 7.8, 6.8 Hz, 1H),
2.60 (ddd, J = 14.6, 12.4, 5.3 Hz, 1H), 2.38 (dddd, J = 13.1, 8.2, 5.3, 3.1
Hz, 1H), 1.21 — 1.10 (m, 4H); 3C NMR (151 MHz, CDCls) & 169.3, 157.8, 141.3, 140.7, 132.1,
131.3, 130.2, 130.0, 128.8, 127.5, 126.1, 125.5, 125.0, 124.8, 124.2, 122.0, 122.0, 121.6,
112.3, 32.8, 29.7, 29.2, 20.8; HRMS (ESI+, m/z) calcd for Cx3H1sBrNO [M+H]* = 404.0645,
found 404.0641.
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(E)-6-methoxy-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-one (Es-5)

CuBr (1.0 equiv.)
NaOMe (5.0 equiv.)

DMF/MeOH (70 mM)
95 °C, 16 h

An oven-dried Schlenk tube under N> atmosphere was charged with motor S9 (20.0 mg,
50.0 umol, 1.0 equiv.) and CuBr (7.10 mg, 50.0 pymol, 1.0 equiv.). A degassed (sparged with
N2 for 30 min) mixture of MeOH/DMF (5:2, 0.7 mL, 70.0 mM) was added, followed by NaOMe
(54.0 pL, 25 wt. % in MeOH, 5.0 equiv.) and the resulting solution was heated to 95 °C for
16 h. After cooling to room temperature, the mixture was extracted with CH,Cl,, washed with
brine, dried over MgSQO,, and the volatiles were removed in vacuo. The crude product was
purified by flash column chromatography (SiO., pentane:EtOAc 4:1), and subsequently
recrystallised via slow evaporation of MeOH into a concentrated solution of the product in

CHCIs to yield motor Es-5 as yellow needles (15.0 mg, 85%).

H NMR (600 MHz, CDCls) 8 8.29 (s, 1H), 7.95 — 7.84 (m, 2H), 7.80 (dd, J
=8.5, 1.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.32 (ddd, J = 8.3, 6.8, 1.3 Hz,
1H), 6.37 (d, J = 2.4 Hz, 1H), 5.86 (dd, J = 8.7, 2.4 Hz, 1H), 5.57 (d,
J =8.7 Hz, 1H), 4.86 (h, J = 7.0 Hz, 1H), 3.66 (s, 3H), 2.77 (ddd, J = 14.5,
4.5, 3.0 Hz, 1H), 2.60 (ddd, J = 14.4, 12.5, 5.3 Hz, 1H), 2.37 (dddd,
J=13.0, 8.2, 5.2, 3.0 Hz, 1H), 1.19 — 1.08 (m, 4H); 3C NMR (151 MHz,
CDClIs) 6 170.3, 160.0, 153.5, 141.2, 141.1, 132.1, 131.9, 130.4, 129.4, 128.7, 127.2, 1261,
125.3,125.2,125.0, 122.6, 116.2, 106.2, 96.0, 55.4, 32.3, 29.8, 29.6, 21.0; HRMS (ESI+, m/z)
calcd for C24H21NO2 [M+H]* = 356.1645, found 356.1642.

(2)-6-methoxy-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-one (Zs-5)

An oven-dried N filled crimp-top vial was charged with motor Es-5
(5.00 mg) was dissolved in degassed (freeze-pump-thaw, three
cycles) EtOAc (10 mL) and irradiated with a 365 nm LED for 16 h while

stirring. The colour change of the solution during irradiation from yellow

to orange indicated the generation of the Zu-5 isomer. The mixture was

Zs-5

then heated to reflux in the dark for 2 h, and the solution had turned
yellow once again. After being left to cool to room temperature, the volatiles were removed in

vacuo to give a yellow oil. This was subsequently purified by semi-prep high performance
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liguid chromatography (SiO., heptane:EtOAc 80:20, 3.5 mL min, 40 min, see section 4 for
details) to yield Zs-5 (2.00 mg, 40%). *H NMR (500 MHz, CDCl3) d 8.03 — 7.91 (m, 1H), 7.87
—7.78 (m, 3H), 7.71 (s, 1H), 7.44 — 7.31 (m, 4H), 6.45 (s, 1H), 3.94 (s, 3H), 3.84 — 3.75 (m,
1H), 2.81 — 2.69 (m, 1H), 2.56 (td, J = 13.7, 4.7 Hz, 1H), 2.41 (dd, J = 7.9, 4.8 Hz, 1H), 1.30 —
1.24 (d, 3H), 1.13 (tdd, J = 12.6, 7.6, 4.3 Hz, 1H); 3C NMR (151 MHz, CDCl;) & 169.9, 160.0,
153.5, 141.1, 141.0, 132.1, 131.8, 130.4, 129.4, 128.7, 127.2, 126.1, 125.3, 125.2, 125.0,
122.3, 116.2, 106.2, 95.8, 55.4, 32.3, 29.8, 29.6, 21.0.

(E)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-2-oxoindoline-6-carbonitrile
(Es-6)
tBuXPhos Pd G3 (16 mol%)

tBuXPhos (27 mol%)
Zn(CN), (2.0 equiv.)

DMF/H,0 (65 mM)
70°C, 16 h

An oven-dried Schlenk tube under N> atmosphere was charged with motor S8 (50.0 mg,
124 ymol, 1.0 equiv.) tBuXPhos G3 (17.6 mg, 20.0 ymol, 16 mol%), tBuXPhos (14.1 mg,
33.0 ymol, 27 mol%) and Zn(CN)2 (29.0 mg, 24.7 mmol, 2.0 equiv.). A degassed (3x freeze-
pump-thaw) mixture of DMF/H-O (99:1, 1.9 mL, 65 mM) was added and the resulting solution
was heated to 70 °C for 16 h. After cooling to room temperature, the mixture was diluted with
EtOAc, washed with brine, dried over MgSQO., and the volatiles were removed in vacuo. The
crude product was purified by flash column chromatography (SiO;, pentane:EtOAc 9:1), and
subsequently recrystallised via slow evaporation of MeOH into a concentrated solution of the
product in CHCI; to yield motor Es-6 exclusively as yellow crystals of the E isomer (38.0 mg,
88%).

'H NMR (600 MHz, CDCls) & 8.69 (s, 1H), 7.95 (d, J = 8.3 Hz, 1H),
7.93-7.90 (m, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.51 — 7.39 (m, 2H), 7.32
(ddd, J = 8.4, 6.8, 1.3 Hz, 1H), 7.05 (d, J = 1.5 Hz, 1H), 6.62 (dd, J = 8.1,
1.5 Hz, 1H), 5.71 (d, J = 8.2 Hz, 1H), 4.89 (h, J = 7.0 Hz, 1H), 2.84 (ddd,
J= 148, 4.6, 3.1 Hz, 1H), 2.61 (ddd, J = 14.7, 12.4, 5.4 Hz, 1H), 2.40
(dddd, J =13.1, 8.2, 5.4, 3.1 Hz, 1H), 1.25 — 1.15 (m, 4H); 3C NMR (151
MHz, CDCls) 6 169.0, 162.0, 141.6, 139.8, 132.2, 130.7, 130.7, 130.1, 129.0, 127.8, 127.2,
126.2, 125.7, 125.6, 124.4, 123.9, 121.6, 119.1, 111.7, 110.6, 33.3, 29.6, 28.9, 20.7; HRMS
(ESI+, m/z) calcd for C24H1sN2O [M+H]* = 351.1492, found 351.1493.
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(2)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-2-oxoindoline-6-carbonitrile
(Zs-6)

An oven-dried N; filled crimp-top vial was charged with motor Es-6
(5.00 mg) was dissolved in degassed (freeze-pump-thaw, three cycles)
EtOAc (10 mL) and irradiated with a 365 nm LED for 16 h while stirring.
The colour change of the solution during irradiation from yellow to

cN orange indicated the generation of the Zu-6 isomer. The mixture was

Zs-6

then heated to reflux in the dark for 2 h, and the solution had turned
yellow once again. After being left to cool to room temperature, the volatiles were removed in
vacuo to give an orange oil. This was subsequently purified by semi-prep high performance
liguid chromatography (SiO2, heptane:EtOAc 80:20, 3.5 mL min?, 30 min, see section 4 for
details) to yield Zs-6 (2 mg, 40%). 'H NMR (600 MHz, CDCls3) d 8.05 (s, 1H), 7.92 (d,
J =8.6 Hz, 2H), 7.89 (t, J = 8.8 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.38
(m, 4H), 6.88 (d, J = 1.5 Hz, 1H), 3.90 (h, J = 7.3 Hz, 1H), 2.79 (dt, J = 14.4, 3.7 Hz, 1H), 2.57
(td, J = 13.8, 4.8 Hz, 1H), 2.41 (ddq, J = 12.4, 7.8, 3.5 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H), 1.18
(tdd, J = 12.5, 7.4, 4.2 Hz, 1H); 3C NMR (151 MHz, CDCl3) d 166.4, 159.2, 141.0, 140.2,
132.7, 131.9, 131.1, 130.7, 128.7, 127.8, 126.9, 126.1, 125.6, 125.2, 124.5, 124.2, 122.3,
119.1, 112.2, 111.0, 35.8, 29.7, 29.2, 20.4.

(E)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-1-phenylindolin-2-one (Es-7)

Motor Es-7 was synthesised according to the general procedure to yield
yellow crystals (123 mg, 61%). *H NMR (600 MHz, CDCl3) 6 7.94 — 7.91
(m, 2H), 7.89 (d, J = 8.5 Hz, 1H), 7.58 — 7.51 (m, 4H), 7.48 — 7.40 (m, 3H),
7.37 (ddd, J =8.2, 6.7, 1.3 Hz, 1H), 6.95 (td, J = 7.7, 1.2 Hz, 1H), 6.78 —
6.73 (m, 1H), 6.37 (td, J =7.7, 1.1 Hz, 1H), 5.77 (dd, J = 7.9, 1.1 Hz, 1H),

Es-7 4.99 — 4.90 (m, 1H), 2.81 (ddd, J = 14.5, 4.5, 2.9 Hz, 1H), 2.63 (ddd,
J=14.4,12.7, 5.2 Hz, 1H), 2.39 (dddd, J = 13.0, 8.1, 5.2, 2.9 Hz, 1H), 1.21 — 1.10 (m, 4H);
13C NMR (151 MHz, CDCls) & 167.3, 157.1, 142.3, 141.2, 135.0, 132.2, 131.7, 130.5, 129.8,
129.6, 128.7, 127.9, 127.9, 127.4, 127.2, 126.1, 125.4, 125.0, 123.7, 122.5, 122.3, 121.7,
108.7, 32.9, 29.8, 29.5, 20.9; HRMS (ESI+, m/z) calcd for C29H23NO [M+H]" = 424.1672, found
424.1673.
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(2)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-1-phenylindolin-2-one (Zs-7)

An oven-dried N filled crimp-top vial was charged with motor Es-7 (10.0
mg) was dissolved in degassed (freeze-pump-thaw, three cycles) EtOAc
(20 mL) and irradiated with a 365 nm LED for 16 h while stirring. The

volatiles were removed in vacuo to give an orange oil, which was

subsequently purified by flash column chromatography (SiOg,
@ Zs-7 pentane:EtOAc 100:0 — 90:10, gradient over 1 h) to yield Zs-7 (5.00 mg,
50%). *H NMR (600 MHz, CDCls) 8 8.13 — 8.03 (m, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.83 — 7.78
(m, 2H), 7.42 — 7.36 (m, 4H), 7.35 (d, J = 8.2 Hz, 1H), 7.30 — 7.24 (m, 5H), 7.18 (td, J = 7.7,
1.1 Hz, 1H), 6.89 (d, J = 7.9 Hz, 1H), 4.06 (h, J = 7.2 Hz, 1H), 2.77 (dt, J = 14.2, 3.6 Hz, 1H),
2.63 (td, J=13.7, 4.8 Hz, 1H), 2.43 (dddd, J = 12.6, 7.8, 4.8, 2.9 Hz, 1H), 1.34 (d, J = 6.9 Hz,
3H), 1.17 (tdd, J = 12.5, 7.4, 4.2 Hz, 1H); 3C NMR (151 MHz, CDCls) & 165.0, 154.7, 143.6,
139.5, 134.8, 132.9, 132.0, 131.9, 129.6, 129.4, 128.5, 128.4, 127.6, 127.2, 126.6, 125.5,
125.0, 124.5, 124.3, 123.2, 122.9, 122.2, 109.3, 35.4, 29.9, 29.7, 20.5.

(E)-1-(4-methoxyphenyl)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-
one (Es-8)

Motor 8 was synthesised according to the general procedure to yield
bright yellow crystals (120 mg, 59%). *H NMR (400 MHz, CDCls)
7.94 — 7.90 (m, 2H), 7.88 (d, J = 8.6 Hz, 1H), 7.43 (ddt, J = 12.3, 7.6,
3.4 Hz, 4H), 7.36 (ddd, J = 8.2, 6.7, 1.3 Hz, 1H), 7.11 — 7.03 (m, 2H),
6.94 (t, J = 7.7 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.35 (t, J = 7.7 Hz,
1H), 5.75 (d, J = 7.8 Hz, 1H), 4.93 (h, J = 7.0 Hz, 1H), 3.88 (s, 3H),

Es-8 2.80 (dt, J = 14.5, 3.8 Hz, 1H), 2.62 (td, J = 13.5, 5.2 Hz, 1H), 2.38
(dddd, J=12.9, 8.0, 5.1, 2.9 Hz, 1H), 1.18 — 1.08 (m, 4H); 3C NMR (101 MHz, CDCls) 5 167.5,
159.1, 157.0, 142.7, 141.2, 132.1, 131.7, 130.5, 129.8, 128.7, 128.5, 127.9, 127.6, 127.4,
126.1, 125.4, 125.1, 123.7, 122.5, 122.2, 121.6, 114.9, 108.6, 55.7, 32.9, 29.8, 29.5, 20.9;
HRMS (ESI+, m/z) calcd for C3oH2sNO2 [M+H]*" = 432.1958, found 432.1956.
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(E)-1-(4-bromophenyl)-3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)indolin-2-
one (S10)

Motor S10 was synthesised according to the general procedure to yield
yellow crystals (145 mg, 60%). *H NMR (600 MHz, CDCls) & 7.96 —
7.91 (m, 2H), 7.90 - 7.84 (m, 1H), 7.72 — 7.65 (m, 2H), 7.48 — 7.41 (m,
4H), 7.36 (ddd, J = 8.3, 6.7, 1.3 Hz, 1H), 6.96 (td, J = 7.7, 1.2 Hz, 1H),
6.77 — 6.71 (m, 1H), 6.39 (td, J = 7.7, 1.1 Hz, 1H), 5.78 (dd, J = 8.0,
1.2 Hz, 1H), 4.96 — 4.85 (m, 1H), 2.81 (ddd, J = 14.5, 4.5, 2.9 Hz, 1H),

$10 2.62 (ddd, J = 14.5, 12.7, 5.2 Hz, 1H), 2.39 (dddd, J = 13.0, 8.2, 5.2,
3.0 Hz, 1H), 1.22 — 1.11 (m, 4H); *3C NMR (151 MHz, CDCls) 6 167.0, 157.6, 141.7, 141.3,
138.7, 134.0, 132.8, 132.2, 131.6, 130.4, 129.9, 128.9, 128.8, 128.7, 128.0, 127.4, 126.1,
125.4, 124.9, 123.8, 122.4, 122.2, 122.0, 121.3, 108.6, 33.0, 29.8, 29.4, 20.8; HRMS (ESI+,
m/z) calcd for C29H22BrNO [M+H]* = 480.0958, found 480.0952.

(E)-4-(3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-2-oxoindolin-1-
ybenzonitrile (Es-9)

tBuXPhos Pd G3 (16 mol%)
tBuXPhos (27 mol%)
Zn(CN), (2.0 equiv.)

DMF/H,0 (65 mM)
70 °C, 16 h

s10 Es-9

An oven-dried Schlenk tube under N, atmosphere was charged with motor S10 (30 mg,
62.0 umol, 1.0 equiv.) tBuXPhos G3 (9.00 mg, 10.0 pymol, 16 mol%), tBuXPhos (7.00 mg,
17.0 ymol, 27 mol%) and Zn(CN)2 (14.1 mg, 12.0 mmol, 2.0 equiv.). A degassed (3x freeze-
pump-thaw) mixture of DMF/H,0 (99:1, 96 uL, 65 mM) was added and the resulting solution
was heated to 70 °C for 16 h. After cooling to room temperature, the mixture was diluted with
EtOAc, washed with brine, dried over MgSO., and the volatiles were removed in vacuo. The
crude product was purified by flash column chromatography (SiO;, pentane:EtOAc 9:1), and
subsequently recrystallised via slow evaporation of MeOH into a concentrated solution of the

product in CHCIs to yield motor Es-9 as deep yellow crystals (47.0 mg, 75%).
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H NMR (600 MHz, CDCl3) 5 7.93 (t, J = 8.6 Hz, 2H), 7.85 (d, J = 8.3
Hz, 2H), 7.83 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 7.46 (d,
J=8.4 Hz, 1H), 7.43 (d, J = 7.6 Hz), 7.35 (ddt, J = 8.1, 6.8, 1.2 Hz,
1H), 6.98 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.9 Hz, 1H), 6.42 (t,
J=7.9Hz)5.79 (d, J = 7.9 Hz, 1H), 4.87 (s, 1H), 2.82 (dt, J = 14.6,
3.8 Hz, 1H), 2.61 (td, J = 13.6, 5.2 Hz, 1H), 2.39 (dddd, J = 11.0, 8.2,
5.2, 2.9 Hz, 1H), 1.20 — 1.11 (m, 4H); 3C NMR (151 MHz, CDCls) &
166.6, 158.4, 141.3, 140.5, 139.1, 133.3, 132.1, 131.2, 130.2, 130.0, 129.2, 129.1, 128.9,
128.7, 128.2, 127.9, 127.4, 127.1, 126.0, 125.4, 125.3, 124.7, 123.9, 122.5, 122.5, 121.7,
118.5, 110.8, 108.5, 33.1, 29.7, 29.2, 20.7; HRMS (ESI+, m/z) calcd for C3oH22N20 [M+H]* =
427.1805, found 427.1806.

(2)-4-(3-(3-methyl-2,3-dihydrophenanthren-4(1H)-ylidene)-2-oxoindolin-1-
yl)benzonitrile (Zs-9)

An oven-dried N filled crimp-top vial was charged with motor Es-9
(10.0 mg) was dissolved in degassed (freeze-pump-thaw, three cycles)
EtOAc (20 mL) and irradiated with a 365 nm LED for 16 h while stirring. The
colour change of the solution during irradiation from yellow to orange

indicated the generation of the Zu-9 isomer. The mixture was then heated
Q Zs-9 to reflux in the dark for 2 h, and the solution had turned yellow once again.
NC After being left to cool to room temperature, the volatiles were removed in
vacuo to give an orange oil. This was subsequently purified by semi-prep high performance
liguid chromatography (SiO2, heptane:EtOAc 97:3, 3.5 mL min, 30 min, see section 4 for
details) to yield Zs-9 (2.00 mg, 40%). *H NMR (600 MHz, CDCI3) & 8.08 — 8.00 (m, 1H), 7.85
(d,J=7.7 Hz, 1H), 7.83 - 7.77 (m, 2H), 7.51 - 7.47 (m, 2H), 7.40 — 7.31 (m, 3H), 7.28 — 7.25
(m, overlaps CDCls, 1H), 7.22 - 7.15 (m, 3H), 6.86 (dd, J=7.9, 1.1 Hz, 1H), 4.03 (h, J= 7.2 Hz,
1H), 2.76 (dt, J = 14.3, 3.7 Hz, 1H), 2.60 (td, J = 13.7, 4.8 Hz, 1H), 2.42 (dddd, J = 12.7, 7.8,
4.8, 2.9 Hz, 1H), 1.32 (d, J = 6.9 Hz, 3H), 1.20 — 1.11 (m, 1H); *C NMR (151 MHz, CDCl3) &
164.8, 155.3, 143.0, 139.6, 133.9, 132.9, 132.6, 131.9, 131.9, 129.8, 128.7, 128.5, 128.4,
126.6, 125.5, 125.0, 124.4, 124.4, 123.0, 122.6, 121.1, 109.2, 35.5, 29.9, 29.7, 20.5.
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4. HPLC separation of stereocisomers

The E/Z isomers of 3, 5, 6, and 9 were separated by semi-prep HPLC on a Phenomenex Luna
10 um-PREP Silica(3) column (250 x 10.0 mm, particle size 100 A).
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Figure S1: HPLC trace of the PSS of Es-3/Zs-3 (obtained irradiating the sample with a 365 nm LED) monitored at
400 nm. Conditions: heptane/propan-2-ol 99:1, 4.0 mL mint, 60 min, 40 °C. tr! = 35.45 min (Es-3); tr? = 49.10 min

(Zs-3).

mAU
] = PDA Mgiti 1 200nm 2nm
| o2 <
200 IR 8
150 [ 1
: | II‘ [l
1004 [ B
50 "
\
o -/ NN
L I T
0 5 10 15 20 25 30 35
min

Figure S2: HPLC trace of the PSS of Es-5/Zs-5 (obtained irradiating the sample with a 365 nm LED and
subsequently heating to reflux in EtOAc) monitored at 400 nm. Conditions: heptane/EtOAc 80:20, 3.5 mL min‘,

40 min, 40 °C. tr! = 27.33 min (Es-5); tr? = 33.42 min (Zs-5).
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Figure S3: HPLC trace of the PSS of Es-6/Zs-6 (obtained irradiating the sample with a 365 nm LED and
subsequently heating to reflux in EtOAc) monitored at 400 nm. Conditions: heptane/EtOAc 80:20, 3.5 mL min‘,
30 min, 40 °C. tr! = 18.26 min (Es-6); trR? = 22.41 min (Zs-6).
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Figure S4: HPLC trace of the PSS of Es-9/Zs-9 (obtained irradiating the sample with a 365 nm LED and
subsequently heating to reflux in EtOAc) monitored at 337 nm. Conditions: heptane/EtOAc 97:3, 3.5 mL min-,
30 min, 40 °C. tr! = 11.86 min (Es-9); tr? = 18.08 min (Zs-9).
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5. X-ray structures of Es-3, Es-6 and Es-9

Single-crystals of Es-3, Es-6 and Es-9 were mounted on a cryoloop and placed in the nitrogen
stream (100 K) of a Bruker-AXS D8 Venture diffractometer. Data collection and processing
was carried out using the Bruker APEX3 software.® A multi-scan absorption correction was
applied, based on the intensities of symmetry-related reflections measured at different angular
settings (SADABS).” The structure was solved using SHELXT?® and refinement was performed
using SHELXL.°® The hydrogen atoms were generated by geometrical considerations,
constrained by 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. Contributions from disordered solvent present in structure of Es-6 were removed using
the PLATON/SQUEEZE routine.'® No A- or B-level alerts were raised by CheckCIF for the
fully refined structures.

A root mean squares deviation was calculated between the X-ray structures and their
computed structures (DFT, wB97X-D/def2-SVP, gas phase). The structures were compared

without hydrogen atoms (see Figure S5).
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Figure S5: X-ray structures of Es-3, Es-6 and Es-9 with their optimised structures (DFT, wB97X-D/def2-SVP)

overlaid. Computed structures have grids on the atoms, experimentally determined X-ray structures have no grids
on the atoms.
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Figure S6: ORTEP image (ellipsoid at 50% probability) of Es-3.

Table S1: Crystal data and structure refinement for Es-3.

Empirical formula C23H16N20
Formula weight 336.38
Temperature/K 100.0(2)

Crystal system monoclinic

Space group P2i/c

alA 7.3794(3)

b/A 17.1088(7)

c/A 13.8545(5)

a/® 90

p/° 102.5930(10)

y/° 90

Volume/A3 1707.09(12)

z 4

Peacg/cm? 1.309

u/mm-?t 0.639

F(000) 704.0

Crystal size/mm? 0.363 x 0.33 x 0.14
Radiation CuKa (A = 1.54178)
20 range for data collection/° 8.334 to 144.884
Index ranges -9<h<9, -21<sk<21,-17<1<17
Reflections collected 34704

Independent reflections 3342 [Rint = 0.0403, Rsigma = 0.0215]
Data/restraints/parameters  3342/0/237

Goodness-of-fit on F2 1.070

Final R indexes [I>=20 (I)] Ri1=0.0363, wR> =0.0913

Final R indexes [all data] R; =0.0384, wR; = 0.0931

Largest diff. peak/hole / e A= 0.26/-0.29
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Figure S7: ORTEP image (ellipsoid at 50% probability) of Es-6.

Table 2: Crystal data and structure refinement for Es-6.

Empirical formula C24H18N20
Formula weight 350.40
Temperature/K 100.00(2)

Crystal system monoclinic

Space group P2i/c

a/lA 11.1398(4)

b/A 8.6168(3)

c/A 21.2050(7)

a/® 90

p/° 97.3040(10)

y/° 90

Volume/A3 2018.94(12)

z 4

Peaicg/cm?® 1.153

u/mm-?t 0.559

F(000) 736.0

Crystal size/mm?3 0.519 x 0.38 x 0.27
Radiation CuKa (A = 1.54178)
20 range for data collection/°11.096 to 144.086
Index ranges -13<h<13,-10<k<10,-26<1<26
Reflections collected 34820

Independent reflections 3922 [Rint = 0.0505, Rsigma = 0.0283]
Data/restraints/parameters  3922/0/245

Goodness-of-fit on F? 1.088

Final R indexes [I>=20 (I)] Ri1=0.0508, wR> = 0.1453

Final R indexes [all data] R;1 =0.0531, wR; = 0.1472

Largest diff. peak/hole / e A 0.25/-0.42
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Figure S8: ORTEP image (ellipsoid at 50% probability) of Es-9.

Table S3: Crystal data and structure refinement for Es-9.

Empirical formula C3oH22N20
Formula weight 426.49
Temperature/K 100.00(2)

Crystal system monoclinic

Space group C2/c

alA 20.5250(6)

b/A 7.5707(2)

c/A 28.6634(9)

a/® 90

p/° 96.0020(10)

y/° 90

Volume/A3 4429.6(2)

z 8

Pcaicg/cm? 1.279

u/mm- 0.607

F(000) 1792.0

Crystal size/mm? 0.17 x 0.17 x 0.129
Radiation CuKa (A = 1.54178)
20 range for data collection/° 6.2 to 140.252
Index ranges -24<h<24,-95<k<9,-34<1<34
Reflections collected 42392

Independent reflections 4167 [Rint = 0.0341, Rsigma = 0.0164]
Data/restraints/parameters  4167/0/299

Goodness-of-fit on F? 1.046

Final R indexes [I>=20 ()] R:=0.0355, wR2> = 0.0839

Final R indexes [all data] R, =0.0378, wR2 = 0.0860

Largest diff. peak/hole / e A= 0.28/-0.19
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Figure S9: Single-crystal of Es-3 (magnification x50)

Figure S10: Single-crystal of Es-6 (magnification x5)

Figure S11: Single-crystal of Es-9 (magnification x10)
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6. NMR studies of rotation cycle

Solutions (~ 2 x 10~2 M) of the Es isomers of motors 1 and 3 in degassed CDCl; (freeze-pump-
thaw x 3) were prepared and transferred into an NMR tube which was subsequently fitted with
a glass optic fibre for in situ irradiation studies. The sample was place in a Varian Unity Plus
500 MHz NMR and cooled to —90 °C. 1H NMR spectra were recorded before irradiation, while
irradiating at —90 °C, and at —90 °C after heating up to —45 °C for 15 min (for the THI step).
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Figure S12: 'H NMR irradiation studies of 1 in CD2Cl2 (c = 2.4 x 10 M). i) Es-1 before irradiation; ii) 20 min
irradiation 385 nm, emergence of Zwv-1; iii) 60 min irradiation 385 nm, emergence of Zs-1 and Ew-1; iv) PSSsss; V)
THI, =45 °C, 15 min.
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Figure S13: 'H NMR irradiation studies of 3 in CD2Cl2 (c = 2.0 x 10 M). i) Es-3 before irradiation; ii) 20 min
irradiation 455 nm, emergence of Zwv-3; iii) 60 min irradiation 455 nm, emergence of Zs-3 and Ew-3; iv) PSSsss; V)
THI, —45 °C, 15 min.
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Solutions (~ 2 x 102 M) of the Es isomers of motors 4 — 9 in degassed DMSO (freeze-pump-
thaw x 3) were prepared and transferred into an NMR tube which was subsequently fitted with
a glass optic fibre for in situ irradiation studies. The sample was placed in a Varian Unity Plus
500 MHz NMR at room temperature. *H NMR spectra were recorded before irradiation at 25 °C
and while irradiating to PSS at 25 °C. After PSS was reached, the sample was removed from
the NMR, and heated to 70 °C in an oil bath for the THI step. Then the sample was placed
back into the NMR at 25 °C and irradiation to PSS was resumed again. After PSS was
reached, the sample was taken out of the spectrometer and heated to 100 °C in an oil bath
for the second THI step, and then a final spectrum was taken in the NMR at 25 °C.
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Figure S14: *H NMR irradiation studies of 4 in DMSO-ds (c = 2.4 x 102 M). i) Es-4 before irradiation; ii) PSSses =
52:48 (Es-4 : Zwm-4); iii) THI, 70 °C, 60 min; iv) PSS3es = 4:96 (Zs-4 : Em-4); v) THI, 100 °C, 180 min.
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Figure S15: *H NMR irradiation studies of 5 in DMSO-ds (c = 1.8 x 103 M). i) Es-5 before irradiation; ii) PSSaos =
29:71 (Es-5 : Zw-5); iii) THI, 70 °C, 60 min; iv) PSSa40s >99:1 (Em-5 : Zs-5); v) THI, 100 °C, 180 min.

S46



N S

T T T T T T T T T T T T T T T T T T
115 11.0 105 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0
Chemical shift (ppm)

Figure S16: *H NMR irradiation studies of 6 in DMSO-ds (c = 2.5 x 10 M). i) Es-6 before irradiation; ii) PSSa420 =
36:64 (Es-6 : Zw-6); iii) THI, 70 °C, 60 min; iv) PSSaz0 = 22:78 (Zs-6 : Ew-6); V) THI, 100 °C, 180 min.
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Figure S17: *H NMR irradiation studies of 7 in DMSO-ds (c = 2.5 x 10-® M). i) Es-7 before irradiation; ii) PSSsos =
48:52 (Es-7 : Zm-7); i) THI, 70 °C, 60 min; iv) PSSa9s = 13:87 (Zs-7 : Em-7); v) THI, 100 °C, 180 min.
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Figure S18: *H NMR irradiation studies of 8 in DMSO-ds (c = 1.2 x 10 M). i) Es-8 before irradiation; ii) PSSags =
58:42 (Es-8 : Zw-8); iii) THI, 70 °C, 60 min; iv) PSSzes = 16:84 (Zs-8 : Ev-8); v) THI, 100 °C, 180 min.
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Figure S19: *H NMR irradiation studies of 9 in DMSO-ds (c = 2.3 x 10 M). i) Es-9 before irradiation; i) PSSsgs =
49:51 (Es-9 : Zm-9); iii) THI, 70 °C, 60 min; iv) PSSaes = 5:95 (Zs-9 : Em-9); v) THI, 100 °C, 180 min.
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7. UV-Vis spectra
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Figure S20: Normalised UV-Vis absorption spectra of motor Es-1 in CH2Cl2, DMSO and MeOH.
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Figure S21: Normalised UV-Vis absorption spectra of motor Es-2 in DMSO and THF.
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Figure S22: Normalised UV-Vis absorption spectra of motor Es-3 in CH2Clz, DMSO and MeOH.
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Figure S23: Normalised UV-Vis absorption spectra of motor Es-4 in CH2Cl2, DMSO and MeOH.
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Figure S24: Normalised UV-Vis absorption spectra of motor Es-5 in CH2Clz, DMSO and MeOH.
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Figure S25: Normalised UV-Vis absorption spectra of motor Es-6 in CH2Cl2, DMSO and MeOH.
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Figure S26: Normalised UV-Vis absorption spectra of motor Es-7 in CH2Cl2, DMSO and MeOH.
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Figure S27: Normalised UV-Vis absorption spectra of motor Es-8 in CH2Cl2, DMSO and MeOH.
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Figure S28: Normalised UV-Vis absorption spectra of motor Es-9 in CH2Cl2, DMSO and MeOH.
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Figure S29: UV-Vis irradiation of 1 in toluene (c = ~ 1 x 10° M) at 20 °C with A = 365 nm.
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Figure S30: UV-Vis irradiation of 2 in THF (c = ~ 1 x 105 M) at 20 °C with A = 365 nm.
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Figure S31: UV-Vis irradiation of 3 in toluene (c = ~ 1 x 10° M) at 20 °C with A = 365 nm.
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Figure S32: UV-Vis analysis of the rotation cycle of 4 in DMSO (c = ~ 2 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THI.
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Figure S33: UV-Vis analysis of the rotation cycle of 5 in DMSO (c = ~ 2 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THI.
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Figure S34: UV-Vis analysis of the rotation cycle of 6 in DMSO (c = ~ 4 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THI.
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Figure S35: UV-Vis analysis of the rotation cycle of 7 in DMSO (c = ~ 2 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THL.
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Figure S36: UV-Vis analysis of the rotation cycle of 8 in DMSO (c = ~ 2 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THL.
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Figure S37: UV-Vis analysis of the rotation cycle of 9 in DMSO (c = ~ 2 x 105 M). Top left: irradiation to PSS with
A = 365 nm; top right: heating to 60 °C, THI; bottom left: irradiation to PSS with A = 365 nm; bottom right: heating

to 100 °C, THL.
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8. Eyring analysis

NMR samples of motors 1 and 3 in ds-methanol (~ 1 x 10 M) were irradiated with a Thorlabs
LED (M365F1) for five runs at different constant temperatures (between -41.14 and
-51.93 °C) to approach PSS. The temperature of the NMR probe was measured measuring
the relative distance between the residual solvent signals. The thermal helix inversion was
followed plotting the decay of the integrals of Eu-1 and Eu-3 after switching off the irradiation,
in order to extract the rate constants used for the Eyring plots. A least squares analysis was

performed on the Eyring equation to retrieve the AG* of THI.
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Figure S38: Eyring plot analysis of Emv-1 to Es-1 in ds-methanol.

Table S4: Activation parameters of 1 at 20 °C.

Emv-1 > Es-1
AG* (kcal mol?) 17+1
AH* (kcal mol?) 15+1
AS* (cal Kt mol?) -5+6
[E77 300 ms
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Figure S39: Eyring plot analysis of Ev-3 to Es-3 in ds-methanol.
Table 5: Activation parameters of 1 at 20 °C.
Em-3 > Es-3
AG* (kcal mol?) 161
AH?* (kcal mol?) 19+1
AS* (cal Kt mol?) 10+7
tue 100 ms
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Eyring plot analysis of the thermal isomerisation processes of motors 4-9 was performed by
monitoring the decrease in absorption of a UV-Vis sample over time. The rate constants (k) of
the first order decay at five temperatures were obtained by fitting to Y = Ae™? + YO using

Origin software. A least squares analysis was performed on the Eyring equation to retrieve

the AG* of THI.

Equation y=a+b*
Plot In (k*h)/(kB*T)
Weight No Weighting
-34.0 Intercept 337167
Slope -10857.28961
Residual Sum of Squares 0.00526
Pearson's r -0.99877
R-Square(COD) 0.99753
Adj. R-Square 0.99671
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Figure S40: Eyring plot analysis of Zw-4 to Zs-4, monitoring decrease in absorption at A = 400 nm in toluene at
60, 65, 70, 75 and 80 °C.
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Figure S41: Eyring plot analysis of Ev-4 to Es-4, monitoring decrease in absorption at A = 400 nm in toluene at
80, 85, 90, 95 and 100 °C.

Table S6: Activation parameters of 4 at 20 °C

w4 —> Zs-4 Ewv-4 —» Es-4
AG* (kcal mol?) 23.5+0.3 25.8+0.5
AH?* (kcal mol™) 21.6+0.6 22.6+0.8
AS* (cal Kt mol?) —7+2 -11+2
ta 11h 24 d
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Figure S42: Eyring plot analysis of Zu-5 to Zs-5, monitoring decrease in absorption at A = 450 nm in toluene at

60, 65, 70, 75 and 80 °C.
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Figure S43: Eyring plot analysis of Em-5 to Es-5, monitoring decrease in absorption at A = 450 nm in toluene at

80, 85, 90, 95 and 100 °C.

Table S7: Activation parameters of 5 at 20 °C

AG* (kcal mol?)
AH* (kcal mol?)
AS* (cal Kt mol?)

e

Zw-5 = Zs-5
23.3+0.2
19.3+0.5

-14+1
8h
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Figure S44: Eyring plot analysis of Zw-6 to Zs-6, monitoring decrease in absorption at A = 450 nm in toluene at
60, 65, 70, 75 and 80 °C.
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Figure S45: Eyring plot analysis of Em-6 to Es-6, monitoring decrease in absorption at A = 450 nm in toluene at
80, 85, 90, 95 and 100 °C.

Table S8: Activation parameters of 6 at 20 °C

Zn-6 > Zs-6 Em-6 > Es-6
AG* (kcal mol?) 23.2+0.6 24.0+0.5
AH* (kcal mol?) 20+1 17.2+0.8
AS* (cal Kt mol?) -11+3 -23+2
tue 6h 27 h
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Figure S46: Eyring plot analysis of Zu-7 to Zs-7 monitoring decrease in absorption at A = 400 nm in toluene at 60,
65, 70, 75 and 80 °C.
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Figure S47: Eyring plot analysis of Em-7 to Es-7 monitoring decrease in absorption at A =400 nm in toluene at 80,
85, 90, 95 and 100 °C.

Table S9: Activation parameters of 7 at 20 °C

Iw-1 — Zs-7 Em-7 = Es-7
AG* (kcal mol?) 23.6+0.4 25.5+0.7
AH* (kcal mol?) 19.6 £ 0.9 20+1
AS* (cal Kt mol?) -14+3 -18+3
ti 13 h 13d
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Figure S48: Eyring plot analysis of Zu-8 to Zs-8 monitoring decrease in absorption at A = 400 nm in toluene at 60,
65, 70, 75 and 80 °C.

Table S10: Activation parameters of Zu-8 to Zs-8 at 20 °C.

AG* (kcal mol?) 23.9+0.1

AH* (kcal mol?) 21.8+0.3

AS* (cal Kt mol?) -7.0+0.9
tue 20 h
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Figure S49: Eyring plot analysis of Zw-9 to Zs-9 monitoring decrease in absorption at A = 400 nm in toluene at 60,

65, 70, 75 and 80 °C.
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Figure S50: Eyring plot analysis of Ev-9 to Es-9 monitoring decrease in absorption at A = 400 nm in toluene at 80,

85, 90, 95 and 100 °C.

Table S11: Activation parameters of 9 at 20 °C

Zv-9 = Zs-9
23.9+04

AG* (kcal mol?)
AH* (kcal mol?)
AS* (cal Kt mol?)

tie

205+0.7
-12 +2
20 h
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9. Quantum yield determination

Chemical actinometry

A modification of a standard protocol was applied for the determination of the photon flux.11?
An aqueous H>SO4 solution (0.05 M) containing freshly recrystallised Ks[Fe(C204)s] (41 mM,
2 mL, 1 cm quartz cuvette) was irradiated at 20 °C for a given period of time in the dark with
a 365 nm LED. The solution was then diluted with 1.0 mL of an aqueous H>SO, solution
(0.5 M) containing phenanthroline (1 g/L) and NaOAc (122.5 g/L) and left to react for 10 min.
The absorption at A = 510 nm was measured and compared to an identically prepared non-
irradiated sample. The concentration of [Fe(phenanthroline)s]?* complex was calculated using
its molar absorptivity (¢ = 11100 M cm™) and considering the dilution. The quantity of Fe?*
ions expressed in mol was plotted versus time (expressed in seconds, s) and the slope,
obtained by linear fitting the data points to the equation y = ax + b, equals the rate of formation
of the Fe?" ion at the given wavelength. This rate can be converted into the photon flux (1) by
dividing it by the quantum yield of [Fe(phenanthroline)s]** complex at 365 nm (35" = 1219%0)*3
and by the probability of photon absorption at 365 nm of the Fe** complex (approximated to 1
as we were working in the total absorption regime). The obtained molar photon flux was | =
4.21 x 108 mol s™.

-4
4.0x10™ Intercept 11354265 £ 63316166
Slope 1.01511E-4 + 3. 6898E-6
R-Square(COD) 0.99605
3.0x10™ A
5
=
£ 2.0x10% 1
&
[1}]
L
1.0x10™ H
0.0 1
T T T T T T T T T
0 1 2 3 4
Time [s]

Figure S51: Linear fitting of the Fe?* moles generated upon irradiation at different irradiation times with the
associated confidence interval (95%). The fitting afforded a molar photon flux | = 4.21 x 108 mol s,
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Quantum yield determination

For motors 1-3, obtaining a direct quantum yield of isomerisation is challenging, due to the
prohibitive THI barriers between the stable and metastable states meaning the concentration
of the metastable states at room temperature is negligible. Considering this, we measure two
approximated quantum yields directly connecting the Es and Zs states of these motors, and
neglecting the contribution of the metastable states. This gives the following approximation:

QYEZ
Es = Zs

QYZE
Solutions of the Es states in toluene (~ 2 x 10° M) were irradiated with a 365 nm LED, and
the spectra were collected over the first ca. 100 s of constant irradiation (until PSS was
reached), following the evolution of the absorption maximum. UV-Vis spectra were recorded
every second. Baseline corrections were carried out to account for baseline drifting, and the
absorbance at 365 nm over the course of the measurement was extracted. The data was
subsequently processed in Copasi, using a method outlined by Stranius & Borjesson, based

on Equation 1:11

dlA] _QYEZ'I'ﬁE(t)_l_QYZE'I'ﬁZ(t)
at Ny -V N,V

Equation 1

Where | is the molar photon flux (previously determined by chemical actinometry), Na is
Avogadro’s constant, V is the total volume of the irradiated solution (2 mL), and B is the fraction
of photons absorbed by either the Es or Zs isomer, a number that is determined using the PSS
ratio and the corresponding molar extinction coefficients for each isomer. This equation was

used to determine the approximated QYs in the cases of motors 1-3.

For motors 4-9, the same method was used to calculate the QYs of the stable and their
corresponding metastable states, which are thermally stable at room temperature (ti2 = hours
— days). UV-Vis measurements were taken every 5 s over the first ca. 150 — 500 s of constant
irradiation until PSS was reached, extracting the absorbance at 365 nm. In these cases, there

is no approximation required and the QYs of all isomers in the rotation cycle could be

determined:
Q Yf orwards Q Yf orwards
Es = Zm Zs = Ewm
QYbackwards QYbackwards

The data shown in Tables S12 and S13 show averaged QY data over three separate runs.

Figures S52 — S80 show individual representative runs of these data.
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Table S12: Molar extinction coefficients at 365 nm, PSS at 365 nm and QYs for motors 1-3. The bold QY is the

average of the measurements repeated in triplicate.

PSSaes QY (%) QY (%)
Mot M_l -1 M—l -1
otor | ggs) (M*cm™) | gzs) (M*cm™) (Es : Zs) Es - Zs Zs — Es
6.01 14.94
. 6.57 17.89
1 9700 12400 75:25 7.58 17.84
6.72 16.89
9.36 14.53
_ 9.80 14.66
2 8200 9000 64:36 11.24 15.55
10.13 14.91
11.45 23.21
_ 9.97 20.92
3 10100 10600 69:31 10.94 23.30
10.79 22.48

Table S13: Molar extinction coefficients at 365 nm, PSS at 365 nm and QYs for motors 4-9. The bold QY is the

average of the measurements repeated in triplicate.

Motor | € . PSSazes QY QY e c PSSass QY (%) QY (%)
(Es) @m) (Es . ZM) Es —> Zm v — Es @s) Em) (Zs . Em) Zs — Em Ev — Zs
6.82 1.67 13.21 3.09
. 6.19 1.42 ) 12.56 3.14
4 8600 | 7200 17:83 6.95 163 11000 | 7100 12:88 12.90 3.09
6.65 1.57 12.89 3.11
5.22 1.34 11.39 1.46
. 5.31 2.09 ) 11.29 1.55
5 7700 | 6900 23:77 5 49 183 8800 | 6400 10:90 11.63 169
5.34 1.76 11.44 1.57
7.37 1.91 19.24 3.28
_ 7.11 1.78 _ 16.33 2.80
6 8400 | 4800 12:88 734 1.40 8400 | 5100 10:90 18.98 4.03
7.27 1.70 18.18 3.37
3.95 0.99 17.42 1.33
. 4.00 1.42 ) 18.06 1.42
7 9300 | 6000 16:84 3.83 111 8200 | 5900 5:95 17.80 1.40
3.93 1.17 17.76 1.38
3.35 0.85
_ 3.13 1.05 _
8 10600 | 6900 17.83 313 0.98 8700 - 7:92 - -
3.20 0.96
3.18 1.32 16.32 0.82
. 3.13 1.54 ) 15.63 1.12
9 10100 | 4800 18:82 3.92 134 8300 | 6200 2:98 16.41 0.76
3.18 1.40 16.12 0.90
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Figure S52: Change in absorbance at 365 nm during the irradiation of Es-1 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S53: Evolution of the concentration of Es-1 and Zs-1 during the irradiation of Es-1 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S54: Change in absorbance at 365 nm during the irradiation of Es-2 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S55: Evolution of the concentration of Es-2 and Zs-2 during the irradiation of Es-2 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S56: Change in absorbance at 365 nm during the irradiation of Es-3 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S57: Evolution of the concentration of Es-3 and Zs-3 during the irradiation of Es-3 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S58: Change in absorbance at 365 nm during the irradiation of Es-4 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S59: Evolution of the concentration of Es-4 and Zw-4 during the irradiation of Es-4 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S60: Change in absorbance at 365 nm during the irradiation of Es-5 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S61: Evolution of the concentration of Es-5 and Zw-5 during the irradiation of Es-5 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S62: Change in absorbance at 365 nm during the irradiation of Es-6 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S63: Figure 64: Evolution of the concentration of Es-6 and Zwv-6 during the irradiation of Es-6 with a 365
nm LED as fitted by Equation 1 in Copasi.
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Figure S65: Change in absorbance at 365 nm during the irradiation of Es-7 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S66: Evolution of the concentration of Es-7 and Zw-7 during the irradiation of Es-7 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S67: Change in absorbance at 365 nm during the irradiation of Es-8 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S68: Evolution of the concentration of Es-8 and Zw-8 during the irradiation of Es-8 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S69: Change in absorbance at 365 nm during the irradiation of Es-9 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S70: Evolution of the concentration of Es-9 and Zw-9 during the irradiation of Es-9 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S71: Change in absorbance at 365 nm during the irradiation of Zs-4 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S72: Evolution of the concentration of Zs-4 and Ew-4 during the irradiation of Zs-4 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S73: Change in absorbance at 365 nm during the irradiation of Zs-5 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S74: Evolution of the concentration of Zs-5 and Ew-5 during the irradiation of Zs-5 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S75: Change in absorbance at 365 nm during the irradiation of Zs-6 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S76: Evolution of the concentration of Zs-6 and Ew-6 during the irradiation of Zs-6 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S77: Change in absorbance at 365 nm during the irradiation of Zs-7 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S78: Evolution of the concentration of Zs-7 and Ew-7 during the irradiation of Zs-7 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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Figure S79: Change in absorbance at 365 nm during the irradiation of Zs-9 with a 365 nm LED. The red line
represents the fit as exported from Copasi.
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Figure S80: Evolution of the concentration of Zs-9 and Ew-9 during the irradiation of Zs-9 with a 365 nm LED as
fitted by Equation 1 in Copasi.
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10. Computational analysis and simulated UV-Vis spectra

Computational analysis was carried out using the Gaussian 16, Rev B.01 software package.!*
Motors 1-9, were optimised considering all of the states involved in the thermal helix inversion
step of a molecular motor (stable and metastable, connected by the THI transition state) for
both configurations, E and Z (Figure S81). All xyz coordinates are provided as additional

supplementary files.
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Figure S81
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The configurations of each compound were numbered accordingly (e.g. Es-1 for the stable E
configuration of motor 1) and their structures optimised with DFT at the wB97X-D/def2-SVP
level. All stationary points were confirmed to be such due to the number of imaginary
frequencies obtained after the Hessian calculation (0 for minima, 1 for transition states). The

optimised structures of motor 1 are shown in Figure S82 as representative examples.

Ew-1 THITS E-1 Es-1

Figure S82: DFT optimised structures of minima and THI transition states of motor 1. Side view (top row) and top
view (bottom row)
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Figure S83: Frontier orbitals of motor 1 (PBEO/def2-TZVP, SMD = DMSO)
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Figure S84: Frontier orbitals of motor 4 (PBEO/def2-TZVP, SMD = DMSO).
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Figure S85: Frontier orbitals of motor 7 (PBEOQ/def2-TZVP, SMD = DMSO).
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Solvent corrections were introduced by means of the SMD maodel, affording results in CHxCly,
DMSO and MeOH. The Gibbs free energy correction was applied to all the electronic energies,
the results are shown in Table S14. The UV-Vis spectra of stable and metastable states were
calculated at the TD-DFT PBEO/def2-TZVP level over the first 15 singlet transitions on the
geometries calculated in the different solvents. The simulated UV-Vis for stable and
metastable compounds are reported below (top left CH,Cl,, top right DMSO, bottom MeOH).
The calculated absorption maxima for the first excited state are tabulated in Table S15.

Table S14: DFT calculated barriers for the THI steps in motors 1-9.

Gas phase CH:Cl MeOH
AG*aic (Z2)/ | AGreac (BE)/ | AGarc (Z2)/ | AGkac (E)/ | AGac (Z2)/ | AGac (E)/
kcal molt kcal molt kcal molt kcal mol* kcal mol* kcal mol?t
1 11.0 17.1 11.8 16.8 13.4 14.6
2 11.1 17.4 11.9 16.5 13.7 16.7
3 11.7 17.1 12.9 16.8 14.0 17.3
4 26.6 31.0 26.7 30.3 274 30.6
5 26.7 29.6 27.3 29.1 28.3 29.3
6 254 30.5 26.0 294 26.4 29.6
7 26.2 311 26.9 30.6 27.1 31.0
8 26.5 30.8 26.9 28.2 26.9 31.2
9 26.6 30.5 27.3 29.8 27.7 30.1

Table S15: DFT calculated absorption maxima for the HOMO-LUMO transition of motors 1-9.

DMSO CH2Cl2 MeOH
Es Zn Zs Ewm Es Zy Zs Ewm Es Zm Zs Em
412 451 412 443 413 451 412 444 410 449 410 446
415 451 416 447 415 451 416 447 415 451 416 447
452 490 448 482 451 488 446 482 446 484 443 482
388 | 440 | 405 | 430 | 389 | 441 | 405 | 430 | 389 | 440 | 405 | 428
401 | 449 | 412 | 448 | 401 | 449 | 412 | 448 | 402 | 450 | 413 | 447
406 | 457 | 423 | 441 | 406 | 459 | 425 | 441 | 409 | 456 | 423 | 441
396 | 445 | 410 | 436 | 397 | 447 | 411 | 437 | 397 | 445 | 410 | 443
395 | 444 | 408 | 435 | 396 | 446 | 410 | 437 | 395 | 445 | 408 | 433
396 | 447 | 410 | 434 | 397 | 449 | 412 | 435 | 398 | 448 | 412 | 433
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12.  Appendix
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Figure S86: COSY spectrum of Es-1 in CDCls.
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Figure S87: HSQC spectrum of Es-1 in CDCls.
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Figure S88: HMBC spectrum of Es-1 in CDCls.
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Figure S89: COSY spectrum of Es-2 in ds-THF.
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Figure S91: HMBC spectrum of Es-2 in ds-THF.
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Figure S92: COSY spectrum of Es-3 in CDCls.
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Figure S93: HSQC spectrum of Es-3 in CDCls.
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Figure S94: HMBC spectrum of Es-3 in CDCls.
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Figure S95: COSY spectrum of Es-4 in CDCls.
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Figure S96: HSQC spectrum of Es-4 in CDCla.
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Figure S97: HMBC spectrum of Es-4 in CDCls.
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Figure S98: COSY spectrum of Es-5 in CDCls.
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Figure S99: HSQC spectrum of Es-5 in CDCla.
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Figure S100: HMBC spectrum of Es-5 in CDClz.
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Figure S101: COSY spectrum of Es-6 in CDCla.
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Figure S102: HSQC spectrum of Es-6 in CDCls.
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Figure S103: HMBC spectrum of Es-6 in CDCla.
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Figure S104: COSY spectrum of Es-7 in CDCls.
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Figure S105: HSQC spectrum of Es-7 in CDCls.
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Figure S106: HMBC spectrum of Es-7 in CDCls.
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Figure S107: COSY spectrum of Es-8 in CDCla.
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Figure S108: HSQC spectrum of Es-8 in CDCls.
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Figure S109: HMBC spectrum of Es-8 in CDCla.
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Figure S110: COSY spectrum of Es-9 in CDCla.
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Figure S111: HSQC spectrum of Es-9 in CDCls.
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Figure S112: HMBC spectrum of Es-9 in CDCls.
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Figure S113: NOESY spectrum of Es-4 in CDCls.
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Figure S114: NOESY spectrum of Zs-4 in CDCla.
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