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1 General:

Chemicals were purchased from Acros, Aldrich, Fluka or Merck and were used as received. Solvents
for extraction and chromatography were technical grade. All solvents used in reactions were freshly
distilled from appropriate drying agents before use. All reactions were performed under inert
atmosphere (Ar). Analytical TLC was performed with Merck silica gel 60 F254 plates and
visualization was accomplished by UV light. Flash chromatography was carried out using Merck silica
gel 60 (230-400 mesh ASTM). Solvents for spectroscopic studies were of spectrophotometric grade
(UVASOL Merck). Melting points were taken on a Mettler FP-2 melting point apparatus equipped
with a Melttler FP-21 microscope. NMR spectra were recorded on Varian AMX400 ('H: 400 MHz,
C: 100 MHz) and Varian Unity Plus (‘"H: 500 MHz, *C: 125 MHz) spectrometers. The deuterated
solvents (CD,Cl, and CDCl;) were treated with Na,COs, molecular sieves (4 A) and degassed by
argon prior to use. Chemical shifts are denoted in parts per million (ppm) relative to the residual
solvent peak (CD,Cly: 'H & = 5.32 ppm, °C & = 53.84 ppm; CDCls: 'H & = 7.26 ppm, °C & = 77.0
ppm). The splitting parameters are designated as follows: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, dd = doublet of doublets. High-resolution mass spectrometry (ESIMS) was
performed on a LTQ Orbitrap XL spectrometer with ESI ionization. UV/Vis measurements were
performed on a JASCO V-630 spectrophotometer using a 1 cm quartz cuvette. UV irradiation

experiments were carried out using a Spectroline model ENB-280C/FE lamp.



2 Synthesis
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Scheme S1. Synthetic route towards the light-driven molecular motors £-2 and Z-2.

Compounds  6-hydroxyl-2,4,7-trimethyl-2,3-dihydro-1-H-inden-1-one  (S1), ' 2-(tritylthio)ethanol
(S2), * 2-bromo-7-iodo-9H-fluoren-9-one (S5), >  tert-butyl 3-ethynylbenzylcarbamate (S7),* 3-

ethynylphenyl acetate (S9)’ were prepared according to procedures described in the literature.

2,4,7-trimethyl-6-(2-(tritylthio)ethoxy)-2,3-dihydro-1H-inden-1-one (S3)

A mixture of S1 (263 mg, 1.38 mmol), S2 (660 mg, 2.07 mmol) and triphenylphosphine (452 mg, 1.73
mmol) in THF (10 mL) was cooled to 0 °C. Diethyl azodicarboxylate (40 wt.% in toluene, 0.7 mL,
1.73 mmol) was added dropwise and the mixture was allowed to warm to r.t. and stirred for 15 h. The
solvent was evaporated and the residue was purified by column chromatography (SiO,, pentane:ether
= 5:1) to yield S3 as a white solid (370 mg, 54%). Mp. 77-79 °C; 'H NMR (400 MHz, CDCl;) & 7.48
(d, J=7.6 Hz, 7TH), 7.28 (dt, J=15.2, 7.2 Hz, 9H), 3.74 (t, J = 6.7 Hz, 2H), 3.16 (dd, /= 16.7, 8.0 Hz,
1H), 2.68 (s, 3H), 2.51 (s, 4H), 2.26 (s, 3H), 1.30 (d, J = 7.4 Hz, 3H). °C NMR (101 MHz, CDCl;) &
210.9, 155.8, 145.0, 144.7, 134.2, 132.6, 129.6, 128.7, 127.9, 127.7, 126.72, 124.7, 119.5, 67.8, 66.7,
42.7,32.5,31.5,17.8, 16.5, 9.9. HRMS (ESI): calcd. for C33H;30,S [M+H] 493.2123, found 493.2118.

(2,4, 7-trimethyl-6-(2-(tritylthio)ethoxy)-2,3-dihydro-1H-inden-1-ylidene)hydrazine (S4)

A mixture of S3 (200 mg, 0.41 mmol), hydrazine monohydrate (5 mL) and ethanol (25 mL) was
heated at reflux overnight. After cooling, ethyl acetate (50 mL) and water (50 mL) were added to the
mixture. The water layer was extracted with ethyl acetate (50 mL) and the combined organic layers

were washed with brine and dried over Na,SO,4. The solvent was evaporated and the residue was



purified by flash column (SiO,, pentane:ethyl acetate = 3:1) to yield S4 (145 mg, 70%) as a colorless
oil. '"H NMR (300 MHz, CDCl3) § 7.59 — 7.38 (m, 7H), 7.26 (dt, J = 15.0, 7.2 Hz, 9H), 5.24 (br, 2H),
3.74 (t,J = 6.7 Hz, 2H), 3.34 — 3.17 (m, 1H), 3.05 (dd, J=16.2, 7.9 Hz, 1H), 2.63 (t, /= 6.7 Hz, 2H),
2.44 (s, 4H), 2.17 (s, 3H), 1.21 (d, J = 7.0 Hz, 3H). ®C NMR (101 MHz, CDCl;) & 152.5, 135.6,
133.7, 133.2, 131.6, 129.6, 129.2, 127.8, 127.6, 126.9, 125.8, 125.5, 124.4, 72.5, 63.5, 35.5, 32.7,
19.2, 14.1. HRMS (ESI): calcd. for C33H;35N,OS [M+H] 507.2392, found 507.23787.

Compound S6

Lawesson’s reagent (322 mg, 0.8 mmol) was added to a solution of S5 (136 mg, 0.4 mmol) in toluene
(10 mL). The mixture was stirred at 110 °C for 2 h after which the solvent was evaporated. The residue
was purified by flash column (SiO,, pentane:CH,Cl, = 3:2) to obtain the thioketone as a brown oil.
Meanwhile, to a solution of S4 (100 mg, 0.2 mmol) in DMF (5 mL) at -40 °C, (diacetoxyiodo)benzene
(64 mg, 0.2 mmol) in DMF (2 mL) was added dropwise. After complete addition, the mixture was
stirred for 2 min followed by addition of the thioketone in DMF (2 mL). The resulting mixture was
allowed to warm to rt and stirred for 2 h, and then heated at 75 °C overnight. After cooling to rt, the
solvent was evaporated and the residue was purified by flash column (SiO,, pentane:CH,Cl, = 4:1) to
yield S6 (20 mg, 12%) as a yellow solid, as a mixture of Z and £ isomers in a 1:1 ratio. Mp. 92-94 °C;
'H NMR (400 MHz, CDCl3) & 8.17 (s, 1H), 7.96 (s, 1H), 7.65 (d, J = 10.1 Hz, 2H), 7.48 (d, J = 8.5
Hz, 3H), 7.41 — 7.13 (m, 7H), 6.81 (s, 1H), 4.50 — 4.25 (m, 1H), 4.05 (d, /= 8.3 Hz, 1H), 3.84 (dd, /=
8.6, 4.0 Hz, 1H), 3.26 — 3.07 (m, 1H), 2.69 (d, J = 7.9 Hz, 1H), 2.60 — 2.47 (m, 1H), 2.29 (d, /= 7.2
Hz, 2H), 2.07 (d, J = 7.1 Hz, 2H), 1.29 (d, J = 7.0 Hz, 6H). >C NMR (126 MHz, CDCl;) § 167.2,
152.1, 144.6, 142.2, 141.4, 140.0, 139.1, 137.0, 134.1, 134.0, 133.7, 132.6, 130.4, 129.6, 127.9, 127.8,
127.5, 127.4, 126.8, 124.1, 123.8, 121.1, 120.4, 119.4, 43.8, 39.7, 35.0, 22.7, 18.3, 18.0, 15.0. HRMS
(ESI): calcd. for C4¢H39BrIOS [M+H] 845.0871, found 845.08609.

Compound S8

A mixture of S6 (20 mg, 0.024 mmol), S7 (5.1 mg, 0.025 mmol), Pd(PPh;),Cl, (2.5 mol%) and Cul (5
mol%) in dry and degassed THF (2 mL) and (i-Pr),NH (2 mL) was stirred for 15 h at rt and then
poured into an aqueous NH,4Cl solution. After extraction with CHCl; (3 x 5 mL), the combined organic
layers were washed with brine and dried over Na,SO,. The solvent was evaporated and the residue
was purified by flash column (SiO,, pentane:CHCI; = 3:1) to yield S8 (16 mg, 69%) as a brown oil, as
a mixture of £ and Z isomers in a 1:3 ratio. '"H NMR (400 MHz, CDCl) & 7.94 — 7.74 (m, 4H), 7.66
(dd, /=79, 1.5 Hz, 1H), 7.58 (d, /= 1.6 Hz, 1H), 7.49 — 7.34 (m, 5H), 7.34 — 7.11 (m, 11H), 5.80 (s,
2H), 4.86 (s, 1H), 4.37 —4.11 (m, 4H), 3.65 (t, /= 7.5 Hz, 1H), 3.17 (dd, J=15.2, 5.7 Hz, 2H), 2.73 (t,
J=1.5Hz, 1H), 2.59 (d, J = 15.2 Hz, 2H), 2.37 — 2.22 (m, 6H), 1.46 (s, 9H), 1.40 — 1.30 (m, 3H). °C
NMR (125 MHz, CDCl;) & 169.0, 167.2, 152.2, 151.1, 144.64, 144.5, 142.3, 141.4, 140.0, 139.1,
137.0, 134.7, 134.0, 134.0, 133.8, 133.7, 133.7, 132.6, 130.4, 130.1, 129.6, 128.7, 128.5, 128.5, 127.9,



127.8, 127.5, 127.4, 126.8, 126.1, 124.2, 123.9, 122.2, 121.2, 120.4, 120.02, 119.4, 43.8, 39.7, 35.0,
31.3, 22.7, 21.0, 18.9, 18.1, 15.1. HRMS (ESI): calcd. for C¢Hs4BrNO;S [M+H] 948.3008, found
948.3003.

Motor 2

A mixture of S8 (32 mg, 0.034 mmol), S9 (6.5 mg, 0.04 mmol), Pd(PPh;),Cl, (2.5 mol%) and Cul (5
mol%) in dry and degassed toluene (2 mL) and (i-Pr),NH (2 mL) was heated at 80 °C for 15 h and
then poured into an aqueous NH4CI solution. After extraction with CHCl; (3 x 5 mL), the combined
organic layers were washed with brine and dried over Na,SO,. The solvent was evaporated and the
residue was purified by column chromatography (SiO,, pentane:CHCI; = 1:1) to yield Z-2 (17 mg,
48%) and E-2 (5.3 mg, 15%) as brown solids. Mp. 83-85 °C; Z-2: '"H NMR (500 MHz, CD,Cl,) &
7.99 —7.93 (m, 1H), 7.93 — 7.88 (m, 1H), 7.87 — 7.79 (m, 2H), 7.68 (d, J = 1.5 Hz, 1H), 7.53 (s, 1H),
7.46 (dt,J=17.7,2.2 Hz, 5H), 7.40 — 7.21 (m, 14H), 5.94 (s, 1H), 4.31 (d, /= 6.2 Hz, 2H), 4.27 — 4.16
(m, 1H), 3.71 (t, J= 7.4 Hz, 1H), 3.22 (dd, /= 15.2, 5.9 Hz, 1H), 2.76 (t, /= 7.4 Hz, 2H), 2.66 (d, J =
15.2 Hz, 1H), 2.34 (d, J = 16.5 Hz, 6H), 2.16 (s, 3H), 1.48 (s, 9H), 1.39 (d, J = 6.8 Hz, 3H). °C NMR
(125 MHz, CDCl3) 6 169.0, 167.2, 152.2, 151.1, 144., 144.5, 142.2, 141.4, 140.0, 139.1, 137.0, 134.6,
134.1, 134.0, 133.7, 132.6, 130.4, 130.1, 129.6, 127.9, 127.8, 127.5, 127.4, 126.8, 126.1, 124.1, 123.9,
122.2, 121.2, 120.4, 120.0, 119.4, 43.8, 39.7, 35.0, 31.2, 28.4, 22.7, 21.0, 18.9, 18.0, 15.0. E-2: 'H
NMR (500 MHz, CD,Cl,) 6 7.94 — 7.81 (m, 2H), 7.77 — 7.67 (m, 1H), 7.52 — 7.43 (m, 4H), 7.43 - 7.13
(m, 16H), 4.31 (d, J = 6.2 Hz, 2H), 4.25 (t, /= 6.5 Hz, 1H), 3.71 (td, J= 7.5, 1.1 Hz, 2H), 3.22 (dd, J
=15.2, 5.9 Hz, 1H), 2.76 (td, J = 7.5, 1.1 Hz, 2H), 2.65 (dd, J = 15.2, 1.1 Hz, 1H), 2.39 — 2.26 (m,
9H), 1.48 (s, 9H), 1.41 (dd, J= 6.8, 1.1 Hz, 3H). ®C NMR (125 MHz, CDCl;) § 169.0, 167.2, 152.18,
151.1, 144.6, 144.5, 142.3, 141.4, 140.0, 139.1, 137.1, 134.7, 134.1, 134.0, 133.7, 132.7, 130.4, 130.2,
129.6, 128.0, 127.9, 127.5, 127.4, 126.8, 126.1, 124.2, 123.9, 122.3, 121.2, 120.4, 120.0, 119.4, 43.8,
39.7, 35.0, 31.3, 28.4, 22.7, 21.1, 18.9, 18.1, 15.0. HRMS (ESI): calcd. for C;gHgsN,OsS; [M+NH,]
1045.4608, found 1045.4604.

Conversion of Z-2 into E-1-NHAc

Motor Z-2 (10 mg, 0.01 mol) was placed in a Young NMR tube under argon and CD,Cl, (2 mL was
added. The obtained yellow solution was kept at 0 °C and trifluoroacetic acid (2 equiv.) was added.
After 5 min, the NMR tube was transferred to a glove box. The solution was filtered over a short pad
of celite that was washed with CD,Cl, and the yellow filtrate was collected. The obtained solution was
transferred to another Young NMR tube containing Et;N (1.5 equiv.), and taken out of the glove box.
The tube was heated at 40 °C for 2 h. The solution was then further cooled to -50 °C and irradiated (A
= 312 nm) for 3 h. The solution was then kept in the dark for 0.5 h at rt followed by heating at 40 °C
for 1 h under exclusion of light. The obtained yellow mixture was passed over a short pad of silica

which was washed with CHCl;. The yellow filtrate was collected. After solvent evaporation, E-1-



NHAc was obtained as a light-yellow solid (4.6 mg, 70%). Mp. 68-69 °C; 'H NMR (500 MHz,
CD,Cl,) 8 7.86 (dd, J=19.4, 7.7 Hz, 2H), 7.76 — 7.69 (m, 1H), 7.50 (s, 1H), 7.39 (d, /= 7.3 Hz, 1H),
7.35-7.29 (m, 3H), 7.29 — 7.16 (m, 3H), 6.98 — 6.88 (m, 1H), 6.86 — 6.74 (m, 1H), 5.94 (s, 1H), 4.43
(d, J=6.0 Hz, 2H), 4.29 — 4.23 (m, 1H), 4.20 (t, J = 6.7 Hz, 2H), 3.21 (dd, J = 15.2, 5.9 Hz, 1H), 3.01
(dt,J=8.5, 6.7 Hz, 2H), 2.65 (d, J = 15.1 Hz, 1H), 2.32 (d, J = 21.0 Hz, 6H), 2.04 (s, 3H), 1.79 (t, J =
8.5 Hz, 1H), 1.40 (d, J = 6.7 Hz, 3H). ®C NMR (125 MHz, CDCl3) & 171.0, 168.7, 157.41, 153.2,
144.8, 142.9, 141.3, 139.9, 139.6, 138.3, 138.2, 134.6, 134.5, 134.1, 133.9, 133.8, 133.7, 132.6, 130.4,
130.2, 129.9, 127.8, 127.7, 127.6, 127.5, 126.0, 125.8, 125.0, 124.1, 123.5, 120.1, 119.8, 119.3, 115.9,
113.9, 64.0, 44.4, 39.8, 35.3, 27.6, 23.1, 22.2, 19.1, 17.9, 14.9. HRMS (ESI): calcd. for C4sH4oNO5S
[M+H] 686.4698, found 686.4696 and 708.4511 [M+Na].

3 Assignment of Z-2 and E-2
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Figure S1. Partial '"H NMR spectra (500 MHz, CD,CL,) of (a) Z-2; (b) E-2.

In Z-2 isomer, the Trt group in the upper half and the phenyl acetate group are in close proximity
(Figure Sla). Due to the shielding effect of the Trt group, the signal of the acetyl group (OAc) was
found to have an upfield shift (2.16 ppm) than that of E-2 (2.33 ppm) where the acetyl group is kept
apart from the Trt group (Figure S1b). The upfield shift caused by the shielding of the upper half is in
accordance with the previously reported motors bearing an unsymmetrical lower half.>”*"'° The same
upfield shift is also observed for the NH proton of Boc-protected benzyl amine. In E-2 isomer, the Trt
group in the upper half and NH-Boc group are in close proximity (Figure S1b). Due to the shielding
effect of the Trt group, the signal of NH group was found to have an upfield shift (5.1 ppm) compared
to Z-2 (5.91 ppm) where NH group is apart from the Trt group (Figure S1a).

Distinctive features of the central motor core in Z-2 are the signals of the methyl group (doublet at
1.40 ppm, a), aliphatic protons Hy, H. and Hy.'° The doublet at 2.65 ppm can be assigned to Hy, since
there is only a negligible coupling between H, and Hy due to their relative orientations as a result of
the conformation of the five membered ring.”'® As H, does not only couple to its geminal proton Hg

but also to vicinal proton Hy, the double doublet at 3.22 ppm can be assigned to H.. The absorption at



4.22 ppm corresponds to Hy,, which shows a multiplet signal due to the coupling with the protons of
the methyl group and proton H.. The triplets at 2.76 ppm (H,) and 3.71 ppm (Hy) can be assigned to
the methylenes in the upper half next to S and O, respectively. The singlet at 2.16 ppm (OAc) can be
assigned to the acetyl group. The doublet at 4.31 ppm (H,) and the broad absorption at 5.95 ppm

correspond to the benzylic methylene and NH proton at site C, respectively.

4 UV-vis spectral studies of Z—F isomerization
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Figure S2. (a) Photochemical and thermal isomerization steps from Z-2 to E-2. (Single enantiomer
shown) (b) UV-vis spectra (CH,Cl,, -20 °C) of motor 2: Z-2 (black solid line), unstable E-2 at PSS
(red solid line), E-2 (black dashed line). (¢) Eyring analysis of thermal helix inversion of unstable E-2
to E-2.

When motor Z-2 is irradiated with UV light, a photochemical Z-E isomerization takes place (Figure
S2a). This photochemical step results in an unstable E-2 isomer, in which the methyl group at the
stereogenic center is forced to adopt a less favored pseudoequatorial orientation.” An irreversible
thermal helix inversion (THI) takes place , in which both the upper and lower part slip past each other,
to release the steric strain, generating the E-2 isomer (Figure S2a). When a solution of compound Z-2
in CH,Cl, (Figure S2b, black solid line) was irradiated with UV light (4. = 312 nm) at —20 °C, an
increase in the absorption between 420 nm to 480 nm was observed with concomitant decrease in the
absorption from 370 nm to 410 nm (Figure S2b, red solid line). The solution was kept in the dark at rt
for 0.5 h to allow the THI occur, resulting in a hypsochromic shift in the UV-vis spectra (Figure S2b,



black dashed line).

The thermal helix inversion of unstable E-2 to E-2 was followed by monitoring the UV-vis
absorption change at 460 nm (Figure S2c¢) with respect to time at five different temperatures (-20 °C, -
15 °C, -10 °C, -5 °C, 0 °C). From these data, Gibbs free energy of activation (A+G° = 84.0 kJ/mol) ,
the half-life (¢;, = 96 s) at room temperature (20 °C) and at -50 °C (> 300 h) could be obtained by
means of an Eyring analysis (Figure S2c), as well as the enthalpy of activation (A+H° = 72.2 kJ/mol)
and entropy of activation (A+S° =-40.1 J/K.mol).

5 '"H NMR spectra of the S—N acylation step
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Figure S3. Partial '"H NMR spectra (500 MHz, CD,Cl,) of (a) E-1-SAc; (b) after 40 °C for 1 h; (c)

after filtration over a short pad of silica.

Figure S3a shows the '"H NMR spectrum of a mixture (5:1) of E-1-SA¢/Z-1-SAc (the same as Figure
3d). The sample was kept at 40 °C for 1 h (Figure S3b). Decreased absorptions at 2.4 ppm (SAc), 3.4
ppm (H,) and 3.9 ppm (H;) were found, together with increased absorptions at 2.0 ppm, 3.0 ppm, 4.4
ppm and 5.9 ppm. These spectral changes supported the cleavage of the thioacetate and the formation
of benzylacetamide. After filtration over a short pad of silica, isomer E-1-NHAc could be isolated

(Figure S3c, the same as Figure 3e).



6 Control experiment with isomer E-2
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(i) CF;COO0H (2 equiv.), 0°€, 5 min; (i) Et,N (1.5 equiv.), 40°C, 2 h.

Figure S4. Partial 'H NMR spectra (500 MHz, CD,Cl,) of (a) E-2; (b) E-1-OAc, after 40 °C for 2 h.

A control experiment was performed starting with isomer E-2 in which phenyl acetate (site A) and
Trt-protected thiol (site B) are seperated from each other. Figure S4a shows the partial '"H-NMR
spectrum of a solution of E-2 (10 mg, 0.01 mmol) in CD,Cl, (0.5 mL). The solution of E-2 was
treated with CF3COOH (2 equiv.) at 0 °C for 5 min and filtrated over Celite. The collected yellow
fraction was added Et;N (1.5 equiv.) and kept at 40 °C for 2 h (Figure. S4b). It was found that the
signals of Trt (7.5 ppm, 7.3 ppm), proton NH (5.1 ppm) and Boc (1.5 ppm) disappeared (Figure S4b),
indicating the cleavage of the Trt and Boc groups. In addition, downfield shifts of H, (2.8 ppm to 3.0
ppm) and H; (3.7 ppm to 4.4 ppm) and upfield shift of H, (4.4 ppm to 3.9 ppm) were observed. These
spectral changes are in accordance with those observed for Z-1-OAc (Figure 3b), and thus indicate the
formation of E-1-OAc in this case. However, no spectral evidences could be found for formation of
the thioacetate, suggesting that the intramolecular O—S acylation does not occur in isomer E-1-OAc.
The signal for the OAc group (6 = 2.32 ppm) remains intact and the absence of thioacetate or

benzylacetamide formation indicate that no intermolecular reaction takes place under these conditions.



7 '"H NMR, *C NMR and Mass spectra
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Figure S5. "H NMR spectrum of 83 in CDCl; at 400 MHz.
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Figure S6. °C NMR spectrum of 83 in CDCl; at 100 MHz.
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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 using tight convergence criteria and an IEFPCM CH,Cl, solvation

model. All geometries were found to have zero imaginary frequencies.

Table S1. Cartesian coordinates of Z-1 tetrahedral carbon intermediate.

atom X Y Z

C 1.195531000 -1.195447000 0.938023000
C 2.267136000 -2.103272000 0.838072000
C 2.264008000 -3.160126000 -0.080449000
C 1.119125000 -0.224713000 2.091198000

C 1.175835000 -3.393249000 -0.930540000
C 1.148250000 -4.578942000 -1.865171000
C 0.154239000 -1.362785000 -0.006660000
C 0.115523000 -2.485331000 -0.862597000
C -1.099105000 -0.601034000 -0.200195000
C -2.118360000 -1.615705000 -0.718816000
C -2.816867000 -2.410016000  0.403816000
C -1.303387000 0.754217000 -0.163540000
C -1.212979000 -2.549926000 -1.577495000
C -3.926767000 0.999943000 -0.126393000
C -2.610818000 1.464290000 -0.180049000
C -2.374937000 2.867679000 -0.167866000
C -5.001205000 1.916929000 -0.098234000
C -4.741836000 3.307476000 -0.102933000
C -3.433201000 3.780040000 -0.131154000
C 1.098279000  1.789039000 -0.359299000
C 1.844091000 2.985871000 -0.431688000
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1.181517000
-0.284185000
-0.936883000
-0.207089000

3.342588000

4.170361000

5.635000000

6.144388000
-6.344650000
-7.493664000

3.265225000

4.468859000

-10.699819000

7.900997000

8.612429000

8.017918000

8.467128000

-10.838417000

7.601271000

6.268210000

5.856562000

8.552674000

8.152808000

6.816060000
-10.426332000
-11.483520000
-11.229008000
-9.113288000
-8.840087000
-9.918615000

0.091575000

1.017284000
-2.869046000
-3.527796000
-3.363247000
-2.085311000
-1.138092000
-1.610165000
-4.161484000
-5.574778000
-3.243289000

1.624997000

1.762704000
-0.712458000

3.121864000

1.731277000

2.075414000

3.932608000

3.968998000

6.249305000

4.233369000
1.833985000
3.096121000
4.286658000
-2.059761000
-0.877998000
-1.279748000
2.224100000
1.439122000
1.032325000
2.889459000
2.696264000
-2.800522000
-1.681884000
-2.837801000
-0.586011000
-1.352287000
-3.378470000
0.689159000
1.059669000
2.370157000
1.620070000
2.929214000
3.308086000
-1.305507000
-0.381495000
0.993126000
0.824406000
0.559797000
1.468757000
0.109849000
-4.264545000
-1.130954000
-3.123393000
-1.754994000
-2.971983000
-2.164332000
-3.568615000
-0.054793000
4.002313000
4.849309000
0.847350000
5.148219000
5.248009000
-3.826143000
0.671639000
-5.154306000
-0.274561000
-0.282818000
-0.381264000

-0.381161000
-0.197209000
-0.199955000
-0.283072000
1.711427000
1.714495000
1.783614000
0.278498000
-0.061015000
-0.031526000
-0.510064000
-0.515413000
0.068173000
-0.041498000
-0.737313000
-0.967544000
1.196590000
1.418632000
-0.606918000
-0.769571000
-0.446661000
-0.176499000
0.108156000
-0.013856000
0.023076000
0.047681000
0.055232000
-0.004488000
0.002202000
0.034408000
2.247093000
-2.907059000
-1.346375000
-0.026537000
1.089072000
0.993968000
-2.603521000
-1.642528000
-0.096655000
-0.077477000
-0.121192000
-0.433588000
-0.432787000
-0.282139000
-0.090351000
1.945643000
-1.799709000
2.598782000
0.819077000
1.859667000
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5.818343000
-9.890612000
-11.622102000
8.098517000
8.643674000
9.633032000
-11.599724000
-9.995300000
5.550952000
9.591155000
8.890043000
6.506213000
-12.510134000
-12.055748000
-8.282558000
-9.719429000
1.469837000
0.316469000
9.418650000

-1.897872000
-3.336169000
-3.020096000
-3.107145000
-3.705570000
-2.530726000
-2.922738000
-3.202604000
0.334686000
1.321147000
3.655772000
4.319581000
-0.739747000
1.697326000
-1.524401000
2.535483000
-0.712421000
-5.253318000
-1.207251000

2.665602000
-0.439077000
-0.480048000
-1.663537000
-0.077119000
-0.988395000
1.917735000
1.961544000
-1.133327000
-0.081583000
0.435853000
0.226581000
0.056331000
0.071205000
-0.035490000
0.036497000
3.006352000
-1.628038000
1.070679000

Sum of electronic and zero-point Energies = —2454.312035

Table S2. Cartesian coordinates of E-1 tetrahedral carbon intermediate.

atom X Y Z
0.751301000 -1.304435000 0.345951000
1.847483000 -2.125762000 0.000703000

OO0OO0O00O0

1.800550000
0.804139000
0.633546000
0.565434000

-2.999094000
-0.502222000
-3.138667000
-4.141275000

-1.093746000

1.621424000
-1.864935000
-2.992886000
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-0.368743000
-0.453873000
-1.651655000
-2.689089000
-3.249667000
-1.876813000
-1.845943000
0.481315000
-0.889191000
-1.577908000
1.179152000
0.481191000
-0.895147000
-4.488302000
-5.581272000
-5.363912000
-3.197804000
-3.001277000
-4.077499000
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4.172765000
5.217060000
6.860677000
2.590910000
3.797406000
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-8.026481000
7.826275000
7.990302000
9.413172000
-11.096160000
7.866188000
7.553061000
-10.842154000
-9.552597000
-9.345477000
-11.938942000
-11.730977000
-10.449804000
7.196649000
7.985054000
7.399052000
5.813867000
5.210903000
6.022886000
-0.160627000
0.324448000
-3.512449000
-3.975980000
-3.747948000

-1.369881000
-2.331522000
-0.634533000
-1.599516000
-2.591005000
0.697482000
-2.343426000
1.830202000
1.809506000
3.042649000
3.057037000
4.270633000
4.262789000
0.842798000
1.713199000
3.107686000
1.359328000
2.762731000
3.629032000
-2.017436000
-2.630830000
-2.237334000
-2.894589000
3.040405000
2.959195000
1.183088000
0.729759000
0.076505000
-1.488322000
-1.929365000
-3.060295000
-1.309219000
-0.220131000
-1.713847000
-1.194667000
0.199758000
-0.860693000
0.518639000
1.058116000
1.399015000
2.457160000
3.677297000
1.582471000
2.806312000
3.859628000
-0.043660000
-3.655702000
-1.055755000
-3.260977000
-2.076933000

-0.504111000
-1.537828000
-0.467339000
-1.043253000
-0.003771000
-0.235093000
-2.124615000
-0.485886000
-0.231085000
-0.072141000
-0.519082000
-0.321076000
-0.109898000
0.066683000
0.276128000
0.371635000
-0.065313000
0.056871000
0.269945000
0.827205000
0.430567000
1.467891000
0.980518000
0.727698000
0.882287000
0.398246000
0.504208000
0.375795000
1.570003000
1.200717000
0.661396000
2.969120000
1.034295000
0.704119000
0.578375000
0.630723000
0.881190000
0.931742000
0.809283000
-0.771761000
-1.243247000
-1.602387000
-0.666390000
-1.017642000
-1.490748000
1.841133000
-3.945721000
-1.510804000
-0.476304000
0.823913000
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-2.447180000
-1.890442000
-2.217608000
1.033715000
1.026661000
-1.429145000
-4.686815000
-6.210506000
-3.918386000
2.658252000
1.557893000
1.516068000
4.461726000
4.054810000
5.318878000
4.938467000
8.900825000
7.395245000
9.666746000
10.117442000
9.526299000
8.149218000
-8.705275000
12.933125000
12.580831000
10.294826000
9.061003000
8.021898000
5.191305000
5.567647000
1.080386000
-0.213364000
-10.273030000
7.894704000

-3.203401000
-1.797365000
-3.356341000
0.919226000
5.208402000
5.200677000
-0.219220000
3.766238000
4.699447000
-3.616279000
0.291813000
-4.667618000
-2.271696000
-3.721086000
-1.149815000
-2.618301000
0.112378000
-0.737240000
-2.872638000
-1.159634000
-2.069436000
-2.121870000
-1.859979000
-1.284834000
1.180436000
2.130675000
2.329619000
4.489409000
0.774546000
4.806077000
-1.152665000
-4.891970000
-3.554824000
0.520035000

0.420827000
-3.077053000
-2.315010000
-0.669467000
-0.343647000

0.011740000

0.026363000

0.535501000

0.361917000
-1.334876000

1.582099000
-3.113855000
-0.564703000

0.387841000

1.516254000

2.452982000
-0.608351000
-0.970932000

1.693973000

1.532859000

0.123087000

3.412457000

0.440345000

0.976518000
1.069020000

0.849963000
-1.328086000
-1.965542000
-0.296581000
-1.764086000

2.458308000
-2.811644000

0.540381000

1.643259000

Sum of electronic and zero-point Energies = —2454.327076
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