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Figure S2. 3C NMR (500 MHz, CDCls, 300 K) spectrum of 1.

S3



o (=R el
™ MmN O
o I~ 00 0
e NS
I —~l—
Ph, o Ph_ o
i - Si -
Ph. O PRSI Ph 0% RS
i—O0<.'_o CH i—0<.: _o
/ Si N o8 Ao TSI e s
HaC_ Ph?\ Y ~3 “H e i Ph‘\s' ‘o ~S “CH, t’c
H” Ny O‘S"O'/_S"Ph o hoA/f?n_Ph 0
“Si~g-sgi- -Si~g-5i0
Ph” 0- I\Ph Ph “Ph
cis-isomer (c) trans-isomer (t)

—-32.30
-77.30
/-78.59
~-78.79
\.-78.99

tc

-30 -35 -40 -45 -50 -55 -65)95' -65 -70 -75 -80 -85 -90
i

Figure S3. 2°Si NMR (119 MHz, CDCls, 300 K) spectrum of 1.
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Figure S4. FT-IR spectrum (KBr pellet) of 1.
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Figure S5. HRMS (ESI-TOF) of 1 ([M + Na]").

(2]
-
8 Ph"s. a._  _Ph 1
Ph, O ppsi
O Si-ru-.si,a' [+ .
< 5 HC 05,0 ~si7 7 TOH
N HO ST siig it CHs
I~ \4’3\.- . - Ofr “Ph
' 2 'SI"'G 5
Ph “Ph
-Phx8 0.26
1 1
| ‘M
| 0?5 0.60
3.50 335 1
o 2 3 32 s 8
b2 L] ™ b L] w0
79 75 7.1 67 63 59 55 51 47 43 39 35 3.1 27 23 19 15 11 0.7 03 -0.1

1H (ppm)

Figure S6. *H NMR (500 MHz, CDCls, 300 K) spectrum of 2.
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Figure S7. 3C NMR (500 MHz, CDCls, 300 K) spectrum of 2.
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Figure S8. 2°Si NMR (126 MHz, CDCls, 300 K) spectrum of 2 (cis/trans mixture).
Silsesquioxane substrate: DDSQ-MezH: (1).
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Figure S9. °Si NMR (126 MHz, CDCls, 300 K) spectrum of trans-2.
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Figure S10. FT-IR spectrum (KBr pellet) of 2.
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Figure S11. HRMS (ESI-TOF) of 2 ([M + Na]*) with comparison with the calculated value.
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Figure S12. *H NMR (500 MHz, CDCls, 300 K) spectrum of 3.
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Figure S13. $3C NMR (500 MHz, CDCls, 300 K) spectrum of 3.
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Figure S14. 2°Si NMR (99 MHz, CDCls, 300 K) spectrum of trans-3.
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Figure S15. 2°Si NMR (99 MHz, CDCls, 300 K) spectrum of cis-3.
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Figure S16. FT-IR spectrum (KBr pellet) of 3.
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Figure S17. HRMS (ESI-TOF) of 3 ([M + Na]*) with comparison with the calculated value.
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Figure S18. 'H NMR (500 MHz, CDClIs, 300 K) spectrum of 4.
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[32) O<TOm
0 o ©¥0©
~ Si _Ph 0B D o
1 Ph. O/, PhSi N~ R
Si—0<.: o O [ I S
OH ch\ /Pho\ SI\/O O;SI{\/\O/\(\OH
sii Vg i CH,
cis O N 1‘3'~o— “Sicp, OH
trans OH Ph’Si\o'Si;c;h
cis ‘
trans cis trans
-77.5 -79.0 -80.5

15 -18 -21 -24 -27 30 -33 -36 -39 42 -45 -48 -51 -54 -57 -60 63 -66 -69 -72 -75 -78 -81 -84 -87 -90
29Si (ppm)

Figure S20. Si NMR (119 MHz, CDCls, 300 K) spectrum of 4 (cis/trans mixture).
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Figure S21. 2°Si NMR (99 MHz, CDCls, 300 K) spectrum of trans-4.

g1 —Hdl-

2000 —

MEE —

573

1132

a3 —

a4 —

T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Figure S22. FT-IR spectrum (KBr pellet) of 4.

S13




720000}
a 1441.258
660000 100.00%
630000}
600000 Formula: CeaHrOxSiso

570000 1440.240 Molecular Weight:  1416.231

540000) 83.21% Match: Yes

Match Score: 0.993
510000} Similarity: 0.993
480000 MS Purity: 0.768
1439.235 RT: 118.00

450000l 1442.257

5 66.65% 65.55% Scan: 119
420000 Purity: 100.00%
390000 ] MS/MS Match Score:
360000 _ Adduct/Loss: Na+ [ —
330000}
300000}
270000}
240000 1440.361
210000! 1439.355| |[31.92% 1443.277

, 28.53% 28.52%

150000}

120000}

90000} 1444.215

. _9.03%
60000 1430.48) | [1440.484 (1441.484 1445.220
. 1446.224
i 4.04%| | 3.77% 1443.491 4.87% 1447.228
300004 [331% 1.79% I A*T_I.f 2.25% e
of.--L. e b ke e b, | i e L e e e e SO
-30000}
1438.8 1439.4 1440.0 1440.6 1441.2 1441.8 1442.4 1443.0 144325 (%344)4.2 1444.8 1445.4 1446.0 1446.6 1447.2 1447.8 1448.4 1449
m/z (Da

Figure S23. HRMS (ESI-TOF) of 4 ([M + Na]*) with comparison with the calculated value.

X-ray crystallographic data

X-ray crystallographic data for trans-1

X-ray quality crystals were prepared by slow evaporation from saturated toluene. X-
ray diffraction data for the crystal of trans-1 were collected at 100(2) K on a k-geometry
Rigaku XtaLAB Synergy DW four-circle diffractometer (o scans) with MoKa radiation
(rotating-anode) and Hybrid Photon Counting (HPC) HyPix-Arc 150° detector. Data
collection, cell refinement, data reduction, and analysis, including empirical (multi-scan)
absorption correction, were carried out with CrysAlisPRO.[! Using Olex?®], the structure was
solved with the SHELXS97[? program using direct methods and refined on F? by a full-matrix
least-squares technique using SHELXL-2014 program!® with anisotropic displacement

parameters for all disordered non-H atoms.

There are two symmetry-independent molecules in a unit cell. For each of them, O-
Si(CHz3)(H)-O fragments were found to be disordered and were refined in three positions,
each with SOFs = (1) 0.25 and 0.3 and 0.45 and (2) 0.16, 0.3, and 0.54. Restraints on
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anisotropic displacement parameters (SIMU, ISOR) were applied to get an acceptable and

appropriate model of the disorder.

All H atoms were included using geometrical considerations and were refined using a
riding model, with C-H = 0.95-0.99 A, with Uiso(H) = 1.2Ueq(C) for CH and CHz or Uiso(H) =
1.5Ueq(C) for CH3 groups.

Figures presenting X-ray structures were made using the Diamond program.B! The
details of structure refinement are given in Table S1. The crystallographic information file
(CIF) is deposited at the Cambridge Crystallographic Data Centre (CCDC No. 2158320) and

provided as Electronic Supporting Information (ESI).

X-ray crystallographic data for trans-2

X-ray quality crystals were prepared by slow evaporation from a saturated mixture of
THF and methanol. X-ray diffraction data for the crystal of trans-2 were collected at 100(2) K
on Xcalibur, Ruby, Gemini ultra (o scans) with CuKa radiation (rotating-anode) and CCD
plate detector. Data collection, cell refinement, data reduction, and analysis, including
empirical (multi-scan) absorption correction, were carried out with CrysAlisPRO.[! Using
Olex?® the structure was solved with the SHELXS97!?! program using direct methods and
refined on F? by a full-matrix least-squares technique using SHELXL-2014 program!®! with

anisotropic displacement parameters for all disordered non-H atoms.

Both CH.CH.CH>OH fragments were found to be disordered and were refined in two
positions, each with SOFs = 0.5. Additionally, two of the phenyl rings were modeled in two
positions with SOFs refined to: 1) 0.5 and 0.5, 2) 0.56(2) and 0.44(2) (position with lower
occupancy was refined as a rigid group with AFIX 66 instruction in the SHELXL-2014). Some
geometrical restraints (DFIX, SADI, SAME) on anisotropic displacement parameters (SIMU,

ISOR) were applied to get an acceptable and appropriate model of the disorder.

All H atoms were included using geometrical considerations and were refined using a
riding model, with O—H = 0.84 and C—H = 0.95-0.99 A, with Uiss(H) = 1.2Uq(C) for CH and
CHo: or Uiso(H) = 1.5U¢q(O,C) for OH and CHs groups.

Figures presenting X-ray structures were made using the Diamond program.l*! The
details of structure refinement are given in Table S2. The crystallographic information file
(CIF) is deposited at the Cambridge Crystallographic Data Centre (CCDC No. 2158321) and

provided as Electronic Supporting Information (ESI).
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X-ray crystallographic data for cis-31, cis-3?, cis-3*

X-ray quality crystals were prepared by slow evaporation from saturated solvents.
X-ray diffraction data for the crystal of cis-3' and cis-32 were collected at 100 K and 300 K on
a k-geometry Rigaku XtaLAB Synergy DW four-circle diffractometer (o scans) with MoKa
radiation (rotating-anode) and Hybrid Photon Counting (HPC) HyPix-Arc 150° detector.
X-ray diffraction data for the crystal of cis-3% were collected at 100 K on Kuma KM4-CCD,
Oxford Diffraction Xcalibur PX, Agilent Technologies Xcalibur R with CuKa radiation.
Data collection, cell refinement, data reduction, and analysis, including empirical (multi-scan)
absorption correction, were carried out with CrysAlisPRO.[! Using Olex?®], the structure was
solved with the SHELXS97!? program using direct methods and refined on F? by a full-matrix
least-squares technique using SHELXL-2014 programf with anisotropic displacement

parameters for all disordered non-H atoms.

At room temperature, the molecule (cis-3?) is located at a special position (with .m.
symmetry); the asymmetric part contains methanol molecule (with SOFs refined to 0.5). The
mirror symmetry generates the disorder of CH.CH.OCH.CH2OH chains, which occupy two
equivalent positions with 0.5 occupancies. Some geometrical restraints (DFIX, SADI, SAME)
on anisotropic displacement parameters (SIMU, ISOR) were applied to get an acceptable
disorder model. The disorder of the side chains is also present at 100 K (cis-3!). At low
temperatures (below 220K), the symmetry decreases from monoclinic to triclinic, introducing
the domain structure. Thus, the crystal structure at 100 K was refined based on the diffraction
patterns from two twin domains of 0.6/0.4 ratio. Due to the twinning and smeared diffraction
peaks coming from poor crystallinity of the cis-3 crystals, the overlapped peaks result in the
moderate quality of the refinements. Methanol molecule could not be modelled satisfactorily
in high temperature structure (cis-3%) and was therefore removed from the electron density
map using the OLEX? solvent mask command. Voids values (104 A®) in asymmetric unit)

indicate its presence.

All H atoms were included using geometrical considerations and were refined using a
riding model, with O-H = 0.84 and C-H = 0.95-0.99 A, with Uiso(H) = 1.2Ueq(C) for CH and
CH: or Uiso(H) = 1.5Ueq(O,C) for OH and CHz groups.

Figures presenting X-ray structures were made using the Diamond program.l*! The
details of structure refinement are given in Table S4. The crystallographic information file
(CIF) is deposited at the Cambridge Crystallographic Data Centre (CCDC Nos. 2158323,
2158968) and provided as Electronic Supporting Information (ESI).
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X-ray crystallographic data for trans-3

X-ray quality crystals were prepared by slow evaporation from a saturated mixture of
toluene and THF. X-ray diffraction data for the crystal of trans-3 were collected at 100(2) K
on a k-geometry Rigaku XtaLAB Synergy DW four-circle diffractometer (o scans) with
MoKa radiation (rotating-anode) and Hybrid Photon Counting (HPC) HyPix-Arc 150°
detector. Data collection, cell refinement, data reduction, and analysis, including empirical
(multi-scan) absorption correction, were carried out with CrysAlisPRO.[! The structure was
solved using a dual-space algorithm with SHELXT program!?! and refined on F? by a full-
matrix least-squares technique using SHELXL-2014 program!®! with anisotropic displacement
parameters for all disordered non-H atoms and those with site occupation factors (SOFs) >
0.5. Disordered O-Si—O fragments were refined anisotropically regardless of the SOFs of the
O and Si atoms.

Both O(O)Si(CH?3)(CH2CH20CH>CH>0OH) fragments were found to be disordered and
were refined in two positions, each with SOFs = 0.688(4) and 0.312(4). Additionally, one of
the phenyl rings was modeled in two positions with SOFs refined to 0.774(11) and 0.226(11)
(position with lower occupancy was refined as a rigid group with AFIX 66 instruction in the
SHELXL-2014). Some geometrical restraints (DFIX, SADI, SAME), restraints on anisotropic
displacement parameters (SIMU, ISOR), constraints on the coordinates, and Ujj (EXYZ and
EADP), and anti-bumping restraints (BUMP) were applied to get an acceptable and

appropriate model of the disorder.

All H atoms were included using geometrical considerations and were refined using a
riding model, with O—H = 0.84 and C—H = 0.95-0.99 A, with Uiso(H) = 1.2U¢(C) for CH and
CH> or Uiso(H) = 1.5Ueq(O,C) for OH and CHz groups.

Figures presenting X-ray structures were made using the Diamond program.l! The
details of structure refinement are given in Table S3. The crystallographic information file
(CIF) is deposited at the Cambridge Crystallographic Data Centre (CCDC No. 2158322) and

provided as Electronic Supporting Information (ESI).
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Table S1. Crystal data and structure refinement parameters for trans-1

CCDC

Chemical formula
Mr
Crystal system, space group
Temperature (K)
a, b, c(d)
o, B, v (°)
V (A3
Z
Radiation type
p (mm™)

Crystal size (mm)

2158320
Cs1H48014Si10-C7Hs

1246.45
Triclinic, P-1
100
9.9670(18), 14.266(2), 21.913(4)
101.96(2), 95.17(2), 95.54(2)
3014.5(9)
2
Cu Ka
2.60

0.32x0.14 x 0.12

Data collection

Diffractometer
Absorption correction
Tmin, Tmax
No. of measured, independent
and
observed [1 > 26(1)] reflections
Rint

(sin 0/X)max (Afl)

XtaLAB Synergy R, DW system, HyPix-Arc 150

Multi-scan
0.715, 1.000

129327, 12380, 11600

0.028

0.629

Refinement

R[F? > 26(F?)], wR(F?), S
No. of reflections
No. of parameters
No. of restraints

H-atom treatment

Apmax, Apmin (e A—g)

Computer programs: CrysAlis PRO 1.171.39.46 (Rigaku OD, 2018), SHELXS97 (Sheldrick, 1990), SHELXL 2018/3

0.034, 0.090, 1.05
12380
845

667

H atoms treated by a mixture of independent and constrained

refinement.

0.56, -0.37

(Sheldrick, 2015), Olex2 1.3 (Dolomanov et al., 2009).
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Table S2. Crystal data and structure refinement parameters for trans-2

CCDC
Chemical formula
My
Crystal system, space
group
Temperature (K)
a, b, c(A)

V (A3)

4
Radiation type

p (mm™)

Crystal size (mm)

2158321
Cs6Hs0016Si10
1269.94
Orthorhombic, P212121
100
10.091(3), 24.272(5), 25.791(4)

6317(2)
4

Cu Ka

0.27

0.40 x 0.15 x 0.10

Data collection

Diffractometer
Absorption correction
Tmin, Tmax
No. of measured,
independent and

observed [1 > 26(1)]
reflections

Rint

(sin 0/M)max (A1)

Xcalibur, Ruby, Gemini ultra
Analytical
0.218,0.424

53772, 11399, 10833

0.059

0.602

Refinement

R[F? > 26(F?)], wR(F?),
No. of resflections
No. of parameters
No. of restraints
H-atom treatment
Apmax, Apmin (e A79)

Absolute structure

0.063, 0.172, 1.09
0.063, 0.172, 1.09
897
515

H-atom parameters constrained.

0.64,—0.63

Flack x determined using 4421 quotients [(1+)-(1-)]/[(1+)+(1-)]
(Parsons, Flack and Wagner, Acta Cryst. B69 (2013) 249-259)

Absolute structure —1.57 (6)
parameter

Computer programs: CrysAlis PRO 1.171.39.46 (Rigaku OD, 2018), SHELXS97 (Sheldrick, 1990), SHELXL 2018/3
(Sheldrick, 2015), Olex2 1.3 (Dolomanov et al., 2009).
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Table S3. Crystal data and structure refinement parameters for trans-3

CCDC
Chemical formula
M
Crystal system, space
group
Temperature (K)
a, b, c(A)

V (A3)

4
Radiation type
p (mm™)

Crystal size (mm)

2158322
CssHe4018Si10
1329.99
Orthorhombic, P212121
100
10.019(2), 24.275(3), 25.908(4)
6301.1(18)
4
Mo Ka
0.28

0.40 x 0.15 x 0.10

Data collection

Diffractometer
Absorption correction
Tmin, Tmax
No. of measured,
independent and
observed [I > 20(1)]

reflections
Rint

(sin 0/X)max (Afl)

XtaLAB Synergy R, DW system, HyPix-Arc 150
Multi-scan
0.673, 1.00

89692, 17429, 14381

0.032

0.712

Refinement

R[F? > 26(F?)], wR(F?),
No. of r;‘Iections
No. of parameters
No. of restraints
H-atom treatment
Apmax, Apmin (e A7)
Absolute structure

Absolute structure
parameter

0.059, 0.172,1.05
17429
898
321

H-atom parameters constrained.

0.57, -0.48

Flack x determined using 5683 quotients [(I1+)-(1-)]/[(1+)+(1-)]
(Parsons, Flack and Wagner, Acta Cryst. B69 (2013) 249-259)

0.019(19)

Computer programs: CrysAlis PRO (Rigaku OD, 2020), SHELXT-2014/7 (Sheldrick, 2015),

SHELXL2014/7 (Sheldrick, 2015)
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Table S4. Crystal data and structure refinement parameters for cis-3!-0.5(CHs;OH) (100K)

and cis-32-0.5(CHsOH) (300K)

CCDC

Chemical formula

M:
Crystal system, space group
Temperature (K)

a, b, c(Ad)

o,B,v(°)
V (A3
4
Radiation type
p (mm™)

Crystal size (mm)

2158323

Cs8He4018.Si10-0.5(CH30OH)

1346.01
Monoclinic, C2/m
300

19.753(4), 20.266(4),
20.202(4)

90, 110.22(20), 90
75899(3)
4
Cu Ka
2.14

0.37 x 0.14 x 0.10

2158968

Cs8He4018.Si10-0.5(CH30H)

1346.01
Triclinic, P-1
100

13.808(4), 13.953(6),
20.069(7)

101.52(4), 105.35(4), 92.32(4)

3636(2)
2
Cu Ka
2.24

0.37 x 0.14 x 0.10

Data collection

Diffractometer

Absorption correction
Tmin, Tmax
No. of measured, independent and

observed [1 > 26(1)] reflections

Rint

XtaLAB Synergy R, DW
system, HyPix-Arc 150

Multi-scan
0.897,0.973

37983, 7714, 3910

XtaLAB Synergy R, DW
system, HyPix-Arc 150

Multi-scan
0.760, 1.000

23898, 23898, 11134

0.059 Refined as a 2-component twin
(sin 0/))max (A7) 0.625 0.629
Refinement

R[F2 > 26(F?)], wR(F2), S
No. of reflections
No. of parameters
No. of restraints

H-atom treatment

Apmax, Apmin (e A_s)

Computer programs: CrysAlis PRO 1.171.39.46 (Rigaku OD, 2018), SHELXS97 (Sheldrick, 1990), SHELXL 2018/3

0.116, 0.387, 1.28
7714
432
208

H-atom parameters
constrained.

0.42,-0.59

0.148, 0.432, 1.36
23898
756
638

H-atom parameters
constrained.

0.73,-0.48

(Sheldrick, 2015), Olex2 1.3 (Dolomanov et al., 2009).
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Table S5. Hydrogen-bond geometry (A, °) for trans-2

D—HA D—H H-A DA D—H A
O1B—HIB---Ol1B" 0.84 1.89 2.65(4) 150.9
O1B—H1B:-O1Bi 0.84 1.94 2.65(3) 141.4

Symmetry codes: (i) x—1/2, —=y+1/2, —z+1; (ii) x+1/2, —y+1/2, —z+1.

Table S6. Hydrogen-bond geometry (A, °) for trans-3

D A D oA DA D A
02A—_H2A--OIB 0.84 1.99 2.66 (3) 136
02B—H2B---O1Ai 0.84 2.40 3.16(3) 153
02B"—H2B"--O2A'i 0.84 2.24 2.97(8) 145
C4B—H4BA---O2A 0.99 2.17 2.96(4) 136
C4B'—H4BD---02A" 0.99 1.54 2.31(7) 131
C63—H63:+-02BV 0.95 2.56 3.36(2) 142

Symmetry codes: : (i) —x+1/2, —y+1, z+1/2; (ii) —x+1/2, —y+1, z—1/2; (iii) —x+1, y—1/2,
—z+1/2; (iv) x—1/2, —y+1/2, —z.
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Figure S24. A: Crystal unit cell of cis-3° with two symmetry-dependent molecules. B: Crystal
packing of cis-3%. Hydrogen atoms are omitted for clarity. Representation model: “balls and
sticks”.

Color code: C (grey), Si (yellow), O (red), methyl group (dark green), CI (bright green).
Hydrogen atoms are omitted for clarity.

Figure S25. Fragment of molecular packing; two molecules organization for cis-3*.

Color code: C (grey), Si (yellow), O (red).

Hydrogen atoms are omitted for clarity. Representation model: “balls and sticks”.

Both CH2CH20OCH2CH,OH substituents are disordered and were defined in two positions,
each with SOFs =1) 0.5and 0.5; 2) 0.6 and 0.4 (at 100 K).

Methanol molecule is not fully occupied - its SOFs is 0.5.
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Dielectric Studies
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Figure S26. Temperature dependence of the (a) real and (b) imaginary part of the complex
dielectric permittivity (pellet sample) for cis-3.

It has been found that the dielectric response is well described by the Cole-Cole relation:

. &, —¢€,
& (@—%er (1),
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where ¢, and ¢, are the low and high-frequency limits of the electric permittivity,

respectively, o is the angular frequency, t is the macroscopic relaxation time. The parameter
«a  characterizes  the  distribution of the  macroscopic  relaxation  time.
The Cole-Cole diagrams at selected temperatures are presented in Figure S27. In all cases,
the Cole-Cole plots deviate from semi-circles over this temperature region (a.- ranges between

0.22 and 0.41), which means that the relaxation process has a polydispersive nature.
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Figure S27. Cole-Cole diagrams at selected temperatures for cis-3.

We have fitted the experimental Cole-Cole plots at several temperatures with the equation (1)
and determined the fitting parameters ¢,, &, and t. The activation energy, Ea, can be

estimated from the Arrhenius relation (eg. 2):

T= Cexp(E_F] (2

The Ea magnitudes being ca. 16.1 kJ/mol.
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