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EXPERIMENTAL SECTION
Materials

Octakis(3-chloropropyl)octasilsesquioxane (1) was prepared according to a literature report.>d 2-
nitrophenol (purity; 98%), 3-nitrophenol (purity; 99%), and anhydrous N, N-dimethyl formamide
were purchased from Sigma Aldrich, used without additional purification, while the commercial
grade of hexane, ethyl acetate, and methylene chloride was further distilled. Precoated silica gel
60 F,s4 plates and silica gel (No. 60) used for chromatography were purchased from Merck & Co.,

Inc.

Instrumentation

Fourier transform nuclear magnetic resonance spectra were obtained by using a Bruker-Ascend™
400 high-resolution magnetic resonance spectrometer for 'H (400 MHz), 3C{'H} (100 MHz) and
2Si{'H} (79 MHz) nuclei. Chemical shifts were reported in & units (parts per million) relative to
tetramethylsilane (TMS) and residual solvents peaks were used as a reference. High-resolution

mass spectrometry was performed with a VQ-TOF 2 Micromass spectrometer.

General procedure to prepare sodium o-nitrophenolate and m-nitrophenolate salts.

Either 2-nitrophenol or 3-nitrophenol was dissolved in a sodium hydroxide solution (1 M) at a
molar ratio of 1:1. Then, the solution mixture was stirred at room temperature for 1 hour until
becoming a clear solution. Evaporation of water gave derivatives of nitrophenolate sodium salts.
Then, the solid salts were further dried under a vacuum for an overnight, while being heated at

70°C to complete a perfect dryness.



Synthesis of octakis(3-propyl-o-oxynitrobenzene)octasilsesquioxane (2), decakis(3-propyl-o-
oxynitrobenzene)decasilsesquioxane A3), and dodecakis(3-propyl-o-

oxynitrobenzene)dodecasilsesquioxane (4).

In a 50 ml of dried round bottom flask, sodium o-nitrophenolate salt (4.23 g, 26.2 mmol)
was further dried for 5 hours under vacuum while being heated at 70°C. Then, dried compound 1
(2.00 g, 1.93 mmol) was added, followed by the addition of dried DMF (15 mL) into the solid
mixture. Then, the reaction solution was heated to 100°C for 1 day. The reaction was then stopped
by cooling down in an ice bath. In order to remove soluble inorganic salts, 150 ml of cold CH,Cl,
and 50 ml of cold deionized water were added into the reaction mixture, becoming a two-phase
solution between organic and aqueous layers. The aqueous layer was extracted by 50 mL of CH,Cl,
for three times. After that, combined organic layers were washed with 50 ml of cold deionized
water and saturated NaHCOj; solution for three times. Then, it was further washed with cold
deionized water until the organic phase changed color from orange to light yellow in order to
completely remove an excess of 2-nitrophenol. Anhydrous sodium sulfate was added into the
organic solution resulting in a clear yellow solution, followed by a filtration. Evaporation of
organic solvent gave a yellow sticky crude product (3.48 g). Finally, the crude product was purified
by silica gel column chromatography (100% CH,Cl, to obtain three major products at Ry at 0.38,
0.30 and 0.24, identified as Tg, Tyo, and T, products, respectively. Compound 2 (Tg, 0.2993 g,
0.1612 mmol, 5% yield),'"H NMR (CDCls): 6 0.82 (m, 2H), 1.93 (m, 2H), 4.06 (t, 2H, J 1.1y = 6.28
Hz), 6.94 (m, 1H), 7.07 (d, 1H, Jg.) = 8.04 Hz), 7.46 (m, 1H), 7.77 (dd, 1H, Jn) = 3.24 Hz).
BC{™H} NMR (CDCl;): 8 152.46, 139.86, 134.10, 125.46, 119.94, 114.52, 71.05,22.61, 7.92 ppm.
Si{'H} NMR (CDCl;): 6 -66.70 ppm. HRMS (ESI): [M+Na]" calcd for [C;,HgoNgO3¢SigNa]",
m/z 1879.2727; found, m/z 1879.2657. Compound 3 (T, 0.6422 g, 0.2768 mmol, 18% yield),'H
NMR (CDCl): 6 0.82 (m, 2H), 1.93 (m, 2H), 4.06 (t, 2H, J.m) = 6.28 Hz), 6.94 (m, 1H), 7.07 (d,
1H, Jn = 8.08 Hz), 7.46 (m, 1H), 7.77 (dd, 1H, Jny = 3.24 Hz). BC{'H} NMR (CDCL): §
152.83, 140.11, 134.43, 125.71, 120.17, 114.93, 71.48, 23.14, 8.90 ppm. 2°Si{'H} NMR (CDCl3):
0 -68.41 ppm. HRMS (ESI): [M+Na]* calcd for [CooH;o9N10045S1;0Na]*, m/z 2343.3434; found,
m/z 2343.3255. Compound 4 (T, 0.1285 g, 0.04616 mmol, 4% yield) '"H NMR (CDCls): 6 0.84
(m, 2H), 1.93 (m, 2H), 4.06 (t, 2H, Jg.g) = 6.10 Hz), 6.99 (t, 1H, Ju.my = 7.70Hz), 7.08 (d, 1H,
Jam = 8.40 Hz), 7.45 (m, 1H), 7.74 (dd, 1H, J.ny = 3.11 Hz). BC{'H} NMR (CDCl;): § 152.90,
140.03, 134.46, 125.68, 120.09, 115.02, 71.61, 23.34, 9.52, 8.94 ppm. °Si{'H} NMR (CDCl;): 8



—6798, -70.75 ppm. HRMS (ESI) [M+Na]* calcd for [C108H120N12054Si12Na]*, m/z 28084175,
found, m/z 2808.4170.

Synthesis of octakis(3-propyl-m-oxynitrobenzene)octasilsesquioxane (5), decakis(3-propyl-
m-oxynitrobenzene)decasilsesquioxane (6), and dodecakis(3-propyl-m-

oxynitrobenzene)dodecasilsesquioxane (7).

To complete a perfect dryness of sodium salt, m-nitrophenolate sodium salt was further dried under
a vacuum at 70 °C for 5 hours until the orange solids of the salt hydrate to dried red powder. Then,
dried compound 1 (2.00 g; 1.93 mmol) and sodium m-nitrophenol salt (3.73 g, 23.1 mmol) were
added into 50 mL of dried round bottom flask, dried under vacuum at room temperature for an
additional hour. Anhydrous N,N-dimethyl formamide (DMF) (15 mL) was added into the solid
mixture. After heating at 70°C for 24 hours, the reaction mixture was cooled down in an ice-bath,
followed by the addition of cold CH,Cl, (150 mL) and deionized water (50 mL) to extract products
in organic layer out from aqueous layer. The aqueous layer was further extracted by 50 mL of
CH,Cl, (3 times). The combined organic layers were further washed with saturated NaHCO; and
washed with water in the final. The organic solution was dried by anhydrous sodium sulfate. Then,
evaporation of organic layer gave the yellow sticky crude product (3.07g), and analyzed by thin-
layer chromatography (TLC) with 10% of hexane in CH,Cl,. The result showed three separate
spots at Re=0.35, 0.25 and 0.14, identified as Tg, T}, and T}, products, respectively. Compound
5 (Ts, 0.11 g, 0.0592mmol, 3%yield), '"H NMR (CDCls): 6 0.82 (t, 2H, Jy.iy = 3.09 Hz), 1.92 (m,
2H), 3.96 (t, 2H, J ) = 6.44 Hz), 7.16 (dd, 1H, Jpy = 3.37 Hz), 7.37 (t, 1H, Ju.n) = 8.22 Hz),
7.63 (t, 1H, Jju.ny = 2.14 Hz), 7.74 (dd, 1H, Jun = 3.09 Hz). BC{'H} NMR (CDCl;): & 159.38,
149.14,129.97,121.61, 115.70, 108.39, 70.01, 22.54, 8.09 ppm. 2°Si{'H} NMR (CDCl;): 6 -66.70
ppm. HRMS (ESI): [M+Na]* caled for [C;,HgoNgO36SigNal]®, m/z 1879.2727; found, m/z
1879.2875. Compound 6 (T, 0.42 g, 0.1808 mmol, 12% yield), '"H NMR (CDCl;): & 0.82 (t, 2H,
Ja-my = 8.20 Hz), 1.92 (m, 2H), 3.95 (t, 2H, Jy.;m) = 6.42 Hz), 7.15 (dd, 1H, Jy.my = 3.39 Hz), 7.36
(t, 1H, Jynmy = 8.22 Hz), 7.62 (t, 1H, Juny = 2.22 Hz), 7.74 (dd, 1H, Jg.) = 3.15 Hz). BC{!H}
NMR (CDCl5): & 159.60, 149.32, 130.20, 121.78, 115.86, 108.68, 70.36, 22.99, 8.96 ppm.
YSi{!H} NMR (CDCl;): § -68.53 ppm. HRMS (ESI): [M+Na]* calcd for [CooH;0oN10045SioNa]”,
m/z 2343.3434; found, m/z 2343.3512. Compound 9 (T;», 0.26 g, 0.0933 mmol, 7% yield), 'H



NMR (CDCly): & 0.86 (t, 2H, Jgp.pp) = 8.24 Hz), 1.95 (m, 2H), 3.95 (t, 2H, Jpp) = 4.18 Hz), 7.13
(dd, 1H, Jgy = 8.24 Hz), 7.31 (t, 1H, Jgii = 8.16 Hz), 7.58 (t, 1H, Jgpy = 2.06 Hz), 7.68 (dd,
1H, Jgpm = 3.12 Hz). BC{'H} NMR (CDCL3): § 159.60, 149.38, 130.29, 121.74, 116.00, 108.74,
70.47, 23.26, 9.58, 9.01 ppm. 2Si{'H} NMR (CDCls): § -68.21, -70.90 ppm. HRMS (ESI):
[M+Na]* caled for [CiosH 20N 1,054Si1,Na]*, m/z 2808.4175; found, m/z 2808.4812

General procedure to prepare cage-rearranged silsesquioxanes (Tg, T19, and T1;) under base-

catalyzed reaction at different reaction times.

In each reaction cycle, compound 1, 1.00 g, 0.96 mmol) and K,CO; (0.0625 g, 0.45 mmol) were
added into dried two-neck round bottom flask equipped with condenser and magnetic stirring bar.
The solid mixture was dried under vacuum for 1 hour. Then, anhydrous DMF (10 ml) was added
to the solid mixture. Then, the reaction mixture was heated at 60°C under dried nitrogen to vary
reaction times for 15 mins, 30 mins, 1 hr, 2 hrs, 4 hrs, 8 hrs, 16 hrs, and 24 hrs. Isolated yields of
each product were determined using conventional liquid chromatography as shown in Figure S1.
To work up, the solution mixture was then extracted using CH,Cl, (3 x 50 mL). The organic phase
was collected and extracted further using H,O (3 x 100 mL). The organic layer was dried by
anhydrous sodium sulfate and evaporated to obtain pale white viscous liquid. The crude product
was purified by silica gel column chromatography (30% CH,Cl,/Hexane) to obtain three major
products at Ry at 0.41, 0.35 and 0.28, identified as octakis(3-chloropropyl)octasilsesquioxane (1),
decakis(3-chloropropyl)decasilsesquioxane (8) and dodecakis(3-
chloropropyl)dodecasilsesquioxane (9), respectively. Compound 1, 'H NMR (CDCls): 8 0.79 (m,

2H), 1.86 (m, 2H), 3.53 (t, 2H, Jq.y) = 6.58 Hz). BC{'H} NMR (CDCl;): 8 9.34, 26.25, 47.02
ppm. »Si{'H} NMR (CDCl;): & -67.07 ppm. HRMS (ESI): [M+Na]® caled for
[C,4H4sClIgNaO5Sig]*, m/z 1058.8647; found, m/z 1058.8539. Compound 8, 'H NMR (CDCl;): &
0.79 (m, 2H), 1.86 (m, 2H), 3.53 (t, 2H, Jq1.m) = 6.52 Hz). BC{'H} NMR (CDCl;): 3 9.34, 26.25,

47.02 ppm. 2°Si{'H} NMR (CDCl;): & -68.94 ppm. HRMS (ESI): [M+Na]* calcd for
[C31Hg2C11oNaO14Si10]", m/z 1316.8527; found, m/z 1316.8177. Compound 9, '"H NMR (CDCl;):
6 0.77 (m, 2H), 1.85 (m, 2H), 3.54 (t, 2H, J 1.y = 6.58 Hz). BC{'H} NMR (CDCls):  10.00, 10.49,

26.50, 26.60, 47.15, 47.21 ppm. 2Si{'H} NMR (CDCl;): 3 -68.68, -71.34 ppm. HRMS (ESI):
[M+Na]* calcd for [C36H7,C1;,NaOgSi;,]*, m/z 1576.8021; found, m/z 1576.8498.
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Figure S1: = Weight percentages of compounds 1 (Ts), 8 (Ty), and 9 (T;,) with time for base-
catalyzed reactions. Isolated yields determined using conventional liquid chromatography.
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Figure S2:  'H-NMR (400 MHz) of octakis(3-chloropropyl)octasilsesquioxane (1) in CDClj;
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Figure S3: '3C{'H} NMR (100 MHz) of octakis(3-chloropropyl)octasilsesquioxane (1) in
CDCl;
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Figure S4: 2°Si{'H} NMR (79 MHz) of octakis(3-chloropropyl)octasilsesquioxane (1) in CDCls;
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Figure S5:  HRMS (ESI) of octakis(3-chloropropyl)octasilsesquioxane (1)
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Figure S8: 2°Si{'H} NMR (79 MHz) of decakis(3-chloropropyl)decasilsesquioxane (8) in
CDCl,
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Figure S9:  HRMS (ESI) of decakis(3-chloropropyl)decasilsesquioxane (8)



7.260
3.557
3.541
3.525
867
854
848
838
826
793
782
772
765
752

N N N
R
Si—O.
O/
/o/R\o\ Si-,

2.000
2.012

2.043

Figure S10: 'H NMR (400 MHz) of dodecakis(3-chloropropyl)dodecasilsesquioxane (9) in
CDCl,
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Figure S11: BC{'H} NMR (100 MHz) of dodecakis(3-chloropropyl)dodecasilsesquioxane (9)
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HRMS (ESI) of dodecakis(3-chloropropyl)dodecasilsesquioxane (9)
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Figure S16: 2°Si{'H} NMR (79 MHz) of octakis(3-propyl-o-
oxynitrobenzene)octasilsesquioxane (2) in CDCl;
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Figure S17: HRMS (ESI) of octakis(3-propyl-o-oxynitrobenzene)octasilsesquioxane (2)
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'H NMR (400 MHz) of decakis(3-propyl-o-oxynitrobenzene)decasilsesquioxane
(3) in CDCl;
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BC{!H} NMR (100 MHz) of decakis(3-propyl-o-

oxynitrobenzene)decasilsesquioxane (3) in CDCl;

Figure S19
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Figure S20: 2°Si{'H} NMR (79 MHz) of decakis(3-propyl-o-
oxynitrobenzene)decasilsesquioxane (3) in CDCl;

Intens. T +MS. 0.4min #(21
600 2345.3197
400
200
i i PO | .' a " 1 . 1 i Li A
1200 1400 1600 1800 2000 2200 2400 2600 2800 miz
] miz ] 1% SN _FWHM__ Res. -
1 5953859 131 165 626 00402 14821
2 6394112 766 965 3349 00493 12969
3 6404142 174 2919 758 00488 13190
4 6834356 754 1000 3198 00461 14820
5 6344420 1M 165 524 008117 11197
6 6934144 111 140 432 00486 14384
7 7274611 479 603 1785 0.0515 14118
8 7284669 104 131 384 00576 12837 .
9 7714868 190 239 716 00529 14593 -

10 11831579 273 344 1321 00784 15091
11 11836592 418 526 2023 0.0809 14622
12 11841607 464 584 2247 00856 13833
13 11848645 337 424 1633 00882 13433
14 11851603 162 204 785 00929 12759
15 23433265 155 195 939 01488 15750
16 23443200 506 63.7 3070 0.1323 17716
17 23453197 599 754 3638 01129 20780
18 23463175 280 353 1703 0.1183 19831

Figure S21: HRMS (ESI) of decakis(3-propyl-o-oxynitrobenzene)decasilsesquioxane (3)
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'H NMR (400 MHz) of dodecakis(3-propyl-o-

oxynitrobenzene)dodecasilsesquioxane (4) in CDCl;

Figure S22
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Figure S24: °Si{'H} NMR (79 MHz) of dodecakis(3-propyl-o-
oxynitrobenzene)dodecasilsesquioxane (4) in CDCl;

Intens | +MS, 1.8mn #(105)
x104
125 2809 4035 )
1.00
075
050 111858186 14431473 1864.3262
025 ‘L
Ll
500 750 1000 1250 1500 1750 2000 2250 2500 2750 mz
8 miz__ )__1%_S™N_FWHM _ Res
17 1449766 3901 308 65 00099 14684
2 1450537 3957 312 66 00138 10478
3 2141874 3923 30 70 00100 21394
4 2968567 4528 358 B9 00124 23951
5 2969630 3931 310 7.7 00348 8571
6 4739412 4012 317 B3 00161 29475
7 5026029 4127 328 86 00165 30488
8 6585221 3942 311 79 00184 35351
9 685 4353 4313 341 86 01089 8295
10 762 1739 4487 54 89 00205 37097

11 9121720 3992 315 78 00205 44601
12 11185816 4016 nrz 80 00229 48748
13 14431473 4303 30 87 00347 41627
14 18640689 3981 N4 79 00303 61428
15 - 1864 3262 4102 324 82 00410 45451
16 2215 2641 3583 34 76 00326 68048
17 23390727 5293 418 105 00332 70556
18 23392598 4619 35S 91 00609 238427
19 2807 4203 6783 536 142 04925 5700
20 2808 4170 10499 829 222 04962 5659
21 28094035 12665 1000 269 05346 5256
22 28104032 10651 841 226 05N 5477
23 28113926 7671 608 161 05204 5403
24 28124056 4692 370 97 05559 5059
25 2824 3580 460 86 96 05021 5625
26 28253764 5560 439 116 05122 5516
27 28263724 5052 399 105 05037 5611
28 28273720 4039 N9 B8I 04549 6218
29 2937 8228 | 4240 335 87 00387 758954

29380295 3985 315 82 00418 70213

Figure SZS HRMS (ESI) of dodecakis(3-propyl-o-oxynitrobenzene)dodecasilsesquioxane (4)
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Figure S26: 'H-NMR (400 MHz) of octakis(3-propyl-m-oxynitrobenzene)octasilsesquioxane

(5) in CDCl;
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Figure S27: 3C{!H} NMR (100 MHz) of octakis(3-propyl-m-
oxynitrobenzene)octasilsesquioxane (5) in CDCl;
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Figure S28: °Si{'H} NMR (79 MHz) of octakis(3-propyl-m-
oxynitrobenzene)octasilsesquioxane (5) in CDCl;

ey +MS, 1.0-1.0min #(65-66)
x104 1880.2873
p =
3
2-.
1
i .125.4'140?

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 miz

" miz_ 1__ 1% SN _FWHM _ Res.
17 1087.8915 ~ 42737 83 4.1 00492 22131
2 10984913 4642 102 45 00292 37669
3 11201109 4328 95 40 00299 37482
4 11639252 4311 94 38 00345 33705
5 12200630 4631 101 40 00644 18950
6 12541407 4674 102 40 00304 41281
7 13240157 4183 92 35 00316 41963
8 16094781 4268 93 4.3 00784 20534
9 17016929 4267 93 44 00382 44513
10 17693980 4446 97 47 01251 14147
11 17829072 4151 91 44 00403 44281
12 18772798 6067 133 68 0291 6340
13 1877.7607 6932 152 7.9 02646 7096
14 18782807 5843 128 66 02758 6810
15 18787858 4864 106 53 02899 6481
16 18792875 37468 820 464 03004 6257
17 18802873 45716 1000 567 02977 6316
18 1881.2874 39683 868 492 02960 6356
19 18822901 24358 533 299 03054 6163
20 18832056 13914 304 167 02880 6539
21 18842912 6362 139 72 03079 6120
22 1894.1816 4477 98 49 00368 51454
23 18952763 4787 105 52 02878 6586
24 18962634 5186 113 57 03015 6289
25 1897.2519 4898 107 54 03400 5580
26 19533150 4511 99 50 03321 5882
27 19543124 6027 132 69 03081 6343
28 19553070 6491 142 75 02788 7013
29 19563165 4138 9.1 45 03041 6432
30 27498106 4188 92 46 00498 55201

Figure S29: HRMS (ESI) of octakis(3-propyl-m-oxynitrobenzene)octasilsesquioxane (5)
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BC{!H} NMR (100 MHz) of decakis(3-propyl-m-

oxynitrobenzene)decasilsesquioxane (6) in CDCl;

Figure S31



Intens.]

™M
o n
8 :
. o«
o o
} |
R
R I, R
SR T RS
QL
\ R =
Si-oPsi0,28i R= %70 NO,
R O\Si—O—S\i/O
R R
Glass wall
T T T T T T T T T T T [ T T
0 -10 -20 -30 -40 -50 -60 =70 -80 -90 -100 -110 -120 -130 ppm

Figure S32: °Si{'H} NMR (79 MHz) of decakis(3-propyl-m-
oxynitrobenzene)decasilsesquioxane (6) in CDCl;
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Figure S33: HRMS (ESI) of decakis(3-propyl-m-oxynitrobenzene)decasilsesquioxane (6)
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'"H NMR (400 MHz) of dodecakis(3-propyl-m-

oxynitrobenzene)dodecasilsesquioxane (7) in CDCl;

Figure S34

106~
856
9T'ET—
N
(@)
Z
M
0oL — n
vo'LL [
TN
gos/
% o K
Flox B
Yt \ﬁ\Olan]./I\R
VPMV )
[0}
v2'80L— P
thwﬁmmﬂhunﬂ
: [N i/:o\s/R
00°9LL— o/.&m.o\ Y
vrIZL— P
62°0EL—
8E'6kL—
09'65L—

|J

BC{'H} NMR (100 MHz) of dodecakis(3-propyl-m-

oxynitrobenzene)dodecasilsesquioxane (7) in CDCl;
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Figure S36: 2°Si{'H} NMR (79 MHz) of dodecakis(3-propyl-m-
oxynitrobenzene)dodecasilsesquioxane (7) in CDCl;
Intens. | T i
2800.4723 +MS, 0.2min #(15‘)1
8000
6000
i 2549.9196 2733.084p 2887.7820
26656840
2000- ‘
i 11 i
! B L LAl U] WA ki 1 MLtk L LU i
2500 2550 2600 2650 2700 2750 2800 2850 2900 2950 miz
_#  mlz 1 1% _SIN FWHM _ Res.
1 1087.9004 3964 475 40 00516 21085
2 1098.4842 4152 497 42 0.0298 36811
3 11419230 4390 526 42 0.0340 33628
4 11639216 4858 582 46 0.0329 35380
5 1186.1801 4578 548 42 00285 41639
6 1220.0625 4965 594 45 00562 21712
7 12312692 5067 607 46 00294 41927
8 12314092 4034 483 35 0.0403 30557
9 13358362 4164 499 36 00468 28540
10 13596971 4043 484 36 0.0510 26674
11 13716169 5480 656 51 00330 41529
12 13957376 3980 476 3.7 00425 32841
13 1408.0223 4063 486 3.8 0.0605 23284
14 14201008 4206 504 4.1 0.0321 44182
15 14446362 4253 509 4.2 00288 50215
16 1494.3818 3934 471 39 00402 37166
17 1609.4375 4116 493 4.1 00602 26737
18 1769.3966 5085 609 57 0.2602 6799
19 1838.1074 3874 464 43 0.0392 46889
20 21267425 4295 514 50 0.0605 35151
21 2232.8968 4769 571 55 00914 24436
22 2500.8538 3986 47.7 4.4 0.0447 55960
23 25499196 3999 479 44 0.0832 30635
24 27330642 4130 494 46 00518 52774
25 28084812 6877 823 82 04248 6611
26 28094723 8353 1000 101 03813 7356
27 28104756 7107 851 85 04521 6217
28 28114453 5627 674 66 02924 9615
29 28254838 4019 481 45 04591 6154
30 28264525 4097 490 46 04724 5983
Figure S37: HRMS (ESI) of dodecakis(3-propyl-m-oxynitrobenzene)dodecasilsesquioxane

(7)



