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Materials and methods. All the reagents were purchased from different commercial sources
and used without further purification. NMR spectra were recorded on a Bruker 400 MHz
spectrometer and the chemical shifts (3) in the '"H NMR spectra are reported in ppm relative
to tetramethylsilane (Me,Si) as an internal standard (0.0 ppm) or proton resonance resulting
from incomplete deuteration of the solvents (CD3),SO (2.51 ppm) and D,O (4.79 ppm).
Electrospray ionization mass spectrometry (ESI-MS) experiments were carried out on a ESI-
MS spectra were recorded on a Q-TOF electrospray instrument. Dynamic rheological
measurements were carried out with the gels and an AR 1000 rheometer (TA instruments)
with a plate-plate (the rotor was serrated) geometry (20 mm diameter,400 um gap). Scanning
electron micrographs were recorded on an SERION instrument. Prior to the measurements a
thin layer of the gels was taken on a silicon wafer and dried under vacuum and finally coated
with a thin gold layer.

Synthesis of L*, L? and L*:

All the ligands LY, L? and L3 were synthesized following the reported procedure®. In a clean
and dried round bottom flask 1,4-dicyanobenzene (10.0 mmol, 1.28 g), NaN3 (60.0 mmol,
3.90 g) and trimethylamine hydrochloride (60.0 mmol, 8.25 g) were taken, to which 100 mL
of toluene and 30 mL of methanol were added and the mixture was refluxed for 4 days. The
resulting precipitate was filtered and dissolved in aqueous NaOH (1M). The clear colourless
solution was then titrated with 1M HCI until it reached at pH ~4. The precipitated product
was washed with water and methanol followed by drying under vacuum. Isolated yield 1.70 g
(79%). *H NMR(DMSO-ds) & (ppm): 8.22 (s, 4H). L and L* were also synthesized following
the above-mentioned procedure. L% Isolated yield 84%. 'H NMR(DMSO-dg) & (ppm): 8.82
(s, 3H). L*: Isolated yield 80%. *H NMR(DMSO-dg) & (ppm): 8.79 (t, 1H), 8.24 (q, 2H), 7.85
(t, 1H).

Synthesis of G1:

In a cleaned and dried glass vial cis-(tmeda)Pd(NOs), (M) (0.04 mmol, 13.8 mg) and [1,4-
di(1H-tetrazol-5-yl)benzene (L) (0.04 mmol, 8.6 mg) were taken followed by the addition of
1 mL water. The mixture was heated at 50 °C with stirring until all the solids dissolved. The
solution was then heated at 50 °C for 6 h to form the hydrogel. Subsequently, the DMSO gel
was synthesized by taking the exact amount of the reagents in 1 mL DMSO and heating it at
60 °C for 5 h.
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Synthesis of G2:

In a dried glass vial M (0.04 mmol, 13.8 mg), 1,3,5-tri(1H-tetrazol-5-yl)benzene (L?) (0.026

mmol, 7.5 mg) and 1 mL of water were taken. The heated at 50 °C with continuous stirring
until L? consumed completely. The solution was then heated at 50 °C for 8 h to produce the
hydrogel. Similarly, the DMSO gel was synthesized by taking the exact amount of the
reagents in 1 mL DMSO and heating it at 60 °C for 8 h.

Conversion of G1 to T1:

To the vial containing hydrogel G; (synthesized as mentioned above) solid M (0.04 mmol,
13.8 mg) was added and the mixture was stirred at 60 °C for 3 h to give a clear light yellow
solution. The solution was concentrated and treated with excess acetone to give a faint yellow
precipitate. The precipitate was then washed with acetone and dried under vacuum. Yield:
23.5 mg (75%). For the organogel, the same procedure was followed to get the yellow DMSO
solution. It was then treated with excess ethyl acetate to get a faint yellow precipitate.
Isolated yield: 25 mg (80%). The solid product was dissolved in water and kept for acetone
vapor diffusion which allowed the isolation of single crystals suitable for XRD analysis. 'H
NMR(D20) & (ppm): 9.14 (s, 4H), 3.04-2.08 (m, 32H). ESI-MS (m/z): 1110.15 [T1(NOg)e]**
and 1500.21 [T1(NOs)s]*". Anal. Calcd. For Ciz0H216Ng4O36Pd12: C, 30.74; H, 4.64; N, 25.09;
found: C, 30.10; H, 4.85; N, 25.22. T1 was also synthesized directly by taking a 2 mL
aqueous solution of M (0.10 mmol, 36.4 mg), to which solid L* (0.05 mmol, 10.7 mg) was
added and the mixture was stirred at 50 °C for 4 h. The resulting light-yellow solution was
then concentrated and treated with 10 mL acetone to obtain a light yellow precipitate. The

precipitate was then washed and dried under reduced pressure. Yield: 31.5 mg (81%).

Conversion of G2 to T2:

Following the above-mentioned procedure, G2 was treated with M (0.04, 13.8 mg) to get the
nanocage T2 as light yellow powder. Yield: 22.2 mg (73%). This solid was dissolved in
water and allowed diffusion of acetone vapor to get single crystals. *H NMR(D-0) & (ppm):
10.05 (s, 3H), 3.04-2.3 (m, 32H). ESI-MS (m/z): 1070.64 [T2(NOs)s]** and 1448.53
[T2(NO3)o]**. Anal. Calcd. For CiogH204NgsO36Pd12: C, 28.62; H, 4.54; N, 25.96; found: C,
28.15; H, 5.08; N, 26.09. T2 was also synthesized by treating 2 mL aqueous solution of M
(0.1 mmol, 34.6 mg) with solid L? (0.03 mmol, 9.4 mg) at 60 °C for 3 h. The resulting light
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yellow solution was then treated according to the usual method described before to obtain the
light yellow product. Yield: 29.2 mg (77%).

Cage (T1) to gel (G1) conversion:

To a 1 mL aqueous solution of T1 (0.003 mmol, 15.6 mg), L' (0.02 mmol, 4.3 mg) was added
and the mixture was stirred at 50 °C until all solid L* was consumed. Then the solution was
heated further at 50 °C for 6 h to obtain the hydrogel. Similar procedure was followed to

prepare the organogel with DMSO.
pH monitored self-assembly:

A 5 mL aqueous solution of M (0.02 mmol, 6.9 mg) was taken in a 20 mL round bottom flask
(pH = 3.60). The solution was then treated with solid L (0.01 mmol, 2.2 mg) at 60 °C for 2 h
(pH = 2.36). The change in pH corresponds to the release of two protons per molecule of the

ligand.
Gage (T2) to gel (G2) conversion:

1 mL aqueous solution of T2 (0.003 mmol, 15.1 mg) was added to solid L? (0.013 mmol, 3.7
mg) in a clean glass vial and the mixture was stirred at 50 °C until L' was consumed. Then
the solution was heated at 50 °C for 8 h to obtain the hydrogel. Similar procedure was

followed to prepare the organogel in DMSO.
Synthesis of the prism P:

A 2 mL aqueous solution of M (0.1 mmol, 34.6 mg) was added to the solid ligand L® (0.05
mmol, 10.7 mg) and heated at 55 °C for 2 h to give a light yellow solution. The resulting
solution was then concentrated under reduced pressure and treated with 10 mL of acetone to
obtain a white precipitate. The precipitate was then washed with acetone and dried under
vacuum. Yield: 33 mg (84%). *H NMR(D,0) & (ppm): 10.29 (d, 2H), 8.40 (t, 1H), 7.27 (s,
1H) and 3.32-2.72 (m, 32H). Anal. Calcd. For CgoH103sN42018Pds: C, 30.74; H, 4.64; N,
25.09; found: C, 30.30; H, 4.90; N, 24.89.

Self-sorting experiment:

To a D,O solution of M (0.04 mmol, 13.8 mg), solid ligand L' (0.01 mmol, 2.1 mg) and L?

(0.006 mmol, 1.9 mg) were added and the reaction mixture was heated and stirred at 50 °C
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for 6 h. The resulting clear solution was used for *H NMR spectral analysis. The same
solution was further treated with excess KPFg salt to get a white precipitate, which was
isolated, dried and dissolved in acetonitrile for mass spectral analysis for better ESI-MS

result.
Michael addition reactions:

To a solid nitro-alkene 2 (0.02 mmol), 1 mL aqueous solution of the cage T1 (2 mol %) was
added followed by an addition of 3 (0.02 mmol, 3.1 mg). The mixture was stirred at room
temperature for the time periods as mentioned in Table 1. Then the reaction mixtures were
extracted with chloroform and finally the pure product was obtained from preparative TLC,

which was characterized by *H NMR spectroscopy.
Single crystal XRD structures of T1, T2 and P:

All the cages were crystallized by diffusion of acetone vapour to an aqueous solution of the
corresponding cages. Single crystal X-ray data were collected on a Bruker SMART APEX
(D8 QUEST) CMOS diffractometer using the SMART/SAINT software.? Intensity data were
collected using graphite-monochromatized Mo-Ka radiation (0.71073 A) at 110 K. The
structure was solved by direct methods and Fourier analyses and refined by the full-matrix
least-squares method based on F? with all observed reflections.>* using the SHELX-97°
program incorporated into WinGX®. All non-hydrogen atoms were refined with anisotropic
displacement coefficients. The hydrogen atoms bonded to carbon were included in geometric
positions and given thermal parameters equivalent to 1.2 times those of the atom to which
they were attached. In addition, the structure contains a huge void of disordered solvent
molecules and anions, so Squeeze program’ was applied to account for embedded solvent
molecules seriously disordered. Crystallographic data and refinement parameter are given in
Table S1.

Table S1: Crystallographic Data and Refinement Parameters of T1, T2 and P.

T1 T2 P
empirical formula C120H208N78055Pd12  Ci120H204N840475Pd12  CooH108N42022Pdg

Fw 4852.43 4860.46 2408.28

T (K) 110(2) 110(2) 110(2)
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crystal system
space group
alA

b/A

c/A

o/deg

pldeg

yldeg

VIA®

VA

Pealcd (9 €M)
2 (Mo Ka) (mm™)
MA

F (000)
collected reflns
unique reflns

GOF (F?)

monoclinic
C2lc
30.6898(18)
24.2224(15)
33.083(2)
90
96.418(2)
90

24439(3)

4

1.319

0.934
0.71073
9768.0
293042
16994
0.783
0.0804

0.2500

orthorhombic
1222
19.9984(8)
22.3102(9)
22.5607(9)
90

90

90
10065.9(7)
2

1.604
1.133
0.71073
4888.0
153768
11681
1.066
0.0433

0.1144

monoclinic
P21/c
18.5319(14)
22.2301(18)
28.691(2)
90
95.243(2)
90
11770.5(16)
4

1.359

0.967
0.71073
4856.0
302467
20732
0.998
0.0788

0.2452

Ri=Z| [Fo[-[Fe[ [/Z[Fo| WRA[Z {(W(Fo'— F)}/Z {w(Fo)) ™.
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Figure S1: "H NMR spectra of the linker L* in DMSO-d.
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Figure S2: 'H NMR spectra of the linker L?in DMSO-d.
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Figure S3: 'H NMR spectra of the linker L®in DMSO-d.
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Figure S4: G'and G" vs frequency swap of the hydrogel G1.
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Figure S5: G'and G" vs oscillation stress swap of the DMSO gel G1.
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Figure S6: G'and G" vs oscillation stress swap of the hydrogel G1.
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Figure S7: G'and G" vs oscillation stress swap of the DMDO gel G2.
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Figure S8: SEM image of the DMSO gel of G1 (left) and hydrogel of G2 (right).
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Figure S9: *H NMR spectra of T1 in D,0.
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Figure S10: *H DOSY NMR spectra of T1 in D,0.
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Figure S11: '"H NMR spectra of T2 in D,0.
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Figure S12: *H DOSY NMR spectra of T2 in D,0.
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Figure S13: ESI-MS spectra of T1 in H,0.
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Figure S14: Experimental isotropic patterns of the fragments [T1(NO3)g]** (left) and

[T1(NOs)g]*" (right) for the cage T1.
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Figure S15: ESI-MS spectra of T2 in H,0.
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Figure S17: *H NMR spectra of P in D,O.
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Figure S18: 'H DOSY NMR of P in D,0.
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Figure S19: 'H DOSY NMR spectra of the nano-cage T1 in D,O at -45 °C.

T

]
-2 -
. - /'
i ’ -2
' /s
—
j_ )

j . . 10
11

Figure S20: 'H COSY NMR spectra of the nanocage T1 in D,O at -45 °C.
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Figure S21: *H NMR spectroscopy of guest (1) encapsulated T1 in D,O.
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Figure $S22: *H DOSY NMR spectra of guest (1) encapsulated T1 in D,O.
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Figure S23: 'H COSY NMR spectra of guest (1) encapsulated T1 in D,O.
'H NMR spectra of the Michael reaction products:

1,3-Dimethyl-5-(2-nitro-1-pyren-1-yl-ethyl)-pyrimidine-2,4,6-trione (3a):

i NO,
o.A°0

/N NV
g 'H NMR (400 MHz, CDCl3) § (ppm): 8.32 (d, J=8.0 Hz, 1H, ArH),
8.24-8.19 (m, 1H, ArH), 8.12-8.09 (m, 2H, ArH), 8.07-8.00 (m, 1H, ArH), 7.72 (d, J=8.0 Hz,
1H, ArH), 5.45-5.39 (m, 1H, CH), 5.59-5.54 (m, 1H, CH), 5.22-5.17 (m, 1H, CH), 4.06 (d,
J=4.0 Hz, 1H, CH), 3.14 (s, 3H, NCHg), 2.69 (s, 3H, NCHs).

1,3-Dimethyl-5-(1-naphthalen-1-yl-2-nitro-ethyl)-pyrimidine-2,4,6-trione (4b):
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/N"N‘
o

'H NMR (400 MHz, CDCl3) § (ppm): 7.39-7.35 (m, 1H, ArH), 7.84-7.81
(m, 2H, ArH), 7.62-7.58 (m, 1H, ArH), 7.54-7.50 (m, 1H, ArH), 7.42-7.38 (m, 1H, ArH),
7.26-7.22 (m, 1H, ArH), 5.45-5.39 (m, 2H, 2 X CH), 5.07 (dd, J=12.0 Hz, J=8.0 Hz, 1H,
CH), 3.95 (d, J=4.0 Hz, 1H, CH), 3.12 (s, 3H, NCHg), 2.72 (s, 3H, NCHs).

1,3-Dimethyl-5-(1-methyl-2-nitro-1-phenyl-ethyl)-pyrimidine-2,4,6-trione (4c):

o 'H NMR (400 MHz, CDCl3) & (ppm): 7.39-7.35 (m, 3H, ArH), 7.10-7.07
(m, 2H, ArH), 5.36 (d, J=12.0 Hz, 1H, CH), 5.00 (d, J=12.0 Hz, 1H, CH), 4.05 (s, 1H, CH),
3.04 (s, 3H, NCHs3), 3.02 (s, 3H, NCHs), 3.22 (s, 3H, CHs).

1,3-Dimethyl-5-(2-nitro-1-p-tolyl-ethyl)-pyrimidine-2,4,6-trione (4d):
Me
NO,
o.A°C
/N N,
o 'H NMR (400 MHz, CDCI3) 6 (ppm): 7.08 (d, J=8.0 Hz, 2H, ArH),

6.91 (d, J=8.0 Hz, 2H, ArH), 5.29-5.23 (m, 1H, CH), 5.00-4.95 (m, 1H, CH), 4.48-4.44 (m,
1H, CH), 3.83 (d, J=4.0 Hz, 1H, CH), 3.15 (s, 3H, NCHs), 3.09 (s, 3H, NCH3), 2.29 (s, 3H,
CHy).

5-[1-(4-Methoxy-phenyl)-2-nitro-ethyl]-1,3-dimethyl-pyrimidine-2,4,6-trione (4e):
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MeO
NO,
o.A0
/N N‘
] 'H NMR (400 MHz, CDCl3) & (ppm): 6.96 (d, J=8.0 Hz, 2H, ArH),
6.79 (d, J=8.0 Hz, 2H, ArH), 5.27-5.21 (m, 1H, CH), 4.99-4.94 (m, 1H, CH), 4.48-4.43 (m,
1H, CH), 3.83 (d, J=4.0 Hz, 1H, CH), 3.76 (s, 3H, OCHj3), 3.15 (s, 3H, NCH3), 3.10 (s, 3H,

NCHa).

5-(1-Furan-2-yl-2-nitro-ethyl)-1,3-dimethyl-pyrimidine-2,4,6-trione (4f):

'H NMR (400 MHz, CDCls) § (ppm): 7.29 (d, J=8.0 Hz, 1H, ArH), 7.29-
6.30 (m, 1H, ArH), 6.16 (d, J=4.0 Hz, 1H, ArH), 5.20-5.15 (m, 1H, CH), 4.99-4.94 (m, 1H,
CH), 4.71-4.67 (m, 1H, CH), 3.84 (d, J=4.0 Hz, 1H, CH), 3.22 (s, 6H, NCHs).

Coordinates of the optimized geometry of 1cT1:

Centre  Atomic Atomic Coordinates (Angstrom)
number Number  Type

X Y Z
1 7 0 4.0429 0.0028 -8.9717
2 7 0 6.1518 1.1496 -7.5002
3 6 0 48205 1.1387 -9.595
4 6 0 58946  2.5209 -6.9557
5 1 0 5.7361 2.47 -5.8629
6 1 0 49791 2.9473 -7.4049
7 1 0 6.7182  3.2373 -7.146
8 6 0 7.415  0.5795 -6.932
9 1 0 7.4748 0.7478 -5.8444
10 1 0 8.3381 1.006 -7.3755
11 1 0 7.4322 -0.5166 -7.1027
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2.5746
1.9905

2.2858
2.2488
4.4428
5.5349
4.2007
3.9518
6.2345
4.5564
4.8823
4.2909
6.7882
6.8317
8.8294
8.7798
8.4876
8.0083
9.7355
7.2634
6.3387
6.9744
7.8447
9.3589
9.2688
10.1078
9.0982
8.8384
10.1569
8.4923
8.1552
8.7352
7.1625
8.669
9.8877
10.1716
10.846
7.0267
8.0096
2.0673
1.35901
3.0345
2.2175
2.6446
1.2205

0.2407
-0.6537

0.501
1.0639
-1.3118
-1.4691
-1.4101
-2.1413
1.1706
-0.0364
1.0554
2.104
2.063
0.2958
-2.2416
-1.4182
-2.0423
-0.6231
-0.9196
-5.6627
-6.1043
-4.9756
-6.497
-4.4855
-4.1948
-5.3211
-1.3811
-1.9374
-1.0596
-0.4607
-5.7395
-5.193
-5.9495
-6.7082
-3.3159
-3.6608
-2.939
-3.1968
-4.9087
-7.23
-7.7205
-7.1783
-8.0967
-9.0955
-8.3309
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-9.1452
-8.8695

10.1837
-8.4815
-9.5676
-9.4678
-10.645
-9.0275
-9.0083
-6.9913
-10.713
-9.4098
-9.4012
-9.3708
-2.5284
-1.2805
-0.4154
-1.3619
-1.0308
-1.0735
-1.4833
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0.0138
1.0784
0.2256
-1.7638
-0.5594
2.1305
2.3392
1.2998
0.0891
-0.0903
0.9042
2.3764
2.9076
1.4509
-0.9347
-1.0296
0.7758
-0.7525
0.4507

0.032
3.4659
4.3022
4.6988
1.3149
0.4714
2.4475
2.4834
-3.067
-3.0396
-1.8412
-0.7102
-0.7803
-1.9353
-2.6133
-3.9704
-1.742
0.4951
0.0974
-2.0031
0.5623
-0.575
1.3583
1.483
-0.5004
-4.1962
-4.1282
-5.2867
-5.4256
-7.0454
-6.5775
-6.3783
2.3838
1.0962
0.4205
1.1148
2.4453
3.0582
-1.4568
2.9111
-0.9141
0.4737
2.9625
4.0686
-0.8005
-1.5086

S30

6.2587
4.6769
4.536
3.3322
5.025
5.1535
4.3109
3.8815
-1.787
-1.3091
-1.4668
-2.0903
-2.5639
-2.4166
-0.5444
-1.6881
-1.0116
-2.2278
-3.0433
-2.7807
-1.7613
-1.1539
-2.6987
-1.8439
-0.8058
-0.6201
-0.3559
-0.274
-0.507
1.1687
0.4593
0.5043
0.5182
0.9775
1.7117
1.9744
1.4803
0.7597
2.0051
-0.0383
2.2055
2.742
1.6867
0.3727
3.2146
2.9322



459 1 0 -1.8546 1.0198 2.9467
460 1 0 -1.5126 -1.2834  3.8275
461 1 0 05619 -2.5273 3.3062
462 6 0 3.6064 0.4061 0.7257
463 1 0 3.5492 -0.6898 0.6038
464 6 0 4.7907 1.0391 0.6473
465 1 0 49212 2.1205 0.7672
466 8 0 6.9608 0.9721 -0.0842
467 8 0 6.0816 -0.884 0.5889
468 7 0 6.0294 0.3187 0.363
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