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Fig. S1a. 400 MHz 'H NMR expansion spectrum of ligand, L™ in DMSO-ds.
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Fig. S3. 500 MHz H-H COSY spectrum of ligand, L"" in DMSO-db.
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Crystallographic Data: X-ray diffraction-quality single crystals of 1 was obtained by the slow
evaporation of an aqueous solution of cage 1. The asymmetric unit contains half a molecule of
the binuclear palladium(Il) complex along with two nitrates and one water molecule. The
amine hydrogen atoms (of ethylenediamine) and water hydrogen atoms were located from
difference Fourier maps and refined isotropically. All other hydrogen atoms were placed in
geometrically idealized positions (C-H = 0.95 A for aromatic H atoms; C—-H = 0.99 A for
methylene H atoms; N-H = 0.88 A for amide H atoms; N-H = 0.91 A for amine H atoms) and
refined isotropically.

Table S1. Summary of crystallographic data for complex 1.

1
Chemical Formula | C28H42N14016

Pd2
M: 1043.55
Temp. (K) 200(2)
Crystal system Triclinic
Space group P-1
Crystal size (mm) 0.20x 0.15x0.10
a(A) 7.7499(9)
b (A) 10.4043(12)
c(A) 12.9225(15)
a(°) 87.015(5)
£(°) 74.757(5)
y(°) 75.488(5)
V(A% 973.1(2)
Z 1
Deaic (g cm ) 1.781
u(mm") 8.245
F(000) 528
Tmin 0.753
Tinax 0.301
h k1 (-9,9), (-11,12),
(min,max) (-15,15)
Reflns collected 15644
Unique reflns 3460
Observed reflns 2854
Rint 0.0887
No. of parameters 290
GoF 1.257
Ri[/>20(])] 0.0990
WRy[I> 20 (D)] 0.2860
R; all data 0.1082
Wr; all data 0.3024
APmax, Apmin (e A7) | 1.15,-2.096
CCDC No. 2168350
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Fig. S13. ORTEP of the molecule in crystals of 1. Thermal ellipsoids are drawn at 40%

probability. Hydrogen atoms and counter anions have been omitted for clarity.



DFT Data
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chair
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boat
all-(1,1) all syn-syn ‘
boat {+10.9 keal/mol
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all-(1,1) chair —_
Eget |Complex: all-(1,1) boat all syn-anti +8.2 kcal/mo

Shape: chair all syn-syn i
Ligand: all anti-syn
J,.f +5.9 keal/mol
[ +4.8 keal/mol ’
/428 keal/mol

<421 keal/mol

Y /406 keal/mol

0 kcal/mol

Fig. S14 Optimized geometries and relative energies of the possible isomers of

[Pda(en)2(L"),]* in implicit DMSO phase.



Table S2. Energy values of the possible isomers of the complexed cation, [Pdx(en)2(L"™)2]*" in

gas phase: [B3LYP-D3/SDD,6-31G(d)].

Entry | Isomers of Total Energy Total Energy Relative
] ] energy
[Pda(en)2(LV™)]** (in a.u.) (in kcal/mol)
) (in kcal/mol)

complex in gas phase

1 (1,1) Chair, syn-anti | -2042.698641 -1281813.023539 [0

2 (1,1) boat, syn-syn -2042.697461 -1281812.283077 | +0.74

3 (1,1) Chair, anti-syn | -2042.695860 -1281811.278434 | +1.74

4 (1,1) boat, anti-anti -2042.669236 -1281794.571619 | +18.45

5 (2,0) boat, syn-syn -2042.698099 -1281812.683428 | +0.34

6 (2,0) Chair, syn-anti | -2042.694647 -1281810.517265 | +2.50

7 (2,0) Chair, anti-syn | -2042.671905 -1281796.246442 | +16.77

8 (2,0) boat, anti-anti -2042.663147 -1281790.750713 | +22.27




Table S3. Energy values of the possible isomers of the complexed cation, [Pdx(en)2(L"™)2]*" in

implicit DMSO phase: [B3LYP-D3/SDD,6-31G(d)].

Entry | Isomers of Total Energy Total Energy Relative
) ) energy
[Pda(en)a(LU™)2]* (ina.u.) (in kcal/mol)
. (in
complex in implicit
kcal/mol)

DMSO

1 (1,1) Chair, syn-anti | -2043.391081 -1282247.536292 | 0

2 (1,1) boat, syn-syn -2043.390149 -1282246.951453 | +0.58

3 (1,1) Chair, anti-syn | -2043.387637 -1282245.375148 | +2.16

4 (1,1) boat, anti-anti -2043.386532 -1282244.68175 +2.85

5 (2,0) boat, syn-syn -2043.383356 -1282242.68878 +4.8

6 (2,0) Chair, syn-anti | -2043.381589 -1282241.57997 +5.95

7 (2,0) Chair, anti-syn | -2043.378032 -1282239.347919 | +8.18

8 (2,0) boat, anti-anti -2043.373661 -1282236.605074 | +10.93
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Scheme S1. Synthesis of the low symmetry trinuclear complex all-cis(2,2)- or all-trans(2,2)-
[Pd3(L")6](NO3)s, 2 with minor amount of proposed low symmetry tetranuclear complex

[Pd4(L")g](NO3)s, 3 (concentration: 10 Mm with respect to palladium(II)).
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DWT
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all-trans(2,2)
DWT
all anti-anti
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/ +18.7 keal/mol DWT = double walled triangle

0 kcal/mol
Fig. S15. Optimized geometries and relative energies of all-cis(2,2)-[Pd3(L")s]®" and all-
trans(2,2)-[Pd3(L")s]®" (where ligand conformation is either all syn-syn or all-anti-anti) in gas

phase.



Table S4: Energy values of the possible isomers of the complexed cation, [Pds(L"")s]®":
[B3LYP-D3/SDD,6-31G(d)].

Entry | Isomers of [Pd3(L"")s]*" | Total Energy Total Energy Relative
complex and condition energy
(in a.u.) (in kcal/mol)
(in
kcal/mol)
1 cis(2,2) Gas phase, all syn -4602.501811 -2888114.107381 | 0
2 trans(2,2) Gas phase, all syn | -4602.471867 -2888095.317233 | +18.79
3 trans(2,2) Gas phase, all anti | -4602.444439 -2888078.105899 | +36.00
4 cis(2,2) Gas phase, all anti -4602.400738 -2888050.683102 [ +63.42

Remarks: Conformations are assigned according to the input file. After optimisation small
changes in the conformations were observed. Energy optimisation of cis(2,2) and trans(2,2)
isomers of [Pd3(L")s]*" complex in DMSO was tried but not successful in getting the optimised

structures.
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Fig. S16. 400 MHz '"H NMR spectrum of complex, 2+3 in DMSO-ds.
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Fig. S16a. 400 MHz 'H NMR expansion spectrum of complex, 2+3 in DMSO-ds.
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Fig. S17. 125 MHz '3C NMR spectrum of complex, 2+3 in DMSO-db.
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Fig. S17a. 125 MHz '3C NMR expansion spectrum of complex, 2+3 in DMSO-d.
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Fig. S18a. 500 MHz H-H COSY expansion spectrum of complex, 2+3 in DMSO-ds.
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Fig. S19. 500 MHz C-H COSY spectrum of complex, 2+3 in DMSO-ds.
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Fig. S19a. 500 MHz C-H COSY expansion spectrum of complex, 2+3 in DMSO-ds.
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Fig. S20. 500 MHz NOESY spectrum of complex, 2+3 in DMSO-ds.
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Fig. S20a. 500 MHz NOESY expansion spectrum of complex, 2+3 in DMSO-ds.



g/
1 a h / 2 li
d c A @ cooling
L A W

e

’\ i ""‘ 2@ 70°C

L M J_2@n
105 100

pm

Fig. S21. Partial 400 MHz 'H NMR spectra of the sample obtained from complexation of
Pd(NOs3); and ligand L"" mixed in 1:2 ratio at 2.5 mM recorded at (i) rt (ii) 70 °C (iii) rt
(reached by cooling down) in DMSO-ds. (Concentration: 2.5 mM with respect to
palladium(II)).
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Fig. S22. Partial 400 MHz 'H NMR spectra of (i) ligand, L"; (ii) to (v) sample obtained from
the complexation of PA(NO3)2 and ligand L"" mixed in 1:2 ratio at (ii) 2.5 mM; (iii) 5 mM; (iv)
10 mM; (v) 60 mM in DMSO-ds. (Concentration: 2.5 to 60 mM range, with respect to
palladium(II)).

Table S5. Approximate percentage of L"" in the complexes 2 and 3 at various concentration
as calculated from integration ratio of suitable "H NMR signals.

Concentration Approximate percentage of ligand L®
of palladium() 1 [pd,(Lm) J(NOy),, 2 | [PAu(L™)5(NO3)s, 3

2.5mM 100 -
5mM 100 Negligible
10 mM 84 16

60 mM 72 28
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Fig. S23. Partial 500 MHz variable temperature '"H NMR spectra of 2+3 recorded at (i) rt ; (ii)
40 °C; (i11) 50 °C; (1v) 60 °C; (v) 70 °C; (vi) 80 °C; (vii) 90 °C; and (viii) rt (reached by cooling
down) in DMSO-ds. (Concentration: 10 mM with respect to palladium(II)).
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Fig. S24. Partial 400 MHz '"H NMR spectra of 2+3 monitored after aging for (i) 1 d; (ii) 2 d;
and (ii1) 10 d in DMSO-ds. (Concentration: 10 mM with respect to palladium(II)
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Fig. S25. Partial 400 MHz 'H NMR spectra of (i) ligand L™ (ii) all-cis(2,2)- or all-trans(2,2)-
[Pd,(L")J(NO3),, 2 (iii) all-cis(2,2)- or all-trans(2,2)-[Pd (L") ](BF4)s, 2' in DMSO-ds.

(Concentration: 2.5 mM with respect to palladium(II))
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Fig. S26. ESI-MS spectrum of trinuclear complex [Pd3(L"")s](BFs)s, 2' and tetranuclear
complex [Pds(L"")s](BF4)s, 3'.
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Fig. S26a. Experimental (top) and simulated (bottom) ESI-MS isotopic peak patterns

corresponding to the cation [2'-2BF4]*".



BEEE €29
POBO'EZS =
BEG/ TZ9 .lJ“
L0ZF 229 ==
890229 ———1
P55 amli
0zzy | Zg————o
6/80°'1Z9 —]
755029 M
86 1F'029 =
5/80°029 lhhu
EPG. 619
—
B0ZF 619 — |
£/80'6L9 |Lhu
055/'219
PE—
PIZP'ELe
1220219 =]
£S5/ /19 IL&
PZTr 219 :
FGE0°4 19 =3
6252919
=]
T T T T T T T T T
s = = a2 s s = = a2
= = (= = = = (= = =
N y) L= L = [y) [ [ y) L= Loy
= = ™ o o =] — —
‘B

624

623

622

621

620

619

618

617

616

m/z

585/ €29
BPZY EZ9
B060'€Z8

1462729 <

1670729 <

POBOZZS = |

¥95.°129 ﬂfl\f

pEZy 129 ——— |

6680129 — |

£95.°029

BZZr 028

6580029
1952819
a8ZZrele
8680618
195819

Bezraly —— |
6680819 .ﬂ
95219 aﬂ\““
£ETP 419 ==
2060°219 <]

£964°919

6E2F'919

2060'919

120 1

T
624

623

622

T
621

T
620

T
619

T
618

617

616

90 1
60
30 1
0

miz

Fig. S26b. Experimental (top) and simulated (bottom) ESI-MS isotopic peak patterns

corresponding to the cation [2'-3BF4]*".
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corresponding to the cation [3'-3BF4]*".



2
iv) ¢ SIS B V. 'O NALJL
(iii) jj M M

e

() ). « ol n .J‘LML A M

~

a fg J
e k'
. bl d c ] k
(i) 1 MO
T T T T T T T T T T T T T 1
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 ppm

Fig. S27. Partial 400 MHz 'H spectra of (i) all (1,1)-[Pda(en)2(L"™)2](NO3)4, 1; (ii)-(iv)
monitoring the formation of a mixture of all-cis(2,2)- or all-trans(2,2)-[Pd3(L"")s](NO3)s, 2 and
Pd(en)>(NOs)2, 4 by standing a solution of 1 at ambient temperature for (ii) 3 d; (ii1) 9 d; (iv)
14 d; (v) freshly prepared 2, in DMSO-ds. A dynamic equilibrium of 1 (65% with respect to
ligand) with a mixture of 2 (35% with respect to ligand) and 4 was observed.

v Ji')dLj J M lhfl\f/'{

f T T T T T T T T T T T T l
10.5 10.0 9.5 2.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 ppm

Fig. S28. Partial 400 MHz 'H spectra of (i) cis(2,2)- or trans(2,2)-[Pd3(L")s](NO3)s, 2; (ii)-
(v) monitoring the formation of (1,1)-[Pd2(en)>(L")2](NO3)s, 1 from a mixture of 2 and
Pd(en)2(NOs)2, 4 by standing at ambient temperature for (ii) 3 d; (ii1) 6 d; (iv) 14 d; (v) freshly
prepared 1, in DMSO-ds. A dynamic equilibrium of 1 (75% with respect to ligand) with a
mixture of 2 (25% with respect to ligand) and 4 was observed.



