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Materials and Methods

Materials and General Methods. Unless otherwise noted, reagents and solvents were
used as received from Fisher Scientific and Sigma-Aldrich without further purification.
Zn(NTf,), were synthesized according to the literature procedure.! Column
chromatography was conducted using basic Al,O3 (50-200 um) from Acros and silica
gel (75-200 pm) from Fuji Silysia GS series. 'H and '3C NMR spectra were recorded
at 25 °C on a Varian Mercury NMR 400 spectrometer, where chemical shifts (0 in ppm)
were determined with respect to the nondeuterated solvents as a reference.

X-ray Crystallography. Single crystal X-ray data were collected from Oxford
Diffraction Gemini A CCD diffractometer using CrysAlisPro software (Agilent
Technologies). Graphite monochromated Cu-K, radiation (A = 1.54178 A) at 200(2) K
was used to collect diffraction data. Empirical absorption correction using spherical
harmonics from SCALE3 ABSPACK? was applied. The structure was solved and
refined using SHELXS-97% and SHELXL-974 programs, respectively. In the crystal,
three MeCN solvent molecules were not properly modeled. Therefore, the structure was
refined by masking MeCN molecules with PLATON/SQUEEZE technique. The
structure was deposited at the Cambridge Crystallographic Data Center with the
deposition number of CCDC 1024226.

MALDI TOF Mass Spectrometry. Matrix-assisted laser desorption/ionization
coupled with time-of-flight detector (MALDI TOF) mass spectrometry was conducted
on a Bruker Autoflex Speed MALDI TOF/TOF Mass spectrometer with a Nd-YAG
355 nm laser. 1 uL. of CHCA (a-cyano-4-hydroxycinnamic acid) matrix solution (10
mg/ml in a mixture of MeCN/H>O/TFA = 50/49.9/0.1 wt%) was first deposited on a
MALDI plate and air-dried. Aliquots of sample solution (1 mg/ml in CHCI3) were then
added onto the matrix spots for characterization. The spectra were acquired in reflection
mode.
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Ligand Synthesis
4'-(4-Boronophenyl)-2,2":6',2"-terpyridine ~ (1)> and  4'-bromo-1,1'-biphenyl-4-
carboxaldehyde (2)° were synthesized according to the literature procedures.

B(OH),

Scheme S1 Synthesis of terpyridine derivatives. Reagents and conditions: (a) 2-
acetylpyridine, NaOH, EtOH, 25 °C; (b) NH4OH, reflux; (c) bis(pinacolato)diboron,
PdClz(dppf), KOAc, DMSO, 80 °C.

4'-[4'-Bromo-(1,1'-biphenyl)-4-yl]-2,2':6',2"'-terpyridine (3). To an EtOH solution
(147 mL) of 2-acetylpyridine (4.9 g, 40.6 mmol) and 2 (4.8 g, 18.5 mmol), NaOH (4.4
g, 110.7 mmol) was added. After being stirred at 25 °C for 10 h under N2>, NHsOH (28
wt%, 70 ml) was added into the mixture, which was then refluxed for additional 20 h.
After cooling to 25 °C, the precipitate was filtered and washed with EtOH/H20 (1:1,
v/v) to allow isolation of 3 as a white solid (4.8 g, 10.3 mmol) in 56% yield. '"H NMR
(400 MHz, CDCI3): 6 (ppm) 8.74 (s, 2H), 8.72-8.70 (d, J = 4.0 Hz, 2H), 8.66-8.64 (d,
J=28.0 Hz, 2H), 7.94-7.92 (d, J= 8.4 Hz, 2H), 7.86-7.82 (dt, J= 7.6 Hz, 2H), 7.65-7.63
(d, J= 8.4 Hz, 2H), 7.55-7.46 (d, J = 8.8 Hz, 4H), and 7.34-7.30 (dd, J = 4.0 Hz, 2H).
3C NMR (100 MHz, CDCls): § (ppm) 156.34, 156.13, 149.63, 149.30, 140.65, 139.42,
137.78, 137.03, 132.12, 128.82, 127.97, 127.50, 124.03, 122.08, 121.54, and 118.78.
ESI MS: caled. for Co7H sBrNs [M + Na]™: m/z = 486.0576; found: 486.0577.

4'-[4'-Pinacolatoboron-(1,1'-biphenyl)-4-yl]-2,2':6',2"'-terpyridine (4). Borylation
of aryl bromides was referenced to the method described in the literature.” To a
degassed two-neck flask containing bis(pinacolato)diboron (2.9 g, 11.3 mmol),

S3



PdClx(dppf) (0.2 g, 0.3 mmol), and KOAc (3.0 g, 30.1 mmol), 3 (4.8 g, 10.3 mmol) and
anhydrous DMSO (62 ml) were added and the mixture was stirred at 80 °C for 1 day
under N». After cooling to 25 °C, the reaction mixture was extracted with toluene and
the combined organic extract was washed with H>O, dried over anhydrous MgSO4, and
then evaporated to dryness under reduced pressure to give 4 as a brownish solid (2.5 g,
4.9 mmol) in 47% yield. 'H NMR (400 MHz, CDCl3): 6 (ppm) 8.77 (s, 2H), 8.73-8.71
(d, /J=4.0 Hz, 2H), 8.67-8.65 (d, J = 8.0 Hz, 2H), 8.00-7.98 (d, J = 8.4 Hz, 2H), 7.91-
7.85 (m, J = 8.0 Hz, 4H), 7.76-7.74 (d, J = 8.4 Hz, 2H), 7.68-7.66 (d, J = 8.4 Hz, 2H),
7.36-7.33 (dd, J=4.8 Hz, 2H), and 1.37 (s, 12H). 3*C NMR (100 MHz, CDCl5): J (ppm)
156.48, 156.21, 149.93, 149.36, 143.25, 141.83, 137.81, 137.08, 135.57, 127.95,
127.90, 126.62, 124.04, 121.60, 118.92, 84.08, and 25.10. ESI MS: calcd. for
C33H30BN30;2 [M + Na]™: m/z = 534.2329; found: 534.2334.

4'-(2-Bromophenyl)-2,2':6',2"-terpyridine (5). To an EtOH solution (270 mL) of 2-
acetylpyridine (14.5 g, 119.6 mmol) and 2-bromobenzaldehyde (10.0 g, 54.4 mmol),
NaOH (13.0 g, 326.2 mmol) was added. After being stirred at 25 °C for 10 h under N>,
NH4OH (28 wt%, 200 ml) was added into the mixture, which was then refluxed for
additional 20 h, After cooling to 25 °C, the precipitate was filtered and washed with
EtOH/H>0 (1:1, v/v) to allow isolation of 5 as a white solid (3.3 g, 8.5 mmol) in 15.7%
yield. '"H NMR (400 MHz, CDCls): 6 (ppm) 8.70-8.66 (m, 4H), 8.53 (s, 2H), 7.90-7.85
(dt, J=7.8 Hz, 2H), 7.70-7.68 (d, J = 8.0 Hz, 1H), 7.47-7.45 (d, J= 7.6 Hz,1H), 7.41-
7.37 (dt,J=7.4 Hz, 1H), 7.35-7.32 (m, J = 4.8 Hz, 2H), and 7.28-7.23 (dt, J= 7.8 Hz,
1H). '3C NMR (100 MHz, CDCl3): 6 (ppm) 156.10, 155.36, 150.84, 149.23, 140.51,
136.91, 133.25, 131.01, 129.77, 127.57, 119.48, 123.92, 122.04, 121.75, and 121.42.
ESIMS: caled. for C21H14BrN3 [M + Na]™: m/z = 410.0263; found: 410.0267.
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Scheme S2 Synthesis of bisterpyridine ligands. Reagents and conditions: (a) 1, NaxCOs,
Pd(PPh3)s, toluene/H,O/t-BuOH (3:3:1, v/v/v), reflux; (b) 4, NaxCOs3, Pd(PPh3)s,
toluene/H,O/~-BuOH (3:3:1, v/v/v), reflux.

4'-[2'-Bromo-(1,1'-biphenyl)-4-yl]-2,2':6',2"'-terpyridine (6). To a degassed two-
neck flask containing 1,2-dibromobenzene (3.1 g, 13.4 mmol), 1 (0.7 g, 2.1 mmol), and
Na;COs3 (6.8 g, 64.2 mmol), a mixed solvent (168 mL) of toluene/H,O/~-BuOH (3:3:1,
v/v/v) was added. After being purged with Nz for 30 min, Pd(PPhs)4 (39.4 mg, 33.9
umol) was added into the mixture, which was then refluxed for 1 day under N>, After
cooling to 25°C, the mixture was extracted with CHCI3 and the combined organic
extract was dried over anhydrous MgSO4 and then evaporated to dryness under reduced
pressure. The residue was subjected to flash column chromatography (basic Al,Os,
CHCI3) and then recrystallized from MeOH to give 6 as a white solid (0.5 g, 1.0 mmol)
in 47% yield. "H NMR (400 MHz, CDCl3): J (ppm) 8.78 (s, 2H), 8.71-8.70 (d, J = 4.8
Hz, 2H), 8.66-8.64 (d, J= 7.6 Hz, 2H), 7.96-7.94 (d, J = 8.0 Hz, 2H), 7.86-7.82 (dt, J
=7.6 Hz, 2H), 7.68-7.66 (dd, J= 7.2 Hz, 1H), 7.55-7.53 (d, /= 8.0 Hz, 2H), 7.36-7.35
(d, J=4.0 Hz, 2H), 7.33-7.30 (dd, /= 6.0 Hz, 2H), and 7.22-7.18 (m, J = 4.2 Hz, 1H).
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13C NMR (100 MHz, CDCl3): § (ppm) 156.15, 155.91, 149.73, 149.12, 141.93, 141.76,
137.68, 136.85, 133.25, 131.27, 130.04, 128.99, 127.52, 126.99, 123.90, 122.61,
121.40, and 118.90. ESI MS: calcd. for C27H 1sBrNs [M + Na]*: m/z = 486.0576; found:
486.0567.

2,4'-Di(4'-terpyridinyl)biphenyl (L1). By a similar procedure to that for 6, L1 was
obtained in 85.9 % yield (0.8 g, 1.3 mmol) from 5 (0.6 g, 1.5 mmol), 1 (0.7 g, 1.9 mmol),
NaxCO; (1.6 g, 15.5 mmol), and Pd(PPhs)4 (125.4 mg, 108.5 umol). '"H NMR (400 MHz,
CDCl): o (ppm) 8.69-8.67 (d, J = 4.8 Hz, 2H), 8.65-8.63 (d, J = 4.8 Hz, 2H), 8.63 (s,
2H), 8.63-8.60 (d, J = 8 Hz, 2H), 8.56-8.54 (d, J = 8 Hz, 2H), 8.30 (s, 2H), 7.87-7.80
(m, 4H), 7.77-7.74 (d, J = 8.5 Hz, 2H), 7.62-7.60 (d, J = 6.6 Hz, 1H), 7.53-7.46 (m,
3H), 7.40-7.37 (d, J = 8.5 Hz, 2H), 7.34-7.31 (m, 2H), and 7.28-7.25 (m, 2H). *C NMR
(100 MHz, CDCl3): d (ppm) 156.22, 156.13, 155.79, 155.26, 151.64, 149.76, 149.16,
149.14, 149.09, 149.08, 141.72, 140.04, 138.53, 136.85, 136.76, 136.69, 130.65,
130.53, 128.66, 127.86, 127.09, 123.83, 123.73, 122.19, 121.39, 121.37, and 118.75.
ESI MS: calced. for C42H2sNe [M + H]": m/z = 617.2448; found: 617.2441.

2,4"-Di(4'-terpyridinyl)-1,1':4',1""-terphenyl (L2). By a similar procedure to that for
6, L2 was obtained in 76.3 % yield (0.9 g, 1.2 mmol) from 5 (0.6 g, 1.6 mmol), 4 (0.8
g, 1.6 mmol), Na,CO; (1.7 g, 16.4 mmol), and Pd(PPhs)4 (132.5 mg, 114.6 pmol). 'H
NMR (400 MHz, CDCIl3): ¢ (ppm) 8.73 (s, 2H), 8.72-8.70 (d, J = 4.8 Hz, 2H), 8.66-
8.64 (d, J= 8 Hz, 2H), 8.61-8.59 (d, /= 4.8 Hz, 2H), 8.53-8.51 (d, /= 8 Hz, 2H), 8.29
(s, 2H), 7.92-7.90 (d, J = 8.5 Hz, 2H), 7.89-7.84 (dt, J = 8 Hz, 2H), 7.81-7.77 (dt, J =
7.6 Hz, 2H), 7.62-7.60 (d, J = 8.5 Hz, 3H), 7.54-7.44 (m, 5H), 7.36-7.32 (m, 4H), and
7.28-7.25 (dd, J = 4.8 Hz, 2H). 1*C NMR (100 MHz, CDCI3): § (ppm) 156.28, 156.19,
155.96, 155.24, 151.64, 149.74, 149.16, 141.47, 140.30, 140.27, 140.43, 138.76,
138.43, 137.15, 136.94, 136.79, 130.64, 130.51, 128.71, 127.78, 127.68, 127.50,
126.89, 123.93, 123.75, 122.32, 121.49, 121.33, and 118.72. ESI MS: calcd. for
C4gH32Ng [M + H]": m/z = 693.2761; found: 693.2775.

4-(4'-terpyridinyl)-2''-[4-(4'-terpyridinyl)phenyl]-1,1':4',1"'-terphenyl (L3). By a
similar procedure to that for 6, L.3 was obtained in 72.1 % yield (1.1 g, 1.4 mmol) from
6 (0.8 g, 1.9 mmol), 4 (1.1 g, 2.1 mmol), NaxCOs (2.0 g, 19.0 mmol), and Pd(PPh3)4
(153.7 mg, 133.0 pmol). 'H NMR (400 MHz, CDCl3): § (ppm) 8.78 (s, 2H), 8.75 (s,
2H), 8.74-8.71 (dd, J= 6.9 Hz, 4H), 8.69-8.65 (dd, J= 6.7.0 Hz, 4H), 7.99-7.97 (d, J =
8.5 Hz, 2H), 7.91-7.86 (dt,J= 5.4 Hz, 4H), 7.84-7.82 (d, J= 8.4 Hz, 2H), 7.77-7.75 (d,
J=28.5Hz, 2H), 7.59-7.57 (d, J = 8.3 Hz, 2H), 7.52-7.45 (m, 4H), 7.38-7.33 (dd, J =
3.4 Hz, 6H), and 7.30-7.28 (d, J = 8.3 Hz, 2H). *C NMR (100 MHz, CDCl;): § (ppm)
156.32, 156.28, 155.96, 149.91, 149.58, 149.17, 142.43, 141.33, 140.81, 140.18,
139.96, 138.52, 137.19, 136.93, 136.60, 130.86, 130.80, 130.53, 130.46, 127.93,
127.75, 127.58, 127.1, 126.83, 123.91, 121.50, 121.44, 118.88, and 118.78. ESI MS:
calcd. for CsaH36Ng [M + Na]*: m/z = 791.2894; found: 791.2871.
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Complexation

Table S1 Six complexation reactions from different combinations of anions and ligands.

Anion - -

. PFs NTf,

Ligand
L1
L2

L3

Zn(NO;), 6H,0
or Zn(NTf,),,
MeOH

a
L1-L3, CHCI,4 ¥> rt, 30 min 7—> rt, 30 min — > E;:,Rza,
lb

NH,4PFg,
l excess
c
R1b, R2b, (a) Filtration, and then washed with H,O and MeOH
R3b (b) MeNO,
(c) Precipitated with ether, and then washed with H,O

Scheme S3 Complexation flowchart of Zn"" complexes.
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Characterization of complexes using NMR

A mixture of Z1a and Z1a'. Yield: 56.1 mg, 91.4% as a mixture. 'H NMR (400 MHz,
CD3CN) of Z1a: J (ppm) 8.77 (s, 6H), 8.60 (s, 6H), 8.48-8.46 (d, /= 8.1 Hz, 6H), 8.33-
8.31 (d, J=8.2 Hz, 6H), 8.21-8.19 (d, J = 8.4 Hz, 6H), 8.12-8.08 (dt, J = 7.8 Hz, 6H),
8.05-8.00 (dt, J= 7.8 Hz, 6H), 8.00-7.98 (m, 3H), 7.87-7.78 (m, 21H), 7.70-7.68 (d, J
= 5.1 Hz, 6H), 7.56-7.52 (dd, J= 5.2 Hz, 6H), and 7.26-7.23 (dd, J= 5.1 Hz, 6H). 3',5'-
tpyH of Z1a': 6 (ppm) 8.96 (s, 1H), 8.65 (s, 1H), 8.52 (s, 1H), 8.40 (s, 1H), 8.35 (s, 1H),
and 8.30 (s, 1H). ESI MS (m/z): 827.1281 [M-3PFe]*" (caled. m/z = 827.1304),
584.1057 [M-4PFg]*" (calcd. m/z = 584.1068), 438.2896 [M-5PF¢]** (caled. m/z =
438.2925), and 341.0808 [M-6PF¢]®* (calcd. m/z = 341.0831).

A mixture of Z1b and Z1b'. Yield: 67.0 mg, 95.1% as a mixture. '"H NMR (400 MHz,
CDsCN) of Z1b: 6 (ppm) 8.77 (s, 6H), 8.61 (s, 6H), 8.49-8.47 (d, J=8.1 Hz, 6H), 8.34-
8.32 (d, J= 8.1 Hz, 6H), 8.22-8.20 (d, J = 8.4 Hz, 6H), 8.13-8.09 (dt, J = 7.8 Hz, 6H),
8.04-8.02 (dt, J = 7.8 Hz, 6H), 8.00-7.98 (m, 3H), 7.87-7.78 (m, 21H), 7.70-7.68 (d, J
=4.4 Hz, 6H), 7.58-7.55 (dd, J=5.1 Hz, 6H), and 7.26-7.23 (dd, /= 5.2 Hz, 6H). 3',5"-
tpyH of Z1b': 6 (ppm) 8.98 (s, 1H), 8.68 (s, 1H), 8.55 (s, 1H), 8.41 (s, IH). ESI MS
(m/z): 962.1032 [M-3NTH]** (caled. m/z = 962.0834), 651.3428 [M-4NTH]*" (calcd.
m/z = 651.3336), 465.0878 [M-5NTH]°" (caled. m/z = 465.0834), and 340.9193 [M-
6NTEH] (caled. m/z = 340.9166).

72a. Yield: 83.5 mg, 95.3%. "H NMR (400 MHz, CD:CN): 6 (ppm) 8.90 (s, 6H), 8.69-
8.67 (d,J=8.1 Hz, 6H), 8.52 (s, 6H), 8.28-8.26 (d, J= 8.1 Hz, 6H), 8.19-8.13 (m, 12H),
8.07-8.03 (dt, J=7.7 Hz, 6H), 8.01-7.98 (d, J= 5.5 Hz, 3H), 7.85-7.75 (m, 33H), 7.61-
7.59 (d, J= 8.4 Hz, 6H), 7.48-7.45 (dd, J= 5.1 Hz, 6H), and 7.34-7.31 (dd, J= 5.1 Hz,
6H). 13C NMR (100 MHz, CDsCN): 6 (ppm) 181.10, 158.73, 157.05, 150.98, 150.17,
149.34, 149.23, 148.96, 143.92, 142.63, 142.52, 142.12, 141.35, 140.26, 137.45,
136.72, 132.68, 132.21, 132.14, 131.51, 130.19, 130.05, 129.22, 128.80, 128.48,
126.24, 124.67, 124.05, and 122.84. ESI MS (m/z): 903.1733 [M-3PFs]*" (caled. m/z =
903.1620), 641.1351 [M-4PFs]*" (caled. m/z = 641.1304), 483.9145 [M-5PF¢]*" (calcd.
m/z = 483.9115), and 379.0996 [M-6PF]®" (calcd. m/z = 379.0989).

Z2b. Yield: 67.0 mg, 90.4%. 'H NMR (400 MHz, CD3CN): § (ppm) 8.91 (s, 6H), 8.69-
8.67 (d,J=8.1 Hz, 6H), 8.54 (s, 6H), 8.30-8.28 (d, /=8.1 Hz, 6H), 8.20-8.13 (m, 12H),
8.08-8.04 (dt, /= 7.8 Hz, 6H), 8.02-8.00 (d, /= 5.3 Hz, 3H), 7.85-7.76 (m, 33H), 7.62-
7.60 (d, J = 8.3 Hz, 6H), 7.49-7.45 (dd, /= 5.1 Hz, 6H), and 7.35-7.33 (dd, /= 5.2 Hz,
6H). 13C NMR (100 MHz, CD3CN): § (ppm) 181.13, 158.76, 157.09, 151.00, 150.18,
149.31, 149.20, 148.97, 143.97, 142.63, 142.53, 142.12, 141.36, 140.30, 137.44,
136.70, 132.70, 132.21, 131.51, 130.19, 129.23, 128.81, 128.51, 126.28, 124.68,
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124.07, 122.87, 122.81, and 119.63. ESI MS (m/z): 1038.1305 [M-3NT£H]** (caled. m/z
= 1038.1150), 708.6121 [M-4NTH]*" (caled. m/z = 708.6069), 510.9054 [M-5NTH]*
(caled. m/z = 510.9021), and 378.9378 [M-6NT£:]¢" (caled. m/z = 378.9324).

A mixture of Z3a and Z3a'. Yield: 69.0 mg, 98.4% as a mixture. 'H NMR (400 MHz,
CD:CN) of Z3a: & (ppm) 8.99-8.96 (m, 12H), 8.71-8.68 (m, 12H), 8.30-8.25 (m, 6H),
8.16-8.11 (m, 18H), 8.07-8.03 (m, 6H), 7.83-7.77 (m, 18H), 7.68-7.57 (m,18H), 7.52-
7.42 (m, 6H), and 7.39-7.35 (m, 12H). 3'5tpyH of Z3a': § (ppm) 8.9 (s, 2H), 8.97 (s,
2H), 8.96 (s, 1H), 8.96 (s, 1H). ESI MS (m/2): 978.8776 [M-3PFs]** (caled. m/z =
978.8604), 697.9171 [M-4PFs]*" (calcd. m/z = 697.9043), 529.3398 [M-5PFs]>* (calcd.
m/z =1529.3306), and 417.1233 [M-6PF¢]®" (calcd. m/z = 417.1147).

A mixture of Z3b and Z3b'. Yield: 96.0 mg, 94.6% as a mixture. '"H NMR (400 MHz,
CDsCN) of Z3b: 8.99-8.96 (m, 12H), 8.71-8.68 (m, 12H), 8.29-8.25 (m, 6H), 8.16-8.12
(m, 18H), 8.06-8.04 (m, 6H), 7.82-7.77 (m, 18H), 7.68-7.57 (m,18H), 7.52-7.42 (m,
6H), and 7.39-7.36 (m, 12H). 3',5'-tpyH of Z3b': J (ppm) 8.99 (s, 2H), 8.97 (s, 2H),
8.97 (s, 1H), 8.96 (s, 1H). ESI MS (m/2): 1114.1704 [M-3NT£:]** (caled. m/z =
1114.1465), 765.6414 [M-4NTH:]*" (caled. m/z = 765.6306), 556.5302 [M-SNTH]>"
(caled. m/z = 556.5211), and 417.1233 [M-6NT£]%" (caled. m/z = 417.1147).
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T T T T T T T T T 9.2
91 a0 89 88 87 86 85 84 83 ppm

Fig. S11 2D 'H ROESY spectrum of R1a, showing red 3',5'-tpyHs coupled with 3',3"-
tpyHs and the adjacent phenyl protons of Z1a'. ([L1] = 1.2 x 10 M, CDsCN).

92

T T T T T T T T T
a1 9.0 &9 &8 &7 86 &5 54 83 ppm

Fig. S12 2D '"H ROESY spectrum of R1a, showing blue 3',5'-tpyHs coupled with 3',3"-
tpyHs and adjacent phenyl protons of Z1a'. ([L1] = 1.2 x 10 M, CD;CN).
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F8.0

T T T T T T T T T T 9.2
90 B8 86 84 82 80 78 76 74 7.2 ppm

Fig. S13 2D 'H COSY spectrum of R1a, showing 3',3"-, 4',4"-, 5'5"- and 6',6"-tpyHs’
coupling correlations of Z1a. ([L1] = 1.2 x 10 M, CDsCN).

8.4

8.6

8.8

F9.0

92

T T T T T T T T T T T
90 88 86 864 82 80 78 76 74 72 70 68 66 ppm

Fig. S14 2D 'H COSY spectrum of R1a, showing red 5',5"-tpyHs coupled with 4',4"-
and 6',6"-tpyHs of Z1a'. ([L1] = 1.2 x 10> M, CD;CN).
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90 88 86 84 82 80 78 /6 74 72 70 68 66 ppm

Fig. S15 2D 'H COSY spectrum of R1a, showing blue 5',5"-tpyHs coupled with 4'4"-
and 6',6"-tpyHs of Z1a'. ([L1] = 1.2 x 10 M, CDsCN).

HT
A HH

HT:HH=2.3:1

CD,CN

L1]=1.2x103M
L,

94 92 90 88 86 B84 82 80 78 76 74 72 70 68  ppm

Fig. S16 Integration of 3',5'-tpyHs signals in the "TH NMR spectrum of R1b. ([L1] =

1.2 x 10 M, CDsCN).
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9.0 8.6 86 8.4 g2 8.0 [&:] 76 74 72 ppm

Fig. S17 2D 'H COSY spectrum of Z2a.

6+
6NTF,"
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35 3.5 6,6"
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ZZb 3.|1 s.ll:l B.IS B.IE E.IT B.IB B.IS B!4 B.|3 8.|2 B.I1 B.‘l:l ?.IS T.IB T.I? ?.‘B ?.|5 ?.I4 T.IB IppmI

Fig. S18 '"H NMR spectrum of Z2b.

3.5 a
3.5
3,3"
a
35
o y 44" 6,6" .
) ) h _
J i
A LA oo
T T T T T T T T T T T T
9.2 5.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm

Fig. S19 '"H NMR spectra of R3a-b.
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8.8

F9.0

T T T T T 1T 1 192
8.6 64 8.2 8.0 78 76 7.4 7.2 ppm

Fig. S20 2D 'H COSY spectrum of R3a.

mixed Lorentzian and

- r —T—
836 " Bm £.52 (ppm]

CD,CN

Mo A p B1=11x10°M

HT:HH=1.1:1

Fittype Gaussian
fitted peak: 35" # | ppm area | sum |ratio
3 (HT) 8.989 | 0.218
0416 |11
4 (HT) 8.982 | 0.198
1 (HH)
8992 | 0138
2 (HH)
5 (HH)
8973 | 0142 [0391 |10
6 (HH)
7 (HH) 8.966 | 0.053
8 (HH) 8.962 | 0.058
——r

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
94 9.3 92 91 90 89 88 87 86 8584 83 82 81 80797877 76757473 72717069 6867 ppm

Fig. S21 Deconvolution of 3',5'-tpyHs signals in 'H NMR spectrum of R3b. ([L3] =

1.1 x 10 M, CDsCN).
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2D DOSY NMR

L log(m2/s)
D=355x10m%s | 44

---------- A

--9.2

04 92 90 88 86 84 82 80 78 76 74 72 70 68 66 ppm
Fig. S22 DOSY NMR spectrum of Rla ([L1] = 1.20 x 10 M, CD3CN).

D =3.47 x 1019 m?/s

--------------- ARLTE REAE

F 93

Elog(m2/s)

04 02 00 88 86 84 82 80 78 76 74 72 70 68 66 ppm
Fig. S23 DOSY NMR spectrum of Z2a ([L2] = 1.20 x 10~ M, CDsCN).

ST T
--------- L R B L I L

- 94

;_Iog{rnz-"s)

04 92 90 88 86 84 B2 80 78 76 74 72 70 68 66 ppm
Fig. S24 DOSY NMR spectrum of R3a ([L3]=1.20 x 10> M, CDsCN).
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AN

20141127-YPLO035-lockmass 7 (0.155) 4+ 1: TOF MS ES+
100~ 584.1057 2.74e7
583.6089
5+
438.2896
437.8959
584.3504
h3s.4911
+
1438.6926 5833553 82:;31231 4+
437.6948) 64 6026 : —
826.8010
457 4953 826.4614
527.4677
583.1124§584.8564
By 438.8942
826.1345
527.7949
825.7950 —
85,1104 Jp28.1347 — tetramer
f E 157 2600/139.0958 s2589|
6+ 528.4620
585.3538 -
341.0808 437.0008}439.2883 582.6059
41,2505 825.4683
34058021341 4121 439.4900 585.6078 825.1290§828.8020
340.4188. | 341.5819 5+
+ 529.1295
340.2493J341.7516 439.6918 50360 051 632.7123
340.0799_} 341.9134 829.4695
7+ 2+
0 T T ‘ T T T L T T T T L T T T T T i T T T T T T T T T 1 T T T T A T T T T m/z
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

Fig. S25 ESI MS spectrum of Rla.
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641.1304

903.1620
3+ 4+
904.1616
calculated calculated |
642.1301
903.1733 641.1351
|904.1727
experimental experimental | 642.1323
A A Non o A }\ \ [\ f\ N ™
901 902 903 904 905 906 639 640 641 642 643
483.9115 379.0989|
5+ 6+
calculated calculated
|484.9112
‘ ‘ ‘ ‘ |380.0987
483.9145 379.0996
experimental experimental
|484.9157
A |380.1052
m/z A A k [\ miz
. /\ . . AA A . . Ll J\ A
482 483 484 485 378 379 380

Fig. S26 Calculated and experimental isotope patterns of Z2a.
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20141127-YPL0073-lockmass 8 (0.172) 5+ 1: TOF MS ES+
529.3398 6.57€6
100
529.1385|
529.7424 A -
Z3a'
A 529.9337
528.9373)
6+
417.1233
530.1351
u17.2841
416.7839 528.736] 4+
B 697.9171
[530.3365 698.1714
16,6232 507 6629 698.4141
l417.6237 698.6685
416.4536| 697.4203}
530.5380
1177846 255350 0989113
528.535 697.1662)
699.1657
1417.9545 307396 3+
416.2840) 978.8776
528.3339) 6963121'699'4202 978.5492 jg79 8769
h118.1245 978.2071f
530.9411
416.1234 500 6631 R 080.2055
418.2855 696.6697) ! 980.5479
531.1427
418.4554
S S . e B S | S N S s
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250

Fig. S27 ESI MS spectrum of R3a.
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20141127-YPLO041b-lockmass 8 (0.172) 5+ 1: TOF MS ES+
100+ 465.0878 8.87e6
464.8897|
1465.4841 i t
1465.6917 4+
4 651.3428
464.6917
651.8453
651.0972]
4 465.8900 652.0910
tetramer
464.4843]
<
650.8406]
466.0883
652.3368
1 6 + 650.5951]
340.9193
652.5938
340.7497
1341.2505
i 340.5883 341.4202 464.2863)466.2866
340.4188 I652.8396 Vi \
464.0884]
341.5900
1 650.3385| 3 + 4+
341.7516 064850 962.1032
: 650.0931[653.0967 961.4249962,7681
340.2574] 961.0994] 963 0939
1 340.0880_3419215 466.6834 6+ 653.3426 963.4333
342.0833
466.8913 963.7592
7+ 548.0906 5+
0 . T : T T T \“‘ T L f = T 5 T 1 . T T T T T T T m/z
200 250 300 350 400 450 500 550 600 650 700 950 1000 1050 1100 1150 1200 1250

Fig. S28 ESI MS spectrum of R1b.
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5+
20141127-YPL0084-lockmass 7 (0.155) 1: TOF MS ES+
510.9054 1.278
100-
510.5100
511.1031
511.3108
b11.5086 A —
510.3123
# /\
A 510.104g
511.7065 4+ Z2b
6+ 708.6121
378.9378 708.8683
3787675 -2699 708.1116709.1129
378.6058
11,9044
379.6022 509.9073 707.8671§709.3692
378.4359 709.6138
707.6114]
512.1024
379.7727 7097 A
509.709 709.8586
378.2740[379.9347 12,3102 7073668k 1 1151 3+
350.1052
1038.1305
512.5083 707.11084710.3598 1037.1301 1030.1313
L S N G S S P U e
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250

Fig. S29 ESI MS spectrum of Z2b.
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1038.1150

708.6069
3+ 4+
1039.1145
calculated calculated | 709.6065
1038.1305 708.6121
1039.1313
experimental experimental | 709.6138
miz L }\ A m/z
A A /\ it
1036 1037 1038 1039 1040 1041 707 708 709 710 4L
510.9021 378'9324|
5+ 6+
calculated calculated
| 511.0018 | 370.9320
510.9054 378.9378
experimental experimental
| 511.9044 | 379.9347
| A ] m | ﬂ L
A A )
510 511 512 378 379 380

Fig. S30 Calculated and experimental isotope patterns of Z.2b.
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20141127-YPL0O044-lockmass 8 (0.172) 5+ 1: TOF MS ES+
556.5302 9.50e6
100+
556.3342
556.7263
556.1279)
556.9327
or
557.1288 ]
555.9319 23b
4+
765.6414
S 765.8956
765.3994
555.7256|557.3251 765.1453
766.1498
A 766.3920
557.5316
6+ 764.8912
766.6463
417.1233 555.5207]
764.6493]
416.7839417'2841 557.7279
416.6232 176237 766.8885
416453 5533 764.39524767.1429
417.7846 557.9345 ’ ’
417.9545
416.2929 558.1308 764.14134767.3974 A
416.1234 [418.1245 558.3271 767.6398 3+
0 T T T T T T \AA\ T e 1\ \L‘\‘A ‘A\#L\m‘ At T T T T \‘ T T T m/z
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Fig. S31 ESI MS spectrum of R3b.
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Tandem Mass Experiments

Table S2 Center-of-mass collision energies (Ecm ) of Zn'' complexes.

Selected ion Counterion
[M-5A]°" PFs NTF,
Complex Zla Z1b
Ecm (eV) 9 86
Complex Z2a? Z2b?

Ecm (V) 4
Complex Z3a Z3b
Ecm (V) 49 34
|
0 ‘ev 4 (‘ev

# The Ecm needed to completely fragment [M-6A+F]>* ions.
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Characterization of Complex using ESI TWIM MS

(a) (b)
Trap 4.29
voltage 4.57
20V
15V /\
1oV 3.5 4.0 45 5.0 5.5
drift time (ms)
4,29
isomer | DT (ms) ratio
4v Z1a 4.40 3.1
FAEY 4.26 1.0
3.50 4.50 550 313 443 513

drift time (ms)
Fig. S32 (a) MS? TWIM MS spectra of Rla [M-4PF¢]*" ions and (b) the drift time
deconvolution at 4 V.

(@) (b) 3.42
Trap
voltage 3.47

-\
o
VA

1ov 0 drift thme (ms) 0
3.42 isomer | DT (ms) ratio
4V /\ 21a 3.47 1.9
........... Z1a’ 3.40 1.0
3.00 3.50 4.00 279 3.49 419
drift time (ms)

Fig. S33 (a) MS? TWIM MS spectra of Rla [M-5PF¢]°" ions and (b) the drift time
deconvolution at 4 V.
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(@) (b) 443
Trap

voltage 4,57
20V /\

15V

10V

4V

| A

m/z ‘

'y - \\\ ..

b

4.32 4.52
HH Z1b HT Z1b

35 40 45 50 55
drift time (ms)

isomer | DT (ms) ratio

Z1b 4,52 24

zZ1b' 4.32 1.0

3.50 5.5 3.13 4.43 513

(a)
Trap
voltage

m/z
[M 5NTf2]5+ linear
20V -
£ \
; .:g; . J’h)
[M- 5NTf2]5+ inear 398 g3
HH Z1b" 3.40
HT Z1b
10V 25 30 35 40
drift time (ms)
isomer | DT (ms) ratio
k Z1b 3.40 1.1
y Z1b' 3.28 1.0

drift tlme (ms)
Fig. S34 (a) MS? TWIM MS spectra of R1b [M-4NT£,]*" ions and (b) the drift time
deconvolution at 4V.

[M- 5NTf2]5 3.32

450 339 4.09
drlft time (ms)

Fig. S35 (a) MS? TWIM MS spectra of R1b [M-5NTf,]>* ions and (b) the drift time
deconvolution at 4 V.
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[M-SNTE", linear 44, ;g&._

[M-5NTF,]5* 4
leap 3.95 m/z
voltage s ;‘j%‘
. foresh

20V

15V

10V

S

3.95
av /\ 478 ,\Q{u“
3.00 400 5.00 405 475

drift time (ms)
Fig. S36 MS?> TWIM MS experiment of Z2b [M-5NTf]°" ions. Similar to the
phenomenon in the literature,® linear isomers were observed.

(a) (b) 6.73

Trap

voltage 6.78 m/z

20V

i

15V

:

55 6.0 65 7.0 75

i

10V drift time (ms)
6.73 isomer | DT(ms) | ratio
av Z3a 6.87 25
Z3a' 6.67 1.0

55 650 750 673 7.43
drift time (ms)
Fig. S37 (a) MS? TWIM MS spectra of R3a [M-4PF¢]*" ions and (b) the drift time

deconvolution at 4 V.
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(@)

(b)
Trap
voltage 3.15 m/z
20V J/\R
15V /\
10V /\ 4.0
5.10 drift time (ms)
isomer | DT (ms) ratio
4V Z3a 5.15 1.7
———————— Z3a' 5.04 1.0
4.00 5.00 6.00 440 510 5.80

drift time (ms)
Fig. S38 (a) MS?> TWIM MS spectra of R3a [M-5PF¢]*" ions and (b) the drift time
deconvolution at 4V.

(a) (b) 5.12
Trap [M-5NTfJ*

voltage  5.19 [M-NTE,

linear

m/z

506
HH Z3b" —

20V \
\ 5.20
HT Z3b

[M-5NTH,E", !!,. :
15v [ | linear ;;’h ﬂJ’“‘l:,.
' eces
40 45 50 55 60 6.5
10V drift time (ms)
5.12 isomer | DT (ms) ratio
AV Z3b 5.20 1.8
Z3b' 5.06 1.0
450 550 6.50 521 5.91

drift time (ms)
Fig. S39 (a) MS? TWIM MS spectra of R3b [M-5NTf,]>* ions and (b) the drift time
deconvolution at 4 V.
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CCS experiment, Molecular Modelling and Crystal Data

1600 -
1400 .
y= 234 05 ®
_ 1200 | RP=0.3305 .. 25
i 1000 - . "
o
- BOD
+ *
Z w00 4
5
400
200 4
ﬂ T T T T T T T T 1
0 2 4 & B 10 12 14 16 18
Corrected drifttime (ms)
Fig. S40 CCS calibration curve
(a) — 1364.17 kcal/mol (b)

" - 1365.54 kcal/mol

HHz3

Fig. S41 Energy-minimized structures of (a) HT Z3 and (b) HH Z3' along with their
calculated total potential energies using universal force field in Forcite module of
Materials Studio program.
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Table S3 (a) Experimental and (b) theoretical average CCS (standard deviation)
results (in A?).

(a)
Experimental
struc tureharge state 6+ 5+ 4+ 3+ avg. (stdv.)
HT Z1a 386.4 384.3 391.3  405.1 391.8 (9.4)
HH Z1a' 3783 377.2 385.9 399.7 385.3(10.4)
HT Z1b 379.6  381.7 39084 4178 394.4 (17.7)
HH Z1b' 3759 373.8 389.8  407.8 386.8 (15.7)
7Z2a 4255 4452 448.7  464.7 446.0 (16.1)
72b 433.3 4383 448.3  478.7 449.6 (20.3)
HT Z3a 531.1  539.9 540.9 NA 537.3(5.4)
HH Z3a' 523.1 530.3 528.9 NA 527.4 (3.8)
HT Z3b 530.8  544.0 553.6 5759 551.1 (19.0)
HH Z3b' 519.6 5322 542.0 5654 539.8 (19.4)
(b)
Theoretical
Method MOBCAL
CCS type
Structure iy PA ™
HT 71 378.4 (0.6) 424.3(6.7)
HH 71' 371.3(1.7) 417.9 (8.0)
72 455.6 (1.1) 505.9 (8.5)
72 crystal 450.1 516.6
HT Z3 536.3 (2.1) 579.9 (11.7)
HH Z.3' 531.5(2.6) 576.9 (12.9)
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Table S4 Crystal data and structure refinement for Z2a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

ic16714 sq

C156 H120 F36 N18 O3 P6 Zn3
3360.62

200(2) K

1.54178 A

Trigonal

P-3

a=32.7382(5) A a=90°.
b =32.7382(5) A B=90°.
c=9.1893(4) A y = 120°.
8529.5(5) A3

2

1.309 Mg/m3

1.834 mm-!

3420

0.25 x 0.20 x 0.15 mm3

9.587 to 67.981°.

-39<=h<=34, -28<=k<=36, -8<=I<=11
22133

10236 [R(int) = 0.0721]

98.9 %

Semi-empirical from equivalents
1.00000 and 0.90111

Full-matrix least-squares on F2

10236/ 284 / 760

1.175

R1=0.0947, wR2 = 0.2265

R1 =0.2105, wR2 = 0.2862

0

0.619 and -0.535 e. A3
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