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Synthesis of 1
The procedures were adopted and modified from both Ellis et. al. and Sullivan et. al..*? The synthetic
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route is illustrated in Fig. S1.
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Fig. S1. Syntheticroute of 1.

Tert-butyl (2-aminophenyl)carbamate (A)

Compound 1,2-phenylenediamine (1.73 g, 16.0 mmol) was added to a three-neck round bottom flask
connected to a dropping funnel and was dissolved in 75 mL anhydrous tetrahydrofuran (THF).
Anhydrous Et;N (1.8 mL, 15 mmol) was injected into the solution. Di-tert-butyl dicarbonate (Boc,0)
(3.329, 15.2 mmol) was dissolved in anhydrous THF (25 mL) and transferred into the dropping funnel.
The Boc,0 solutionwas added dropwise into the 1,2-phenylenediamine solution and the reaction
mixture was stirred overnight. The solventwas removed by rotary evaporation to give a viscous yellow
liquid. The liquid was then suspendedin pH 10 sodium bicarbonate solution (NaHCO3; 50 mL) and
extracted with 3 x 50 mL dichloromethane (DCM). The organic fractions were combined and rinsed
with saturated NaHCOs3solution (100 mL). The combined organic fractions were dried over anhydrous
sodium carbonate (Na>CO3) and filtered. The DCM was removed by rotary evaporation to yield a pale
brown oil. The oil was recrystallised with chloroform (CHCIs)/hexane at 4 °C to give colourless crystals
of A(1.499,47%).'HNMR (DMSO—ds, 500 MHz, Fig. $20): 5=1.45(s, 9 H, 'Bu), 4.80 (s, 2H, NH,), 6.52
(m,1H,ArH),6.66 (m,1H, ArH),6.82(m,1H, ArH),7.17(m,1H, ArH), 8.26 (br,s, 1 H, CONHBoc)
ppm. *C NMR (DMSO-dg, 100 MHz): 5=28.1,78.6,115.7,116.3,123.7,124.5,124.9,141.2,153.6
ppm. HR-MS (ESI+, m/z) calculated for C11H1sN202[M + H]" m/z = 209.1290, found 209.1282.

Di-tert-butyl (((2,2-dimethylmalonyl)bis(azanediyl))bis(2,1-phenylene))dicarbamate (B)



Compound A (1.49g, 7.16 mmol) was added into a three-neck round bottom flask connected to a
dropping funnel and was dissolved in anhydrous THF (36 mL), after which anhydrous EtsN (1.05 mL,
7.52 mmol) was added. Dimethylmalonyl dichloride (0.50 mL, 3.8 mmol) was added to the dropping
funnel containing anhydrous THF (36 mL). The flask was cooled to 0 °C. Dimethylmalonyl dichloride
solution was added to the flask at a rate of 1 drop/second. After the addition was complete, the
solution was warmed up to room temperature and stirred overnight. The chalky suspension was dried
by rotary evaporation. The dried product was suspended in pH 10 NaHCO3 solution (30 mL) and
extracted three times with DCM (30 mL each). The organic fractions were combined and rinsed with
saturated NaHCOgssolution (60 mL). The organic layer was dried over anhydrous Na,COs3 and filtered.
The filtrate was dried by rotary evaporation and recrystallised in CHCls/diethyl ether (Et20) to yield a
white solid B (1.25 g, 68%). *H NMR (DMSO-ds, 500 MHz, Fig. S21): 0=1.43 (s, 18 H,'Bu), 1.56 (s, 6 H,
CH3),7.11-7.17(m,4H, ArH), 7.46—7.52(m, 4H, ArH), 8.70 (br, s, 2H, CONHBoc), 9.28 (br, s, 2H,
CONH) ppm. BC{*H}NMR (DMSO-ds, 100 MHz): 5=23.3,28.0,51.0,79.5,123.5,124.1,125.7,126.1,
129.7,131.7,153.7,172.1 ppm. HR-MS (ESI+, m/z) calculated for Co7H3sN4Os [M + H]* m/z=513.2713,
found 513.2709.

N',N3-bis(2-aminophenyl)-2,2-dimethylmalonamide (C)

Compound B (1.25 g, 2.44 mmol) was added into a round bottom flask connected to a dropping funnel
and was dissolved in DCM (7.5 mL). Trifluoroacetic acid (TFA, 7.5mL, 98 mmol) was added tothe
dropping funnel containing DCM (15 mL). The flask was cooled to 0 °C. TFA solution was added to the
flask at a rate of 1 drop/second. After the addition was completed, the solution was warmed up to
roomtemperature and stirred for two hours. The solvent of the resulting solution was removed by
rotary evaporationto give ayellow oil. The oilwas diluted with pH 10 NaHCOg3 solution (20 mL) and
extracted three times with DCM (20 mL each). The organic fractions were combined and rinsed with
saturated NaHCOgssolution (40 mL). The organic layer was dried over anhydrous Na,COj3 and filtered.
The filtrate was dried by rotary evaporation to give a white solid C (0.555 g, 73%). *H NMR (DMSO-ds,
500MHz,Fig.S22):6=1.57(s,6H,CHs),4.91(br,s,4H,NH>),6.54(m,2H,ArH),6.71(m,2H, ArH),
6.94—6.98 (M, 4H, ArH), 9.00 (br, s, 2 H, CONH) ppm. *C{*H} NMR (DMSO-ds, 100 MHz): & = 23.5,
50.7, 115.4,115.9,122.7,126.9, 127.5, 144.1, 172.8 ppm. HR-MS (ESI+, m/z) calculated for C17H20N4O>
[M + H]"* m/z=313.1665, found 313.1663.

Compound 15,15-dimethyl-8,13-dihydro-5H-dibenzo[b,h][1,4,7,10]tetraazacyclotridecine-6,7,14,16
(15H,17H)-tetraone (D)



Compound C (0.490g, 1.57 mmol) was added into athree-neck round bottom flask connectedtoa
dropping funnel and was dissolved in anhydrous THF (770 mL). Oxalyl chloride solution (0.87 mL of a
2 M solution, 1.7 mmol) was injected into the anhydrous THF (175 mL) in the dropping funnel.
Anhydrous Et3N (0.46 mL, 3.3 mmol) was thenadded into the solutionin the flask. The flask was cooled
to 0 °C. Oxalylchloride solution was added to the flask at arate of 1 drop/second. After the addition
was completed, the cloudy solution was warmed up to room temperature and stirred overnight.
Removal ofthe solvent by rotary evaporation gave a pale yellowsolid. The solid was suspendedin
deionised water (100 mL) and sonicated before being filtered off. The residue was washed with
copiousamounts of deionised water andthensonicated in Et.O. Theresulting residue was dried in
vacuo to give a white solid D (0.489 g, 85%). *H NMR (DMSO-ds, 500 MHz, Fig. $23): 6=1.55(s, 6 H,
CHs), 7.27-7.37(m, 6 H, ArH), 7.60—7.61 (m, 2 H, ArH), 9.54 (br, s, 2 H, CONH), 9.64 (br, s, 2 H,
CONH) ppm. C{*H} NMR (DMSO-ds, 100 MHz): & = 23.3, 51.2, 125.5, 126.0, 126.5, 127.2, 130.8,
131.7,161.9,172.5 ppm. HR-MS (ESI-, m/z) calculated for C19H1sN4O4[M - H] m/z = 365.1250, found
365.1258.

Sodium salt of 1

Compound D (0.489 g, 1.33 mmol) was added into a Schlenk flask and was suspended in anhydrous
THF (75mL). NaH (60% inmineraloil, 234 mg, 5.85 mmol) was subsequently added to the solution
and the mixture was stirred vigorously for 15 minutes until the suspension turned to a pale yellow
cloudy suspension. Iron () chloride (211 mg, 1.66 mmol) was added into the solution and the reaction
mixture was stirred overnight, resulting in a brown-green suspension. Exposure of the solution to air
causedthe suspensiontoturnbrown. The suspensionwasthenfilteredto give adark brownfiltrate
and adark brown residue, which were worked up separately to give two crops of product. Thefirst
cropwas obtained by adding thefiltrate into pentane (300 mL), giving rise to the formation of brown
precipitate. The precipitate was filtered off, dissolved in methanol (MeOH), and dried by rotary
evaporation to give a reddish brown crystalline solid. The second crop was obtained by dissolving the
residuein MeOH (3x5mL) andfiltered. Thefiltrate was collected andits solventremoved by rotary
evaporation, giving a reddish brown crystalline solid. The combined yield from both crops was 513 mg
(84%). For cyclic voltametric and transient absorption spectroscopic experiments, further purification
using C-18 reverse-phase preparative column chromatography (Merck LiChroprep ®RP-18, 40 — 63 um)
wasrequired. The Nasaltof 1 (100mg)wasdissolvedin 3 mL ofultrapurewaterandintroducedinto
the column. The orange band observed was eluted with 25% MeOH in ultrapure water. The column

should be completed within an hour to minimise degradation of the Na salt of 1 in the column.



Alternatively, cation metathesis could also be performed onthe Nasalt of 1 toform the PPhssaltas

the purificationstep. HR-MS (ESI-, m/z) calculated for C19H14NsNaQ'm/z=418.0364, found 418.0362.

PPh4salt of 1

TheNasaltof1(100mg, 0.22 mmol)wasdissolvedinultrapure water (L0 mL)togive ared solution.
Tetraphenylphosphonium chloride (PPh4Cl, 412 mg, 1.1 mmol) was added as a solid into the solution
and sonicated for 30 seconds, resulting in an orange suspension. The suspension was filtered and the
residue was rinsed with ultrapure water (30 mL). The residue was then dissolved in MeOH and dried

by rotary evaporation to give a reddish brown solid.



Mossbauer Spectroscopy

The synthesis of >’FeCl, was adapted from Inorganic Syntheses.® Metallic >’Fe (Isoflex USA, 95.78%
enriched, 10 mg, 0.18 mmol) was added to a 10 mL Schlenk flask and was suspended in anhydrous
MeOH (1 mL). Concentrated hydrochloric acid (~12 M, 40 uL, ~0.48 mmol) was added to the
suspension. The mixture was bubbled with N» for 5 minutes. The Schlenk flask was sealed and heated
at100°Cfor3hours. Theresulting lightgreensuspensionwasworked up by Schlenkfiltration. The
residue was washed with anhydrous MeOH (3 x 1 mL), filtered, and the combined organic phases were
driedinvacuotogive anoff-whitesolid. The solidwasthendriedfurtherinvacuoat100°Cfor4hours
to yield °’FeCl, as a beige powder. The PPh,* salt of >’1 was synthesised by employing the same
procedure asthatforthe PPh,*salt of 1, but with >’FeCl, being the limiting reagent. The Mssbauer
data and fits are shown in Figure 6 (Main Text) and Fig. S2, and their quadrupole splittings (AEq) and

isomer shifts () are summarised in Table 2 (Main Text).
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Fig. S2. Mossbauer spectra of (a) 2mM solution of >’ 1 in 1:1 water:acetonitrile, (b) 2 mM solution of
571 in acetonitrile, (c) solid 1, (d) 2 mM solution of *’1 + Ru"(bpy)s** (4 eq.) + CI' (10 eq.) in 1:1
water:acetonitrile, stirred at room temperature for 30 mins, and (e) 2 mM solution of °”1 + Ru"(bpy)s®*
(4eq.)+Br(10eq.)in1:1water:acetonitrile, stirredatroomtemperaturefor 90 mins. Theblacklines
are the spectral simulations representing >95% of the absorption. The shaded areas are the spectral
contributions from 5’Fe"" (black) and *’1* (red). A high-spin Fe" impurity (5-10%) that we attribute to
a deligated by-product, is observed in all cases. (f) Infrared spectra of 1 (black) and 1 after exchange
with D,0 (red). Regions containing infrared bands of interest are marked with *. (g) Region containing
O-Dstretch (*inFig. S2f), with infrared signals from pristine DO (blue). (h) Region containing O-H
stretch (* in Fig. S2f).



Inall ofthe M&ssbauer spectra, there is a small contribution of °’Fe species with AEq (0.3—0.7
mms?*)and §(0.2—0.5mms™*)thatis notconsistentwith any known (TAML)Fe compounds, which
we propose to be the deligated (TAML)Fe (unshaded region of the Mtéssbauer spectra). The H*-
induced deligation of (TAML)Fe complexes by buffer salts has been reported.* Therefore, we
hypothesise that the presence of stoichiometric or excess amounts of other reagentions, coupled
withtherelatively high concentrations of >’ 1 (2mMinthe Méssbauer experiments, incomparisonto
the sub-uM concentrations employed in most of the (TAML)Fe-H20O: catalytic processes), have
contributed to the observed deligation of >’1 and its oxidised products.

For the moderately labile CI- nucleophile, predominantly Fe'V (71 %, Main Text, Table 2, Entry 5,
and Main TextFigure 6¢) and some Fe'"'(Cl)-TAMLe* (29 %, Main Text, Table 2, Entry 5, and Figure 6c)
were observed. The minor 1(Cl)-TAMLe* component undergoes similar nucleophilic attack by CI- to
give 1-TAML(Cl)» (40%, Main Text, Table 2, Entry 6, and Fig. S2b) within 30 mins of stirring atroom
temperature. As 1(Cl)-TAMLe* gets consumed, the equilibrium shifts more 1*(Cl) to 1(Cl)-TAMLe"* by
valence-tautomerisation, slowly consuming more of the 1*(Cl) (from 71% to 56 %, Main Text, Table 2,
Entry 6, and Fig. S2b). The valence tautomerisation and nucleophilic attack processes are in
competition with the natural decay of 1*(Cl) (27 £ 4 mins, Fig. S12a), leading to only partial conversion
to 1-TAML(Cl)and 1-TAML(CI)..

Complex®’1*(CN)2(purified by recrystallisation) appeared to consistof 80% Fe' (Main Text, Table
2, Entry 9, and Figure 8d), while the remainder was probably the deligated product. We found that
the purified 1*(CN)2was more unstable thanthe crude 1*(CN)zinsolution, as evidentbythefactthat
the crude 1*(CN)zhad a moderate stability in solution at room temperature under normal atmospheric
conditions (Fig. S18a-b), while the purified 1*(CN) crystals decomposed rapidly outside the glovebox.
The preparation of the > 1*-(CN), Mossbauer sample involved dissolving the purified 371*(CN)2in ACN
in a glovebox and then freezing the 3”1*(CN), solution outside the glovebox. It appeared that *’1*(CN),
decomposed and underwent deligation during the short time that the *’1*(CN), solution was exposed

to the normal atmosphere before it was frozen.



Cyclic Voltammetry

The cyclic voltammetric features of 1 showed three quasi-reversible oxidations at E1,
potentials of +0.10, +0.39, and +0.63 V vs. Fc*/Fc and irreversible reductions at-0.13and +0.15 V (Fig.
S$3), as opposed to the single quasi-reversible wave at +0.50 V reported by Sullivan et al..? In all
subsequent discussions, the potentials are reported relative to Fc*/Fc. We propose that the
experiments in the prior study may have had deposition of the oxidised product(s) of 1 on the
electrode, which we overcame by polishing the electrode after every potential sweep. Regardless, our
results suggest that the oxidation of 1 by the well-characterised Ru(bpy) * photosensitisek(Fyruq)
=~ +0.85V)®should be thermodynamically feasible, with the formal oxidation states determined by

Mdéssbauer spectroscopy, as reported in the Méssbauer section above.
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Fig. S3. Cyclic voltammograms of the Na salt of 1 over several scanranges. The irreversible reduction
peakat+0.15Vvs. Fc*/Fcappeared only after 1 had beenoxidised uptoatleast+0.39V (red). Similarly,
the irreversible reduction at-0.13 V appeared only if 1 had not been oxidised beyond +0.10 V (green).
([1]=0.90mM, [n-BusNPFs]=0.10 M, glassy-carbonworking electrode). Scanrate=100mVs*



Nanosecond Transient Absorption Spectroscopic Measurements

The detailed composition of each set of experiment is depicted in Table S1.

TableS1.Differentconditionstestedusing 3 mLsolutionsfortransientabsorptionmeasurements.
Reagents (concentration)

Entry Co(NH;)sCls Ru(bpy)sCl; 1
(10 mM) (0.020 mM) (0.20 mM)
1 O
2 0 0
3 O 0
4 0 g 0

A control experiment with 1 alone showed that it did not exhibit any observable transient
absorption signals upon laser excitation. Intriguingly, 1 partly quenched the excited state of
Ru(bpy)?"*(Main Text, Table 1, entry 2, Fig. S4, 5b, 6b, 7b, and 8b) compared to a solution containing
only Ru(bpy)sCl.(Main Text, Table 1, entry 1, Fig. S5a, 6a, 7a, and 8a), with abimolecular rate constant
of5.3x10°M1s(Fig. S10a). Thismay be attributed to triplet energy transfer from Ru(bpy) >**to 1,
followed by a non-radiative decay of 1* back to its ground state. Nevertheless, as reported
previously,”® [Co(NH3)sCl]?* oxidatively quenched Ru(bpy) #* at an even faster rate due to the high
concentrations that we used (Main Text, Table 1, entry 3, Fig. S5c¢, 6¢, 7c, and 8c), despite having a

lower biomolecular rate constant of 1.1 x 108 M-1s™.

The TAS signals, probed at characteristic wavelengths (365 nm, 470 nm and 730 nm) and the
TES signal (600 nm) of Ru(bpy)sCl, are illustrated in Fig. S5-8, with each figure showing the transient

signal of a particular probe wavelength in solutions comprising different compositions.
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Fig. S4. TAS signals of Ru(bpy)sCl2 (0.020 mM) + 1 (0.20 mM) (Table S1, Entry 2) at differenttimes (0—
10 ps) after laser excitation. The inset features the spectra over the same wavelengths with an
expanded vertical scale, showing the TAS signals returning to the origin.
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Fig. S5. TAS signals (black), probed at 365 nm, under different conditions. The fits to the kinetics are
thelinesinred. (a) Ru(bpy)sCl.only (Entry 1). (b) Ru(bpy)sCl2+ 1 (Entry 2). (c) Ru(bpy)sClo+ Co(NHz3)sCls
(Entry 3). (d) Ru(bpy)sCl>+ 1 + Co(NH3)sCls (Entry 4).
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(Entry 3). (d) Ru(bpy)sCl>+ 1 + Co(NH3)sCls (Entry 4).
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Determination of Bimolecular Quenching Rate Constants
The expected elementary stepsfollowing the laser excitation of Ru(bpy) * areillustratedin Fig. S9.
hv

e (450 nm) ot
Ru(bpy);=* — Ru(bpy)s

Ru(bpy);2** ——— Ru(bpy)s?* + hv (600 nm) (Entry 1)
Ru(bpy)s?** + 1 ———> Ru(bpy)s*" + 1* (Entry 2)
Ru(bpy)s2** + Co(NH3)sCI?* —— Ru(bpy);>* + Co?* + 5NH3 + CI-  (Entry 3)

Ru(bpy)s** +1 ———— Ru(bpy)s** +1* (Entry 4)

Fig. S9. Anticipated elementary steps involved after laser excitation of Ry(bpy) 2*.

In the absence of any quencher, Ru(bpy) ?** decays back to the ground state and has a
photoluminescence band (Amax=600 nm) with arate constant k. (Fig. S8a). The bimolecular quenching
rate constant, ky, isrelatedtothelifetime, m,, of Ru(bpy) 2**inthe presence of 1 asthe quencher (Fig.

S8b) with a concentration of [1], by the Stern-Volmer equation:

u_
D_— 1+ DDDD[D]
a

where T, is the lifetime of Ru(bpy) #** in the absence of a quencher.
Photoemissionlifetimeat600nmischosenasthereferencewavelength, sinceitischaracteristic of
only Ru(bpy)3™, and is therefore free from interference from other species. The bimolecular
guenching rate constantk, was obtained by plotting r./1, against [1] with a fixed vertical intercept of
1(Fig.S10a). Thegradient(dn o) wasdeterminedtobe3.6+0.1x10°M™. Giventhatr.is 680+ 30
ns (Fig. S8a) , kp was subsequently calculated to be 5.3 + 0.1 x 10° M1s™,

Since Ru(bpy)s** is a long-lived species, the Stern-Volmer equation can be simplified to:

1
=~ Opl0
0 o [O]

where T14is the lifetime of Ru(bpy)s®* in the presence of 1, and kqis the corresponding bimolecular hole
transfer rate constant from Ru(bpy)s3* to 1.

As[1]increases, the rate of consumption of Ru(bpy)s®** increases, resulting in a shorter lifetime 74. The
wavelength 365 nmis chosen as the reference wavelength because at this wavelength Ru(bpy)s**has
a negative AOD whereas 1* has a positive AOD, compared to the ground state Ru(bpy)s?*, thereby
giving clearindication of the hole transfer from Ru(bpy)s**to 1 (Fig. $5d). Fromthe biexponentialfit
of the transient spectroscopic signal, the longer lifetime, corresponding to the hole transfer from
Ru(bpy)s** to 1, was taken to be . A graph of 1/t4 against [1] was then plotted, with its vertical

interceptsetat0 (Fig. S10b). The gradientrepresenting kq, was foundtobe 3.9+0.1x10°M1s™,

14
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Transient Absorption Measurements at Four-Seconds Timescale
Asample containing Ru(bpy)sCl2(0.020 mM), 1 (0.20 mM), and Co(NH3)sCls (10 mM) (Table S$1, Entry

4)wasprobedat600nmand830nm(closetothecharacteristicwavelengthsofthe oxidised 1). The

resulting plots are illustrated in Fig. S11.

a) b)
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£ E
£ 0.005/ g 0009
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Fig. S11. TAS signals of Ru(bpy)sCl,(0.020 mM) + 1 (0.20 mM) + Co(NH3)sCls (10 mM), on 4-second
timescales with a (a) 600 nm probe wavelength, and a (b) 830 nm probe wavelength. The data
recorded at both wavelengths showthatthe oxidised 1 has increased absorbance comparedto 1, and

the lifetime of the oxidised 1 exceeds four seconds.
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Oxidation of the Sodium Salt of 1 Using Independently Generated Ru(bpy)3*

The resulting spectra are shown in Fig. S12. The spectral features of 1 + 2 eq. Ru(bpy)s3* are

similartothose of 1 + 1 eq. Ru(bpy)s** (Fig. $12b), suggesting that the additional one equivalent of

Ru(bpy)s** was probably used to oxidise 1 and overcome the intrinsic decay of the oxidised form back
to its reduced state during the measurement.

a) b)
—— 0 min
—20
—40
1.0 — 60
—80

Ru(bpy);’

—1
1+ 1 eq. Ru(bpy);’
1+ 2 eq. Ru(bpy);’

=
o

0.5

- \\;/& \\

400 600 800 1000 600 800 1000
Wavelength (nm) Wavelength (nm)

Absorbance (A.U.)
Absorbance (A.U.)

o
o

Fig. S12. (a) UV-visible spectral changes over time for the reaction between photochemically
generated Ru(bpy)3* (0.10 mM, 1 equivalent) and 1 (0.10 mM). Using the absorbance at 828 nm, the
lifetime ofthe oxidised 1 wasfittedtoamono-exponentialdecay curve and zs2snmWas foundtobe 27
+4mins. (b) Comparisonofthe UV-visible spectraof1, 1+ 1eq. Ru(bpy} ,and 1+2eq. Ru(bpy) .

17



Oxidation of the Sodium Salt of 1 Using Independently Generated (ArMe);Ne" in the Presence of

Different Nucleophiles

We chose the tri(p-tolyl)aminium radical-cation ((ArMe)s;Ne*) as an alternative oxidant to
Ru(bpy) 3" due to the following reasons: (1) (ArMelNe* is also an outer-sphere oxidant similar to
Ru(bpy) **; (2) the E%ameyane-iarmeyan Of +0.40 V vs Fc*/Fc? is thermodynamically feasible for oxidising
1 by at least one electron (first E1» potential of 1 =+0.10 vs. Fc*/Fc, Fig. S3); (3) the reduced by-
products, (ArMe)sN and PbO, and the excess PbO, oxidant, can be removed easily to give (TAML)Fe
products of higher purity; (4) our new method of generating (ArMe)sNe* using PbO,/HBF4 can be
conducted under partially aqueous conditions without the need for any Schlenk techniques, as
opposed to the use of NOBF, as an oxidant.® (ArMe)sN was synthesised with slightly modified
procedures described by Goodbrand and Hu.! The reaction schemeis showninFig. S13.

Hz Cul \©\ /©/ \<)\ /©/
1,10-phen_ _PpO; 1,10 Nu
BF,
KOH HBF4 BuOK

(ArMe);N (ArMe);N *

Fig. $13. Reaction scheme depicting the syntheses of (ArMe)sN and (ArMe)sNe*, and the oxidation of
1 by (ArMe)sNe™ in the presence of different nucleophiles. Nu™: nucleophile.

Optimisation of the Oxidation of 1 in the Presence of Bromide as a Nucleophile

Since bromide showed the highest yield and cleanest mixture (according to ESI-MS) of a
nucleophile-substituted product, 1-TAML(Br), this synthesis was optimised to facilitate its isolation.
This reaction was monitored by negative-ion mode ESI-MS. During the optimisation process, the Na
salt of 1 was found to give a higher yield of nucleophilic substitution than its PPh, counterpart. In
addition, the presence of a base was determined to be paramount for the reaction, because the acidic
HBF . (from the synthesis of (ArMe)sNe*) can cause deligation of 1. Potassium tert-butoxide (‘BuOK)
was foundtobe the most suitable base. We alsoinvestigated the use of different bromide salts, i.e.
tetrabutylammonium  bromide  (TBABr), tetraethylammonium  bromide (TEABI),
tetraphenylphosphonium bromide (PPh4Br), and lithium bromide (LiBr). The counter-cation will most
likely associate with [1-TAML(Br).] in the substituted product, since the bromide saltis presentin
huge excess. The cation was found to affect the hydrolytic stability of the [1-TAML(Br)2] product, with
TEA" being the most stabilising, and Li* being the least, the latter leading to the deligated TAML(Br)
ligand. Different reaction temperatures (0°C, 25 °C, and 50 °C) were also explored, of which 25 °C was

foundto be best. In addition, the maximum number of Br-substitution was evaluated by systematically
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increasing the equivalents of (ArMe)sNe* oxidant by two per Br-substitution. We found that the di-
substitution by Br using 4 equivalents (ArMe)sNe* gave the highest selectivity for 1-TAML(Br)2, with
some minor amounts of 1-TAML(Br) and 1-TAML(Br)s. Attempts to carry out four Br-substitutions on
1 by using eight equivalents of (ArMe)sNe™ gave a distribution of 1-TAML(Br), products and the
corresponding deligated counterparts (Fig. S14a). We propose that the combination of the steric
hindrance andthe electron withdrawing nature of the Br substituentin 1-TAML(Br)leadstoslower
rates of Br-substitutions beyond 1-TAML(Br).. With the optimised conditions, 1-TAML(Br); was
successfully synthesised and purified (Fig. S14b).

a) b)

TAML-(Br), 1-TAML-(Br), 1-TAML(Br),
2 TAML- 1-TAML- > ‘
% - (Br); (Br), E
g 1-TAML- 5 l
£ @ £ 1 s
= \ — 572 574 576 578 580

11 Ly L
400 500 600 700 800 400 500 600 700 800

Mass (m/z) Mass (m/z)

Fig. S14. Negative-ionmode ESI-MSandthe assigned speciesinthe crude reaction mixture containing
1 (1eq), 'BUOK (4.2 eq), TEABTr (10 eq), and (ArMe)sNe* (8 eq). (b) Negative-ion mode ESI-MS of 1-
TAML(Br) isolated from reverse-phase column chromatography, with the isotopic distribution shown
in the inset.
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Fig. S15. The *H NMR spectrum of the TAML(Br). ligand derived from acid hydrolysis of 1(Br)-
TAML(Br)2. The NMR signals assigned to the symmetrical TAML(Br). are marked with a red asterisk
(*). The unassigned signals are proposed to be the asymmetrically bromide-substituted TAML(Br), or

decomposed TAML(Br). during hydrolysis.
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Oxidation of 1 in the Presence of Chloride Anions

a) c) ‘
1-TAML-(CI) Before !
oxidation !
1-TAML-(CI), |
g N
@ ‘ |
c j ST A [ =2
g 1 t
£ 11 1 minute |
420 440 460 480 NS w s VL
Mass (m/z) ; ;
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o
o
3
=3
c
—
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Fig. S16. (a) Negative-ion ESI-MS of the crude reaction mixture containing 1 (1 eq), (ArMe)sNe* (4 eq),
and TEACI (10 eq) 18 hours after addition of the (ArMe)sNe+ oxidant. The assigned intermediates are
shown. (b) Cl2p XPSdata. Thefit(red) contains higherenergy components (blueand green)assignable
to aryl chloride, and lower energy components (grey and orange), corresponding to inorganic chloride
ions. (c) *HNMR spectra ofthe deligated aliquots of reaction mixture 1 (1 eq) + (ArMe)sNe* (4 eq) +
TEACI(10eq),withdrawnattimeintervals 1 (red), 30 (blue),and90(green) minutes afteraddition of
the (ArMe)sNe* oxidant. The spectrum of TAML before oxidation is shown in black. The dashed lines
highlightthe characteristic *H NMR signals from TAML (grey). Due tothe moderate conversions of
TAML to TAML(CI) and TAML(CI),, based on the ESI-MS data, the *H NMR signals at different time
points suggest slow reaction of the TAML, with small amounts of isomeric mixtures of TAML(CI) and
TAML(CI)2 as minor products.

21



Experiments to Probe the Mechanism for the Formation of 1(X)-TAML(X),
Toprobeifthereisanyinteractionbetween 1 and X (X=ClorBr),the UV-visible spectraofa
solutionof 1 (0.2mMin ACN) before (black, Fig. S17a) and after the addition 10 equivalents of CI
(blue, Fig. S17a)or10equivalents of Br (red, Fig. S17a) wererecorded. No further changes were noted
upon further UV-visible spectroscopic measurements. We propose that these changes arise from the
exchange of the solvent molecule at the axial position with a halide, thus forming 1(X), and this
exchangereachesequilibriumwithin 3minutes. Incontrast, when CN-was employed (vide infra) in
place of halide anions, the UV-visible spectra ofthe mixture of 1 and 10 equivalents of CN reveala
more gradual equilibrium being achieved over 30 minutes (Fig. S17b). Compared to the spectra of 1(X)
(X =halide), a more distinct change in Amax from 415 nm (red, Fig. $17b) to 440 nm (green, Fig. S17b)
is observed. The small anodic shift in the first redox waves of 1 on going from Br-to CI-to CN-
(increasing electron deficiency) also substantiate the exchange of solvent molecule at the axial
position of 1 with the exogenous anions (Fig. S17¢). Inaddition, the ESI-MS data show the presence of
a mass fragment corresponding to K[1*(CN)] upon the oxidation of 1 in the presence of excess CN-
(Main Text, Fig. 8a). These results suggest that, in the presence of excess CN-, two CN" ligands can

exchange with the axial solvent molecules of 1 to form 1(CN)a.

Several experiments were performedto probe the possible mechanism of the formation of
1(X)-TAML(X)n. One of them is the reaction between 1,4-dimethoxybenzene (DMOB) and oxidised
1(Br). Through*HNMR spectroscopic studiesand GC-MS analysis of the reaction mixture, noevidence
of brominated DMOB (Fig. S17e) is observed. Using 1,1,2,2-tetrachloroethane as the internal
standard, the amountof DMOB throughoutthe reactionwas monitored. Duetothe broadeningand
overlap with (ArMe)sN of the *H NMR signals, quantifying DMOB using the integration of the *H NMR
signals is not as accurate as using GC-MS. We quantified the concentrations of DMOB using GC-MS
with reference to an internal standard, and confirmed that the amount of DMOB remained unchanged
throughoutthereaction. Similartothe ESI-MS results of the reaction without DMOB, only bromide
substitution on the TAML ligand is observed (Fig. S17f).

Another experimentinvolved the addition of 10 equivalents of Br to a solution of oxidised
1(Cl) (generatedinsitubyadding 2 equivalents of (ArMe)sNe* to asolution of 1 equivalentof Cl-and
1). Before the addition of Br-, and after 5 minutes of stirring the oxidised 1(Cl) solution, the ESI-MS
data ofthe reaction mixture did not show observable amounts of 1-TAML(Cl). Upon addition of Br,
the black solution slowly turned reddish-brown over 2 hours. ESI-MS measurement of the resulting
reaction mixture revealed predominantly 1-TAML(Br). products being formed instead of the 1-

TAML(CI), products expected for an intramolecular chloride migration (Fig. S17g).
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Fig. $17. (a) UV-vis spectrum of 1 (0.20 mM, black). UV-vis spectra of reaction mixtures of Br (10 eq)
+1(red),andCl (10eq)+ 1 (blue). The spectraof 1inthe presence ofexcess halide were measured
atintervals of 3minutes, and nofurther spectralchangeswere observed beyond 3minutes. (b) UV-
vis spectrum of 1 (0.20 mM, black) and the UV-vis spectral changes over time after the addition of CN-
(10eq).(c)CVof1inthe presence of 10 equivalents of Br (red), CI- (black), and CN-(red). (d) UV-visible
spectral changes from the reaction between oxidised 1(Br) (0.20 mM) and TEABr (2.0 mM) in ACN.
Theinsetshowsthe absorbance decay monitored at 893 nm (acharacteristic band of the oxidised
1(Br)), and the solid red line shows the fit to the kinetics. (e) *H NMR spectra of reaction mixture
containing DMOB (10 eq), 1 (1 eq), TEABr (10 eq), and 1,1,2,2-tetrachloroethane as an internal
standard, before (top), 5 minutes after (middle), and 24 hours after (bottom) the addition of
(ArMe)sNe* (2eq). The characteristic'H NMR signalsfrom 1,1,2,2-tetrachloroethane (red dashedline),
DMOB (blue dashedlines), and (ArMe)sN (m)are labelled. The areas under *H NMR signals are labelled
in black. (f) Negative-ion ESI-MS of the reaction mixture of 1 (1 eq) + DMOB (10 eq) + Br (10 eq) +
(ArMe)sNe* oxidant (2 eq). The assignedintermediates are labelled. The signals marked with * are
assigned to TAML(Br) (red), TAML(Br). (blue), and [TAML(Br)s (orange). (g) Negative-ion ESI-MS of the
reaction mixture of 1 (1 eq) + CI (1 eq) + (ArMe)sNe™* oxidant (2 eq) after the addition of Br (10 eq).
The signal marked with ared * is assigned to the deligated 1-TAML(Br).
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Optimisation of the Oxidation of 1 in the Presence of Cyanide as a Nucleophile

Preliminary tests using the same experimental procedures as those used for Br- as a
nucleophile were conducted, with TEABr being replaced by potassium cyanide (KCN). Despite
prolonged stirring (24 hours), no signal of 1-TAML(CN),was observed by negative-ion mode ESI-MS.
Furthermore, the black solution observed upon addition of (ArMe)sNe* remained black, unlike the Br
and Cl-experiments, where red suspensions were observed. We hypothesised that CN~ might have a
stabilising effect on 1%, instead of undergoing nucleophilic substitution with 1-TAMLe" to give 1-
TAML(CN),. We subsequently characterised the proposed CN-stabilised 1* species. The reaction
mixture of 1,'BUOK (1.1 equivalent), and KCN (5 equivalents) turned from red to blackimmediately
upon addition of (ArMe)sNe™ (1.05 equivalents). UV-vis spectroscopic measurement of the crude
reaction mixture showed three characteristic peaks at 600, 677, and 837 nm, with an estimated
lifetime, z37nm, 0f4.4+0.7 hoursatroomtemperature (Fig. S18aandS18b). We also characterised
the reaction mixture usinginfrared (IR) spectroscopy (Fig. $18c¢). The discussion onthe C=N vibrations
can be found in the main text (Figure 8b).

Having determined that the CN"-stabilised 1" was not stable in solution at room temperature,
we modified the procedures. The product, 1*(CN), was characterised by X-ray crystallography (Fig.
$19). Disorder was found in the TAML ligand, but notin the Fe-(CN). core, and the data was refined to

give two models, as shownin Fig. S19a. The crystallographic data are summarised in Tables $2-6.

a) b) c)
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Fig. $18. (a) UV-vis spectrum of 1 (orange) and the UV-vis spectral changes over time upon oxidation
of 1 by (ArMe)sNe* (1.05 eq) in the presence of excess of CN" (5 eq.). (b) The change in absorbance,
monitored at 837 nm over time. The mono-exponential fit is the line in red, giving an estimated
lifetime, zs37nm, 0f 4.4 £0.7 hours. (c) Infrared spectra of KCN (black, ven(KCN) =2076 cm™); 1 (1eq) +
‘BuOK (1.1eq)+KCN (5eq) (red, ven[Fe"(CN)]=2098 cm™); and 1 (1 eq) + 'BUOK (1.1eq)+KCN(5eq)
+ (ArMe)sNe* (1.05 eq) (blue, ven [FEV(CN)] = 2127 cm'Y).
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Fig. $19. (a) ORTEP image of the X-ray crystal structure of complex (PPh4)2[1*(CN)], with disorder in
the TAML ligand. The disorder has beenrefined to two models over two positions (grey and black solid
lines). The hydrogen atoms and PPR * cations have been omitted for clarity. The ellipsoids are drawn
at50% probability. Selected bond lengths (A): Fe1-C202.011(6), Fe1-C211.993(6), C20-N51.137(7),
C21-N6 1.141(7). (b) ORTEP image of the X-ray crystal structure of complex (PPha)2[1*(CN)2]. Atom

colours: grey for carbon, blue for nitrogen, red for oxygen, and orange for iron.

Table S2. Crystal data and structure refinement for 1*(CN)x.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Indexranges

Reflections collected
Independent reflections
Completenesstotheta=66.672°
Absorptioncorrection
Refinementmethod
Data/restraints/parameters

1*(CN);

C69 H54 Fe N6 O4 P2
1148.97

160(2) K

1.54178 A
Monoclinic

P24/c

a=17.9956(3) A a=90°.
B=111.3696(10)°.
c=23.6299(3)A y = 90°.

b =14.2843(2) A

5656.57(15) A3

4

1.349 Mg/m3

3.129 mm-1

2392
0.200x0.160x0.140mm3
2.637 t0 66.672°.

-21<=h<=20, -16<=k<=16,-27<=I<=28

34162

9856 [R(int) =0.0514]

98.5 %

None

Full-matrix least-squares on F2
9856 /1752 /969
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Goodness-of-fit on F2 1.065

FinalRindices [I>2sigma(l)] R1=0.0852,wR2=0.2194
Rindices (alldata) R1=0.1020,wR2=0.2320
Extinction coefficient n/a

Largestdiff. peakand hole 1.640 and -0.489e.A-3

Table $3. Atomic coordinates (x 104) and equivalentisotropic displacement parameters (A2x 103)
for 1*(CN)2. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
Fe(1) 7588(1) 7369(1) 1337(1) 38(1)
C(1) 7005(6) 5723(7) 1459(5) 36(2)
C(2) 7873(7) 5738(8) 1897(5) 41(2)
C(3) 6988(7) 8991(6) 541(4) 43(2)
C(4) 8528(7) 8960(9) 1282(6) 61(2)
C(5) 7770(8) 9473(7) 899(4) 54(2)
C(6) 7595(8) 9937(10) 1435(5) 66(2)
C(7) 7948(9) 10286(9) 581(6) 76(3)
C(8) 6084(8) 6753(9) 658(7) 38(2)
C(9) 5421(7) 6179(8) 419(6) 43(2)
C(10) 4778(6) 6487(8) -89(5) 47(2)
C(11) 4792(6) 7364(9) -328(5) 44(2)
C(12) 5436(6) 7969(8) -77(5) 41(2)
C(13) 6097(6) 7657(9) 418(6) 38(2)
C(14) 9004(6) 6861(8) 2199(5) 49(2)
C(15) 9610(6) 6341(8) 2614(6) 67(2)
C(16) 10340(7) 6748(10) 2924(7) 77(3)
Cc(17) 10491(7) 7645(9) 2747(7) 80(3)
C(18) 9913(6) 8160(8) 2313(6) 64(2)
C(19) 9166(5) 7763(7) 2027(5) 49(2)
0(1) 6601(6) 5009(7) 1389(5) 50(2)
0(2) 8174(6) 5045(6) 2210(5) 65(2)
0(3) 6560(6) 9435(6) 102(4) 66(2)
O(4) 9141(6) 9084(8) 1119(5) 84(2)
N(1) 6774(7) 6542(9) 1159(7) 35(2)
N(2) 8227(5) 6572(7) 1897(5) 39(2)

(

N(3) 6820(6) 8150(8) 721(6) 36(2)



N(4)
C(1A)
C(2A)
C(3A)
C(5A)
C(4A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A
C(11A
C(12A
C(13A
C(14
C(15
C(16
C(17A
C(18A
C(19A
O(1A)
0(2A)
0(3A)
O(4A)
N(1A)
N(2A)
N(3A)
N(4A)
C(20)
C(21)
N(5)
N(6)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)

> >

N N o o O O O

8184(6)
5658(8)
5533(8)
8863(8)
8491(10)
9220(8)
9762(11)
9809(11)
6882(11)
6405(10)
6831(11)
7702(10)
8169(9)
7755(10)
6433(6)
5834(5)
6087(6)
6939(7)
7538(6)
7286(6)
5019(8)
4802(6)
9156(8)
8499(10)
6517(10)
6293(8)
8135(9)
7876(8)
7944(4)
6745(4)
8256(5)
6344(4)
511(3)
-347(4)

-1137(4)
-1082(4)

-232(4)
562(4)

2095(4)
-8(4)
1286(6)
1067(9)
1840(5)
708(7
1625(5)
1995(2)
719(2
2382(2)
(

(

(

(

(

(

(

~

~

388(2
3433(2)
3159(3)
3507(3)
4131(3)
4403(3)
4057(2)

~



C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)

1847(4)
1290(5)
1608(6)
2427(6)
2995(5)
2719(4)
2505(3)
2819(3)
3588(4)
4042(4)
3741(4)
2977(4)
1193(3)

697(3)

441(4)

669(4)
1171(4)
1442(3)
8132(3)
8104(4)
8920(4)
9761(4)
9801(4)
8997(3)
7271(3)
7263(5)
7472(5)
7649(4)
7728(5)
7541(5)
6830(3)
7449(4)
7247(5)
6449(4)
5838(4)
6014(4)
6140(3)
6099(5)

2598(2)
2628(3)
2363(4)
2056(4)
2038(3)
2321(2)
3386(2)
3355(2)
3698(3)
4061(3)
4090(3)
3754(3)
2387(2)
2572(3)
2147(3)
1547(3)
1364(3)
1783(2)

663(3
1287(3)
1623(3)
1328(4)

711(4)

369(3)
-364(2)
-974(3)

w
~

-1405(3)
-1241(3)

-639(3)
-202(3)
-152(3)
-114(3)
-410(3)
-738(3)
-775(4)
-459(4)
729(2)
998(4)



C(66) 285(5) 5475(5)
C(67) 919(4) 4875(4)
C(68) 1471(4) 4890(5)
C(69) 1404(4) 5523(4)
P(1) 5652(1) 1513(1)
P(2) 737(1) 7078(1)

Table S4. Bond lengths [A] and angles [°] for 1*(CN)..

Fe(1)-N(2) 1.807(9)

Fe(1)-N(1) 1.807(11)
Fe(1)-N(3A) 1.832(11)
Fe(1)-N(4A) 1.856(9)

Fe(1)-N(4) 1.916(8)

Fe(1)-N(1A) 1.938(12)
Fe(1)-N(2A) 1.946(10)
Fe(1)-N(3) 1.950(9)

Fe(1)-C(21) 1.993(6)

Fe(1)-C(20) 2.011(6)

C(1)-0(1) 1.227(11)
C(1)-N(1) 1.353(10)
C(1)-C(2) 1.528(13)
C(2)-0(2) 1.236(10)
C(2)-N(2) 1.350(12)
C(3)-0(3) 1.219(10)
C(3)-N@3) 1.346(11)
C(3)-C(5) 1.517(13)
C(4)-0(4) 1.306(13)
C(4)-N(4) 1.329(13)
C(4)-C(5) 1.522(16)
C(5)-C(7) 1.480(13)
C(5)-C(6) 1.561(15)
C(8)-C(9) 1.388(11)
C(8)-N(1) 1.400(10)
C(8)-C(13) 1.414(11)
C(9)-C(10) 1.399(13)

C(10)-C(11) 1.378(14)



C(11)-C(12)
C(12)-C(13)
C(13)-N(3)
C(14)-N(2)
C(14)-C(15
C(14)-C(19
C(15)-C(16
C(16)-C(17
C(17)-C(18
C(18)-C(19
C(19)-N(4)
C(1A)-O(1A)
C(1A)-N(1A)
C(1A)-C(2A)
C(2A)-O(2A)
C(2A)-N(2A)
C(3A)-O(3A)
C(3A)-N(3A)
C(3A)-C(4A)
C(5A)-O(4A)
C(5A)-N(4A)
C(5A)-C(4A)
C(4A)-C(7A)
C(4A)-C(6A)
C(8A)-N(1A)
C(8A)-C(9A)
C(8A)-C(13A)
C(9A)-C(10A)
C(10A)-C(11A)
C(11A)-C(12A)
C(12A)-C(13A)
C(13A)-N(3A)
C(14A)-N(2A)
C(14A)-C(15A)
C(14A)-C(19A)
C(15A)-C(16A)
C(16A)-C(17A)
C(17A)-C(18A)

)
)
)
)
)
)

(14
(
(
(
(
(
(
(
(
(
(
(
(
(
1. 237(11
(
(
(
(
(
(
(
(
(
(
(
(
(
(

1. 398(15
1.387(12
1.423(12
1.370(10
1.3900
1.3900
1.3900
1.3900
1.3900

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
1.219(12)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
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C(18A)-C(19A) 1.3900

C(19A)-N(4A) 1.407(11)
C(20)-N(5) 1.137(7)
C(21)-N(6) 1.141(7)
C(22)-C(27) 1.384(7)
C(22)-C(23) 1.399(7)
C(22)-P(1) 1.792(5)
C(23)-C(24) 1.373(7)
C(24)-C(25) 1.384(8)
C(25)-C(26) 1.385(8)
C(26)-C(27) 1.376(7)
C(28)-C(29) 1.360(8)
C(28)-C(33) 1.389(7)
C(28)-P(1) 1.798(5)
C(29)-C(30) 1.403(9)
C(30)-C(31) 1.351(10)
C(31)-C(32) 1.343(10)
C(32)-C(33) 1.385(8)
C(34)-C(35) 1.393(7)
C(34)-C(39) 1.394(7)
C(34)-P(1) 1.791(5)
C(35)-C(36) 1.391(7)
C(36)-C(37) 1.375(8)
C(37)-C(38) 1.372(9)
C(38)-C(39) 1.380(8)
C(40)-C(45) 1.386(7)
C(40)-C(41) 1.393(7)
C(40)-P(1) 1.802(5)
C(41)-C(42) 1.370(8)
C(42)-C(43) 1.371(9)
C(43)-C(44) 1.370(8)
C(44)-C(45) 1.384(8)
C(46)-C(47) 1.380(8)
C(46)-C(51) 1.397(7)
C(46)-P(2) 1.802(5)
C(47)-C(48) 1.380(8)
C(48)-C(49) 1.368(9)

C(49)-C(50) 1.360(10)



C(50)-C(51)
C(52)-C(53)
C(52)-C(57)
C(52)-P(2)

C(53)-C(54)
C(54)-C(55)
C(55)-C(56)
C(56)-C(57)
C(58)-C(63)
C(58)-C(59)
C(58)-P(2)

C(59)-C(60)
C(60)-C(61)
C(61)-C(62)
C(62)-C(63)
C(64)-C(65)
C(64)-C(69)
C(64)-P(2)

C(65)-C(66)
C(66)-C(67)
C(67)-C(68)
C(68)-C(69)

N(2)-Fe(1)-N(1)
N(3A)-Fe(1)-N(4A)
N(2)-Fe(1)-N(4)
N(1)-Fe(1)-N(4)
N(3A)-Fe(1)-N(1A)
N(4A)-Fe(1)-N(1A)
N(3A)-Fe(1)-N(2A)
N(4A)-Fe(1)-N(2A)
N(1A)-Fe(1)-N(2A)
N(2)-Fe(1)-N(3)
N(1)-Fe(1)-N(3)
N(4)-Fe(1)-N(3)
N(2)-Fe(1)-C(21)
N(1)-Fe(1)-C(21)
N(3A)-Fe(1)-C(21)

90.2(4)
104.9(4)
85.2(4)
175.3(4)
87.1(4)
164.0(7)
164.4(6)
85.3(4)
80.9(4)
174.8(4)
84.6(4)
100.0(4)
88.3(4)
88.7(7)
84.7(6)
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N(4A)-Fe(1)-C(21)
N(4)-Fe(1)-C(21)
N(1A)-Fe(1)-C(21)
N(2A)-Fe(1)-C(21)
N(3)-Fe(1)-C(21)
N(2)-Fe(1)-C(20)
N(1)-Fe(1)-C(20)
N(3A)-Fe(1)-C(20)
N(4A)-Fe(1)-C(20)
N(4)-Fe(1)-C(20)
N(1A)-Fe(1)-C(20)
N(2A)-Fe(1)-C(20)
N(3)-Fe(1)-C(20)
C(21)-Fe(1)-C(20)
O(1)-C(1)-N(1)
O(1)-C(1)-C(2)
N(1)-C(1)-C(2)
0(2)-C(2)-N(2)
0(2)-C(2)-C(1)
N(2)-C(2)-C(1)
O(3)-C(3)-N(3)
O(3)-C(3)-C(5)
N(3)-C(3)-C(5)
O(4)-C(4)-N(4)
O(4)-C(4)-C(5)
N(4)-C(4)-C(5)
C(7)-C(5)-CE3)
C(7)-C(5)-C(4)
C(3)-C(5)-C(4)
C(7)-C(5)-C(6)
C(3)-C(5)-C(6)
C(4)-C(5)-C(6)
C(9)-C(8)-N(2)
C(9)-C(8)-C(13)
N(1)-C(8)-C(13)
C(8)-C(9)-C(10)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)

85.1(4)
92.1(4)
85.5(8)
84.4(4)
91.9(5)
88.5(4)
90.9(7)
98.6(6)
94.3(5)
88.0(4)
94.4(8)
92.4(4)
91.3(5)
176.7(2)
126.5(10)
120.8(9)
112.6(8)
127.0(10)
120.7(10)
112.3(7)
126.0(10)
114.1(8)
119.9(8)
118.5(12)
115.4(10)
121.0(9)
113.7(9)
111.5(11)
124.1(9)
102.9(10)
103.0(10)
97.1(9)
125.7(9)
120.8(9)
113.4(9)
118.9(10)
120.2(9)
121.8(9)
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C(11)-C(12)-C(13)
C(12)-C(13)-C(8)
C(12)-C(13)-N(3)
C(8)-C(13)-N(3)
N(2)-C(14)-C(15)
N(2)-C(14)-C(19)
C(15)-C(14)-C(19)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(17)-C(18)-C(19)
C(18)-C(19)-N(4)
C(18)-C(19)-C(14)
N(4)-C(19)-C(14)
C(1)-N(1)-C(8)
C(1)-N(1)-Fe(1)
C(8)-N(1)-Fe(1)
C(2)-N(2)-C(14)
C(2)-N(2)-Fe(1)
C(14)-N(2)-Fe(1)
C(3)-N(3)-C(13)
C(3)-N(3)-Fe(1)
C(13)-N(3)-Fe(1)
C(4)-N(4)-C(19)
C(4)-N(4)-Fe(1)
C(19)-N(4)-Fe(1)
O(1A)-C(1A)-N(1A)
O(1A)-C(1A)-C(2A)
N(1A)-C(1A)-C(2A)
O(2A)-C(2A)-N(2A)
0(2A)-C(2A)-C(1A)
N(2A)-C(2A)-C(1A)
O(3A)-C(3A)-N(3A)
O(3A)-C(3A)-C(4A)
N(3A)-C(3A)-C(4A)
O(4A)-C(5A)-N(4A)
O(4A)-C(5A)-C(4A)
N(4A)-C(5A)-C(4A)

~— ~— ~— ~—

118.6(10)
119.5(9)
127.3(9)
113.3(8)
126.3(10)
113.6(8)
120.0(9)
120.2(11)
118.5(11)
122.2(11)
118.6(10)
127.0(9)
119.8(9)
113.1(8)
129.5(10)
112.1(7)
116.7(7)
130.7(9)
112.4(6)
116.4(7)
123.5(8)
124.5(7)
111.2(6)
124.0(8)
122.9(7)
111.7(6)
129.7(11)
120.1(10)
110.1(9)
125.4(11)
121.9(11)
112.7(8)
122.3(11)
117.6(10)
119.2(9)
118.7(13)
120.8(11)
120.4(11)

34



C(7A)-C(4A)-C(3A)
C(7A)-C(4A)-C(6A)
C(3A)-C(4A)-C(6A)
C(7A)-C(4A)-C(5A)
C(3A)-C(4A)-C(5A)
C(6A)-C(4A)-C(5A)
N(1A)-C(8A)-C(9A)
N(1A)-C(8A)-C(13A)
C(9A)-C(8A)-C(13A)
C(10A)-C(9A)-C(8A)
C(11A)-C(10A)-C(9A)
C(10A)-C(11A)-C(12A)
C(13A)-C(12A)-C(11A)
C(12A)-C(13A)-C(8A)
C(12A)-C(13A)-N(3A)
C(8A)-C(13A)-N(3A)
N(2A)-C(14A)-C(15A)
N(2A)-C(14A)-C(19A)
C(15A)-C(14A)-C(19A)
C(16A)-C(15A)-C(14A)
C(15A)-C(16A)-C(17A)
C(18A)-C(17A)-C(16A)
C(19A)-C(18A)-C(17A)
C(18A)-C(19A)-C(14A)
C(18A)-C(19A)-N(4A)
C(14A)-C(19A)-N(4A)
C(1A)-N(1A)-C(8A)
C(1A)-N(1A)-Fe(1)
C(8A)-N(1A)-Fe(1)
C(2A)-N(2A)-C(14A)
C(2A)-N(2A)-Fe(1)
C(14A)-N(2A)-Fe(1)
C(3A)-N(3A)-C(13A)
C(3A)-N(3A)-Fe(1)
C(13A)-N(3A)-Fe(1)
C(5A)-N(4A)-C(19A)
C(5A)-N(4A)-Fe(1)
C(19A)-N(4A)-Fe(1)

)_
)_
)_
)_

110.3(10
111.8(11
105.3(12
110.8(12
118.1(9)

99.8(10
124.2(11
113.4(10
122.1(10
118.8(12
119.3(
(
(
(

~— ~— ~— ~—

[N
[EEY
M N N~ N~ N~ N~ N N ~— ~—

122.2(11
119.9(11
117.5(10
126.2(10
116.3(9)
126.5(7)
113.5(7)
120.0

120.0

120.0

120.0

120.0

120.0

122.9(6)
117.0(6)
129.3(11)
119.2(8)
111.3(8)
130.8(9)
117.0(7)
112.2(7)
123.5(10)
123.4(8)
111.7(7)
125.1(10)
118.2(9)
111.8(7)
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N(5)-C(20)-Fe(1)
N(6)-C(21)-Fe(1)
C(27)-C(22)-C(23)
C(27)-C(22)-P(1)
C(23)-C(22)-P(1)
C(24)-C(23)-C(22)
C(23)-C(24)-C(25)
C(24)-C(25)-C(26)
C(27)-C(26)-C(25)
C(26)-C(27)-C(22)
C(29)-C(28)-C(33)
C(29)-C(28)-P(1)
C(33)-C(28)-P(1)
C(28)-C(29)-C(30)
C(31)-C(30)-C(29)
C(32)-C(31)-C(30)
C(31)-C(32)-C(33)
C(32)-C(33)-C(28)
C(35)-C(34)-C(39)
C(35)-C(34)-P(1)
C(39)-C(34)-P(1)
C(36)-C(35)-C(34)
C(37)-C(36)-C(35)
C(38)-C(37)-C(36)
C(37)-C(38)-C(39)
C(38)-C(39)-C(34)
C(45)-C(40)-C(41)
C(45)-C(40)-P(1)
C(41)-C(40)-P(1)
C(42)-C(41)-C(40)
C(41)-C(42)-C(43)
C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
C(44)-C(45)-C(40)
C(47)-C(46)-C(51)
C(47)-C(46)-P(2)
C(51)-C(46)-P(2)
C(46)-C(47)-C(48)

177.5(5)
175.9(5)
119.8(5)
121.9(4)
118.3(4)
120.2(5)
119.6(5)
120.2(5)
120.5(5)
119.6(5)
120.0(5)
121.3(4)
118.6(4)
118.5(6)
120.5(6)
121.3(6)
119.3(6)
120.1(6)
119.3(5)
121.2(4)
119.5(4)
119.9(5)
119.9(5)
120.6(5)
120.3(5)
120.0(5)
120.4(5)
121.2(4)
118.3(4)
119.2(5)
120.5(5)
120.5(5)
120.2(5)
119.1(5)
119.5(5)
121.7(4)
118.8(4)
120.5(6)
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C(49)-C(48)-C(47)
C(50)-C(49)-C(48)
C(49)-C(50)-C(51)
C(50)-C(51)-C(46)
C(53)-C(52)-C(57)
C(53)-C(52)-P(2)
C(57)-C(52)-P(2)
C(52)-C(53)-C(54)
C(55)-C(54)-C(53)
C(54)-C(55)-C(56)
C(55)-C(56)-C(57)
C(56)-C(57)-C(52)
C(63)-C(58)-C(59)
C(63)-C(58)-P(2)
C(59)-C(58)-P(2)
C(58)-C(59)-C(60)
C(61)-C(60)-C(59)
C(60)-C(61)-C(62)
C(61)-C(62)-C(63)
C(58)-C(63)-C(62)
C(65)-C(64)-C(69)
C(65)-C(64)-P(2)
C(69)-C(64)-P(2)
C(66)-C(65)-C(64)
C(67)-C(66)-C(65)
C(68)-C(67)-C(66)
C(67)-C(68)-C(69)
C(68)-C(69)-C(64)
C(34)-P(1)-C(22)
C(34)-P(1)-C(28)
C(22)-P(1)-C(28)
C(34)-P(1)-C(40)
C(22)-P(1)-C(40)
C(28)-P(1)-C(40)
C(52)-P(2)-C(64)
C(52)-P(2)-C(46)
C(64)-P(2)-C(46)
C(52)-P(2)-C(58)

119.3(6)
120.9(5)
120.8(6)
119.0(6)
116.6(6)
123.2(5)
119.9(4)
121.3(6)
120.9(7)
120.4(6)
118.8(6)
121.6(6)
120.0(5)
119.3(4)
120.7(4)
119.4(6)
120.7(6)
119.8(6)
120.0(7)
120.0(6)
118.3(5)
120.2(4)
120.9(4)
120.8(6)
120.6(6)
119.7(6)
120.2(6)
120.5(6)
111.0(2)
106.5(2)
111.0(2)
111.2(2)
106.9(2)
110.3(2)
114.2(2)
107.2(2)
106.8(2)
108.1(3)
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C(64)-P(2)-C(58) 109.1(2)
C(46)-P(2)-C(58) 111.3(2)

Symmetry transformations used to generate equivalent atoms:

Table S5. Anisotropic displacement parameters (A2x 103) for 1*(CN),. The anisotropic
displacement factor exponenttakes the form: -2n2[h2a*2Ull+ . +2hka*b*Ul12]

ull u22 u33 u23 ul3 ul2
Fe(1) 38(1) 46(1) 30(1) 12(1) 14(1) 7(1)
C(1) 39(3) 39(3) 38(3) 9(3) 24(3) 5(3)
C(2) 38(3) 41(3) 45(3) 12(3) 16(3) 8(3)
C(3) 55(3) 39(3) 31(3) 9(2) 11(3) -1(3)
C(4) 54(3) 55(4) 71(3) 14(3) 21(3) -6(3)
C(5) 63(4) 46(3) 46(3) 4(3) 12(3) -12(3)
C(6) 71(5) 63(4) 57(3) -9(3) 15(4) -9(4)
C(7) 80(6) 72(6) 75(6) 24(5) 27(5) -15(5)
C(8) 39(3) 40(3) 39(3) 5(3) 19(3) 8(2)
C(9) 42(3) 43(4) 48(4) 6(3) 21(3) 5(3)
C(10) 43(3) 44(4) 52(4) 4(3) 16(3) 1(3)
C(11) 43(3) 40(4) 45(3) 3(3) 11(3) -1(3)
C(12) 43(3) 39(4) 39(3) 4(3) 12(3) -1(3)
C(13) 41(3) 40(3) 34(3) 0(2) 14(3) 2(3)
C(14) 38(3) 47(3) 61(3) 8(3) 17(2) 8(3)
C(15) 47(3) 58(3) 81(3) 9(3) 7(3) 8(3)
C(16) 48(3) 70(4) 95(4) 9(4) 4(3) 6(3)
Cc@17) 49(4) 73(4) 103(5) 7(4) 9(4) 8(3)
C(18) 41(3) 61(4) 87(4) 3(4) 19(3) 3(3)
C(19) 39(3) 49(3) 62(3) 6(3) 21(3) 4(3)
0(1) 49(5) 48(4) 57(5) 13(3) 23(4) -3(4)
0(2) 54(5) 45(4) 80(5) 31(4) 4(4) 4(3)
0(3) 78(5) 51(4) 51(4) 31(3) 2(4) 5(4)
0(4) 74(4) 91(6) 97(5) 4(5) 43(4) -18(4)
N(1) 37(3) 40(3) 36(4) 8(3) 23(3) 8(3)
N(2) 36(3) 40(3) 45(3) 8(3) 20(2) 8(2)
N(3) 46(4) 34(3) 26(3) 8(2) 10(3) 5(3)

N(4) 42(3) 48(4) 45(3) 3(3) 26(2) 1(3)



C(1A)
C(2A)
C(3A)
C(5A)
C(4A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
C(17A)
C(18A)
C(19A)
O(1A)
0(2A)
0(3A)
O(4A)
N(LA)
N(2A)
N(3A)
N(4A)
C(20)
C(21)
N(5)
N(6)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)

32(4)
36(3)
60(4)
59(3)
60(4)
71(5)
93(7)
39(3)
42(3)
42(3)
46(4)
44(4)
43(3)
34(3)
36(3)
41(4)
39(4)
40(3)
37(3)
39(5)
45(5)
105(7)
73(5)
36(3)
31(3)
45(4)
43(3)
37(3)
50(3)
48(3)
61(3)
38(3)
66(4)
73(4)
54(3)
55(3)
41(3)
35(3)

40(3)
37(3)
45(3)
53(4)
43(3)
63(4)
72(6)
42(3)
46(4)
47(4)
47(4)
42(4)
39(3)
45(3)
51(4)
63(4)
66(4)
59(3)
51(3)
47(4)
39(4)
79(6)
98(7)
39(3)
38(4)
36(3)
48(4)
70(4)
48(3)
115(5)
59(3)
33(2)
38(3)
31(3)
38(3)
43(3)
37(3)
46(3)

37(4)
39(3)
35(3)
58(3)
44(3)
57(3)
64(6)
37(3)
44(4)
46(4)
43(4)
36(3)
33(3)
53(3)
66(4)
75(4)
83(4)
73(3)
57(3)
42(5)
54(5)
41(4)
98(6)
37(4)
40(3)
28(3)
50(3)
35(3)
44(3)
39(3)
55(3)
47(3)
55(3)
69(4)
62(4)
48(3)
50(3)
51(3)

7(3)
8(3)
8(3)
2(3)
-2(3)
-9(3)
14(5)
4(3)
4(3)
6(3)
2(3)
2(3)
1(3)
4(3)
8(4)
6(4)
11(4)
5(3)
3(3)
10(4)
14(3)
23(4)
18(6)
7(3)
9(3)
2(3)
1(3)
10(3)
4(2)
-2(3)

-10(2)

7(2)
8(2)
9(3)
19(3)
6(2)
4(2)
16(2)

18(3)
19(3)
14(3)
23(3)
20(3)
15(4)
30(5)
18(3)
18(3)
15(3)
15(3)
15(3)
16(3)
20(3)
16(3)
13(3)
19(3)
21(3)
24(2)
16(4)
2(4)
7(4)
36(5)
20(3)
18(3)
13(3)
25(3)
5(2)
27(3)
6(2)
33(3)
24(2)
38(3)
38(3)
24(3)
22(3)
22(2)
21(2)

2(3)
1(3)
-5(3)

-11(3)
-11(3)

9(4)

-14(5)

9(3)
5(3)
5(3)
6(3)
7(3)
6(3)
4(3)
4(3)
3(3)
-1(3)
-1(3)
1(3)

-10(4)

-5(3)

-17(5)

-9(5)
4(3)
5(3)
5(3)
1(3)
15(3)

-13(2)

30(3)

-18(2)

1(2)
7(2)
9(3)
5(2)
-6(2)
-3(2)
1(2)
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C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)

64(4)
84(5)
67(5)
72(4)
51(3)
40(3)
43(3)
51(3)
69(4)
60(4)
41(3)
36(2)
51(3)
52(3)
50(3)
54(3)
45(3)
24(2)
42(3)
51(3)
42(3)
43(3)
31(2)
54(3)
72(4)
93(6)
58(4)
40(3)
48(3)
50(3)
71(4)
74(4)
69(4)
108(6)
99(5)
44(3)
100(6)
114(6)

79(4)
121(7)
130(7)

68(4)

38(3)

25(2)

30(2)
40(3)

36(3)

38(3)
40(3)

23(2)

35(3)
42(3)
43(3)
48(3)

30(2)

31(2)

39(3)
43(3)
40(3)

26(3)

31(3)

27(2)

83(5)

88(5)
47(3)

92(5)
103(5)

28(2)

39(3)

61(4)

56(4)

38(3)

35(3)

19(2)

76(5)

58(4)

86(5)
130(7)
127(7)
62(4)
48(3)
40(3)
41(3)
56(3)
50(3)
55(3)
60(3)
47(3)
57(3)
72(4)
64(4)
48(3)
52(3)
64(3)
71(4)
81(4)
102(5)
113(6)
78(4)
54(3)
65(4)
46(4)
53(3)
67(4)
52(3)
72(4)
75(4)
86(5)
71(4)
145(7)
153(7)
58(3)
114(6)
101(5)

49(4)
82(6)
84(6)
29(3)
6(2)
3(2)
-3(2)
-9(2)
-5(2)
-5(2)
1(2)
-1(2)

-12(2)
-15(3)
-14(3)

0(2)
2(2)
-9(2)

-12(3)
-20(3)
-29(3)

-1(3)
0(2)
-5(2)

-18(4)
-17(3)

-8(3)
22(4)
22(3)
2(2)
3(3)
7(3)
28(3)
-3(4)

-16(4)

-6(2)
50(4)
28(4)

50(4)
83(5)
68(5)
25(3)
19(3)
13(2)
14(2)
22(3)
17(3)
6(3)
13(3)
16(2)
29(3)
27(3)
11(3)
12(3)
22(2)
19(2)
21(3)
17(3)
20(3)
21(3)
16(3)
25(3)
32(4)
12(4)
6(3)
19(3)
22(3)
39(3)
49(3)
58(4)
49(3)
97(6)
96(6)
22(2)
83(5)
81(5)

34(3)
56(5)
31(5)

-15(3)

-6(2)
-3(2)
-6(2)
0(2)
-3(3)

-17(3)

-9(2)
2(2)

-13(2)
-18(2)
-11(2)

1(3)
1(2)
-5(2)
-3(2)

-11(3)
12(2)

-2(2)
1(2)

-16(2)

19(4)
31(4)

-17(3)

-7(3)
-7(3)
3(2)
-7(3)

-10(3)

26(3)
11(3)

-11(3)

-3(2)
55(4)
36(4)
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C(67)
C(68)
C(69)
P(1)
P(2)

68(4)
51(4)
41(3)
34(1)
39(1)

30(3)
51(4)
50(3)
27(1)
24(1)

65(4)
135(7)
120(6)
43(1)
56(1)

5(3)
46(4)
21(4)
4(1)
-5(1)

19(3)
32(4)
43(4)
18(1)
26(1)

-9(3)
5(3)
3(3)
-2(1)
-4(1)

Table S6. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 10 3) for 1*(CN)..

X y z U(eq)
H(6A) 8034 10361 1656 99
H(6B) 7547 9450 1712 99
H(6C) 7096 10292 1275 99
H(7A) 7988 10078 198 114
H(7B) 8455 10568 839 114
H(7C) 7520 10749 497 114
H(9) 5403 5587 596 52
H(10) 4330 6089 -269 56
H(11) 4351 7561 -673 52
H(12) 5427 8580 -238 49
H(15) 9521 5704 2686 80
H(16) 10732 6429 3250 93
H(17) 11010 7904 2933 96
H(18) 10024 8775 2212 77
H(6A1) 7770 10359 1272 99
H(6A2) 8550 9880 1750 99
H(6A3) 7697 9392 1589 99
H(7AL) 8620 9424 267 114
H(7A2) 8966 10122 833 114
H(7A3) 8088 10280 340 114
H(9A) 5253 5803 400 52
H(10A) 4286 6528 -439 54
H(11A) 4543 7993 -751 55
H(12A) 5747 8769 -257 49
H(15A) 9175 5252 2688 62
H(16A) 10503 5677 3223 75
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H(17A) 10986

H(18A) 10141
H(23) 5895
H(24) 6323
H(25) 6674
H(26) 6630
H(27) 6195
H(29) 7040
H(30) 7959
H(31) 7714
H(32) 6697
H(33) 5836
H(35) 4338
H(36) 4243
H(37) 5391
H(38) 6635
H(39) 6748
H(41) 4296
H(42) 3073
H(43) 2755
H(44) 3633
H(45) 4868
H(47) 1505
H(48) 1761
H(49) 1429
H(50) 864
H(51) 574
H(53) 76
H(54) -1160
H(55) -2239
H(56) -2053
H(57) =797
H(59) 2093
H(60) 2971
H(61) 2828
H(62) 1804
H(63) 986
H(65) -242

7112
8121
-383
-1719
-1629
-197
1142
698
1244
2605
3580
3126
2508
3800
4569
4059
2773
539
102
477
1333
1794
7518
8899
10325
10393
9028
7111
7490
7720
7907
7596
8011
7672
6317
5290
5563
6508

3023
2290
2730
3321
4373
4833
4245
2825
2399
1849
1834
2325
3100
3681
4293
4343
3775
2987
2269
1255

948
1659
1488
2053
1557

515

61

-1103
-1823
-1544

-523
216
113

-382

-940

-1018

-458
865

76
69
58
65
61
58
49
84

119

119
80
54
46
58
64
66
58
54
65
66
62
50
61
73
76
75
57
85
95
68
80
80
67
79
70
99
98

102
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H(66)
H(67)
H(68)
H(69)

-104

975
1904
1798

5459
4450
4461
5540

1640
1973
1507

748

95
67
96
81
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Fig. S20. The H and *C NMR spectra of ligand precursor A.
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Fig. S21. The *H and *C NMR spectra of ligand precursor B.
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Fig. S22. The 'H and *C NMR spectra of ligand precursor C.
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