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A. General Methods

Dry toluene was obtained by passing the solvent through a column of alumina, under
nitrogen. Diisopropylamine (DIPA) was distilled from CaH, and kept over activated
molecular sieves (3 A, 8—12 mesh). Unless specified otherwise, all other solvents were used
as commercially supplied.

Flash chromatography was carried out on silica gel 60 under positive pressure. Analytical
thin-layer chromatography was carried out on aluminum-backed silica gel 60 F254 plates.
Visualization was achieved using UV light when necessary. Gel-permeation chromatography
(GPC) was performed on a line of JAIGEL 3H (20 x 600 mm) and JAIGEL 4H (20 x 600
mm) columns in the solvent of toluene/pyridine (100/1, v/v) and the flow rate of 3.5 mL/min.
Analytical gel permeation chromatography (GPC) was performed on a JAIGEL H-P pre-
column, a JAIGEL 3H-A (8 x 500 mm) and a JAIGEL 4H-A column (8 x 500 mm) in series
with toluene/pyridine 100/1 as eluent or on two PLgel 3 um Mixed-E columns (2 X 300 mm
length, 7.5 mm diameter) and two PLgel 5 pm Mixed-D columns (3 x 300 mm length, 7.5
mm diameter) in series with THF as an eluent.

All UV-vis-NIR spectra were recorded in solution using a Perkin-Lambda 20
spectrometer (1 cm path length quartz cell). NMR data were collected on Bruker AVANCE
AVIIIHD 400 and AVII 500 spectrometers. Samples were dissolved in dry CDCIl; or CD,Cl,
and characterized by 'H, COSY, edited-HSQC and >C NMR and 2D NOESY spectra (with
mixing times of 300 ms) using the standard Bruker pulse programs. Diffusion-edited spectra
were collected using the standard Bruker pulse program, ledbpgp2s1d sequence for diffusion
measurements using stimulated echo and LED (longitudinal eddy current delay) and bipolar
gradient pulses for diffusion. With parameters big DELTA 100 ms, an eddy current delay of
5 ms and gradient strength 2—40% depending on the attenuation of solvent peaks. For each
data set, 256 or 512 transients were acquired using recovery times of 3 s. Data were
processed typically 32K data points using line broadening of 0.5 Hz.

'H, C and *'P NMR spectra are reported in ppm; coupling constants are given in Hertz

and are quoted to the nearest 0.1 Hz. Spectral referencing was based absolute spectrometer
frequencies calculated relative to TMS scaling factors for the relevant nuclei, 'H, C and *'P
NMR *'P NMR spectra are referenced with respect to H;PO, at 0 ppm.

ESI mass spectra were carried out either using Fisons Platform or Micromass LCT
spectrometer. MALDI-TOF mass spectra were carried out using Waters MALDI Micro MX
spectrometer.

Steady-state absorption and time-integrated PL spectra at 298 K were recorded using a
PerkinElmer Lambda 1050 UV-vis-NIR spectrometer and a Horiba FluoroLog fluorimeter
respectively.
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B. Synthetic Procedures

Bl1. Known Compounds

Di-tert-butyl-phosphinoferrocene tetrafluoroboric acid complex®' (1, starting material for
T5g.), pentakis-BPin corannulene® (2, starting material for T5.r) and porphyrin monomers
P1%*** were synthesized using published procedures. Our slightly modified procedure for
preparation of pentakis-Bpin corannulene (2) is detailed here:

Pentakis-BPin corannulene, 2

(BPin),, [I(OMe)COD],,
‘O 44" dlmethyl -2,2-dipyridyl, >\<L OQ
C O t-BuOK, THF
—)

- ) 2
corannulene >§<O O)&

Scheme S1. The synthesis of pentakis-Bpin corannulene 2

A pressure vessel was charged with [Ir(OMe)COD]; (53 mg, 0.08 mmol), 4,4’-dimethyl-2,2’-
dipyridyl (30 mg, 0.16 mmol), (BPin), (528 mg, 2.08 mmol) and -BuOK (5 mg, 0.04 mmol),
all as dry solids. THF (0.4 mL) was added by syringe and the mixture was heated at 50 °C for
5 min under N,. A dark brown-red solution formed. The vessel was charged with corannulene
(100 mg, 0.40 mmol), purged with N,, sealed and stirred at 85 °C for 4 days. The reaction
mixture was cooled, opened to the air and immediately diluted with DCM (5 mL), then
quenched by dropwise addition of water (3 mL). The layers were separated and the aqueous
layer was thoroughly extracted with DCM. The combined organic layers were washed with
water and brine, and dried over magnesium sulfate. The filtrate was concentrated to dryness
on a rotary evaporator to give a dark red-brown oily mixture. Methanol (8 mL) was added
and the mixture was sonicated for 10 min, until the dark mixture separated into a dark
solution and an off-white precipitate. The precipitate was collected by vacuum filtration and
washed with methanol to yield 2 as white solid (192 mg, 55%).
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B2. Novel Compounds

TSFc
Br A O\ /
N R N R
R R [ j R R
< Pd(OAc),, PPhs, t-BuOK | o ]
Fe > R Fe R — > RFeR
5' toluene - THF D
PH(t—BU)zBF4 P(t-BU)z IF(t-Bu)Z
pre-T5¢, TS5 O

1

Scheme S2. The synthesis of TS,

Compound 1 (0.12 g, 0.28 mmol), 6-bromoisoquinoline (0.70 g, 3.3 mmol), ~-BuOK (0.30
g, 2.6 mmol), Pd(OAc); (6.0 mg, 0.027 mmol) and PPhs (33 mg, 0.13 mmol) were dissolved
in dry toluene (12 mL). The mixture was degassed using the freeze-pump-thaw method and
was then stirred vigorously at 107 °C under argon for 2 days. The mixture was cooled and
filtered through Celite and the solvent was evaporated under vacuum. The residue was
separated with column chromatography (Si0O,) using DCM/EtOH (80/11 gradually increasing
polarity to 5/1, v/v) as the eluent. Pre-T5g. was obtained as the last dark red band (0.11 g,
40%). pre-T5g.: 'H NMR (400 MHz, CDCl3): & = 9.19 (s, br, 5H), 8.43 (s, br, 5H), 7.69 (s,
5H), 7.65 (d, J = 8.5 Hz, 5H), 7.45 (dd, /= 8.5 Hz, J= 1.0 Hz, 5H), 7.26 — 7.24 (m, 5H), 4.78
(s, 2H), 4.64 (t, J = 1.6 Hz, 2H), 1.04 (d, J = 11.2 Hz, 18H); °C NMR (100 MHz, CDCl;): &
=152.2, 143.6, 137.4, 135.0, 131.8, 130.0, 126.5, 88.1, 78.4, 78.3, 76.6, 33.6 (d, J = 25 Hz),
31.1(d, J= 13 Hz); *'P{'"H} NMR (CDCls, 162 MHz): § = 24.91.

Pre-T5g. (0.10 g, 0.10 mmol) was dissolved in THF (20 mL). N-Methylmorpholine N-
oxide monohydrate (15 mg, 0.12 mmol) was added and the mixture was stirred at room
temperature overnight. The solvent was evaporated and the residue was dissolved in DCM
and the solution was washed with water and dried with MgSO4. The DCM solvent was
evaporated and the residue was precipitated by layered diffusion of hexane into its solution in
benzene. The product was obtained as bright red solid (84 mg, 84%). T5r.: 'H NMR (400
MHz, CDCl): ¢ = 9.14 (s, 5H), 8.41 (d, J = 5.8 Hz, 5H), 7.79 (s, SH), 7.65 (d, J = 8.4 Hz,
5H), 7.37 (dd, J = 8.4 Hz, 1.6 Hz, 5H), 7.29 (d, J = 5.8 Hz, 5H), 5.08 (d, J = 1.6 Hz, 2H),
4.84 (d,J= 1.6 Hz, 2H), 0.96 (d, J = 14.2 Hz, 18H); °C NMR (100 MHz, CDCl;): & = 152.3,
143.8, 136.8, 135.3, 131.1, 130.4, 127.4, 127.0, 120.4, 88.8, 79.3, 79.2, 77.9 (d, J = 7.9 Hz),
77.7, 771.6, 37.0 (d, J = 60.7 Hz), 27.1; *'P{'H} NMR (CDCls;, 162 MHz): & = 62.27;
MALDI-TOF MS+: m/z 981.22 (IM]", C¢3Hs2FeNsPO requires: 981.33).
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1,3,5,7,9-Penta(4-pyridyl)corannulene TS,

et
QO

0-B B-o

Scheme S3. The synthesis of TS

N\ / Br

Tetrakis(triphenylphosphine)-palladium (13 mg, 11 pmol) was added to a solution of
compound 2 (20 mg, 23 umol) in THF (0.9 mL). After addition of water (0.3 mL), K,CO;
(156 mg, 1.13 mmol) and 4-bromopyridine hydrochloride (88 mg, 0.45 mmol), the mixture
was deoxygenated (vacuum freeze/thaw) and stirred at 70 °C for 10 days. Solvents were
removed and the crude product was purified by column chromatography on flash silica gel
(chloroform : methanol : triethylamine; gradient 100:0:0 to 100:5:0.5) to give the template as
a pale yellow solid (8.2 mg, 57%). T5.r: 'H NMR (400 MHz, CDCl;): 6 = 9.80 (d, J = 5.8
Hz, 10H), 7.92 (s, 5H), 7.62 (d, J = 5.8 Hz, 10H); °C NMR (100 MHz, CDCls): § = 150.58,
146.32, 140.37, 136.22, 128.72, 126.62, 124.44; MALDI-TOF MS+: m/z 635.85 ([M]’,
C4sHasNs requires: 635.21); HRMS (ESI-TOF) m/z 636.21795 ([M+H]", CasHueNs
636.21837). UV-vis (toluene): Amax (€) 288 (1.3 x 10%), 319 (1.1 x 10%).

c-PS5-T5r.

PdCly(PPh3),, Cul, iPr,NH

1,4-benzoquinone, toluene

Osp(t.Bu),

Scheme S4. The synthesis of c-P5:- TS,

P1 (31 mg, 38 umol) and T5g (7.5 mg, 7.7 umol) were dissolved in toluene (700 mL).
DIPA (7.5 mL) was added and the solution was stirred for 3 h. PdCIy(PPhs), (70 mg, 0.10
mmol), Cul (75 mg, 0.19 mmol) and 1,4-benzoquinone (90 mg, 0.83 mmol) were added into
the solution and the mixture was stirred at room temperature overnight. The mixture was
filtered through basic Al,O; and the solvent was evaporated. The residue was separated
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through size-exclusion column (Biobeads SX-1, 35 x 300 mm) with pure toluene and the
second band was collected. The first (major) band was larger porphyrin nanorings and linear
oligomers. The solvent was removed under vacuum and the residue was precipitated with
DCM/MeOH to give the product as black solid (1.52 mg, 4.0%). ¢-P5-T5g.: 'H NMR (500
MHz, CD,Cl): 9.54 (d, J = 4.4 Hz, 10H), 9.52 (d, J = 4.4 Hz, 10H), 8.75 (d, J = 4.4 Hz,
10H), 8.73 (d, J= 4.4 Hz, 10H), 7.97 (t, J= 1.5 Hz, 5H), 7.91 (t, /= 1.5 Hz, 5H), 7.85 (t, J =
1.5 Hz, 5SH), 7.79 (t, J = 1.5 Hz, 5H), 7.78 (t, J = 1.5 Hz, 5H), 7.70 (t, J = 1.5 Hz, 5H), 5.70
(s, SH), 5.30 (d, J= 9.0 Hz, 5H), 5.01 (d, J = 9.0 Hz, 5H), 4.87 (d, J = 6.2 Hz, 5H), 3.24 (s,
2H), 2.80 (s, 2H), 2.69 (s, SH), 1.86 (d, J = 6.2 Hz, 5H), 1.54 — 1.36 (m, 180H), -0.25 (d, J =
13.8 Hz, 18H);”'P{'"H} NMR (CD,Cl,, 162 MHz): § = 59.78; MALDI-TOF MS+: m/z 4953
([Mr, C323H302FCN2521’15PO requires: 4963), 3978 ([M-TSFC]+, C260H250N202n5 requires:
3982); UV-vis-NIR-NIR (toluene): Amax (€) 431 (2.5 x 10°), 494 (4.0 x 10°), 756 (2.2 x 10°),
794 (2.2 x 10°), 837 (1.8 x 10°). (Note: ¢-P5-T5g. has poor stability and trace impurities
appear after a week of storage at —20 °C, either as a solid or in solution, as monitored by 'H
NMR.)

c-P5

t-Bu
RNy
c-P5T5¢, r Yo c-P5 tBu

Scheme S5. The preparation of c-PS

c-P5-T5p. (2.0 mg, 0.40 pumol) was dissolved in toluene/pyridine (2/1, v/v) and the
solution was passed through a size-exclusion column (Biobeads SX-1, 10 x 300 mm) with
toluene/pyridine (2/1, v/v). The major band was collected and the solvent was evaporated.
The desired product was obtained as black solid (1.5 mg, 94%). ¢-P5: 'H NMR (400 MHz,
CDCl3): 6 =9.49 (d, J = 4.5 Hz, 20H), 8.68 (d, J = 4.5 Hz, 20H), 7.81 (d, J = 1.6 Hz, 20H),
771 (d, J = 1.6 Hz, 10H), 1.44 (s, 180H); MALDI-TOF MS+: m/z 3974 (IM]’,
Cas0Ha50N20Zns requires: 3982); UV-vis-NIR (toluene): Amax (€) 430 (2.4 x 10°), 489 (4.0 x
10°), 719 (1.6 x 10°), 747 (1.7 x 10°).
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C'PSOOct' TSk

PACIy(PPhg),, Cul, iPr,NH

1,4-benzoquinone, toluene

OCgH17

N Fo e N7 3
. o bt N
.@ = =K A\ OCgH
YT O‘ Ar ¢-P500ct TSrc e

Scheme S6. The synthesis of c-P5¢p0ct* TSrc

Plooet (42 mg, 38 umol) and T5g. (7.5 mg, 7.7 pmol) were dissolved in toluene (700
mL). DIPA (7.5 mL) was added and the solution was stirred for 3 h. PdCl,(PPhs), (70 mg,
0.10 mmol), Cul (75 mg, 0.19 mmol) and 1,4-benzoquinone (90 mg, 0.83 mmol) were added
into the solution and the mixture was stirred at room temperature overnight. The mixture was
filtered through basic Al,O; and the solvent was evaporated. The residue was separated
through size-exclusion column (Biobeads SX-1, 25 x 1000 mm) to remove low molecular
weight impurities. The product was purified by recycling GPC (toluene/1% pyridine, v/v) to
give the desired compound as black solid (0.86 mg, 1.7%). c-P500ct T5r:: 'H NMR (500
MHz, CD,Cl): 9.53 (d, J = 4.4 Hz, 10H), 9.50 (d, J = 4.4 Hz, 10H), 8.80 (d, J = 4.4 Hz,
20H), 7.16 — 7.09 (m, 20H), 6.83 (t, J = 1.5 Hz, 5H), 6.81 (t, J = 1.5 Hz, 5H), 5.68 (s, SH),
5.28 (d, J = 9.0 Hz, 5H), 5.01 (d, J = 9.0 Hz, 5H), 4.88 (d, J = 6.2 Hz, 5H), 4.10 — 4.00 (m,
40H), 3.29 (s, 2H), 2.81 (s, 2H), 2.71 (s, 5H), 1.84 — 0.70 (m, 300H), -0.24 (d, J = 13.8 Hz,
18H);*'P{'H} NMR (CD,Cl,, 162 MHz): § = 60.14; MALDI-TOF MS+: m/z 6404 ([M]",
C403H462F6N25ZI’15P021 requires: 6405), 5422 ([M-TSFC]+, C340H410N2002()Zn5 requires: 5424),
UV-vis-NIR (toluene): Amax (€) 431 (2.4 x 10°), 494 (4.0 x 10°), 749 (2.2 x 10°), 785 (2.2 x
10°), 828 (1.9 x 10°).
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C'PS * TScor

PACI,(PPhs),, Cul, iProNH

1,4-benzoquinone, toluene

Scheme S7. The synthesis of c-P5- TS5,

P1 (20 mg, 25 umol) and TS5 (3.1 mg, 5.0 pumol) were dissolved in toluene (500 mL).
DIPA (5.0 mL) was added and the solution was stirred for 3 h. PdCl,(PPhs), (45 mg, 0.064
mmol), Cul (48 mg, 0.25 mmol) and 1,4-benzoquinone (58 mg, 0.53 mmol) were added into
the solution and the mixture was stirred at room temperature overnight. The mixture was
filtered through basic Al,O; and the solvent was evaporated. The residue was separated
through size-exclusion column with pure toluene and the second band was collected. The first
band was larger porphyrin nanorings and linear oligomers. The solvent was removed under
vacuum and the residue was precipitated with DCM/MeOH to give the product as black solid
(1.2 mg, 6.1%). ¢-P5-T5¢: 'H NMR (500 MHz, CD,Cl,): 9.60 (d, J = 4.5 Hz,10 H), 9.56 (d,
J=4.5Hz, 10H), 8.75 (d, /= 4.5 Hz, 10H), 8.72 (d, J = 4.5 Hz, 10H), 7.97 (s, 10H), 7.74 (s,
10H), 7.64 (s, 10H), 5.44 (s, 5H), 4.97 (d, J = 6.5 Hz, 10H), 2.35 (d, J = 6.5 Hz, 10H) 1.54 —
1.36 (m, ISOH), MALDI-TOF MS+: m/z 4608 ([Mr, C305H275N252n5 requires: 4617), 3977
(IM-T5cor]", Cas0Ha50N20Zns requires: 3982); UV-vis-NIR (toluene): Amax (€) 428 (2.8 x 10°),
493 (4.3 x 10%), 752 (2.3 x 10°), 789 (2.2 x 10°), 832 (1.9 x 10°).
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C'PSOOct' TScor

PACly(PPhs),, Cul, iPr,NH

1,4-benzoquinone, toluene

OCgH1q7
Ar=--

OCgH17

¢-P5o0ct TScor

Scheme S8. The synthesis of c-P5¢p0ct* TScor

Plooct (21 mg, 19 pmol) and T5¢er (2.5 mg, 4.0 pmol) were dissolved in toluene (400
mL). DIPA (4.0 mL) was added and the solution was stirred for 3 h. PdCl,(PPhs), (35 mg,
0.050 mmol), Cul (38 mg, 0.19 mmol) and 1,4-benzoquinone (45 mg, 0.41 mmol) were
added into the solution and the mixture was stirred at room temperature overnight. The
mixture was filtered through basic Al,O3 and the solvent was evaporated. The residue was
separated through size-exclusion column with pure toluene and the second band was
collected. The first band was larger porphyrin nanorings and linear oligomers. The residue
was separated using recycling GPC (toluene/1% pyridine, v/v) to give the desired product as
black solid (0.50 mg, 2.0%). c-P500ct' T5cor: 'H NMR (500 MHz, CD,CL): 9.57 (d, J = 4.5
Hz, 10H), 9.52 (d, J=4.5 Hz, 10H), 8.79 (d, J = 4.6 Hz, 10H), 8.76 (d, J = 4.6Hz, 10H), 7.15
(s, 10H), 6.95 (s, 10H), 6.75 (s, 10H), 5.44 (s, 5H), 4.96 (d, J = 6.5 Hz, 10H), 4.06 (t, /= 6.2
Hz, 20H), 3.88 (t, J = 6.2 Hz, 20H), 2.35 (d, J = 6.5 Hz, 10H), 1.84 — 0.70 (m, 300H);
MALDI-TOF MS+: m/z 6060 ([M]", C3gsHa3sN25020Zns requires: 6059), 5420 ([M-T5cor],
C340H410N20020Zns requires: 5424); UV-vis-NIR (toluene): Amax (€) 428 (2.3 x 10%), 494 (4.2
x 10°), 746 (2.2 x 10%), 783 (2.2 x 10°), 825 (2.0 x 10°).
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C. Spectra Confirming Identity and Purity of New Compounds

C1. Full Spectra
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Figure S1. '"H NMR spectrum of pre-T5g. (CDCl;, 400 MHz, 298 K, * indicates a trace of CH,Cl,
impurity).
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Figure S2. °C NMR spectrum (DEPTQ) of pre-T5g. (CDCls, 100 MHz, 298 K).

Figure S3.*'P NMR spectrum with 'H decoupling of pre-T5g (CDCls, 162 MHz, with "H-NMR
decoupling, 298 K).
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Figure S4. '"H NMR spectrum of T5g, (CDCls, 400 MHz, 298 K, * indicates a trace of CH,Cl,
impurity).
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Figure S5. °C NMR spectrum (DEPTQ) of T5g. (CDCls, 100 MHz, 298 K).

Figure $6.°'P NMR spectrum with "H decoupling of T5g. (CDCls, 162 MHz, 298 K).
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T5*

MALDI 02-Feb-2015 18:43:42
p-ii-07-nt5 (0.031) Is (1.00,1.00) C63H52FeN5PO TOF LD+
. 981.33 4.51e12
100
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0 T W\‘ T
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Figure S7. MALDI-MS spectrum of TSg, (matrix: DCTB, Cg3Hs,FeNsPO requires: 981.33, found:
981.22).
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Figure S8. "H NMR spectrum of T5,,, (CDCl;, 400 MHz, 298 K, * represents residual solvent or
impurity).
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Figure S9. >C NMR spectrum of T5, (CDCl3, 400 MHz, 298 K)
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Figure S10. UV-vis spectra of TS, (left) and TS5, (right) in toluene.

S15



t5cor-xx

MALDI 11-Jan-2016 16:12:11
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Figure S11. MALDI-MS spectrum of T5,, (matrix: DCTB, C4sH,sNs requires: 635.21, found:
635.85)
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Figure S12. 'H NMR spectrum of ¢-P5 (CDCls, 400 MHz, 298 K).
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cP5tBu MALDI 23-Mar-2015 17:06:12
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Figure S13. MALDI-MS spectrum of ¢-P5 (matrix: DCTB, Cy60H250N20Zn;5 requires: 3982, found:

3974).

0 ppm

Figure S14. The original '"H NMR spectrum of ¢-P5-T5g, (CD,Cl,, 500 MHz, 298 K).
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Figure S16. 3'p NMR spectrum with 'H decoupling of ¢-P5-T5g, (CD,Cl,, 162 MHz, 298 K).

cP5SNT5tBu MALDI 23-Mar-2015 18:00:47
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Figure S17. MALDI-MS spectrum of ¢-P5:TSg, (matrix: DCTB, Csy3H30,FeN,5ZnsPO requires: 4963,
found: 4953; Cr60H250N20Zns ([M-T5g]") requires: 3982, found: 3978).
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Figure S18. "H-NMR spectrum of e-PS5¢oct TSk (CD,Cl,, 500 MHz, 298 K, * represents residual
solvent or impurity).
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Figure S19. *'P-NMR spectrum with 'H decoupling of ¢-P500c TS5 (CD,Cly, 162 MHz, 298 K).

p-ii-12-cP5NT5 MALDI 04-Jul-2014 19:10:32
p-ii-12-cP5NT5 (0.031) Is (1.00,1.00) C340H410N20020Zn5 TOF LD+
100 5423.62 956611
5426.82
5427 .82
428.82
LI
5430.82
543282
0 T
p-ii-12-cP5NT5 (0.031) Is (1.00,1.00) C340H410N20020Zn5C63H52FeN5PO TOF LD+
100, 6405.15 9.26011
408.15
6410.15
o 411.15
<
5413.15
6415.15
[0}
p-ii-12-cP5NT5 8 (0.264) Sm (SG, 5%5.00); Sb (5,10.00 ); Cm (8:12) TOF LD+
100- 5422.30 851
552066 6404.40
0\‘37
5601.18
5342.48 6482.99
3202.95 405114 36578  4926.33 6139.21 7502.28 '
T T U T T T U T T T T U T T T mi/z
3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500

Figure S20. MALDI-MS spectrum of c¢-P5¢0ct* TSk (matrix: DCTB, Cap3H4s:FeN»5ZnsPO,; requires:
6405, found: 6404, C340H410N2002()Zl’15 ([M-TSFC]+) requires: 5424, found: 5422)
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Figure S22. '"H NMR spectra of c-P5¢p0ct* TScor (CD,Cl,, 500 MHz, 298 K, top: original spectrum;
bottom: Diffusion-edited spectrum, gradient strength 40%).
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yh72-c-P5 MALDI 11-Jan-2016 16:19:37
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Figure S23. MALDI-MS spectrum of ¢-P5:T5,,, (matrix: DCTB, C3¢sH,75N,s5Zns requires: 4617,
found: 4608; Cy60Ha50N20Zns ([M-T5.,]") requires: 3982, found: 3977).
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Figure S24. MALDI-MS spectrum of ¢-P5¢p0ct* TScor (matrix: DCTB, C;35H435N25040Zn5 requires:
6059, found: 6060; C340H410N29020Zns ([M-T5.,]") requires: 5424, found: 5420).
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C2. Characterization of c-P5-T5F,

Hy H, P(t-Bu),

. L Hec1 @\ .
~.N. Fe‘ -
AP
Hs He ¢ L

Figure S25. Designation of the protons in T5p..

The chemical shifts of the protons on porphyrin structure c-P5-T5g, are similar to those
reported for ¢-P6-T6.% The major task is to assign the protons in the template: isoquinoline
unit, cyclopentadiene unit and tert-butyl unit.

We can start the identification process from the HSQC spectrum. The correlation signals
of the 6 protons on the isoquinoline structure are in the range between 120 ppm and 145 ppm,
which is the range of aromatic carbons. HI and H6 can be identified by the chemical shifts of
the carbon atoms that they attach to; the assignment of other protons on the isoquinoline unit,
HFc¢, and HFc, will be shown in following figures.

H3 H5 H2 H6 H1
H4
HFc1 HFc2 ‘
\ i ppn

¢
=)
~
o
w
o
[N)
IN)
o

opn

Figure S26. Identification of six isoquinoline protons from 'H-"C HSQC spectrum (diffusion-edited
'H spectrum projection of ¢-P5-T5g, CD,Cl,, 500 MHz, 298 K). HFc, and HFc, don’t have
correlation signals in this figure since the carbon atoms that they attach to have the chemical shifts in
the range between 75 and 80 ppm.
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Figure S27. Correlation signal of H, - H, in 'H-"H COSY spectrum (diffusion-edited 'H spectrum
projection, CD,Cl,, 500 MHz, 298 K).

As is shown in Figure S27, assignment of the isoquinoline peaks starts from a COSY
peak between H; (1.86 ppm) and H, (4.87 ppm). The peak of H; at 1.86 ppm is typical of the
most shielded protons in the template.

As is shown in Figure S28, H, has strong NOE signals with H; and Hj (5.70 ppm).

N

} 5.1
4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

6.0

Figure S28. Correlation signals of H; - H, and H; - H; in 'H-'"H NOESY spectrum (diffusion-edited
'H spectrum projection of ¢-P5-TSg., CD,Cl,, 500 MHz, 298 K).

As is shown in Figure S29, H; has NOE signals with H, (strong) and Hy (5.01 ppm,
weak).
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Figure S29. Correlation signals of H; - Hy and H; - H; in '"H-"H NOESY spectrum (diffusion-edited
'H spectrum projection of ¢-P5-TSg., CD,Cl,, 500 MHz, 298 K).
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Figure S30. Correlation signal of Hy - Hs and Hy - H; in 'H-'"H cOoSsY spectrum (diffusion-edited 'H
spectrum projection of ¢-P5-T5g., CD,Cl,, 500 MHz, 298 K).

As is shown in Figure S30, Hs has COSY signals with Hs (5.30 ppm, strong) and Hj
(weak).

As is shown in Figure S31, Hs has NOE signals with H4 and Hg (2.69 ppm). Heis a
singlet and has no COSY signals with other 5 protons on the isoquinoline structure.

H6

Ha
M » . A ppm

F5.2
DV
HS ———= ,J ‘ F5.3
U
5.4
T T T T T T T T T
.1 4.8 4.5 4.2 3.9 3.6 3.3 3.0 2.7 ppm

Figure S31. Correlation signals of Hs - Hy and Hs - Hg in '"H-"H NOESY spectrum (diffusion-edited
'H spectrum projection of ¢-P5-TSg., CD,Cl,, 500 MHz, 298 K).
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As shown in Figure S32, the peaks at 3.24 ppm and 2.80 ppm belong to ferrocene protons,
which have various NOE signals with isoquinoline protons. The fert-butyl protons (-0.25 ppm)
on the ferrocene phosphine structure have NOE signals with Hg.; (3.24 ppm); yet they do not
have NOE signals with Hre, (2.80 ppm), which has longer distance in between them. Both
Hgc1 and Hgpe; have NOE signals to Hs and Ha, which are the isoquinoline protons close to the
ferrocene core.

. @
HFc2 g ( lA L2.8
| .
| h[ﬂ F3.0
@ [ | | n s
|
' il
| E3.4
| |
T T T T T T
6.0 5.0 4.0 2.0 1.0 0.0 ppm

Figure S32. Correlation signals of Hgey - Hs, Hpe1 - Ha, Heet - Hipy, Hrea - H3, Heez - Hg and Hge; - Heeo
in 'H-"H NOESY spectrum (diffusion-edited 'H spectrum projection of ¢-P5-T5g., CD,Cl,, 500 MHz,
298 K).

H, and Hs, which are the closest protons (in the template) to the porphyrins, has NOE
signals with the beta- and only one (the one facing towards the inner side of the porphyrin
ring structure) of the six aryl protons in the porphyrin.

[

o

T T
2.5 2.0 ppm

Figure S33. Correlation signals of H; and H, with the beta and only one of the six aryl-protons in 'H-
'H NOESY spectrum (diffusion-edited 'H spectrum projection of ¢-P5*T5g., CD,Cl,, 500 MHz, 298
K).
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C3. Characterization of c-P500ct' TS Fc

c-P500ct* T5r. has a very similar spectrum to ¢-P5-T5g.. Two doublets from beta-protons
overlap with each other and a doublet appear at 8.80 ppm. More signals appear from the alkyl
chains on the porphyrin: H; is overlapped under one of the alkyl chain signals at around 1.8
ppm. The "H-"C COSY, 'H-'"H COSY and 'H-'"H NOESY spectra all give evidences for the
overlap.

..,:,\.___‘______J_J_/ 'U.,L' =i N . LA gL v .

Figure S34. Identification of six isoquinoline protons from 'H-""C HSQC spectrum (CD,Cl,, 500
MHz, 298 K).

2] ez

Figure S35. COSY signal between H; and H, (CD,Cl,, 500 MHz, 298 K).
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Figure S36. NOE signals of H; - H, and H; - H, (CD,Cl,, 500 MHz, 298 K).
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H6 * f‘{_
HFc2 A‘ JL J“/J/' “\J//hl\\ ppm

aryl j

aryl

!
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Figure $37. Correlation signals of H, and Hy with the aryl and beta-protons in '"H-"H NOESY
spectrum (CD,Cl,, 500 MHz, 298 K, * represents residual solvent or impurity).
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C4. Characterization of c-P5T5 o,

Figure S38. Designation of the protons in ¢-PS5-TS¢or.

Compared to ¢-P5:T5g., c-P5-T5. has a simpler template structure, which makes the
designation of template signals easier.

,
il Ii L] '_l_ | J pom
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125
H3

b.d g
§
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~140
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‘ ]
k145
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95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 ppm

Figure $39. Identification of ¢-P5-T5,, from 'H-"*C HSQC spectrum (CDCls, 500 MHz, 298 K).
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Figure S40. '"H-"H COSY spectrum of ¢-P5-T5,,, (CDCls, 500 MHz, 298 K).
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H1, which is the closest protons (in the template) to the porphyrins, has NOE signals with
the beta- and only one (the one facing towards the inner side of the porphyrin ring structure)
of the three aryl protons in the porphyrin (dashed line).

F10
T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 ppm

Figure S41. "H-"H NOESY spectrum of ¢-P5-T5,, (CDCls, 500 MHz, 298 K).
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C5. The Shielding Effects of Porphyrin Nanoring

As is shown below, the shielding effect of the porphyrin nanoring can be reflected by the
change of chemical shifts of the template protons between the free form and the nanoring-
bound form.

2.09 2.08
R @ 1.87 1.82
etk
NG Ha—240213
,
;
.

\\\ t-Bu” \t-Bu

1.20 1.19

3h (T5kc) - 8y (c-P5°T5kc) 8 (T5¢or) - 8 (c-P5°T5¢,,) Sy (T6) - 3y (c-P6°T6), Ar = t-Bu
8y (T5g¢) - 81 (c-P500ct* T5Ec) 81 (T5cor) = 8 (6-P500ct* T5e0r) 34 (T6) - 8y (c-P6°T6), Ar = OOct

Figure S42. Chemical shift changes Ad induced by the shielding effects of c-P5-TSg, and c-P5-TS5.qr-
The A8 from previously reported c-P6-T6 is shown as a comparison.”’

C6. GPC Traces of c-P5-T5F, and c-P5-T5., Crude Reaction Mixtures

c-P5:-T5s

1.0+

0.8+ —T5

0.6~

0.4

Intensity at 420 nm (a.u.)

0.2+

0.0 —

27 30 33 36
time (min)

Figure S43. Normalized GPC traces (THF/pyridine, 100/1, v/v) of reaction mixture (after passing

through aluminum column) of ¢-P5 prepared using T5.or and TS5y, as templates. GPC column:
JAIGEL 3H A (8 x 500 mm); flow rate: 1.0 mL/min.
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Figure S44. Normalized GPC traces (toluene/pyridine, 100/1, v/v) of reaction mixture (after passing

through aluminum column) of ¢-P5¢¢.t prepared using TS5, and TSg. templates (baseline corrected

for T5g, trace). GPC column: JAIGEL 3H (20 x 600 mm) and JAIGEL 4H (20 x 600 mm) columns;
flow rate: 3.5 mL/min.

B C-P5+T500

<« linear porphyrins

Figure S45. Picture of separation of ¢-P5-T5,,, from linear porphyrins by size exclusion column
chromatography (toluene, Biobeads SX-1, 10 x 200 mm).
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D. Fluorescent Properties

D1. Time-Resolved Photoluminescence Spectroscopy

To investigate photoluminescent (PL) decay dynamics, electronic gating through the time-
correlated single-photon counting (TCSPC) technique was used (Becker & Hickl module).
Here, the emission was detected with a silicon single-photon avalanche diode, yielding a
temporal resolution of around 40 ps. By fitting the PL intensity (/) decay to a single

—t/T

exponential decay model, I = Ae™"/", the lifetime 1 of the emission was extracted.

T T T T

10

—_
o
o

Normalized PL intensity
log

10°

time (ns)
Figure S46. Normalized PL intensity decay dynamics of 5-porphyrin nanorings on log scale (blue)
and single exponential fit to the intensity decay (red) recorded using TCSPC in toluene/1% pyridine
solution at 450 nm excitation.
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D2. Quantum Yield and Radiative Rates

As quantum yield (QY) measurements had been carried out on porphyrin nanorings in
previous studies,> a relative approach was adopted in this study using /-P6 (see the reference
for the compound structure) as a reference:

Isample AbSref (lext)
o _ y xQY, (S.1)
sample Ler ~ AbSsampie(Aext) ref

where / is the integrated area of PL emission spectrum at the excitation wavelength 4,,; and
Abs(A.y:) is the absorbance at A,,;. The QY of the reference compound /-P6 is 28%.

Using the obtained quantum yield and the overall decay rate [},;,; extracted from the PL
transients (I;orq; = 1/7), the radiative (I},4) and non-radiative (I},,) rate were extracted
using: 1—‘rad = QYXFtotal and l—‘1:otal = l—‘rad + l—‘m“

Table S1. Lifetime (7), quantum yield (QY), radiative rate (I}.q4) and non-radiative rate (I},;.) of 5-
porphyrin nanorings. Lifetimes were extracted by measuring PL intensity dynamics using TCSPC
with 450 nm excitation. PL quantum yields were measured with excitation at 500 nm.

Compound T (ps) QY Iraa (1/ns) L (1/n5)
c-P5 455 3.06% 0.067 2.13

¢-P5-T5.4; 372 0.61% 0.016 2.67

¢-P5-T5p, 418 0.89% 0.021 2.37
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E. Effective Molarity Measurement

E1l. Titrations of Monodentate Ligands with c-P5 (Reference Titrations)

c-P5 was titrated with monodentate ligands (quinuclidine, pyridine and isoquinoline) to
measure their association constants.

= =
P P

N N N

pyridine quinuclidine isoquinoline

c-P5

Figure S47. Ligands used for measurements of reference association constants of c-P5.

All the titrations were performed in toluene at 298 K and the concentration of porphyrin
nanorings was 1.5 uM. All titrations were carried out at constant porphyrin concentration by
adding porphyrin to the ligand stock solution before starting the titrations. Titration curves
were fitted to a 1:1 binding isotherm using the equation:

A—Apiciar [ Ka([L]+ [P]o) + 1) — v (K, ([L] + [P]g) + 1) — 4KZ[P],[L]
B 2K,[P]o

(S.2)
Aoo - Ainitial

where A is the observed absorption at a specific wavelength; A, is the starting absorption
at this wavelength; 4. is the asymptotic final absorption at this wavelength; K, is the
association constant between ligand and porphyrin host; [L] is the total (free and bound)
concentration of ligand; [P]o is 5 x [c-P5] (concentration of ¢-P5). The difference between
absorptions at two different wavelengths can be substituted for each of the absorption
parameters (A, Aiitiat, A)-

The results are listed in Table S2 and figures below. In the stacked spectra, the bold black
lines represent starting points and the red lines represent terminal points.

Table S2. Association constants of ¢-P5 (1:1 association constants in M, in toluene at 298 K).

Ligand fgﬁiﬁi Run 1 Run 2 Average Spectra
quinuclidine K, (8.8+0.6) x 10° (7.4+0.8) x 10° (8.1 +0.8) x 10’ g:gﬁ:: 223

pyridine Ky (1.9+£0.1) x 10" (1.7+0.1)x 10* (1.8+0.1) x 10* 5123?2 2?1)
isoquinoline  Kio (24+03)x10* (22+02)x10* (2.3+0.3)x 10* g:gl‘;:: Sg
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Figure S48. UV-vis-NIR titration results of quinuclidine and ¢-P5, K, = (8.8 + 0.6) x 10 M R*=
0.998. (Run 1, toluene, 298 K, [¢c-P5] = 1.5 uM).
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Figure S49. UV-vis-NIR titration results of quinuclidine and ¢-P5, K, = (7.4 + 0.8) x 10° M R*=
0.996. (Run 2, toluene, 298 K, [c-P5] = 1.5 uM).
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Figure $50. UV-vis-NIR titration results of pyridine and ¢-P5, K,y = (1.9 £ 0.1) x 10* M ', R* =
0.999. (Run 1, toluene, 298 K, [c-P5] = 1.5 uM).
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Figure S51. UV-vis-NIR titration results of pyridine and ¢-P5, K,, = (1.7 £ 0.1) x 10°M7,R*=
0.998. (Run 2, toluene, 298 K, [c-P5] = 1.5 uM).
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Figure S52. UV-vis-NIR titration results of isoquinoline and ¢-P5, Kis, = (2.4 + 0.3) x 10* M, R? =
0.996. (Run 1, toluene, 298 K, [c-P5] = 1.5 uM).
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Figure $53. UV-vis-NIR titration results of isoquinoline and ¢-P5, Ki, = (2.2 +0.2) x 10* M, R* =
0.996. (Run 2, toluene, 298 K, [c-P5] = 1.5 uM).
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E2. Denaturation Titration of c-P5-T5p.

c-P5-TSg. was titrated both with quinuclidine and pyridine. The corresponding
denaturation constants are labeled as Kqq and Kqpy respectively.

All the titrations were performed in toluene at 298 K. All titrations were carried out at
constant porphyrin nanoring concentration by adding porphyrin to the ligand stock solution
before starting the titrations. All the data were fitted to the n-dentate breaking-up binding
isotherm shown as below:

A KL+ [KGILE + 4K [LI [P,
Aw = Ainitial 2[P]o

where 4 is the observed absorption at a specific wavelength; 4,15 the starting absorption
at a specific wavelength; 4. is the terminal absorption at a specific wavelength; Ky is the
dissociation constant between ligand and porphyrin nanoring complex; [L] is the
concentration of ligand; [P]y is the concentration of porphyrin nanoring complex; » is the
number of binding sites of nanoring complexes. For ¢-P5-T5, n = 5. The difference between
absorptions at two different wavelengths can be substituted for each of the absorption
parameters (A, Ainitiat, A)-

The titration results are listed in Table S3 and figures below. In the stacked spectra, the
bold black lines represent starting points and the red lines represent terminal points.

Table S3. Dissociation constants of ¢-P5-T5g, with quinuclidine and pyridine in toluene at 298 K.

. Dissociation
Ligand constant Run 1 Run 2 Average Spectra
' — B Figure S54
quinuclidine KiqM™) (1.5+0.1) (1.6+0.1) (1.6+0.1) Figure S55
o _ _ _ Figure S56
pyridine Kapy (M) (1.7£0.1)x10°  (1.6+£0.2)x10°  (1.6+02)x10° FiZure S57
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Figure S54. UV-vis-NIR titration results of quinuclidine and ¢-P5- TS, K4q= (1.5 £0.1) M™* R =
0.999. (Run 1, toluene, 298 K, [¢-P5-T5g.] = 0.35 uM).
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Figure $55. UV-vis-NIR titration results of quinuclidine and ¢-P5-T5g., Kgq= (1.6 £ 0.1) M *, R* =
0.999. (Run 2, toluene, 298 K, [¢-P5-T5g.] = 0.35 uM).
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Figure $56. UV-vis-NIR titration results of pyridine and ¢-P5-T5g., Kgpy= (1.7 £ 0.1) x 10°* M * R* =
0.999. (Run 1, toluene, 298 K, [¢-P5-T5g.] = 0.35 uM).
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Figure $57. UV-vis-NIR titration results of pyridine and ¢-P5-T5g., Kgpy= (1.6 £0.2) x 10°* M * R* =
0.997. (Run 2, toluene, 298 K, [¢-P5-T5g.] = 0.35 uM).
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E3. Denaturation Titration of ¢-P5:T5cor

c-P5-TS. was titrated with pyridine. The corresponding denaturation constant was
labeled as Kgpy. All the titrations were performed in toluene at 298 K. All titrations were
carried out at constant porphyrin nanoring concentration by adding porphyrin to the ligand
stock solution before titrations started. All the data were fitted to the n-dentate breaking-up
binding isotherm shown as (S.3).

The titration results are listed in Table S4 and figures below. In the spectra, the bold black
lines represent starting points and the red lines represent terminal points.

Table S4. Dissociation constants of ¢-P5-T5.,, with pyridine.

Ligand Dissociation Run 1 Run 2 Average Spectra
constant
pyridine Ky (M4) (7.6 £0.5) x 107 (2.7+0.2) x 1078 (5.1 £0.3) % 1078 Figure S58
py : : : : ) ' Figure S59
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Figure $58. UV-vis-NIR titration results of pyridine and ¢-P5-T5qr, Kgpy= (7.6 = 0.5) x 10° M *, R?
=0.999. (Run 1, toluene, 298 K, [¢-P5-T5,,] = 0.95 pM).
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Figure $59. UV-vis-NIR titration results of pyridine and ¢-P5-T5¢ory Kgpy= (2.7 £ 0.2) x 10° M *, R?
=0.999. (Run 2, toluene, 298 K, [¢-P5-T5.,,] = 1.13 pM).
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E4. Calculation of Effective Molarities

The formation constants K¢ of ¢-P5:-T5g, and c-P5- TS5, were calculated from equation
(S.4):
n

K
log Kf = logi = nlog K, — log Kq4 1, (S.4)

where K is the association constants of the template-free ring with ligand L; K41 is the
denaturation constants of the nanoring-template complex with this ligand; # is the chelation
number of nanoring-template complexes. For ¢-P5-T5, n = 5. The uncertainty in logKy was
calculated from equation (S.5):

1 [mAKN\®  (AKg )\
Alog Ky) = ( ) : (S.5)
(log K¢) lnlO\/ k)t ( Kax

where 4K is the uncertainty of K1 and 4Ky is the uncertainty of Kqy.

The resulting values of logKy are listed in Table SS:

Table SS. Formation constants of nanoring-template complexes (logarithms are decadic).

Nanoring Denaturation ligand Calculated logK;
c-P5-T5p, quinuclidine 29.3+£0.2
c-P5-T55. pyridine 29.1 +£0.1
c-P5-T5.,, pyridine 28.5+0.1

The geometric average effective molarities (EM) of the nanoring complexes were
calculated from equation (S.6):

- n—’ n—’ K, logKi —logK, —nlogK
log BV = log 1 C;l::lnm _ lOg 1 - If(n _ ( g K¢ (f_al) g 1) (S.6)
1 o1l

where Kcnem,s 15 the statistically corrected value of Kr. As is shown in Figure S60, for both
c-P5:TSgc and c-P5-T5.r, K, = 320. K, is the reference single-site microscopic binding
constant statistically corrected for binding to one face of a porphyrin (i.e. K; = 0.5Kis,, half of
the binding constants measured in reference association titrations in Section E1). The
uncertainties in the values of logEM were calculated from equation (S.7):

(S.7)

A(logEM) =

1 2 ( nAK; \?
n—1) \/ (AQogAKD)” + (1n10K1>
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The geometric average effective molarities of the nanoring complexes are listed in Table S6:

Table S6. Geometric average effective molarities of ¢-P5-T5g. and ¢-P5-T5.or
(data generated from pyridine denaturation ligand; logarithms are decadic).

nanoring logKs logEM EM (M)
c-P5-T5g, 29.1+0.1 1.57+£0.07 41+9
c-P5- TS5, 28.5+0.1 1.55+0.02 36+5

Figure S60. Statistical factors of ¢-P5-T5g. and ¢-P5-T5.,r.
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F. Computational details

Molecular models were built in HyperChem v. 7.0 using the MM+ forcefield with parameters
modified for the description of porphyrins.®” The porphyrin meso aryl groups were replaced with H, as
was the di-fert-butyl phosphine oxide moiety on TSg. The Polak-Ribiere and steepest descent
algorithms were used for geometry optimizations. A twisted and planar conformation of each of c-
PS5T5.or and c-P5¢T5g, were prepared in HyperChem. The resulting geometries were subjected to
further optimization in MOPAC2016 using the PM6 level of theory, and in the absence of
symmetry.*® The eigenvector following minimization routine was used for the geometry optimization.
For c-P5°T5,,, the conformation of the starting HyperChem geometry (twisted or planar) was retained
in the PM6-optimized structure. Both twisted and planar PM6 structures had no negative frequencies
in force calculations. In contrast, both starting c-P5¢TSg, structures converged to similar geometries.

DFT geometry optimizations were performed using Gaussian 09/D.01 with the B3LYP functional and
the 6-31G* basis set and an empirical dispersion correction recommended by Grimme (GD3).%’

For c-P5°TS5,,,, both twisted and planar PM6 geometries were used as starting points, the latter in Cs
symmetry. With DFT, both starting structures ultimately converged to similar twisted structures, with
C, symmetry. Correspondingly, the geometry optimization from the twisted PM6 guess was
remarkably quick (299 CPU hours) compared to the Cs symmetric planar PM6 guess (892 CPU
hours).5'” The lower energy of the two DFT structures (AE = 2 kJ mol™") was subjected to a frequency
calculation (666 CPU hours), revealing no imaginary frequencies.

For c-P5¢T5g., the MOPAC geometry was similarly used as a starting point for DFT geometry
optimization (1211 CPU hours). The frequency calculation on c-P5¢TSg. revealed a very small
imaginary mode (1.1 cm™), to which we attribute no significance.

The free templates TS, and T5g. were optimized by DFT (B3LYP/6-31G* level of theory), each in
Cs symmetry, following pre-optimization of a HyperChem model in MOPAC by PM6. Frequency
calculations confirmed the minimum nature of the stationary point, with no imaginary frequencies.

Key structural parameters are reproduced in Table S7. ry and rz, refer to the radii of the N-donor and
Zn-acceptor sets of the molecules. oopz, (out of plane) refers to the root mean squared (RMS)
deviation of the Zn atoms in the complex from coplanarity.

Table S7. Key structural parameters from DFT.

v (A) rza (A) 00pz, (A) Energy (a.u., Hartree atomic units)
T5F. 7.73 - — —3654.5124733
TScor 7.37 - — —2003.6958672
c-P5 - 10.61 0.00 —14593.7475707
c-P5T5g, 7.72 9.88 0.43 —18248.4589226
c-P5°T5,,, 7.54 9.71 0.67 —16597.6259661

Coordinates of optimized geometries and final SCF energies are given in xyz files in the SI .ZIP file.
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Figure S61. Geometry optimized DFT (B3LYP/6-31G*, GD3) structures for (a) TS, (b) TS5 and
(c) c-PS (aryl groups truncated to —H).

The strain energy in c-PS was estimated by a homodesmotic reaction (Figure S62 and Table S8) at the
B3LYP/6-31G* level of theory, using the D3 dispersion correction.

A post-hoc correction with Grimme’s gCP-D3(BJ) method,®"" applied to B3LYP/6-31G* geometries
calculated without iterant application of the D3 correction, did not significantly affect the result.

Similarly, the strain energy was not significantly changed when we used diphenylbutadiyne (Ph-C=C-
C=C-Ph) in place of /-P2 and the corresponding phenylacetylene capped /-P5 in place of I-P7 (in
Figure S62).
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c-P5

Figure S62. Homodesmotic reaction of c-P5 with I-P2 to give I-P7, for calculation of ring strain.

Table S8. Calculation of strain energy in c-P5 (B3LYP/6-31G*).
Energy (a.u., Hartree atomic units)

c-P5 —14593.7475707
I-P2 —5838.6796962
I-P7 —20432.4733165

Strain energy = — (I-P7 — ¢-P5— [-P2) = 120.9 kJ mol '
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Appendix 1.

Cartesian coordinates from DFT calculations.

These coordinates are also available in the native “XYZ” file format from the Oxford Research
Archive: https://ora.ox.ac.uk/objects/uuid:c151ba7c-a44a-4271-b831-fc1cd95f6d70

1. ¢-P5-T5¢

291
B3LYP/6-31G* D3 E= -18248.4589226 au
C -8.465116475225 -6.815793726697 -0.622188132643
C -2.839182559328 -9.532052715172 -3.033956313235
C -3.910021329849 -8.990537431187 -3.744938148484
N -5.854356830608 -8.899772368464 0.944991060076
C -3.651961401143 -10.323205803349 2.447846179373
N -3.232996824389 -10.133872125419 1.151631932232
c -1.957155864892 -10.607555297156 1.087758073290
C -1.545736049512 -11.124000721022 2.373989794770
C -2.606314362055 -10.958630331198 3.215187946196
C -4.885069505328 -9.921341985377 2.959261710618
Zn -4.186782277405 -8.981340579195 -0.293933823852
C -5.117178722896 -8.528527709679 -3.221624432763
N -5.459301218709 -8.545331890770 -1.890148297535
C -6.672762290771 -7.933483350548 -1.797892054475
C -7.131773158725 -7.523143715722 -3.106165314478
C -6.168988211893 -7.907593342439 -3.992572516592
C -5.901668362189 -9.257016866787 2.273049873443
C -7.383427034854 -7.718409575479 -0.588295110306
N -2.808060232988 -9.715122631528 -1.669707318663
C -1.582134748111 -10.236937685337 -1.377131223086
C -0.798725026643 -10.381425248324 -2.582361688437
c -1.586842765338 -9.954469475496 -3.612594214073
C -1.143971088386 -10.596692631293 -0.074683324564
C -7.021258579880 -8.245349041078 0.679110756467
C -7.836380623452 -8.170022003162 1.869518236797
C -7.144636956791 -8.812457180254 2.855857059975
C 0.230476758981 -10.860901172603 0.084744664947
C -9.212484572896 -5.845201879831 -0.581439473354
c 1.449680514651 -10.848098238450 0.211354441262
H -0.580877615552 -11.565004642421 2.583660707407
H -2.682357664509 -11.236887171053 4.258934455412
H -8.071417200712 -7.026090098788 -3.304598465048
H -6.162653541527 -7.785045007074 -5.068554871249
H 0.206103305708 -10.778438344515 -2.623548091985
H -1.350966580679 -9.932964978530 -4.669361087889
H -8.811860756104 -7.706664751116 1.923354750795
H -7.444209816728 -8.977455570467 3.883316230322
c 3.907136779561 -10.145493881564 0.436319429788
C 8.439785516092 -5.869977740785 -2.015630836442
C 7.658887788231 -6.795986470060 -2.706596607741
N 6.512654545053 -8.094715139379 2.068430083440
C 8.392773862314 -6.266316815881 3.570930591045
N 8.478669213850 -5.962130163098 2.232289081301
c 9.345088075172 -4.915139095800 2.132056663062
C 9.836022569846 -4.539294145660 3.438920028626
C 9.251578007726 -5.388679757184 4.331446984371
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N 10.275011520937 0.209971016937 -1.683731765461
c 10.506633047035 -1.033304908471 -1.175982551416
C 10.677107261950 -1.990866059481 -2.245912722870
c 10.550203201631 -1.295646782150 -3.412247823493
C 10.010935916762 1.099385756543 -3.961372674880
Zn 9.599650086874 1.862409999246 -0.611248593964
c 9.885398748068 3.855004851290 1.737997220351
N 9.700452205543 3.681699898848 0.385381749553
c 9.331580771680 4.896086427177 -0.111000561786
C 9.286556376729 5.879619911581 0.948370356703
c 9.644282321266 5.232890954050 2.094242371450
C 9.683149875119 2.422185067481 -3.664766316290
c 9.031850363668 5.162439364192 -1.475389490957
N 10.320691143313 0.933299499989 1.105024683340
C 10.550455491837 -0.401683149947 1.263595433970
c 10.782083468292 -0.709814758471 2.655765305228
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C 9.223482711717 4.251915327825 -2.544828389320
c 9.071594230674 4.575502653816 -3.944348182871
C 9.371539382879 3.439510853140 -4.639997487879
c 10.500133161345 -2.713625341895 0.554424634347
C 7.649662436020 7.362474418641 -1.802373599606
c 10.158575999019 -3.865033226576 0.799144773933
H 10.882498116862 -3.043340867163 -2.107821089684
H 10.629035019772 -1.669086891662 -4.425657403299
H 9.032706438940 6.921908556243 0.815745034341
H 9.738789753849 5.642922076851 3.092035976044
H 10.994564968630 -1.696506824894 3.044139348374
H 10.848423198574 0.647350268427 4.392253953995
H 8.796735382530 5.548820870556 -4.327839775241
H 9.388508845145 3.298153331257 -5.713503313665
H 2.906362359994 9.739451210086 4.546058613558
H -0.325213080993 10.529168912071 -3.831271588103
H 10.313967939271 3.141874730518 3.682601420719
H 10.042024939351 0.832189258477 -5.014306095608
c 8.807636281480 -6.017359848875 1.117049472807
c 3.462259039778 -9.010157829939 3.853363310106
C 4.519268189476 -8.366196732272 4.496112610345
N 6.207809084110 -8.223045939427 -0.294200102964
C 4.045225939683 -9.838879722034 -1.655440652936
N 3.690437695923 -9.673756914657 -0.337020077556
C 2.466098206962 -10.253915868272 -0.194349655018
c 2.025556291470 -10.818267350771 -1.450851748200
C 3.014952947985 -10.569365368354 -2.355559645742
C 5.207140015364 -9.339877247262 -2.242234982274
Zn 4.624279861064 -8.415400452713 1.039705680137
C 5.660042294445 -7.829070942450 3.901538118817
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.954078740270
-0.
-0.
-0.
-0.
-0.

-1

-1

-1
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= oo

-0

-
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606696882050

591736225754
512479480145
868227296973
468432019497
562023064906
058762312347
835719331517
983106524477
364239466804

157600150151
176334902140
909601896875
798666827405

552600088584
469792416817

444264712567

060044729283
767014530120

369549797416
946140631085
484705558075

068086479577
507705832943

652557273922
938495994733
686533012828
436212066221
510960434437

335023919385

696071950420
820283908343

756545881236
927442656310

828202361513

083201827325
466215848753
013396890497

184711641566
739377682289
982188881066
393859073537
029203617244



6. I-P7

275

1P7 B3LYP/6-31G* D3, D2h. E=-20432.4733165 au

Zn 0.000000000000 0.000000000000 0.000000000000
N -1.434226578264 0.000000000000 1.457267133918
N -1.434226578264 0.000000000000 -1.457267133919
N 1.434226578264 0.000000000000 -1.457267133918
N 1.434226578264 0.000000000000 1.457267133919
C -1.255730868476 0.000000000000 2.814612425467
c -2.533488113500 0.000000000000 3.485295497238
H -2.666299886590 0.000000000000 4.558077964982
C -3.488098235503 -0.000000000001 2.511417974307
H -4.564299126085 -0.000000000001 2.629389552801
C -2.796413010814 0.000000000000 1.247206789724
c -3.416673226545 0.000000000000 -0.000000000001
C -2.796413010814 0.000000000000 -1.247206789725
c -3.488098235502 0.000000000000 -2.511417974308
H -4.564299126084 -0.000000000001 -2.629389552802
C -2.533488113499 0.000000000000 -3.485295497239
H -2.666299886589 0.000000000000 -4.558077964983
C -1.255730868475 0.000000000000 -2.814612425468
c 0.000000000001 0.000000000000 -3.471829312841
C 1.255730868476 0.000000000000 -2.814612425467
c 2.533488113500 0.000000000000 -3.485295497238
H 2.666299886590 0.000000000000 -4.558077964982
c 3.488098235503 0.000000000001 -2.511417974307
H 4.564299126085 0.000000000001 -2.629389552801
C 2.796413010814 0.000000000000 -1.247206789724
c 3.416673226545 0.000000000001 0.000000000001
C 2.796413010814 0.000000000000 1.247206789725
c 3.488098235502 0.000000000001 2.511417974308
H 4.564299126084 0.000000000001 2.629389552802
c 2.533488113499 0.000000000000 3.485295497239
H 2.666299886589 0.000000000000 4.558077964983
C 1.255730868475 0.000000000000 2.814612425468
c -0.000000000001 0.000000000000 3.471829312841
C 0.000000000001 0.000000000000 -4.885188060481
c 0.000000000001 0.000000000000 -6.109855733352
C -0.000000000001 0.000000000000 4.885188060481
c -0.000000000001 0.000000000000 6.109855733352
C -0.000000000001 0.000000000000 7.463296870324
c -0.000000000001 0.000000000000 8.687966794133
c -0.000000000002 0.000000000000 10.101326023851
c -1.255734647582 0.000000000000 10.758537954283
N -1.434224897446 0.000000000000 12.115870021875
Zn -0.000000000002 0.000000000000 13.573147700219
N -1.434223662005 0.000000000000 15.030406569629
C -2.796392155038 0.000000000000 14.820361245770
c -3.416670670900 -0.000000000001 13.573129832086
C —-2.796428928456 0.000000000000 12.325946722144
C -3.488108959733 -0.000000000001 11.061723011577
c -2.533503388403 0.000000000000 10.087849586263
H -2.666316910008 0.000000000000 9.015066565736
H -4.564310675415 -0.000000000001 10.943751902623
c -3.488079441712 -0.000000000001 16.084559855765
H -4.564280324853 -0.000000000001 16.202532224329
C -2.533464026392 0.000000000000 17.058443738543
H -2.666267342771 0.000000000000 18.131226931001
c -1.255718364608 0.000000000000 16.387771651600
C -0.000000000003 0.000000000000 17.045005339265
c 1.255718364603 0.000000000000 16.387771651600
N 1.434223662000 0.000000000000 15.030406569630
N 1.434224897442 0.000000000000 12.115870021875
C 2.796428928452 0.000000000000 12.325946722145
c 3.416670670896 0.000000000000 13.573129832087
C 2.796392155033 0.000000000000 14.820361245771
c 3.488079441707 0.000000000000 16.084559855766
C 2.533464026387 0.000000000000 17.058443738544
H 2.666267342766 0.000000000000 18.131226931002
H 4.564280324848 0.000000000001 16.202532224330
c 3.488108959729 0.000000000001 11.061723011578
H 4.564310675411 0.000000000001 10.943751902624
c 2.533503388399 0.000000000000 10.087849586264
H 2.666316910005 0.000000000000 9.015066565736
C 1.255734647579 0.000000000000 10.758537954283
c -0.000000000003 0.000000000000 18.458373839400
C -0.000000000003 0.000000000000 19.683037055342
H 4.503084631747 0.000000000001 0.000000000001
H -4.503084631747 -0.000000000001 -0.000000000001
H 4.503082438259 0.000000000001 13.573145343224
H -4.503082438263 -0.000000000001 13.573145343222
c -0.000000000003 0.000000000000 21.036490619220
c -0.000000000004 0.000000000000 22.261159134070
C -0.000000000004 0.000000000000 23.674532349087
c 1.255725787607 0.000000000000 24.331742050624
C -1.255725787614 0.000000000000 24.331742050624
N 1.434212295592 0.000000000000 25.689052847799
C 2.533523420471 0.000000000000 23.661046987595
N -1.434212295601 0.000000000000 25.689052847799
C -2.533523420479 0.000000000000 23.661046987594
Zn -0.000000000004 0.000000000000 27.146351815311
c 2.796451385290 0.000000000000 25.899169232469
C 3.488117434764 0.000000000000 24.634907522938
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.666331534108
.796451385298
.488117434771
.666331534116
.434202726076
.434202726085
.416655501152
.564321567984
.416655501160
.564321567991
.796310832122
.255633291801
.255633291811
.796310832132
.503068255634
.503068255642
.487996791790
.533370015921
.000000000005
.533370015931
.487996791800
.564199294996
.666131973711
.000000000005
.666131973721
.564199295005
.000000000005
.000000000006
.000000000006
.000000000006
.255550517290
.255550517302
.434123591966
.533675791612
.434123591979
.533675791624
.000000000006
.796231325832
.488055726286
.666595830902
.796231325845
.488055726298
.666595830914
.433309703742
.433309703756
.416190282243
.564280008831
.416190282255
.564280008843
.794187465952
.252017027997
.252017028011
.794187465966
.502572583465
.502572583478
.485563161774
.530995716652
.000000000007
.530995716666
.485563161788
.561792763348
.661940917588
.000000000007
.661940917602
.561792763362
.000000000007
.000000000008
.000000000001
.000000000001
.000000000002
.255734647582
.255734647579
.434224897446
.533503388403
.434224897442
.533503388399
.000000000002
.796428928456
.666316910008
.488108959733
-2.
-3.
-2.
.434223662005
-1.
.416670670900
.564310675415
-3.
.564310675411
.796392155038
.255718364608
.255718364603
.796392155033
.503082438263
.503082438259

796428928452
488108959729
666316910005

434223662000

416670670896

[ el ol el el e N N N N R =R =Nl e I e I = I e I e N = e = I e N = = I = I = Y = g =)

.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001

.588261810349
.899169232468
.634907522937
.588261810348
.603569081864
.603569081864
.146295392360
.516935060063
.146295392359
.516935060062
.393578756719
.961011750627
.961011750626
.393578756718
.146352312181
.146352312180
.657769411112
.631659088249
.618248487451
.631659088249
.657769411111
.775744739021
.704448311800
.031799575455
.704448311799
.775744739019
.256368948751
.610037974456
.834566668749
.248420097344
.905355501777
.905355501776
.262712139968
.234762633713
.262712139968
.234762633713
.719863918173
.473244054870
.208585582981
.161975370708
.473244054869
.208585582980
.161975370707
.175651840095
.175651840095
.720296355344
.090710781951
.720296355343
.090710781949
.967299356363
.534804514011
.534804514011
.967299356362
.721047832539
.721047832538
.232647589360
.205725235259
.188468439928
.205725235258
.232647589359
.350768792879
.2778534869777
.616180513821
.2778534869776
.350768792878
.827225443881
.893574808160
.463296870324
.687966794133
.101326023851
.758537954283
.758537954283
.115870021875
.087849586263
.115870021875
.087849586264
.573147700219
.325946722144
.015066565736
-11.
.325946722145
-11.

-9.
-15.
-15.
-13.
-10.
-13.
-10.
-14.
-16.
-16.
-14.
-13.
-13.

061723011577

061723011578
015066565736
030406569629
030406569630
573129832086
943751902623
573129832087
943751902624
820361245770
387771651600
387771651601
820361245771
573145343222
573145343224
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.488079441712
.533464026392
.000000000003
.533464026387
.488079441707
.564280324853
.666267342771
.000000000003
.666267342766
.564280324848
.000000000003
.000000000003
.000000000004
.000000000004
.255725787607
.255725787614
.434212295593
.533523420471
.434212295601
.533523420479
.000000000004
.796451385290
.666331534108
.488117434764
.796451385298
.488117434771
.666331534116
.434202726076
.434202726085
.416655501152
.564321567984
.416655501160
.564321567991
.796310832122
.255633291801
.255633291811
.796310832132
.503068255634
.503068255642
.487996791790
.533370015921
.000000000005
.533370015931
.487996791800
.564199294996
.666131973711
.000000000005
.666131973721
.564199295005
.000000000005
.000000000005
.000000000006
.000000000006
.255550517290
.255550517302
.434123591966
.533675791612
.434123591979
.533675791624
.000000000006
.796231325832
.666595830902
.488055726286
.796231325845
.488055726298
.666595830914
.433309703742
.433309703756
.416190282243
.564280008831
.416190282255
.564280008843
.794187465952
.252017027997
.252017028011
.794187465966
.502572583465
.502572583478
.485563161774
.530995716652
.000000000007
.530995716666
.485563161788
.561792763348
.661940917588
.000000000007
.661940917602
.561792763362
.000000000007
.000000000008

[N e e N N R e N N e N e N e N e I e I e N e N el e R e N el e N e N N N N e E e N e N =N i Y N e N N =N =Nl e - I o I - I e Sl N N = e I N N N e e R S e N e N Y e = I e I N S N e N e R e e = I e Y e N e N e N N N =l e N e N e N e N e N N N =N N = =jye}

.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000000
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000000
.000000000001
.000000000001
.000000000001
.000000000000
.000000000000
.000000000001
.000000000001
.000000000000
.000000000000

-16.
.058443738543
-17.
-17.
-16.
.202532224329
-18.
-18.
-18.
.202532224330
-19.
-21.
.261159134070
-23.
-24.
.331742050624
-25.
-23.
-25.
-23.
-27.
-25.
-22.
-24.
-25.
-24.
.588261810348
-28.
-28.
-27.
-24.
.146295392359
-24.
-28.
-29.
-29.
-28.
-27.
-27.
-29.
-30.
-30.
-30.
-29.
-29.
-31.
-32.
-31.
-29.
.256368948751

-17

-16

-16

-22

-24

-22

=27

-33

-34.
-35.
.248420097344

=37

-37.
-37.
.262712139968
.234762633713
.262712139968
.234762633713

-39
-37
-39
-37

-40.
-39.
-36.
.208585582981
-39.
.208585582980
-36.
-42.
-42.
-40.
-38.
-40.
-38.
-41.
-43.
-43.
-41.
-40.
-40.
.232647589360
.205725235259

-38

-38

-43
-44

-44.
.205725235258
.232647589359

-44
-43

-43.
.278534869777

-45

-45.
.278534869776

-45

-43.
-46.
-47.

084559855765

045005339265
058443738544
084559855766

131226931001
458373839400
131226931002

683037055342
036490619220

674532349087
331742050624

689052847799
661046987595
689052847799
661046987594
146351815311
899169232469
588261810349
634907522938
899169232468
634907522937

603569081864
603569081864
146295392360
516935060063

516935060062
393578756719
961011750627
961011750626
393578756718
146352312181
146352312180
657769411112
631659088249
618248487451
631659088249
657769411111
775744739021
704448311800
031799575455
704448311799
775744739019

610037974456
834566668749

905355501777
905355501776

719863918173
473244054870
161975370708

473244054869

161975370707
175651840095
175651840095
720296355344
090710781951
720296355343
090710781949
967299356363
534804514011
534804514011
967299356362
721047832539
721047832538

188468439928

350768792879
616180513821
350768792878

827225443881
893574808160



7. I-P2
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P2 D2h B3LYP/6-31G* D3 E=-5838.6796962 au

Zn 6
N 5
N 8
N 8
N 5
c 3
C 3
H 2
c 4
H 4
c 5
o 6
c 8
C 9
H 9
c 10
H 11
c 9
C 10
c 9
C 10
H 11
C 9
H 9
c 8
C 6
c 5
C 4
H 4
C 3
H 2
c 3
C 3
H 6
C 11
c 12
H 6
c 1
C 0
C -0
c -1
c -3
c -3
N -5
zZn -6
N -8
c -8
c -6
c -5
C -4
c -3
H -2
H -4
H -6
c -9
H -9
c -10
H -11.
c -9.
c -10
c -9.
N -8
N -5.
C -5
c -6.
C -8.
c -9
C -10
H -11.
H -9.
H -6.
c -4
H -4.
c -3.
H -2
c -3.
C -11.
c -12.
H 13.
H -13.

.786985394610
.329873869434
.242818127841
.242818127841
.329873869434
.972415775432
.301867559489
.229071131136
.275705297270
.157823761146
.540345396144
.787465814519
.034401153864
.299786086240
.417903365393
.272860005436
.345674025461
.601952707328
.255647537747
.601952707328
.272860005436
.345674025461
.299786086240
.417903365393
.034401153864
.787465814519
.540345396144
.275705297270
.157823761146
.301867559489
.229071131136
.972415775432
.315432374003
.788164956103
.683372754134
.894427668070
.788164956103
.901385228796
.676951626552
.676951626552
.901385228796
.315432374003
.972415775432
.329873869434
.786985394610
.242818127841
.034401153864
.787465814519
.540345396144
.275705297270
.301867559489
.229071131136
.157823761146
.788164956103
.299786086240
.417903365393
.272860005436

345674025461
601952707328

.255647537747

601952707328

.242818127841

329873869434

.540345396144

787465814519
034401153864

.299786086240
.272860005436

345674025461
417903365393
788164956103

.275705297270

157823761146
301867559489

.229071131136

972415775432
683372754134
894427668070
960766161815
960766161815
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.000000000000
.434089983479
.433286815646
.433286815646
.434089983479
.255441278315
.533547604398
.666405974221
.487945241716
.564172958234
.796129900306
.416162393406
.794213720510
.485567202140
.561802966936
.531012129246
.661947229303
.251999502178
.000000000000
.251999502178
.531012129246
.661947229303
.485567202140
.561802966936
.794213720510
.416162393406
.796129900306
.487945241716
.564172958234
.533547604398
.666405974221
.255441278315
.000000000000
.502548320409
.000000000000
.000000000000
.502548320409
.000000000000
.000000000000
.000000000000
.000000000000
.000000000000
.255441278315
.434089983479
.000000000000
.433286815646
.794213720510
.416162393406
.796129900306
.487945241716
.533547604398
.666405974221
.564172958234
.502548320409
.485567202140
.561802966936
.531012129246
.661947229303
.251999502178
.000000000000
.251999502178
.433286815646
.434089983479
.796129900306
.416162393406
.794213720510
.485567202140
.531012129246
.661947229303
.561802966936
.502548320409
.487945241716
.564172958234
.533547604398
.666405974221
.255441278315
.000000000000
.000000000000
.000000000000
.000000000000
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