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Materials and Methods. All reactions and manipulations of air and water sensitive compounds
were carried out under a dry N, atmosphere using an mBraun glovebox or standard Schlenk
techniques with dried and degassed solvents. All reagents were purchased from commercial
sources and used as received. Hexyl 2-bromofuran-3-carboxylate and Bpin-FE-Br were
synthesized  according to literature  procedure.!  (2-Dicyclohexylphosphino-2',6'-
dimethoxybiphenyl) [2-(2'-amino-1,1’-biphenyl)]palladium(IT) methanesulfonate or SPhos-Pd-G3
and 2,2,6,6-tetramethylpiperidinylmagnesium chloride lithium chloride complex in THF/Toluene

(TMPMgCI-LiCl) are available from Sigma-Aldrich.

All solvents and chemicals used for extraction and column chromatography were used as received.
Flash chromatography was completed using a Biotage Isolera One Flash Chromatography System

using Aldrich technical grade silica gel (pore size 60 A, 70-230 mesh, 63-200 um).

NMR Analysis. All NMR experiments were collected at 300 K on a two-channel Bruker Avance
IIT NMR instrument equipped with a Broad Band Inverse (BBI) probe, operating at 500 MHz for
'H (126 MHz for '3C, 160 MHz for !'B). The 'H NMR spectra are referenced to CHCIl; (7.26 ppm)
and the '3C NMR spectra are referenced to CDCl; (77.2 ppm). ''B spectra were referenced to the
lock signal. In the 3C NMR spectra collected for borylated arenes, no signal is observed for the
carbon atom directly attached to the boron due to quadrupolar relaxation.

Mass Spectrometry. DART-MS (positive mode, 150-250 °C) and ESI-MS measurements were
performed on a Thermo Scientific Exactive Plus EMR Orbitrap Mass Spectrometer with He as the
carrier gas. Samples were prepared as 0.2 mg/mL solutions (in diethyl ether or methanol). In some

cases, [2M + H]" and [M + NH4]" species were also observed.
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Raman Spectroscopy. Optical microscope images and Raman spectra of thin films (drop-cast
onto pre-cleaned silicon wafers from 1-5 mg/mL solutions in CHCIl;) were recorded using a Horiba
XplorRA ONE with a 532 nm laser.

Infrared Spectroscopy. FTIR attenuated total reflectance spectroscopy was performed using a
PerkinElmer Frontier FTIR spectrometer with a germanium crystal. Spectra were acquired with a
0.25 cm! resolution over a range of 700-4000 cm™!. Using the PerkinElmer software, the spectra
were corrected for attenuated total reflectance mode.

Cyclic Voltammetry. Electrochemical potentials were determined using a Bio-Logic SP-150
potentiostat with a potential sweep rate of 35 mV/s. A 1 mm? glassy carbon working electrode, a
platinum coil counter electrode, and a silver wire pseudo-reference electrode were employed for
the measurements. The voltammogram was referenced using Fc/Fc™ as an internal standard [0.46
V (Eggrer) vS. SCE].? Tetra-n-butylammonium hexafluorophosphate was used as the supporting
electrolyte at a concentration of 0.1 M in CH,Cl,. The CH,Cl, solutions with the supporting
electrolyte and analyte were degassed for 10 min with Ar prior to measurement.

UV-Vis Spectroscopy. UV-Vis spectra of all polymers were recorded on a Varian Cary 5000
spectrophotometer. Prior to recording the spectra for all polymers, a 100% transmittance sample
was taken of the cuvette (quartz, 10 mm X 10 mm). The “blank” of the solvent (CHCl;) was then
collected for baseline subtraction during analysis.

Powder X-ray Diffraction. Powder X-ray diffraction data were collected using a Rigaku rotating
anode RUH3R. Samples were prepared by loading powder into the tip of 1 mm quartz capillaries.
These capillaries were then loaded into a custom holder such that the sample was in line with the
beam. Cu Ka radiation with A = 1.5418 A was used; beam size was 0.5 x 0.5 mm, focused with a

Xenocs Fox2D focusing collimator. 2D images were collected on a Rigaku Mercury CCD detector
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in 1 min dezingered scans. The sample-to-CCD distance was 71.3 mm, calibrated with silver
behenate powder (d = 58.367 A).

Computational Studies. Density functional theory (DFT), time-dependent DFT (TD-DFT), and
nucleus-independent chemical shift (NICS) calculations were performed with Gaussian 09 and
Gaussian 16.3> Geometry optimizations for all compounds were performed at the B3LYP-D3/6-
31G (d,p) level. TD-DFT calculations were performed at the CAM-B3LYP 6-31G (d,p) level using
the Polarizable Continuum Model (PCM) using the integral equation formalism variant (IEFPCM)
and CH,Cl, or CHCI; as the solvent. Natural Bond Orbital and Natural Resonance Theory
calculations were performed using the NBO 7 package.* Natural transition orbital (NTO),
localized-orbital locator (LOL> ), and electron localization function (ELF7) analyses were carried
out using the Multiwfn package® ° with results from DFT (NBO, LOL, ELF) or TD-DFT (NTO)
calculations. Isosurface images were generated in Multiwfn or using custom routines written in
Mathematica (Wolfram Research, Inc).

NICS calculations were performed using the Gauge-Independent Atomic Orbital (NMR-GIAO)
method at the B3LYP/6-31G(d,p) level on a polar grid of points placed 1 angstrom above the plane
of the macrocycle. The results were visualized using Mathematica with custom written routines.
Optimized geometries for all relevant structures are included as a compressed folder with relevant
xyz files. The key is illustrated on the following page, with the corresponding labels that follow
the form: (q)-(C)#F(E)-S/T, where # corresponds to the number of repeat units, and optional
characters shown in parentheses indicate the molecule form (C — cyclic, no label - linear), the side
group (E — methyl ester, no label — unsubstituted), charges (q=N2 for dianion and P2 for dication,

no label — neutral) and S or T refers to singlet or triplet state.
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File Names For .xyz coordinate files

CF4E-S.xyz

CF6-S.xyz

F6-T.xyz

CF6E-T.xyz

N2-FBE-S.XyZ

N2-CF6-T.xyz

P2-F6-5.xyz

P2-CFBE-S.xyz

P2-F6E-T.xyz

CFE8-S.xyz

SYNFBE-S.xyz

CFS5E-S.xyz

FBE-S.xyz

CF6-T.xyz

N2-F6-S.xyz

N2-CFBE-S.Xyz

N2-F6E-T.xyz

P2-CF6-5_xyz

P2-F6-T.xyz

P2-CFEE-T.xyz

synF4E-S.xyz

SYNFE7-5.xyz

F6-S.xyz

CFBE-S.xyz

FSE-T.xyz

N2-CF6-S.xyz

N2-F6-T.xyz

N2-CFEE-T.xyz

P2-F6E-S.xyz

P2-CF6-T.xyz

FE7-S.xyz

synF5E-S.xyz

SYNFEB-S.xyz
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Experimental Procedures

Scheme S1. Synthesis of “dimer-type” monomer Bpin-FEFE-Br.

COOH COOCeH COOCgH
<_§ CeH13Br <_§ "3 [Ir(OMe)(1,5-COD)],, dtbbpy o
/N DMF, K,CO5 /N HBpin, THF, 22 °C Bpin /N
O 90 °C 0 O
A B
COOCgH13 COOCgH13 COOCgH13
@ . ﬂ PEPPSI-IPr, CsF T
o TBr Bpin™ g THF:H,0, 60 °C o =
C B D O / COOC6H13
1) TMPMgCI-LICl, COOCgH13 COOCgH13
THF, -78 °C .\ [Ir(OMe)(1,5-COD)],, dtbbpy 7\
2) CBry, THF,-78°C g~ = HBpin, THF, 22 °C Bpin™ Ng~ =
E 0./ —CO0CeH;3 F 0./ —COOCeH3
Br Br

Compound A. Hexyl furan-3-carboxylate.

An oven-dried 250 mL Schlenk flask was charged with furan-3-carboxylic acid CoH13Q

(e}
(1529 ¢, 136.5 mmol), Ko,CO; (56.40 g, 408.1 mmol) and 250 mL of (_;
O

dimethylformamide and sealed with a septum. The flask was immersed in an oil bath at 90 °C, put
under a positive flow of N, and stirred for 2 h. 1-Bromohexane (33.68 g, 204.0 mmol) was
subsequently added via a syringe, and the reaction was stirred for 18 h. The reaction mixture was
cooled to room temperature, diluted with 600 mL of water and transferred to a separatory funnel.
The aqueous layer was extracted with diethyl ether (3 x 150 mL), and the combined organic
extracts were washed with water and brine. The solution was dried using Na,SO, and concentrated
using rotary evaporation. The crude product was purified by vacuum distillation at 175 mtorr. The
oil bath used to heat the apparatus was set to 75 °C. The final product was collected as a clear,

colorless oil (23.47 g, 88%)).
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'H NMR (500 MHz, CDCl3) & 8.00 (dd, J= 1.6, 0.7 Hz, 1H), 7.42 (t,J= 1.8 Hz, 1H), 6.74 (dd, J
=2.0,0.7 Hz, 1H), 4.24 (t, J= 6.7 Hz, 2H), 1.75 — 1.66 (m, 2H), 1.45 — 1.27 (m, 6H), 0.94 — 0.86
(m, 3H).

BCNMR (126 MHz, CDCl;) 6 163.4, 147.7, 143.8, 119.8, 110.0, 64.8, 31.6, 28.8,25.8,22.7, 14.2.

Compound B. Hexyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDfuran-3-carboxylate. )
In a N; filled glovebox, a 150 mL round-bottomed flask was charged with jf\B o
4,4’-di-tert-butyl-2,2’-dipyridyl (dtbbpy) (0.21 g, 0.78 mmol), (1,5-
cyclooctadiene)(methoxy)iridium(I) dimer (0.25 g, 0.38 mmol) and 15 mL of THF, and stirred for
30 min. To this mixture, pinacolborane (HBpin) (9.12 g, 71.3 mmol) was added dropwise along
with 15 mL THF, and the mixture was stirred for an additional 30 min. The color of the reaction
went from light green-brown to dark red-brown during that period. The reaction mixture was
diluted with an additional 60 mL THF, and compound A (14.7 g, 75.0 mmol), dissolved in 15 mL
of THF, was added to the reaction mixture dropwise (H, gas evolves in this step). An additional
15 mL THF was used to aid quantitative transfer of compound A to the reaction flask, bringing the
total amount of THF to 120 mL. The solution was kept in the glovebox and stirred overnight. The
crude mixture was then removed from the glovebox, concentrated, and purified by vacuum
distillation at 170 mtorr. The sand used to heat the apparatus was set to 170 °C. The final product
was collected as a clear, colorless oil (17.58 g, 73%).

'H NMR (500 MHz, CDCl;) 6 8.17 (d, J= 0.6 Hz, 1H), 7.36 (d, J= 0.6 Hz, 1H), 4.22 (t, J=6.7

Hz, 2H), 1.74 — 1.64 (m, 2H), 1.44 — 1.26 (m, 18H), 0.94 — 0.84 (m, 3H).
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IBCNMR (126 MHz, CDCl3) 8 163.1, 152.0, 123.0, 120.5, 84.8, 64.9, 31.6, 28.8, 25.8, 24.9, 22.7,
14.2.

"B NMR (160 MHz, CDCl;) 6 27.2.

HR-EIMS (m/z): [M+H]" calculated for C,7H,3BOs, 323.2030; found, 323.2020.

Compound C. Hexyl 2-bromofuran-3-carboxylate.

See reference 1 for 'H & 13C NMR spectra.

Compound D. Dihexyl [2,2'-bifuran]-3,4'-dicarboxylate.

In a N, filled glovebox, an oven-dried 250 mL Schlenk flask was

charged with PEPPSI-IPr (0.26 g, 0.38 mmol), CsF (4.00 g, 26.3

mmol), compound B (5.10 g, 15.83 mmol), and compound C (3.70 g, 13.50 mmol). 130 mL
additional THF was added to the flask, which was then sealed, removed from the glovebox, and
opened to N; on a Schlenk manifold. The flask was then placed in a 60 °C oil bath and 4.3 mL of
degassed H,O was added with a syringe. The reaction was stirred overnight, after which the flask
was cooled to room temperature. The crude mixture was concentrated via rotary evaporation and
transferred to a separatory funnel. 500 mL of H,O was added, and the aqueous layer was extracted
with diethyl ether (3 X 150 mL). The combined organic extracts were washed with water and brine,
dried using Na,SO,, and concentrated using rotary evaporation. The crude product was purified by
column chromatography (gradient from 1:0 to 1:3 hexanes:CH,Cl,). The final product was
collected as a viscous, slightly yellow oil (4.74 g, 90%).

'H NMR (500 MHz, CDCl5) 6 8.08 (d, /= 0.7 Hz, 1H), 7.74 (d, /= 0.7 Hz, 1H), 7.42 (d, /= 2.0
Hz, 1H), 6.82 (d, J = 2.0 Hz, 1H), 4.28 (t, J = 6.7 Hz, 2H), 4.26 (t, J= 6.7 Hz, 2H), 1.80 — 1.68

(m, 4H), 1.47 — 1.27 (m, 12H), 0.95 — 0.84 (m, 6H).
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13C NMR (126 MHz, CDCl3) 6 162.9, 162.8, 147.9, 147.7, 145.6, 141.9, 121.7, 114.4, 112.7,
112.4, 65.2, 65.1, 31.62, 31.61, 28.83, 28.79, 25.83, 25.79, 22.7, 14.2. Though 12 carbon signals
are expected for the two C¢H,3 groups, the CH;CH, at the end of each chain are overlapping and
only 10 total aliphatic signals are observed.

HR-EIMS (m/z): [M+H]" calculated for C5,H3,0¢, 391.2121; found, 391.2111.

Compound E. Dihexyl 5'-bromo-[2,2'-bifuran]-3,4'-dicarboxylate.

0
, _ / \
An oven-dried 250 mL Schlenk flask was charged with compound D o~ = OCgH13
O/
(5.09 g, 13.0 mmol) and vacuum backfilled 3 times. 130 mL of dry B O
"

THF was added, and the solution was cooled to —78 °C using a dry-ice acetone bath. Then,a 1 M
solution of 2,2,6,6-tetramethylpiperidinylmagnesium chloride lithium chloride complex
(TMPMgCI-LiCl) in THF/toluene (15.4 mL, 15.4 mmol) was added to the solution by syringe over
a 10 min period. The reaction mixture was stirred for 5.5 h at —78 °C, then CBry4 (7.20 g, 21.7
mmol) in 20 mL dry THF was added dropwise with a syringe over 25 min. The reaction mixture
was stirred overnight and slowly warmed to room temperature. 1 M HCI solution (10 mL) was
added to quench the reaction mixture. The reaction mixture was then concentrated by rotary
evaporation. The remaining solution was transferred to a separatory funnel, diluted with 500 mL
of DI H,O and extracted with diethyl ether (3 x 150 mL). The combined organic extracts were
washed with water and brine, dried using Na,SO4 and concentrated using rotary evaporation. The
crude product was purified by column chromatography (gradient from 1:0 to 1:3 hexanes:CH,Cl,).

The final product was collected as an off white solid (3.96 g, 65%).
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'H NMR (500 MHz, CDCl;) 6 7.76 (s, 1H), 7.44 (d, J= 1.9 Hz, 1H), 6.82 (d, J= 1.9 Hz, 1H), 4.29
(t,J=6.8 Hz, 2H), 4.28 (t,J= 6.8 Hz, 2H) 1.81 — 1.69 (m, 4H), 1.48 — 1.28 (m, 12H), 0.96 — 0.84
(m, 6H).

13C NMR (126 MHz, CDCl3) 6 162.7, 161.8, 146.8, 146.3, 142.2, 129.8, 119.7, 114.7, 114.6,
112.7, 65.4, 65.3, 31.61, 31.60, 28.78, 28.76, 25.84, 25.80, 22.7, 14.19, 14.18. Though 12 carbon
signals are expected for the two C¢H;; groups, one of the methylene signals is overlapping and
only 11 total aliphatic signals are observed.

HR-EIMS (m/z): [M+H]" calculated for C,,H3,BrOg, 469.1226;

found, 469.1224. CeH130 5
Compound F. Dihexyl 5'-bromo-5-(4,4,5,5-tetramethyl- ]\

O\|I3 o &= OCgH13
1,3,2-dioxaborolan-2-yl)-[2,2'-bifuran]-3,4'-dicarboxylate. o) o/

In a N, filled glovebox, a 20 mL scintillation vial was charged Br

with  4,4’-di-tert-butyl-2,2’-dipyridyl ~ (dtbbpy)  (0.023 g, 0.086 mmol), (1,5-
cyclooctadiene)(methoxy)iridium(I) dimer (0.028 g, 0.042 mmol) and 1 mL of THF, and stirred
for 45 min. To this mixture, pinacolborane (HBpin) (0.255 g, 1.99 mmol) was added dropwise and
the mixture was stirred for an additional 45 min. The color of the reaction went from light green-
brown to dark red-brown during that period. Compound E (0.78 g, 1.67 mmol) was then dissolved
in 4 mL of THF and added to the reaction mixture dropwise (H, gas evolves in this step). The
solution was kept in the glovebox and stirred for 24 h. The crude mixture was then removed from
the glovebox, concentrated, and purified by column chromatography (gradient from 100% hexanes
to 100% CH,Cl,). The final product was collected as a white crystalline solid (0.742 g, 75%).

'"H NMR (500 MHz, CDCl;) 7.86 (s, 1H), 7.45 (s, 1H), 4.28 (t, J = 6.8 Hz, 2H), 4.26 (t, J = 6.8

Hz, 2H),1.80 — 1.68 (m, 4H), 1.47 — 1.27 (m, 24H), 0.95 — 0.84 (m, 6H).
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I3CNMR (126 MHz, CDCl5) 8 162.6, 161.8, 150.4, 146.2, 130.4, 125.8, 119.7, 115.8, 115.1, 85.0,
65.4,65.2,31.7,31.6, 28.80, 28.76, 25.9, 25.8, 24.9, 22.74, 22.73, 14.22, 14.20.

"B NMR (160 MHz, CDCl;) 6 27.0.

HR-EIMS (m/z): [M+H]" calculated for C,sH4;BBrOg, 595.2078; found, 595.2054.

Compound G. Hexyl-ester macrocycle (2ex-C6FE).
In a N, filled glovebox, a 100 mL Schlenk flask was
charged with Compound F (0.100 g, 0.168 mmol),
K3PO4-H,O (78 mg, 0.336 mmol), and SPhos-Pd-G3

(0.010 g, 0.013 mmol). 84 mL of dry THF was added, and

the flask was removed from the glovebox and opened to OCgH13

N, on a Schlenk manifold. The flask was lowered into an oil bath at 50 °C and stirred for 1 min
before degassed H,O (2.81 mL) was added. The reaction mixture was stirred for 5 h, after which
the flask was raised from the oil bath and cooled to room temperature. The reaction mixture was
then concentrated by rotary evaporation, and methanol was added to precipitate the macrocycle
and polymer products. After sonication for 6 min, the crude product was isolated from residual
small molecule byproducts with vacuum filtration. The crude product was then purified by column
chromatography (gradient from 100% hexanes to 100% CH,Cl,). The final product was collected
as a red solid (0.022 g, 34%)).

'H NMR (500 MHz, CDCls) 6 7.50 (s, 6H), 4.19 (t,J = 7.2 Hz, 12H), 1.79 — 1.67 (m, 12H), 1.44
—1.29 (m, 36H), 0.95 — 0.86 (m, 18H).

BCNMR (126 MHz, CDCl;) 6 162.0, 149.1, 144.2, 116.4, 116.3,65.2,31.7,28.8,25.7,22.8, 14.2.

MALDI-TOF MS (m/z): [M]* calculated for C¢sHg4O15, 1164.5658; found, 1164.73.
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Compound H. Isopropyl-ester macrocycle (ipr-C6FE).

In a N, filled glovebox, a 20 mL scintillation vial was
charged with Compound G (0.018 g, 0.015 mmol) and
sodium isopropoxide (32 mg, 0.39 mmol). 4 mL dry THF

and 1.5 mL dry isopropanol were added, and the reaction

stirred for 16 h. The reaction mixture was removed from
the glovebox and quickly poured into 100 mL of \<

deionized H,O. The aqueous layer was extracted with CHCl; (3 x 30 mL). The combined organic
extracts were concentrated using rotary evaporation, and the crude product was then purified by
column chromatography eluting with CHCIl;. The final product was collected as a red solid (13
mg, 95%).

'"H NMR (500 MHz, CDCls) 8 7.55 (s, 6H), 5.20 (septet, J = 6.3 Hz, 6H), 1.37 (d, J = 6.4 Hz,
36H).

I3C NMR (126 MHz, CDCl;) 6 161.6, 148.8, 144.2, 116.9, 116.6, 68.8, 22.2.

MALDI-TOF MS (m/z): [M]" calculated for C,,H;7BBrO,, 912.2841; found, 914.131.
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DFT Optimized Structures of Furan Ester Oligomers

Side +————t e T e e

Tetramer Pentamer Hexamer Heptamer Octamer

Figure S1. Optimized structures of uncyclized furan ester oligomers using DFT at the B3LYP-D3

6-31G(d,p) level.

Side W e T s el S e i i s 5 g 2 %\?A
<

Tetramer Pentamer Hexamer Heptamer Octamer

Figure S2. Optimized structures of cyclized furan ester oligomers using DFT at the B3LYP-D3

6-31G(d,p) level.
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Ring Size (n)

(%]
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Figure S3. Ring strain for C4-9FE. These values were calculated with Equation 1, which was
adapted from a previous report.'”

(Equation 1)

(Ecalc - n Emon)

Strain per Ring =
n

n = number of repeat units

E..ic = total electronic energy value for optimized CnFE oligomer

Emon = (Exsre - Eere)/12

Emon is the total energy of a single repeat unit/monomer without end groups. This was
determined by looking at the energy difference of an 18-mer and 6-mer

E1sre = electronic energy value for optimized 18FE oligomer (anti form)

Esre = electronic energy value for optimized 6FE oligomer (anti form)
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Metal(ll) Catalyst

NI=\
RO

WA -‘am
jﬁfB o” ~Br
(o]

first coupling is tail-to-tail (TT)
(anti conformation favored)

Continued

propogation

TT defect and absence of boronate chain-end helical conjugated polymer
ensure intermolecular coupling

Metal(0) Catalyst X

KaPOy

o,
B0 TBr
(o]
‘SPhos

H;N-Pd—-OMs THF;HJO

8Phos-Pd-G3

RO o m?v
Al{ y = OMe m O
—_—

first coupling is head-to-tail (HT) OR 5. OR
(syn conformation favored) — o=OR
RO, ¥ -OR' RO,
RO_o ro (i o OR
—= O Ao 1) Transmetalation
'o) [ Pd-OH e
| N | —_— o 2) Reductive RO o]
0~ (o] 0" g, RO OR Elimination OR
>§,0 RO
HT regioregularity and presence of boronate chain-end

L. . 3 conjugated macrocycle
facilitate intramolecular coupling

Figure S4. Comparison of oligomer growth with a metal(II) catalyst and metal(0) catalyst. With a

metal(Il) catalyst, the first cross-coupling results in a tail-to-tail (TT) defect, which prevents

cyclization due to both oligomer geometry and chain-end functionalities (both C-X bonds). With

a metal(0) catalyst, the first cross-coupling is head-to-tail, and ultimately cyclization is facilitated

by the oligomer’s preference for syn conformation as well as complementary chain-end

functionalities.
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Figure S5. Normalized absorbance spectrum of hex-C6FE in CHCl;, with labels for transitions.
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Figure S6. Beer’s Law plot for #ex-C6FE. Spectra collected in CHCl;.
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electrolyte (0.1 M). Minimal change was observed in the voltammogram after multiple cycles.
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Figure S10b. "B NMR spectrum (160 MHz, CDCL;) of hexyl 5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)furan-3-carboxylate collected in CDCl;.
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MHz) of dihexyl [2,2'-bifuran]-3,4'-dicarboxylate collected in CDClI;.
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Figure S12. 'H NMR spectrum (Top, 500 MHz, CDCl3) and 3C NMR spectrum (Bottom, 126

MHz) of dihexyl 5'-bromo-|[2,2'-bifuran]-3,4'-dicarboxylate collected in CDCl;.
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Figure S13a. '"H NMR spectrum (Top, 500 MHz, CDCl;) and '3C NMR spectrum (Bottom, 126
MHz) of dihexyl 5'-bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[2,2'-bifuran]-

3,4'-dicarboxylate collected in CDCl;.
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Figure S13b. '"B NMR spectrum (160 MHz, CDCl;) of dihexyl 5'-bromo-5-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)-[2,2'-bifuran]-3,4'-dicarboxylate collected in CDCl;.
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Figure S14. 'H NMR spectrum (Top, 500 MHz, CDCl;) and 3C NMR spectrum (Bottom, 126

MHz) of hexyl-ester macrocycle (hex-C6FE) collected in CDCls.
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Figure S15. 'H NMR spectrum (Top, 500 MHz, CDCl;) and 3C NMR spectrum (Bottom, 126

MHz) of isopropyl-ester macrocycle (ipr-C6FE) collected in CDCl;.
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Figure S16. DART-MS of hexyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)furan-3-
carboxylate.
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Figure S17. DART-MS of dihexyl [2,2'-bifuran]-3,4'-dicarboxylate.
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Figure S18. DART-MS of dihexyl 5'-bromo-[2,2'-bifuran]-3,4'-dicarboxylate.
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Figure 19. DART-MS of dihexyl 5'-bromo-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

[2,2'-bifuran]-3,4'-dicarboxylate.

S30



Frontier Orbitals and Doubly Charged States.

Table S1. HOMO, LUMO and total energy comparisons for the open and cyclic variants of
sexifurans using B3LYP 6-31G(d,p) IEFPCM(CH,Cl,).

HOMO LUMO
(eV) (eV)
6F -4.70 -1.72
6FE -5.26 -2.34
C6F -4.45 -1.91
C6FE -5.13 -2.61
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Figure S20. NICS (B3LYP/6-31G(d,p) IEFPCM/CH,Cl,) plots of optimized singlet state
structures for bare and methyl-ester substittued sexifuran oligomers (C6FE, 6FE, C6F, 6F),
plotted with two different ranges. For each structure, the neutral, dianionic, and dicationic

species are shown.

[CBFE]®

&

T
L

i

[6FE]>

[C6F]%

[6F]%

[C6FE]®

[CBF]*

4%

[6F]>

C6FE [C6FE]?*

(. =
6FE [6FEJ
C6F
¢ J)
6F [6F]%*
C6FE [C6FE]2*
By,
s oy
~ N
. %:,}\ &
B 8.
g ‘
6FE [6FE)2*
C6F [C6F]2*

6F [6F]2*

S32



NICS(1)zz (ppm)
3

190
155

NICS(1)zz (ppm)

Figure S21. NICS (B3LYP/6-31G(d,p) IEFPCM/CH,Cl,) plots of optimized triplet state
structures for bare and methyl-ester substittued sexifuran oligomers (C6FE, 6FE, C6F, 6F),
plotted with two different ranges. For each structure, the neutral, dianionic, and dicationic

species are shown.
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Figure S22. NICS (B3LYP/6-31G(d,p) IEFPCM/CH,Cl,) plots of optimized singlet state
structures for bare macrocyclic oligofurans composed of 5-7 repeat units (C5F, C6F, C7F),
plotted with two different ranges. For each structure, the neutral, dianionic, and dicationic
species are shown.
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Figure S23. NICS (B3LYP/6-31G(d,p) IEFPCM/CH,Cl,) plots of optimized triplet state
structures for bare macrocyclic oligofurans composed of 5-7 repeat units (C5F, C6F, C7F),
plotted with two different ranges. For each structure, the neutral, dianionic, and dicationic

species are shown.
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Figure S24. Electron localization function (ELF) plots of C6F (top) and methyl-ester substituted
C6FE (bottom).
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Figure S25. Localized-orbital locator (LOL) plots of C6F and C6FE.
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[C6FE]*

Figure S26. Resonance structures predicted by Natural Resonance Theory (NRT) for [C6FE]*
(left), C6FE (middle), and [C6FE]** (right). The percent value below each structure corresponds

to contribution to the overall form.
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Figure S27. 'H NMR chemical shift of aromatic signal for 4ex-C6FE in CDCl; at 295 K at varying
concentrations.
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Figure S28. Semilogarithmic plot of '"H NMR chemical shift of aromatic signal for 4ex-C6FE in
CDCl; at concentrations specified in Figure S27 (red dots), fitted to monomer-dimer model
equation (blue).

Monomer-Dimer Model.}'3 The equation below predicts the chemical shift changes as a
function of concentration assuming an equilibrium between monomeric and dimeric species.

§=(8,-8,)(1+ 1_—”:1;:;1(“6) +6,
Where:

0 = observed chemical shift

O, = chemical shift of monomer
04 = chemical shift of dimer

K, = association constant

C = total concentration
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