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1. Synthesis
General

'H NMR spectra were recorded on a 400 MHz Avance IBp¢btrometer, 400 MHz Smart Probe
Spectrometer or a 500 MHz DCH Cryoprobe Spectrometer in the stated solvent using residual protic
solvent as the internal standarékd NMR chemical shifts are reported to the nearest 0.01 ppm. The
coupling constants (J) are measured in HEAZ.NMR spectra were recorded on the 500 MHz DCH
Cryoprobe Spectrometer in the stated solvent using the residual protic solvent as the internal
standard.®®*C NMR chemical shifts are reported to the nearest 0.1 ppm. Mass spectra weiaezbt

using a Waters LCT, Finnigan MAT 900XP or Waters MALDI micro MX spectrometer at the Department
of Chemistry, University of Cambridge. Elemental analyses were obtained on an Exeter Analytical Inc.
CE440 elemental analyser. Thermal gravimetric analygis run under a nitrogen atmosphere at a

rate of 10 °C mint using a Mettler Toledo TGA/DSC 2 instrument at a gas flow of 13&icrh
Differential scanning calorimetry was run on a Mettler Toledo DSC822e under the following cycling
conditions: 28380 T at 10 K mh; 10 min hold at 380 °C; 3805 °C at 50 K ntih 10 min hold at 25

°C; 26380 °C at 10 K niih 10 min hold at 380 °C; 3825 °C at 50 K niih 10 min hold at 25 °C.
Reactions requiring an inert atmosphere were carried out under argon. Thin layer chromatography
(TLC) was carried out on silica gel and visualized using UV light (254, 365 nm). Flash chromatography
was carried out on a Biotage® k@l automated flash chromatography machine on 60 micron silica

gel cartridges purchased from Bige®.

lff O2YYSNOALFE OKSYAOIfa 6SNB 2F xdppz Lz2NARGE& | yR
Anhydrous solvents were purchased from Sigma Aldrich or Acros Organics and used as received.

2-Bromo4-tert-butylbenzaldehyde was prepared starting fromteft-butyltoluene according to
literature procedures. 4ert-butyltoluene was sequentially brominated to-t2omo-4-tert-butyl

toluene' and then 2bromo-4-tert-butyloromomethylbenzené.Subsequent HasBender oxidation
afforded 2Bromo-4-tert-butylbenzaldehydé.

2-Bromo5-tert-butylbenzaldehyde was prepared starting fronteft-butyloromobenzene according
to literature procedures. 4ert-butyloromobenzene was nitrated to afford -tért-butyl-2-
nitrobromobenzene. Reduction and diazotisation followed by treatment with Kl afforded-4butyl-
2-iodobromobenzeng, which was converted to -Bromo-5-tert-butyloenzaldehyde after
chemoselective metdhalogen exchange and treatment with DK¥IF.

EnDPAwas prepared according to the literature proceddre.



Discussion

Br
cul Q N O
TBAOH O

DMF/ MeOH
et

i) HI

Br ii) |
B N MeCN
r H

reflux

i) n-BuLi
ii) B(OMe)3

oy KeCOs

Kl iii) H*
P N NN TN NN I VN NN
B DMF = o 0 N THE Z o o N
OH 60 °C Br B(OH),
93% 85%
| S2 S3
s3 B(OH)Z

Pd(OAc), \
Br SPhos
N K3PO, o] Pd/C o
Aliquat 336 Grubbs gen 2 H.
L. s P

O C <> N <20 Q@ B QO P
DCM THF >
Br O N O ;r:flllljlinE/ water Q O reflux reflux
/ ! d g
A\
/ﬁ/_\_)
55% 96% 86%
st S4 S5 NB-1

Scheme S1:1Synthetic scheme faxB-1.

The encapsulated emittéMB-1 was synthesised starting from the brominated mDICz intermedate

As the ring closing intramolecular Ullmann reaction affordgigoperates at a comparatively low
temperature of 120°C, the peripheral bromine atoms are retainedlis too poorly soluble to
characterise by NMR, but the structure and purity were confirmed by HRMS and elemental analysis,
respectively. Fortunately, under dilute conditions in refluxing tolu&isvas sufficiently soluble to
undergo Suzuki couplingith the boronic acids3 affording the soluble intermediat84which could

be obtained analytically pure after flash chromatography and recrystallization. Ring closing metathesis
(RCM) selectively affordegbin quantitative yield, which was transformed B-1 via hydrogenation

over Pd/C.

NB-2 could not be obtained via an analogous route. Despite screening multiple metathesis catalysts
(including ones optimised for RCM of sterically encumbered substrates s@hiaiss Cataly$tM205

CAS: 9274280-5) and different length alkene straps (octene, nonene and decene), it was not possible
to observe clean RCM without appreciable polymeric impurities. This highlights the sensitivity of RCM
to small changes in substrate molecular sturet The polymeric impurities could not be removed via
flash chromé&ography or through recrystallization, and the authors did not have access to preparative
GPC/SEC, prompting a different synthetic route.
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The adopted route foNB-2 avoids the need for RCM, and starts with the Suzuki coupligpwith

the bis(benzykprotected boronic acids8 S9was obtained in a satisfactory yield of 56%. The bulky
benzyl groups afford sufficient solubility for purification by sequential flash chromatography and
recrystallization. Removal of the benzyl protecting groups was carried out quantitatively through
hydrogenation in a THF/ethanol mixture at 80 in a sealed tube conditions under which boti$9

and the productS10 are soluble. Fortunately$10is soluble in warm DMF under dilute conditions,
enablingNB-2 to be obtained in a good yield of 70% after alkylation with idibtomotetradecane.
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EnPerwas synthesised similarly t8B-2 through adopting benzyl protection. However, as 2,5,8,11
tetrabromoperylene is challenging to obtain pure on an appreciable $¢hk route was based on

the tetra boronic este611 Fourfold Suzuki coupling with 10 molar equivalentsS@haffordedS12in

65% isolated vyield, limited by the requirement to remove incompletely coupled/ deborylated
materials. A larger excess 87¥may foreseeably improve this yield by simplifying purificatibot we

were limited by materials availability. Deprotection via hydrogenation over Pd/C followed by
alkylation with 1,8dibromooctane affordedEnPer after preparative HPLC purification. It is

S



noteworthy that EnPer has a different arrangement of encapsulating straps over each face of the
perylene core a different isomer to our previously reported PDI analogue.

In summary, an RClEntred synthesis like that used fiiB-1 benefits from the good solubility of all
intermediates, high latestage yields and the commercial availability of various terminal
bromoalkenes, makindNB-1 obtainable on granscale. However, the RCM conditions are very
sensitive to steric hinderance, which may make this strategy less versatile if polymetnizaidets
cannot be avoided or removed. Thi-2 route based on alkylation with a dihalogenoalkane does not
require bulky Grubbs catalystand so should be more tolerant of structural variation of the substrate,
particularly if bulky shielding groups are desired. The versatility oN&&& route was proven on the
doubly-encapsulatedEnPer. However, the synthesis of larger luminophores may be restricted by the
availability of longer dihalogenoalkanes, and the poor solubility of-plmighol intermediates.
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Procedures

NB-1

S1. This synthesis was inspired by literature procedd®&s-Bromoindole (4.07 g, 20.7 mmol, 1.00
eq.), 2bromo-4-tert-butylbenzaldehyde (5 g, 20.7 mmol, 1.00 eq.) and HI (57 wt%. in water, 0.56 mL,
4.23 mmol, 0.20 eq.) were heated to reflux overnight under air in MeCN (150 mL). The reaction
mixture was cooled inB20°C freezer for 6 h and the precipitate was isolated by filtration and washed
with 520 °C MeCN (% 20 mL). The isolated solid was suspended in MeCN (150 mL) with iodine (1.95
g, 7.69 mmol, 0.37 eq.) and the resulting mixture heated again to reflux overnight under air. The
reaction mixture was cooled in 820 °C freezer for 6 h and the presumed indolocarbazole
intermediate was isolated as an yellawhite powder by filtration after washing with20 °C MeCN (3

x 20 mL) and drying under suction (3.74 g, 4.47 mmol, 43%). The presumed indolocarbazole
intermediate was suspended in dry DMF (150mL) with TBAOKi®% in methanol, 6.50 g, 11.00
mmol, 2.46 eq.) under argon. The resulting mixture was degassed for 10 min. Cul (852 mg, 4.47 mmol,
1.00 eq.) was added and the mixture immersed in a’I2fre-heated oil bath overnight. The reaction
mixture was cooled to room temperature. The yellow precipitate was isolated via filtration, washed
with MeCN (3x20 mL) and then suspended in benzonitrile (100 mL). The suspension was refluxed for
10 min and then cooled to room temperature. Filtration affordétias a yellow pwder sufficiently

pure for the next step (870 mg, 1.29 mmol, 12% overall yield). This compound is too insoluble to obtain
NMR spectra in common organic solvents. An analytical sample was obtained as fluffy yellow needles
after recrystallization from benzutrile (refluxrbroom temperature, hot filtered through paper under
gravity). The UV spectra of the crude and recrystallized samples are essentially idanataCalcd.

for GsHsoBrN2: C, 67.67; H, 4.48; N, 4.15. Calcd. taH{BrRN,-0.2PhCN: C, 683; H, 4.50; N, 4.43.
Found: C, 68.09; H, 4.49; N, 4.39 (average of two rt#f))S (ASARN/z 673.0832 [MH']. Calcd.

for GsHsiBr'%N,": 673.0854.
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Spectrum S1.4Absorption spectrum of iB1toluene.

Elemental Composition Report

Single Mass Analysis

Tolerance = 100.0 PPM [/ DBE: min = -1.5,
Element prediction: Off

Mumber of isotope peaks used fori-FIT = 3

Monoisotopic Mass, Even Electron lons

Page 1

max = 50.0

T formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

EBlements Used:

C:17-38 H:0-31 N:0-2 Br0-2

HAB_51221 D Congrave DGC-8-17

HAB_51221 D Congrave DGC-8-17 2320 (4.968) Cm (2237:2322)

Minimum:

Maximum: 100.0 100.0
Mass Cale. Mass mDa PP
673.0832 673.0854 -2.2 -3.3

Spectrum S1.5Mass spectrum db1

1: TOF M5 ASAP+
7.13e+007

596.1675

DEE i-FIT Narm Conf (¥) Formula
23.5 1115.4 n/a nfa C38 H31 W2 Br2
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S2.2-Bromoresorcinol (2.90 g, 15.3 mmol, 1.00 eqaL;&(12.67 g, 91.7 mmol, 6.00 eq.) and Kl (762
mg, 4.59 mmol, 0.30 eq.) were combined in dry DMF (50 mL) under argon and the resulting mixture
heated in a 60C oil bath. After 1 h-8romo-1-octene (7.32 g, 38.3 mmol, 2.50 eq.) was added and
the heating was continued overnight. The reaction mixture was cooled to room temperature and
diluted with hexane (100 mL) and water (300 mL). The layers were separatettheaagueous layer

was extracted with furter hexane (350 mL). The extracts were combined, washed with 2 M NaOH
(3x50 mL), dried over MgSiltered and the solvent removed under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: gradiesl®1EtOAch-hexane v/v) to
afford S2as a clear oil (5.84 g, 14.3 mmol, 93%)NMR data were in accordance with those reported

in the literature’®*H NMR (500 MHz, CREl + 6 LILIY d= 8.B Hzy 1biM §.55 @@ &3 Hz, 2H),
5.84 (ddtJ=17.1, 10.2, 6.7 Hz, 2H), 5.03 (d#td 17.1, 3.5, 1.7 Hz, 2H), 4.96 (dit,10.2, 2.2, 1.7 Hz,
2H), 4.04 (t)=6.5 Hz, 4H), 2.X32.05 (m, 4H), 1.86 (dd= 13.0, 6.5 Hz, 4H), 1.§8.50 (m, 5H), 1.47

¢ 1.39 (m, 8H).
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Spectrum S1.6'H NMR spectrum @2



B(OH),

S3.A solution 0fS2(5.81 g, 14.2 mmol, 1.00 eq.) in dry THF (80 mL) was coolé@ttC in a dry ice
acetone bathunder argonn-BuLi(2.5 M in hexane, 7.37 mL, 18.4 mmol, 1.30 eq.) was added dropwise
and the resulting mixture was stirred for 1 h. B(OB®.54 mL, 49.7 mmol, 3.50 eq.) was added
dropwise, and the resulting mixture warmed to room temperature overnight.. The reaction mixture
was quenched with 1 M HCI (30 mL) and stirred for 1 h. The layers were separated and the aqueous
layer extracted wh DCM (3«50 mL). The extracts were combined, dried over Mg#&i@red and the
solvent removed under reduced pressure. The residue was purified by flash chromatography on silica
gel (eluent: gradient OH1:0 DCM/n-hexane v/v) to affords3as a clear oil that solidified on standing
(4.52 g, 12.1 mmol, 85%3)H NMR data were in accordance with those reported in the literattite.

NMR (500 MHz, CRGI + ¢ LIL&Y781 (M, 3H)466§ (d= 8.4 Hz, 2H), 5.80 (ddt 17.1, 10.2,

6.7 Hz, 2H), 5.00 (ddd= 17.1, 3.6, 1.6 Hz, 2H), 4.94 (dBt,10.2, 2.2, 1.2 Hz, 2H), 4.06J&, 6.6 Hz,

4H), 2.06 (tdJ=6.8, 1.2 Hz, 4H), 1.85 (dg; 13.2, 6.6 Hz, 4H), 1.§11.36 (m, 12H).
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S4. SX1.00 g, 1.48 mmol, 1.00 eq93(3.33 g, 8.90 mmol, 6.00 eq.), Pd(QA2) mg, 88.9>mol, 6

mol%) and SPhos (73 mg, BfBol, 12 mol%) were combined in a 500 mL round bottomed flask which
was evacuated and backfilled with argon 5 times. Degassed toluene (250 mL, w/ 5 drops Aliquat 336)
and a degassed solution otRQ (1.89 g, 8.90 mmol, 6.00 eq.) in water (32 mL) were added
sequentially, and the resulting mixture was refluxed in a preheated°C30il bath overnight. The
reaction mixture was coetl to room temperature and acidified with 1 M HCI (100 mL). The layers
were separated, and the aqueous layer extracted with OE¥B0 mL). The extracts were combined,

dried over MgS@)filtered and the solvent removed under reduced pressure. The residue was purified
by flash chromatography on silica gel (eluent: gradientb85165 DCM/n-hexane v/v) and then
recrystallized 100 mL ethanol and minimal CEGéflux'hb20 °C)to afford S4as yellow needles (950

mg, 0.81 mmol, 55%3)H NMR (400 MHz, CREI (ppm) = 8.59 (s, 2H), 8.42 (& 8.3 Hz, 2H), 8.13

8.05 (m, 4H), 7.67 (d= 8.3 Hz, 2H), 7.49 (8 8.2 Hz, 2H), 7.34 (= 8.3 Hz, 2H), 6.77 (@ 8.3 Hz,

4H), 5.52; 5.39 (m, 4H), 4.78 4.62 (m, 8H), 4.00 (8= 6.3 Hz, 8H), 1.761.67 (m, 8H), 1.66 1.58

(m, 8H), 1.55 (s, 18H), 1.83.24 (m, 8H), 1.18 0.98 (m, 16H)}3C NMR (101 MHz, CRCI + & LILIY 0
157.6, 150.1, 142.5, 139.2, 138.8, 137.6, 129.6, 128.9, 128.5, 127.5, 127.4, 126.9, 124.0, 120.9, 119.1,
113.8,112.4, 112.0, 111.1, 109.1, 105.8, 68.9, 35.4, 33.5, 31.8, 29.2, 28.7, 28.Anab.Galcd. for
GeoHoeN2Os: C, 83.92; H, 8.24; N, 2.39. Found: C, 83.97; H, 8.14; N, 2.34géwEtao runs)HRMS
(ASAP)mM/z 1173.7407 [MH']. Calcd. folGsHe7N2O,*: 1173.7448.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 100.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off
Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:66-82 H:0-97 N:0-2 0:04

HAB_ 51358 DCONGRAVE DGC-8-57

HAB_ 51358 DCONGRAVE DGC-8-57 2122 (4.552) Cm (2087:2128)

1: TOF M3 ASAP+

2 06e+005
1 57T 1352
%] veps o 621.1802
. 7312689 8974586 4007 5698 1063 6316
95,0845 279.0844 I8S0NT 54 4517 L i T 13012607
o . e | n I. Loi 5 I. " bl 5 l i m:
I 1 1 T T 1 T I 1 T Ll L T 1 I T T I 1 T I 1 L T 1 T I 1 ra
100 200 300 400 500 600 Too BOO 900 1000 1100 1200 1300 1400
Minimum: -1.5
Maximum: 5.0 100.0 50.0
Mass Cale. Mass mDa FFM DBE i-FIT Marm Conf (%) Formula
11737407 1173.7448 -4.1 -3.5 35.5 258.3 n/fa nfa CHZ2 HY9T N2 04

Spectrum S1.10Mass spectrum db4
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S5. S4800 mg, 0.68 mmol) and Grubb¥ generation catalyst (36 mg, 4ol, 6 mol%) were stirred

in degassed dry DCM (200 mL) under argon overnight at reflux. The solvent was evaporated and the

residue purified by flash chromatography on silica gel (eluent: gradieb88:65 DCMh-hexane vl/v,

a single yellow band was collected) to aff@®as a yellow powder sufficiently pure for the next step
after trituration with methanol and drying under suction (753 mg, 0.66 mmol, 96%). A mixture of E
y 82 Hx2ZHY, 8.:3.08 n, y Pno 0O

and Z isomersHNMR (400 MHz, CRGI

4H), 7.76 7.67 (m, 2H), 7.50 (d= 8.2 Hz, 2H), 7.37 (= 8.3 Hz, 2H), 6.80 (@ 8.3 Hz, 4H), 4.19

L 6 LYo

I.l

4.02 (m, 8H), 4.093.91 (m, 4H), 1.62 1.53 (m, 8H), 1.32 1.08 (m, 16H), 0.960.83 (m, 8H), 0.62

¢ 0.42 (m, 8H)*C NMR (176 MHz, CRCI 1

0 LILIY 0

MPT Dy X

MpPp A dHZ

MMOH®PC Z

128.9, 128.7, 127.6, 127.5, 127.1, 124.4, 121.4, 119.1, 112.3, 112.0, 111.3, 109.2, 106.0, 69.2, 35.5,
32.2, 320, 29.8, 29.6, 29.3, 26.8nal. Calcd. for &HssN2.Os: C, 83.83; H, 7.94; N, 2.51. Found: C,

83.69; H, 7.94; N, 2.49 (average of two runsRMS (ASAPM/z 1117.6803 [MH]. Calcd. for

GrsHsoN2O4*: 1117.6822. Shoulder peaks in thé NMR spectrum are assigned to a mixture of E and Z
isomers, considering that no shoulder peaks are present after alkene reduction in the next step.
Shoulders are also present in tH€ NMR spectrum. Only peaks for the major compound are listed.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 100.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Nurmnber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-78 H:0-89 MN:0-2 0O:04

HAB_51362 D Congrave DGC-8-59

HAB_51362 D Congrave DGC-8-589 1851 (4.187) Cm (1825:2064) 1: TOF MS ASAP+
3.24e+006

760.3030

T61.3060

sog.0z0g 621.1814 7423117 B60.2951 1061 G189, 1117 6803
5, N Y I SIESITOES 1473 7415

05.0869.135.1176 314.3060
1

G T I T L 1 I T T I T T I 1 L 1 I 1 T I 1 1 1 1 I 1 L] 1 T 1 1 m
100 200 300 400 500 600 700 BOG 900 1000 1100 1200 1300 1400 1500
Minimum: -1.5
Maximum: 100.0 100.0 50.0
Mass Cale. Mass mDa FEM OEE i-FIT Norm Conf (%) Formula
1117.6803 1117.6822 -1.49 -1.7 35.5 402.0 nia n/a C78 HBY N2 04

Spectrum S1.12Mass spectrum db5
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NB-1. A mixture ofS5(710 mg, 0.64 mmol) and Pd/C (10 wt% Pd, 150 mg) in THF (125 mL) was bubbled
with H; for 30 min at room temperature and then refluxed overnight undefid4lloon). The warm

reaction mixture was filtered through celite and the solvent removed under reduced pressure. The
residue was recrystallized (100 mL ethanol and minimal £H@UxML20 °C) to obtainNB-1 as a

yellow powder (610 mg, 0.54 mmol, 86%).NMR (400 MHz, CREl + 6 LIIYL I B®t M 04ax
(m, 2H), 8.1%,8.01 (m, 4H), 7.70 (d=8.2 Hz, 2H), 7.47 (d= 8.1 Hz, 2H), 7.34 @+ 8.3 Hz, 2H), 6.78

(t, J= 8.3 Hz, 4H), 4.093.92 (m, 8H), 1.56 (s, 18H), 13%.18 (m, 8H), 0.94 0.80 (m, 8H), 0.5

0.32 (m, 16H), 0.2¢ -0.02 (m, 8H)*C NMR (126 MHz, CRCl + O LJJYO ' MpT dy S wmMpn
137.5, 130.0, 128.9, 128.6, 127.6, 127.5, 127.1, 124.5, 120.9, 119.0, 112.3, 112.0, 111.2, 109.3, 105.7,
69.2, 35.5, 32.0, 29.9, 29.8, 29.8, 29.6, 29.3, 2&r@l. Calcd. for &H2N.Os: C, 83.53; H, 8.27; N,

2.50. Found: C, 83.39; H, 8.26; N, 2.50 (average of two HR8JS (ASARN/z 1121.7126 [MH'].

Calcd. foiGsHeaN.O,™: 1121.7135.
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Spectrum S1.13H spectrum ofNB-1.
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Spectrum S1.14°C spectrum oNB-1.

Elemental Composition Report

Single Mass Analysis

Tolerance = 100.0 PPM |/ DBE: min =-1.5, max = 50.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

4 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-¥8 H:093 MN:02 004

HAB_51374 D Congrave DGC-8-61

HAB_51374 D Congrave DGC-8-61 2228 (4.775) Cm (2165:2231)

1 621.1824
B15.3843

16.3876  qpoo 5887

1010.5520
T1.4454 J

B14.3754 F;3_451 g
. A

a, 1855

512.1527 82017

204 8315 4381361 ], L
1 I | I

n

1121.7128
F1123.?1 a2

Page 1

1: TOF MS ASAP+
2.18e+006

O-premrpreerprerrpresrpreepeeey
100 200 300

T T Lk b Ll Rl b LA |
400 500 GO0 700 BOO 500 1000 1100 1200

Minimum:
Maximum:

(L |
=N
=L

100.0 100.0

Mass Cale. Mass mDa FPM DEE i-FIT Horm Conf (%)

1121.7126 1121.7135 -0.9 -0.8 3

()
L

461.9 nfa

nfa

Spectrum S1.15Mass spectrum dfiB-1.
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NB-2

S6. This synthesis was inspired by literature proced§®s-Bromoindole (4.07 g, 20.7 mmol, 1.00

ed.), 2bromo-5-tert-butylbenzaldehyde (5 g, 20.7 mmol, 1.00 eq.) and HI (57 wt%. in water, 0.56 mL,
4.23 mmol, 0.20 eq.) were heated to reflux overnight under air in MeCN (50 mL). The reaction mixture
was cooled in 20 °C freezer for 6 h and the presumed indolocarbazole intermediate was isolated as
an yellowwhite powder by filtration after washing with20 °C MeCN (% 20 mL) and drying under
suction (3.29 g, 3.93 mmol, 38%). Aromatisation withds not carriedut during the synthesis &6

as it caused the yield to drop by a factor of nearly 5. The presumed indolocarbazole intermediate was
suspended in dry DMF (100mL) with TBAOH (40 wt% in methanol, 5.72 g, 9.68 mmol, 2.46 eq.) under
argon. The resulting mixture was degassed for 10 min(7&0l mg, 3.93 mmol, 1.00 eq.) was added

and the mixture immersed in a 12Cpre-heated oil bath overnight. The reaction mixture was cooled

to room temperature. The yellow precipitate was isolated via filtration, washed M#CN (3x 20

mL) and then suspended in benzonitrile (50 mL). The suspension was refluxed for 10 min and then
cooled to room temperature. Filtration affordeg6as a yellow powder sufficiently pure for the next

step (730 mg, 1.08 mmol, 10% overall yield). This compound is too insoluble to obtain NMR spectra in
common organic solvents. HRMS (ASA#):673.0826 [MH']. Calcd. for &HsiBr'%N,": 673.0854.
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0.6 1

0.4 1

Normalised absorption
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300 350 400 450 500
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Spectrum S1.16Absorption spectrum of iB6toluene.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
7 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-38 H:0-31 N:0-2 Br:0-2

HAB_52025 D Congrave DGC-10-82 REPEAT 2032 (4.361) Cm (2031:2033) 1: TOF M3 ASAP+
1.39e+002
674.0624

673.0

2211298 539 1631 5801345 597.1276 621.0159

100 150 200 250 300 350 400 450 500 550 600 650 me
Minimum: -1.5
Maximum: 100.0 50.0 50.0
Mass Cale. Mass mDa PFM DEE i-FIT Narm Conf (%) Foarmula
673.0826 673.0854 -2.8 -4.2 23.5 24.5 n/fa nfa C38 H31 M2 Br2

Spectrum S1.1/Mass spectrum db6
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S7.2-Bromoresorcinol (13.6 g, 71.6 mmol, 1.00 eq; & (21.8 g, 158 mmol, 2.20 eq.) and Kl (1.36

mg, 8.16 mmol, 0.11 eq.) were combined in dry acetone (100 mL) under argon. Benzyl bromide (19.0
mL, 160 mmol, 2.23 eq.) was added and the resulting mixture was heated overnight to reflux. The
reaction mixture wagooled to room temperature and filtered through celite eluting with additional
acetone (500 mL). The solvent was removed under reduced pressure and the residue recrystallized
from hexane (700 mL, reflbbr.t.) to afford S7as colourless needles (21.3 @,.% mmol, 81%)'H

NMR data were in accordance with those reported in the literatdréd NMR (400 MHz, CBEI 1
(ppm) = 7.49 (d)= 7.4 Hz, 4H), 7.417.36 (m, 4H), 7.34 7.30 (m, 2H), 7.15 (§= 8.3 Hz, 1H), 6.61

(d,J= 8.3 Hz, 2H), 5.17 (s, 4H).

3 sﬁ
94t
1.00nr
195
3.97=

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

Spectrum S1.18H spectrum o7
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SEaras

S8.A solution 0f57(9.44 g, 25.6 mmol, 1.00 eq.) in dry THF (200 mL) was codi&® & in a dry ice
acetone bathunder argonn-BuLi(2.5 M in hexane, 13.3 mL, 33.3 mmol, 1.30 eq.) was added dropwise
and the resulting mixture was stirred for 1 h. The mixture set to a solid that could not be stirred. The
mixture was transferred to an ice bath until full dissolution was observed, sl tilansferred back

into a dry iceacetone bath. B(OMg}9.92 mL, 89.0 mmol, 3.48 eq.) was immediately added dropwise,
and the resulting rixture warmed to room temperature overnight. The reaction mixture was
guenched with 1 M HCI (30 mL) and stirred for 1 h. The layers were separated and the aqueous layer
extracted with DCM (X% 50 mL). The extracts were combined, dried over Mg$ilered and the
solvent removed under reduced pressure. The residue was purified by flash chromatography on silica
gel (eluent: gradient OH1:0 EtOAc/ DCM v/v) to affor@8as an offwhite solid (6.84 g, 20.5 mmol,
80%). 'H NMR data were in accordance with thasported in the literaturet! *H NMR (400 MHz,
CDGH + Ot t @83 (M, 1IHRT.P0 (s, 2H), 6.71Jd,8.4 Hz, 2H), 5.15 (s, 4H).

T T 7

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Spectrum S1.19H spectrum o658
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S9. SG400 mg, 0.59 mmol, 1.00 eq98(1.00 g, 3.00 mmol, 5.08 eq.), Pd(QAt2 mg, 54mol, 9

mol%) and SPhos (44 mg, 0iol, 18 mol%) were combined in a 250 mL round bottomed flask which
was evacuated and backfilled with argon 5 times. Degassed toluene (100 mL, w/ 3 drops Aliquat 336)
and a degassed solution ogRQ (637 mg, 3.00 mmol, 5.08 eq.) in water (13 mL) were added
sequentially, and the resulting mixture was refluxed in a preheated°C30il bath overnight. The
reaction mixture was cooletb room temperature and acidified with 1 M HCI (100 mL). The layers
were separated, and the aqueous layer extracted with OB8&B0 mL). The extracts were combined,
dried over MgS® filtered and the solvent removed under reduced pressure. The residue was purified
by flash chromatography on silica gel (eluent: gradient81 DCM/n-hexane v/v) and then
recrystallized100 mL ethanol and minimal CEHGCEefluxIhr.t.) to afford S9as yellow crystals (360

mg, 0.33 mmol, 56%)H NMR (400 MHz, CREI 1+ ) & 882, 2H), 8.53 (s, 2H), 8.110(d8.2 Hz,

2H), 8.02 (dJ= 8.3 Hz, 2H), 7.83 (d= 8.3 Hz, 2H), 7.65 (d= 8.4 Hz, 2H), 7.34 (= 6.8 Hz, 10H),

7.10¢ 7.02 (m, 12H), 6.88 (d= 8.4 Hz, 4H), 5.17 (s, 4H), 1.40 (s, 188)NMR (126 MHz, CRCI
(ppm) = 157.3, 144.6, 142.7, 137.8, 137.3, 136.9, 130.3, 129.2, 128.8, 128.7, 128.5, 127.8, 127.5, 127.1,
126.7, 124.2, 121.5, 121.2, 112.8, 112.7, 111.8, 111.4, 107.1, 70.9, 34.9AB4l9,Calcd. for
CrsHsaN2Os: C, 85.68; H, 5.90; N, 2.56. Found: C, 85.55; H, 5.79; N, 2.95 (average of tWwdRM®S);
(ASAP)M/z 1093.4896 [MH". Calcd. folCsHssN-Os*: 1093.4944.

o,
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Spectrum S1.20H spectrum 069
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Spectrum S1.213C spectrum 089
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 100.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
1 formulale) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-78 H:0-85 N:0-2 0O:0-4
HAB_D CONGRAVE DGC-10-81repeat
HAB_D CONGRAVE DGC-10-81repeat 528 (1.161) Cm (468:692)

1: TOF MS ASAP+

4 69a+003
1 1092.4829
1002 4395
1094.4966
o B90.3126 946.3735
242 2832
120'92::? 1095 4883
s 432882 _2?1.3699 5771667 ?15.322§ 800.2871 \ | 1097.4945 }234_8?82 }350.1405
O-prevtpiiey LAl R M AR | LRl il RSN RARA | | SRS R A R LA ML | f T f 1 1 1 f f e miz
100 200 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500
Minimum: -1.5
Maximum: 5.0 100.0 50.0
Mass Cale. Mass mDa EFM DEBE i-FIT Horm Conf (%) Formula
1093.48%6 1093.4944 -4.8 -4.4 47.5 50.1 nfa nfa CT78 HA5 N2 04

Spectrum S1.22Mass spectrum dbQ
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S10.S® Hpn Y3IZI HH >Y2f0X tRk/ omn ¢6&: tRZ Ty Y3IA0Z
a 50 mL microwave vial with a crimped septum cap. The resulting mixture was bubbled géth \Ha

a balloon forca. 30 min. The balloon was removed and the vial was stirred in a preheated 80 °C oil

bath overnight. The reaction mixture was cooled to room temperature, diluted with THF (50 mL) and
filtered through a plug of silica gel (eluen&.100 mL THF). The solvent was removed and residue was
triturated with hexane and filtered to obtai®10as a yellow powder that was used as obtained in the

YSEG &aGSLI FFGESNI RNEAY3I dzy RSNHKDRKy DIinddzdzva | d lEc ¢ | XC3
=8.81 (dJ= 1.1 Hz, 2H), 8.67 (8= 1.7 Hz, 2H), 8.23 (8= 8.4 Hz, 2H), 8.18 (3 8.5 Hz, 2H), 7.95

(s, 4H), 7.81 (ddl= 8.3, 1.5 Hz, 2H), 7.76 (di 8.5, 1.8 Hz, 2H), 6.99 It 8.1 Hz, 2H), 6.49 (&>

81Hz,4H¥¥ baw 6mTc alls ¢1CO + OLIIYUO I mMpydnsI mnT®
130.4,130.2, 129.8, 126.5, 123.2, 118.8, 114.8, 114.8, 114.0, 113.7, 36.9, 33.7; HRM®/ZESI):
733.3053 [MH]. Calcd. for &HsiN2O4": 733.3066.
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Spectrum S1.23H spectrum 06510
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 100.0 PPM [/ DBE: min = -1.5, max = 50.0
Element prediction: Off
MNumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
4 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-50 H:041 N:0-2 0:04
HAB_D CONGRAVE DGC-10-82
HAB_D CONGRAVE DGC-10-82 529 (1.163) Cm (521:538) 1: TOF MS ASAP+
8.84e+003
1 733.3053
34.3094
G77.2405
% 621.1821 35.3163
736.3181
120.9263 5131602  620.17
. 9263 9930634 355.2524 355 0680 < 736.3641 5,29.4321 l00345p 10691337 220,805
' T T 1 T T T 1 I I 1 L I 1 T T | Ll T I I Z
100 200 300 400 500 600 700 800 200 1000 1100 1200
Minimum: -1.5
Maximum: 5.0 100.0 50.0
Mass Calec. Mass mDa PEM DEE i-FIT Morm Conf (%) Formula
733.3053  T733.3066 -1.3  -1.8 31.5 108.6 n/a nfa C50 H41 N2 o4

Spectrum S1.24Mass spectrum db10

23



= \ ﬁé_
) /*i:" n /_ ‘_/ \
Fr /—\/’S-:\’) " e d
W S e W
» %
\ A PNl N

NB-2.A mixture ofS106 Mp M YIS HnAc > Y 2dibFomatetradacans (147 ing, U2 RO6 M = M N
>Y2t X Hdnn Sl dOin dryDMF &GEntLYiuBdRr ar@éh umiilfull dissolution was observed
(ca.30 min). KCQ (142 mg, 1.03 mmol, 5.00 eq.) was added, and the mixture stirred &€ 40r 24

h and then at 80C for 48 h. After evaporation of the reaction solvent, the residue was purified by

flash chromatography on silica gel (eluent: gradient0:1 DCM/n-hexane v/v, the product is the

first fluorescent band to elute and drags, use a small column) to aN@&& as a yellow powder after
trituration with methanol and drying under suction (162 mg, ™44 2 f = H NBMR{(400 MHz,

CDGL + 06 LILIY 8= 112 Hz 2ply, 8.55@R 7 Hz, 2H), 8.07 (@ 8.3 Hz, 2H), 8.00 (@ 8.5

Hz, 2H), 7.75 (dd= 8.3, 1.5 Hz, 2H), 7.68 (dif 8.5, 1.8 Hz, 2H), 7.32 Jt 8.3 Hz, 2H), 6.75 (dF

8.4 Hz, 4H), 4.08 (di= 8.9, 4.5 Hz, 4H), 4.@®.91 (m, 4H), 1.64 1.55 (m, 8H), 1.53 (s, 18H), 144

1.23 (m, 12H), 0.89 (dd= 13.6, 6.9 Hz, 8H), 0.48®.37 (m, 12H), 0.280.18 (m, 4H), 0.06 (d= 13.0

Hz, 4H)33C NMR (126 MHz, CRCI + O LIIYO I MpTdcIX MnndoX MNnHDOI |
128.5, 128.0, 127.2, 124.1, 121.5,120.3, 112.7, 112.5, 111.8, 111.0, 105.3, 69.0, 35.0, 32.2, 30.1, 29.9,
29.8, 29.7, 29.3, 26.%nal. Calcd. for&H:N.Os: C, 83.53; H, 8.27; N, 2.50. Found: C, 83.37; H, 8.30;
N,2.74;HRMS (ASARjJ/z 1121.7108 [MH']. Calcd. folCgHoaN-Os*: 1121.7135.
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Spectrum S1.25H spectrum ofNB-2.
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Spectrum S1.26°C spectrum oNB-2.
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 100.0 PPM [/ DBE: min = -1.5, max = 50.0
Element prediction: Off
MNumber of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
4 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-78 H:093 N:0-2 0O:04
HAB_D CONGRAVE DGC-10-83
HAB_D CONGRAVE DGC-10-83 280 (0.648) Cm (257:355) 1: TOF MS ASAP+
4.08e+004
1 1121.7108
M20.70281122 7113
% 1066 6478
11840 8153784 571 4444 1123.7153
A
147.0814 2652508 312975 5454544 814.3822 l 1247130 435 ag7y 13948232
I T I T 1 I T I | 1 1 I T 1 I I I | 1 T il | 1 ) 1 1 I T I miz
100 200 300 400 500 800 700 800 800 1000 1100 1200 1300 1400 1500

Minimum: -1.5
Maximum: 5.0 100.0 50.0
Mass Cale. Mass mDa PFM DBE i-FIT Marm Conf (%) Formula
1121.7108 1121.7135 -2.7 -2.4 33,5 210.2 n/a nfa C78 H93 M2 04

Spectrum S1.27/Mass spectrum dfiB-2.
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NB-3

OaeY
=0

NB-3.This synthesis was inspired by literature procedé?dsdole (1.94 g, 16.6 mmol, 1.00 eq.), 2
bromo-4-tert-butylbenzaldehyde (4.00 g, 16.6 mmol, 1.00 eq.) and HI (57 wt%. in water, 0.45 mL, 3.40
mmol, 0.20 eq.) were heated to reflux overnight under air in MeCN (50 mL). The reaction mixture was
cooled in &20 °C freezer for 6 h and the precipitate was isolated by filtration and washedb2ith

°C MeCN (¥ 20 mL). The isolated solid was suspended in MeCN (50 mL) with iodine (1.56 g, 6.15
mmol, 0.37 eq.) and the resulting mixture heated again to reflux ovhtnigder air. The reaction
mixture was cooled in B20 °C freezer for 6 h and the presumed indolocarbazole intermediate was
isolated as an ofivhite powder by filtration after washing with20 °C MeCN (% 20 mL) and drying

under suction (890 mg, 1.31 mmol, 16%). The presumed indolocarbazole intermediate was suspended
in dry DMF (20 mL) with TBAOH (40 wt% in methanol, 1.89 g, 3.20 mmol, 2.44 eq.) under argon. The
resulting mixture was degassed for 10 miml 280 mg, 1.47 mmol, 1.12 eq.) was added and the
mixture immersed in a 12Wpre-heated oil bath overnight. The reaction mixture was cooled to room
temperature. The yellow precipitate was isolated via filtration, washed with MeCN2(BmL) and
recrystallized (100 mL ethanol and minimal GH@flux"yroom temperature, hot filtered through

paper under gravity) to affortlB-3 as fluffy yellow needles (133 mg, 0.26 mmol, 2% overall yiid).
baw é6nnn all X ¢/ 967.7Hz&@H)L 820 (@F8.3Ha 2H), 7.64R .88 (m, 4H),

7.64 (td,J=7.7, 1.2 Hz, 2H), 7.57 (di 8.3, 1.7 Hz, 2H), 7.48 (itk 7.6, 1.0 Hz, 2H), 1.62 (s, 18H);

% pbaw Oo6mMTc allxX ¢/90 4+ OLIIO I MpndoXI MOnMdPpI MO
119.4,112.2,111.3,111.2,109.1, 35.2, 3Argl. Calcd. fordgHsNy: C, 88.34; H, 6.24; N, 5.42. Calcd.

for GsHs2N2-0.15CHGH C, 85.80; H, 6.02; N, 5.40. Found: C, 85.71; H, 6.06; N, 5.24 (average of two
runs);HRMS (ASAR)/z 517.2625 [M;H']. Calcdfor GsHsaN2": 517.2624.
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Spectrum S1.28H spectrum ofNB-3.
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Spectrum S1.29°C spectrum oNB-3.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1500.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

MNumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1 formula(e) evaluated with 1 results within limits (all results {up to 1000) for each mass)
Elements Used:

C:0-38 H:0-33 N:0-2

HAB_51449 D Congrave DGC-8-16 repeat

HAB_51449 D Congrave DGC-8-16 repeat 2051 (4.397) Cm (1958:2052) 1: TOF MS ASAP+
1.44e+008
1 4051549
06.1521
%
403.1331
3501080 4021241 01> 445 1761 501 236g

o - - p -2300.518.2580  5a4 1757

U T T T T T T T T T T T T T T T T 1 T T T T miz

50 75 100 1256 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 60O
Minimum: -1.5
Maximum: 5.0 1500.0 50.0
Mass Cale. Mass mDa PFM DEBE i-FIT Narm Conf (%) Formula
517.2625 517.2644 -1.% -3.7 23.5 B55.6 nfa nfa C38 H33 N2

Spectrum S1.30Mass spectrum dfiB-3.
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S11.In an argon glovebox, perylene (5.001§,4 mmol, 1.00 eq.), bis(pinacolato)diboron (21.87 g,

85.3 mmol, 4.39 eq.), [I(COD)OME306 mg, 0.46mY 2 € = H dn Y HiEwrtbutylHysR Qn > n Q
bipyridine (260 mg, 0.9y 2f = n&®T1 Y220 6SNBE aSIEtSR Ay | mMun
side port (FengTecEx GmbH product number: P260006). Outside the glovebox, anhydrous degassed
THF (60 mL) was added and the tube was heated in & &0l bath overnight. Initially everything

dissolved upon heating before a yellow precipitate slowly formed whientesally prevented stirring

and set to a yellow mass overnight. After the mixture was cooled to room temperature, it was carefully
slurried intoca. 300 mL methanolwarning: H evolutior). The precipitate was filtered and washed

with further methanol ¢a.300 mL) to affords11as a yellow solid sufficiently pure for the next step

after drying under suction (14.5 g, 19.2 mmol, 99%) NMR data were in accordance with those

reported in the literature!?'H NMR (500 MHz, CRE&I + O LIJIYO I ydcH 6&X nlouI vy

=

1.00 —=
111 =
U | 12.35=

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 0.5 0.0

Spectrum S1.31H spectrum o511
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S12. S112.00 g, 2.64 mmol, 1.00 eq97(9.75 g, 26.4 mmol, 10.00 eq.), Pd(Q4&) mg, 0.2 mol,

10 mol.%) and SPhos (217 mg, 0na®ol, 20 mol.%) were combined in a 250 mL round bottomed
flask which was evacuated and backfilled with argon 5 times. Degassed toluene (100 mL, w/ 5 drops
Aliquat 336) and a degassed solution eP® (4.50 g, 21.1 mmol, 8.00 eq.) in water (20 mL) were
added sequentially, and the resulting mixture was refluxed in a preheated@ 20l bath overnight.

The reaction mixtur@vas cooled to room temperature and acidified with 1 M HCI (100 mL). The layers
were separated, and the aqueous layer extracted with toluéhe< 50 mL). The extracts were
combined, dried over N&Q, filtered and the solvent removed under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: gradie®70:30 DCMh-hexane v/v).

The fractions consisting predominantly of the product (the main fluorescent blue band observed in
the crude reaction mixture) by TLC were conglairand recrystallize@@00 mL ethanol and minimal
CHd] refluxr.t.) to afford S12as shiny yellow flakes after drying under suction (1.43 g). The filtrate
was combined with the impure fractions from the first column and further purified similarly by flash
chromatography (eluent: gradient 310:30 DCM/n-hexane v/v) and recrystallizatio200 mL
ethanol and minimal CHClefluxIbr.t.) to afford a second crop of comparable purity (970 mg). Total
yield (2.40 g, 1.71 mmol, 65%H NMR (400 MHz, CRE! (ppm) = 8.37 (d)= 1.5 Hz, 4H), 7.82 (d,

= 1.3 Hz, 4H), 7.267.21 (m, 20H), 7.05 (ddz= 8.4, 6.9 Hz, 16H), 6.%.94 (m, 8H), 6.73 (d= 8.4

Hz, 8H), 5.02 (s, 16HJC NMR (101 MHz, CRLI ! GLIIYO I mMpTdnI moT doX
128.5,128.3,127.3,127.3,126.7, 123.7, 121.7, 106.9, 70.5; HRMB(EBIN5.5581 [MH']. Calcd.

for GodH70s": 1405.5618.

_ _

T T T T T T T T T T T T T T T T T T
84 83 82 81 80 79 78 77 76 75 74 73 72 71 7.0 69 6.8 6.7

\JL I L

85 80 75 70 65 60 55  so 45 40 35 30 25 20 15 10 o5 o
Spectrum S1.32H spectrum 06512
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Spectrum S1.33°C spectrum 0812
Monoisotopic Mass, Even Electron lons
1 farmula(e) evaluated with 0 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-100 H:0-77 0:0-8
HAB_52552 D CONGRAVE DGC-11-22 LC-MS 118 (0.281) 1: TOF MS ES+
6.69e+004
1 1319.6082
13206102
%
1291.5752
13216147 14055581 1a3ss813 o oo
ol 2025450 12208003 12635463 -1332.6105 1404 3286 o JABTABES 1555 gn1g -
I I

T T T T T T T T T T T T T
1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450 1475 1500 1525 1550

Spectrum S1.34Mass spectruns12
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S13. S142.27 g, 1.61 mmol, 1.00 eq.), Pd/C (5 wt% Pd, 2.17 g), THF (100 mL) and ethanol (20 mL)
were sealed in an Ace glass 500 mL pressure flask (product number281THhe resulting mixture

was bubbled with klgas via a balloon faza. 30 min. The balloon was removed and the flask was
stirred in a preheated 80 °C oil bath overnight. The warm reaction mixture was filtered through celite
eluting with additional THF. After evaporation of the solvent, analysitibyMR indicateda. 75%
debenzylation. The resig was hydrogenated again with Pd/C (5 wt% Pd, 700 mg) in THF (50 mL) and
ethanol (10 mL) overnight, and worked up similarly. Analysis'thyNMR indicated complete
debenzylation. The residue was purified by flash chromatography on silica gel (eluent: gradient
nYmbmYm 9Gh! Ok SHIama yglewpdbwdér afterZriuiiatioR yith hexane and drying
under suction (1.12 g, 1.60 mmol, 100%). baw o6nnn al i X 5a{h0o + J6LILIVO
= 1.5 Hz, 4H), 7.65 (@ 1.3 Hz, 4H), 6.98 (5 81 Hz, 4H), 6.46 (d= 8.2 Hz, 8H}*C NMR (101 MHz,

5a{h0 + OLILIYU T MpcPHI MondyI Moo®PTI MoOMBZIE MHODGT
683.1729 [M 1]>. Calcd. foCiH7Os": 683.1706.

T T T T T T T T T T T T T T T T T T T T
8.28180797877767574737271706.9 68 6.7 6.6 6.56.4 6.3
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Spectrum S1.35H spectrum 06513
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Spectrum S1.36°C spectrum 08513

Monoisotopic Mass, Even Electron lons

5 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-44 H:0-27 0:0-8

HAB 52559 D CONGRAVE DGC 11-24 LC-MS NEG REPEAT 1701 (3.651) 1: TOF MS ES-
7.97e+003
2767944
1 3807142
%
276.7647
436 6592 BB3. 1720 7201418
] 272e3ee | Ll 2l Ly 563.5481 N} 7977258191757 Q465718 1014.8195
Ll I I | Ll v I I | 1 T I 1 T T I 1 T T Ll
200 300 400 500 600 T00 800 900 1000
Minimum: -1.5
Maximum: 5.0 500.0 50.0
Mass Cale. Mass mDa FPM DEE i-FIT Norm Conf (%) Formula
683.1729 683.1706 2.3 3.4 31.5 77.5 nfa nfa c44 HZ2T OB

Spectrum S1.37Mass spectrum db13
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EnPer. S131.10 g, 1.61 mmol, 1.00 eq.) and-ti®romooctane (1.19 mL, 6.44 mmol, 4.00 eq.) were
dissolved in dry DMF (900 mL) under argon at@QAfter 30 min CQ (4.17 g, 32.2 mmol, 20.0 eq.)

was added and resulting mixture was stirred at°80for a further 48 h. The mixture was cooled to
room temperature, filtered, and the solvent removed under reduced pressure. The residue was
purified by flash chromatography on silica gel (eluent: gradiengX DCM/n-hexane v/v). All
material that eluted was combinedffording a mixture presumably constituting material that had
been predominantly alkylated as a yellow solid (430 mg, 24% mass yield). Analysis by NMR suggested
that S14constituted the majority of this materiaiq60 mol.% pure; see NMR spectrum below). 120

mg of the material was purified by preparative HPLC (eluent: 1:1 b@&kane v/v) to affor&EnPer

as a yellow powder after trituration with methanol and drying under suction (74 mg, 0.07 mmol, 4%).
Based on this, if all DGMobile material was purified by preparative HPLC a yieldaofl4% is
anticipated.'H NMR (400 MHz, CREI + ¢ LILJIY 0= 1[4 Hy, 4Hy, M.524dR I.3 Hz, 4H), 7.25

(t, J= 8.3 Hz, 4H), 6.726.64 (m, 8H), 3.98 3.85 (m, 16H), 1.56 1.41 (m, 16H), 1.20 (4= 7.3 Hz,

8H), 1.1%,0.88 (M, 24H*C NMR (101 MHz,CRICI + o6tt a0 I MpPTPTI MpPT DT X
128.4,127.1, 123.1, 122.3, 106.9, 106.4, 70.1, 69.4, 30.1, 29.7, 29.1, 29.0, 27.1, 26.5; HRW3 (ESI):
1125.6226 [MH]. Calcd. foiCeHss0s™: 1125.6244.

M C

* *
* *
T T e I
e s e e e s e i e e 4 e
d2 DCM
J_,JM i M JM

0.3
1.0

4 o0s4=
1507
2817

T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

Spectrum S1.38'H spectrum ofEnPer mixture after flash chromatography. Product peaks are
marked with an asterisk.
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Spectrum S1.40°C spectrum oEnPer.
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Monoisotopic Mass, Even Electron lons

5 formula(e) evaluated with 1 results within limits (up to 50 closest resulls for each mass)
Elements Used:

C:0-76 H:0-85 0:0-8

HAB_5256T D CONGRAVE DGC-11-28 main 2065 (4.443) Cm (1979:2150) 1: TOF MS ASAP+

1.52e+003

1125.6226

90.5256242 3018 1128.6143
369.1670 567.3840 7483313 08554081035 7805

100 200 300 400 500 G600 ToO 800 @00 1000 1100 1200 1300 1400 1500 1600 1700

Minimum: -1.5

Maximum: 5.0 500.0 50.0

Mass Cale. Mass mDa EF DEE i-FIT Morm Conf (%) Formula
1125.6226 1125.6244 -1.8 -1.6 34.5 T6.5 nfa n/a CTé HBS 08

Spectrum S1.41Mass spectrum dEnPer.

S36



2. XRay crystallography
General

X-ray data were collected on a Bruker QRIESTiffractometer, equipped with an Incoatea Cu
microsource I( = 1.5418 A) and a PHOT@Ndetector operating in shutterless mode. Crystals were
mounted on a MiTeGen crystal mount using inert polyfluoroether oil and the analysis was carried out
under an Oxford Cryosystems op#ow N, Cryostream operating at 180(2) K. The control and
processing software was Bruk&PEX4The diffraction images were integrated usB@INTh APEX4

and a multiscan correction was applied usiSfADABSThe final uniicell pprameters were refined
against all reflections. Structures were solved usshttELXTand refined usingSHELX: All of the
crystal structures include CHGblvent molecules, and the crystals were generally prone to solvent
loss and degradation on removal from the mother ligudursome cases (see below), tSQUEEZE
algorithm within PLATONvas applied to complete the refinemeft Summary details of the data
collections and structure/refinement parameters are give ableS2.1

Discussion

S4 The core of theS4molecule and one substituent chain (G283) are ordered, except for the
penultimate C atom in the chain (C32). The other substituent chain shows disorder. The first
component of the disordered chain (G841) has an extended conformation. If this were tinly
component, voids would exist within the structure in the region between these chains in neighbouring
molecules. Instead, it appears that the chain on one molecule adopts the extended conformation, and
its neighbour adopts thedmt conformation (C34C41"), with a CH@Mnolecule filling the remaining
space. Hence, the two refined disorder components are grouped asG&Bdand {C34C41;CHGE}.

A single site occupancy factor (sof) is refined, with the sofs for the two groups constrained to sum to
unity. The molecule is situated (on average) on an inversion centre in the applied spaceRgibe)p (

but it could be that a given molecule has two extended chains or two bent chains, or one of each. The
modelled disorder is the besttampt to define this unclear intermolecular region.
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Figure S2.1Molecular unit irs4showing displacement ellipsoids at 50% probability (H atoms omitted)
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S5 TheS5molecule is situated on an inversion centre with one molecule per unit cell in space group
Pc¢l. The CHeinolecule included in the structure is reasonably well resolved, although the C atom is
modelled as split between two sitelsg, the CHGImolecule adopts two alternative orientations) and
the largest residual peak suggests that further orientations might be modelled. The alternative
approach of omitting the CHQOMolecule from the model and applyif§QUEEZinproves the R
factors quite sigricantly (to R1 ca 6%, wR2 ca 17%), which demonstrates that the relatively high
reported Rfactors can be attributed principally to difficulties with modelling of the solvent molecules.
The explicit CHEInodel was retained to maximise chemical clarity. The structure does not contain
any further significant voids, so the reported empirical formula is quite clear.

\ N ¢
A
\ _ ! e
\ l-/ ) N\ = ’\ I
e aml A :-_.‘! AN ?’ i

Figure S2.2Molecular unit inS5showing displacement ellipsoids at 50% probability (H atoms
omitted).
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NB-1: TheNB-1 molecule is situated on an inversion centre with 9 molecules per unit cell in space
group Rg3. The structure contains two CH@lolecules peNB-1 molecule that are clearly resolved
and included in the refinement model. Significant further voids in the structure (ca 10% of the unit
cell volume) must contain further CHGlhich is difficult to model as discrete molecul8QUEEZE
was applied to handle this part of the structuBQUEEZtorrects for 648 electrons per unit cell, which
suggestsup to 12 further CHgmolecules per unit cell. This would give a total empirical formula of
3.3 CHGIper NB-1 molecule. After application ddQUEEZhe largestesidual peak in the structure

is associated with the CH@tolecule that is defined in the model.

A= O\
& . c17
NN
v
c19

Figure S2.3Molecular unit ilNB-1 showing displacement ellipsoids at 50% probability (H atoms
omitted)

Figure S2.4Additional spacHill plots ofNB-1.
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NB-2: TheNB-2 molecule is situated on an inversion centre with 4 molecules per unit cell in space
groupP4/n. The core of th&B-2 molecule is well ordered, while the encapsulating alkyl chain shows
larger displacement ellipsoids, particularly at the centre of the chain. Residual peaks in the difference
Fourier map suggest likely disorder, but efforts to model that became cumberssiti®ut
significantly improving theRictors; hence the region was left as a single component. The structure
contains large channels running along théltl axis (thec axis), which must contain CH&blvent.

There are two channels per unit cell, summio ca 25% of the unitell volume. It was not possible

to identify discrete molecules within the voids, so tB®UEEZ&gorithm was applied to model the
entire solvent regionSQUEEZ&obrrects for 606 electrons per unit cell, which corresponds to ca 20
CHGImoleculesice. cab CHGIper NB-2 molecule). The continuous nature of the channels makes
these crystals particularly prone to solvent loss, and rapid crystal degradation was evident on removal
of the crystals from the mother liquor. Severalstgls were analysed from two different batches and

the reported result is the best obtained. The crystallograpkiad®rs are high, but the overall packing
arrangement of theNB-2 molecules and the channéike nature of the structure is clear.
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Figure S2.5Molecular unit inNB-2 showing displacement ellipsoids at 30% probability (H atoms
omitted)
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Figure S2.6¥iew along channels in crystal structureNB-2. Voids are visualised usi@DC
Mercury.
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EnPer. The molecule oEnPeris well ordered in the crystal, including the alkyl chains. Térglene

core is twisted quite substantially, with an angle of 2@&tween the planes defined by the two
naphthalene rings. The crystal structure contains four DCM molecules per formula unit. The positions
of these molecules are clear, but conventional refinement of the C and CI atoms does not proceed
especially well, wldingwR2 ¥ 0.25. An alternative approach of omitting the DCM molecules and
applyingSQUEEZBproveswR2 to 0.15, adding confidence that the moderately higtfiactors can

be attributed principally to inadequate modelling of the solvent molecules. The conventional
refinement of the DCM molecules is ultimately preferred, however, since it shows the interaction
between the DCM molecules and the perylene core.

/‘ " &\\ g

T Ne 2/ \
\,._" & /\\ \

Figure S2.7Molecular unit inEnPershowing displacement ellipsoids at 50% probability (H atoms
omitted).
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Figure S2.8tnteraction between DCM molecules and the twisted perylene core in the crystal
structure ofEnPer.
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Table S2.1Summary of crystal and refinement data

S4 S5 NB1_sq** NB2_sqg** EnPer
CCDC number 2236338 2236336 2236337 2236339 2282946
Cambridge datg HB_B1_0044 HB_B1_0045| HB_B2_0024| HB_B1_0055| HB_B2_ 0042
number
Chemical formula Ga2.83H06.89Ch.48N204 | CaoHooCbN2Os | CaoHoaCbN20s | CrsHo2N204 GaoHo2CkOs
Moiety formula GaoHoeN20s + 0.83| CrgHesN2Os + | CrsHooN2Os + | CraHooaN20s + | CreHgaOs +
CHd 2CHCl x CHG x CHG ACHCE
Formula weight 1272.08 1356.23 1360.27 1121.53 1465.13
Temperature / K 180(2) 180(2) 180(2) 180(2) 180(2)
Crystal system monaoclinic triclinic trigonal tetragonal triclinic
Space group P2i/c Pcl R¢3 P4/n Pcl
alA 14.2866(5) 10.6437(5) | 34.5344(14) | 30.2147(7) | 12.4929(7)
b/A 34.2877(13) 12.5447(6) | 34.5344(14) | 30.2147(7) | 12.7370(7)
cl/A 7.5834(3) 15.1157(7) | 17.3470(8) | 8.2131(4) 24.8820(13)
alpha /° 90 101.774(2) | 90 90 79.782(3)
beta /° 93.380(2) 92.373(2) 90 90 85.461(3)
gamma /° 90 110.794(2) | 120 90 78.677(3)
Unit-cell volume /A3 | 3708.3(2) 1832.77(15) | 17916.7(17) | 7498.0(5) 3816.6(4)
Z 2 1 9 4 2
Calc. density / g cfhi | 1.139 1.229 1.135 0.994 1.275
F(000) 1364 718 6498 2424 1544
Radiation type Culka Cuka Cutka Cula Cula
Absorption 1.322 2.524 2.324 0.461 3.123
coefficient / mnt!
Crystal size / mén 0.20x0.20 x 0.10 | 0.30 x 0.15 x 0.32 x 0.32 x 0.16 x 0.08 ¥ 0.20 x 0.16 x
0.10 0.14 0.08 0.12
2-Theta range f 5.15133.23 6.02;133.55 | 5.89133.23 | 4.14¢133.37 | 7.18;133.58
Completeness to maj 0.973 0.976 0.999 0.998 0.980
2q
No. of refl. Measured 39977 20627 85158 37903 58996
No. of independent] 6361 6342 7035 6636 13272
refl.
R(int) 0.0422 0.0306 0.0420 0.0888 0.0471
No. parameters /| 516 /200 419/6 449 / 54 379/ 283 871/86
restraints
Final RL values (I 5 0.0883 0.0909 0.0670 0.1728 0.0936
2s(1))
Final wR(® values| 0.2695 0.2539 0.1771 0.5074 0.2555
(all data)
Goodnesf-fit on P | 1.031 1.085 1.078 1.024 1.045
Largest diff. peak § 0.708,¢0.404 1.431,¢1.221| 1.357,¢0.974 | 1.340,c0.630 | 1.473,¢
hole / e A 1.164

** The SQUEEZ&lgorithm has been applied to account for-mrodelled solvent content in these
structures (see descriptions above).
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3. Theoretical calculations
Computational details

Computations were performed using (tintependent) density functional theory (FDFT) as
implemented in Orca 5.8.Ground and excitedstate structure optimizations, Hessians, and vibronic
coupling parameters were computed at th@B97XD3/def2SVP level of theory/:'® Vertical
excitations are reported at the EBLYP/defZ'ZVP level using a range separation parameter=o0.1
a.u. chosen to reproduce experimentally observed singlet and triplet excitation enétgies.

Absorption and emission spectra were computed using a path integral appf@scmplemented in
the ORCA ESD module, employingB97XD3/def2SVP Hessians along with-BCYP/defZl ZVP
excitation energies.

A linear vibronic coupling model (L¥Gyas used for interpreting spectral line shapes. Here, the
HuangRhys factor for normal modevas computed as

w
Y [
1
wherell is the vibronic coupling parameter and is the wavenumber for mod@&both inserted in
atomic units and computed with respect to grousthte modes. These computations were carried

out using the LVC functionality of SHARE.

Natural transition orbital& were computed using the TheoDORE progfam.

Molecular volume

Table S3.Lalculated molecular volumes

3()
Molecule volume / A a Extra volume compared to
mDICz/i
mDICz 476.3 -
NB-1 1496.1 1019.8
NB-3 647.2 170.9

@Calculated on B3LYPALG* optimised structures via a marching tetrahedron madel.

SAS



Narrowband emission

Within this section we present a discussion of the molecular structure, vertical excitations and
computed spectra of mDICz. Results on mDICzamngasted to perylenaliimide (PDI) to highlight
the unique properties of the former.

Initsgroundd G 6 S aGNHzOGdzZNB Y5L/ 1 A& RA&AGAYy3IdzAi KSR o8
NEflESaé (KS yomute. RDdrthBis af thélJeriickl &xcifations shows that these are
mostly of locally excited character, but some charge transfer character is present due to the
involvement of the nitrogen atoms.

The computed emission spectrum reflects the narrow shape found in experimemhalysis of the
emission spectrum shows that the second peak seen in the spectrum is a vibronic feature related to
breathing and distortion of the central benzene ring. The Frabokdon activity of this breathing
mode is strongly reduced when comparedthe analogous mode in PDI.

Molecular structure of mDICz

The grounestate optimized molecular structure of mDICz is shown in Figure S3.1 (a). The crucial
feature of this structure is the strongly strained central benzene ring. Bond angles around this ring are
133.9 and 113.1 strongly deviating from the idealized value of 120und for an isolated benzene
molecule. The Soptimized structure of mDICz is shown in Figure 1 (b). Its bond angles are even more
strongly distorted (135.1and 112.5) away from the idealized values for benzene. A superposition of
ground- and excited state is shown in Figure 1 (c). This representation highlights the structural rigidity
of the system. However, structural rigidity alone is not sufficient to explain the narrow line width as
seen for the PDI case, below.

/ \‘/ /j j: / \:[\? / \’ \)/"i
o~ \/ e — ‘\ A ~
\133. \ﬁ b 1354\ \

Y Y I N 7 112.5 l | ‘-;- )
| ! | \ \ |
] | J ) A ) Sy

Figure S3.1Molecular structures of mDICz optimized for (a) the ground state and (b) #tat8. A
superposition of the structures is shown in (c). Bond angles around the central benzene ring are shown
in (a) and (b).

Vertical excitations of mDICz

Timedependent density functional theory (TDFT) computations were performed to elucidate the
excited states of mDICz. Vertical excitation energies of singlet and triplet states computed at the S
and $ minimum geometries are presented in Table S3.2. Tlad T states at the §geometry lie at
2.317 and 2.570 eV respectively. These are followed byite@at® with a vertical absorption energy

of 2.891 eV. Relaxation of IBwers its energy only slightly and the vertical emission is at 2.794 eV.
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Table S3.2Vertical excitation energie®E, eV) and oscillator strengths for selected excited states of
meta-dicz computed at thes®ind $ geometries using the LBLYP level of theory.

Geom. State DE f
S min. Ta 2.317 -
S min. T, 2.570 -
S min. S 2.891 0.128
S min. S 2.794 0.203

For a graphical representation of the electronic transition we computed the natural transition orbitals
(NTO) for the Sand T states (Figure S3.2). The NTOs are distributed fairly evenly over the molecule
with the exception that the two nitrogen atoms only contribute to the hole (i.e. they act as donors).
Thus, the excited state possesses a partial charge transfer characten svhgaring the Sand |

states one finds that the hole for $ more strongly localized on the nitrogen atoms whereas
enhanced contribution for the central benzene ring is found forThis produces enhanced charge
transfer character for Sand enhancd local character for I These variations in excitesfate
character may be responsible for the comparatively small sisiglget gap despite large orbital
overlap.

Hole Electron

S
(94%)

T
(99%)

Figure S3.2Dominant pair of natural transition orbitals for theghd T. states of mDICz computed at
the LCBLYP level of theory.
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Absorption and emission spectra of mDICz

Absorption and emission spectra were computed as described in the Computational Details. The
simulated spectra fomDICz are presented in Figure S3.3. The simulated spectra resemble the
experimental ones showing one narrow peak with substantial overlap between absorption and

emission. The absorption maximum is computed at 430 nm (23,269, the emission maximum at

433 nm (23,101 cr featuring a Stokes shift of only 168 t¢m

In line with experiment, the emission spectrum features a second smaller peak. This peak is located at
463 nm (21,593 cr) shifted from the main peak by 1508 €m

I I
Absorption
0.9 Emission .

0.8 .

0.7 - —

0.6 .

05 .

Intensity

0.4 | .

0.3 .

0.2 N

0.1 .

D | |
300 350 400 450 500 550 600
Wavelength
Figure S3.3  Computed absorption and emission spectra for mDICz.

To obtain more insight into the spectral broadening we computed Hirimgs factors as described in
the Computational Details (above). Larger Huliys factors are generally associated with Franck
Condon active modes producing enhanced spectral broader8pegcifically, the overlap of the
groundstate vibrational wavefunctions is giverfas

L= I Aapy (2)



where Y is the HuaneRhys factor for mode. Thus, the intensity of the-0 transition decays
exponentially with the Huan&ghys factor.

The computed HuanBhys factors are presented in Figure S3.4. The largest HRfaygyfactor (0.285)

is observed for a mode lying at 139 ¢imvolving inplane motion of the four phenyl rings. Note,
however, that this mode is hidden within the overall width of the main peak and does not contribute
to any noticeable vibronic progression. For all HuRnys factors corresponding to modes abo%e 2
cmtvalues below 0.15 are obtained meaning that according to Eq. (1) these contribute to the-main 0
0 peak withover 86%. We can now proceed to assign the second peak shown in the emission spectrum
(Figure S3.3), which appears 1508dmlow the main peak. Two modes with substantial HuRfys
factors are found around this area (at 1469tand 1553 crit) and we suggest that both contribute

to this peak. Both modes involve breathing of the central benzene ring as well shortening of the
adjacent CN bonds. In addition, they feature further distortion of the central benzene ring from an
ideal hexagon (seesd FigureS3.1).

139 cmt
0.30 1

' .
“T)\{ 1553

et
0.25 1
0.20 -
‘ 432 cm? M
0.15 X ‘ 1
i 1 1724 em??
b ' -
0.10 1 y
0.05 - . §

0.00

Huang-Rhys factor

0 250 500 750 1000 1250 1500 1750 2000
Wavenumber (1/cm)

Figure S3.4HuangRhys factors computed for mDICz. Selected modes are shown as inset.
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Comparison to perylenaliimide

Having discussed the spectra of mDICz, wenawll proceed to a discussion of peryledémide (PDI).

On the one hand, PDI resembles mDICz in being a heteroaromatic polycyclic system. On the other
hand, it is crucially different through its broad vibronic progression.

We start by a presentation of the molecular structures optimized for the ground state astats

(Figure S3.5). This representation resembles mDICz, as shown in Figure 3.1 c), in the sense that there
is almost no apparent difference between the structures. They have the same symmetry, with a
central benzene ring fused into a polycyclic struetdrhis indicates that structural rigidity alone is not
enough to explain the narrow emission of mDICz.

Figure S3.5Superposition of optimized structures for PDI in the ground state (black) asi@t&
(green).

The computed absorption and emission spectra of PDI are shown in Figure S3.6. A clear vibronic
progression is seen with peaks separated by about 1600 This vibronic progression is reflected by

enhanced Huangrhys factors as shown in Figure S3.7. Importantly, the dominant modes (at 1454 and

1700 cm') have a similar appearance to the dominant modes of mDICz, i.e. breathing of the central
NAY3I YR aaljdzSST Ay3aé 2F (KS -RiRLfacOS viré sigdificghiya © ¢ K |
enhanced causing theifference in spectral shape.

In summary, we conclude that the mechanism for spectral broadening in mDICz and PDI is very similar
involving related breathing modes. But mDICz is distinguished in suppressing the activity of these
modes.
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Figure S3.6Computed absorption and emission spectra for PDI.
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Figure S3.7HuangRhys factors for PDI. Selected modes are shown as inset.
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4. Thermal analysis

100 -

90

80

% Mass

70+

60

0 100 200 300 400 500
Temperature ( C)

Figure S4.TGA traces foNB-1, NB2 andNB-3. 5% Mass loss {)Toccurs at and 456C, 440°C, 410
°C and 450C forNB-1, NB2, NB-3 andEnPer, respectivelyThe initial mass loss below 100 forNB-
2is ascribed to trapped solvent. OLED films were fabricated in temperature ranges;@2P0GC and

220c240°C forNB-3 andNB-1/ NB-2, respectively.
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5. Absorption, photoluminescence and electrochemistry
General

Solution absorption spectra were measured using a ShimadzLBO¥. Molar extinction coefficients

were determined from triplicate runs using a method intended to minimise weighing and dilution
error. For each run >3 mg of the compound was accurately wdigite a 25 mL volumetric flask to
make a stock solution. 100 uL of the stock solution was titrated 5 times into a 1 cm path length cuvette
(2 mL starting blank solvent volume) measuring absorption spectra after each addition. Fluorescence
and time correlged single photon counting experiments were carried out on an Edinburgh
instruments FS5. Solution photoluminescence quantum yield measurements were carried out in an
integrating sphere on an Edinburgh instruments FS5.

For organic films for photophysics, glass substrates (stetdg PL and absorption, PLQE, and
transient PL) and quartz substrates (TA) were prepared, and they were cleaned with acetone and
isopropyl alcohol with sonification for ten minutes before loaglithem into an evaporator
(manufactured by Angstrom Engineering). 50 nm and 100 nm thick films were formed on glass and
guartz substrates, respectively. The thermal evaporating process was conducted in a vacuum chamber

under < 54 10" mBatr.

Steadystate PL spectra were measured by an Edinburgh Instruments fluorescence spectrometer
OC[{dynd SAGK I Y2y20KNBMNMGnler &rfrggeryflow. RIS980 with LI | (i
an integrating sphere under a nitrogen flow was used to measure PLQE, and the films were excited by
330 nm laser. Transient PL was recorded by using an Andor electrically gated intensified charge
coupled devicg(ICCD) with 330 nm laser excitation; the decay kinetics were obtained from the
integration of the total spectrum at each time.

Cyclic voltammetry was carried out using a PalmSens EmStat4S at a scan rate of $0Soh\tisns
were prepared in dry, degassed THF with 0.1nMwNPFE as the supporting electrolyte. All
experiments were run under argon with a glassy carbon working electrode, Ag/AgCl wire quasi
reference and a Pt wire counter electrode. The potentials were referenced internally to the half

potential of thefcH/ fcH redox couple.
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Absorption and photoluminescence in solution

Table S5.PL data foNB-1, NB-2, NB-3 and En-Perin toluene

Abs 00 PLBO Stokes FWHM PLQY rav PLQY tail _
(m)  (mp shiftm) (m) Qe fit@p sy <Y koS

NB1 445 447 2 11 81 96 5.8 1.7x166.9 x 16
NB2 451 454 3 11 75 93 6.2 1.5x161.1 x 10
NB3 440 443 2.5 10 75 100 5.61.8x16 -
Egr 453.5 4535 0 44 80 100 4.124x16 -

3exc 370 nm foNB, 420 nm folEnPer, "Corrected for seifeabsorptionexc 360 nm

70000 —NB-1
—— NB-2

e(M etmb)

300 350 400 450
Wavelength (nm)

Figure S5.Extinction coefficient spectra ¢B-1, NB-2, NB-3 and EnPerin toluene. For reference,
the molar extinction coefficient for the peryleng@® band has been reported at 38,500 m?*.28
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Figure S5.PL spectra dNB-1, NB-2, NB-3 (exc 370 nm) an&nPer(420 nm) in toluene.

— DCM

- 1.01 —— EtOACc
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@ 0.8
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Figure S5.®L spectra (exc 370 nm)MB-1 in different solvents.
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4 —— Linear PL dilute OD < 0.01 at 370 nm
—— Sphere PL OD = 0.1 at 370 nm

4 Sphere integration = 1
Linear integration = 1.18
7 1.18*0.81=0.96

Intensity

400 450 500 550 600 650
Wavelength (nm)

Figure S5.&£xample taifit for determining the PLQY &fB-1 corrected for selreabsorption.

—NB-1

PL intensity

0 20 40 60 80
Time (ns)

Figure S5.%L decays (exc 360 nm)Mi8-1, NB-2 andNB-3 in toluene, measured using TCSPC.
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Figure S5.L decay (exc 360 nm)@EfPerin toluene, measured using TCSPC.
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Electrochemistry

The oxidation processes ftiB-1, NB-2 and EnPerare electrochemically reversible (based on the
equal intensity of the corresponding anodic and cathodic peaks). A clearly reversible oxidation could
not be observed foNB-3, potentially due to its very low solubility (which also adds greater error to
the HOMO estimation). Therefore, for consistency the oxidation potential for all emitters was

determined from the oxidation onsetE((nset0 y) rather than the half wave potentials. Convincing

reduction processed could not be observed for all emitters despite scanning to potentials where the
reduction was expected for thdBmolecules?® Therefore, for consistency across the series the LUMO
energy was extrapolated from the optical gap.

—— NB-1
—— NB-2
——NB-3
: EFJ

5 0.0 0.5 1.0

Normalised arbitrary current

-0. 15
E vs. FcH/ FcH* (V)

Figure S5.Tyclic voltammograms.
Table S5.Electrochemical data.
Compound g *[g 1/V* HOMO / eV LuMo/eV  E™/eV’
NB-1 0.65 [0.77] bp®Tp bo®nwm 2.74
NB-2 0.64 [0.84] bp®Tn bodnn 2.70
NB-3 0.59 [0.79] bpdc o b H®DH 2.77
EnPer 0.35[0.50] b5.45 LHOTN 2.71

*Referenced to E of the fcH/ fcH redox couple;bHOMO level calculated from CV potentials using the HOMC

FTSNNROSYS o pomn $:0 +aE(lRSLUMOE ryrofmomgﬁ‘;ﬁomematme UWvis sppctuvny
in toluene



Photostability in solution

Samples were prepared in degassed toluene and irradiated 400 nm upconverted pump laser. PL
intensity was monitored as a function of time with an iCCD camera. Below a flueroze 400

> 2 g Divwas not possible to observe any appreciable decrease in PL intensity over hours of
exposure.

¢2 20aSNIBS RSINI RF (A 2Y2was nécesBdty. BokiRixrandBB arg fighly n nn > 2
photostable, retaining over 90% PL intensity over an experiment time of 500 seconds.

a) NB-1 NB-3
480 480
08 0.8

£ z2E 2z
£ i E :
s = 2
2 05g 2 05%
460 8 5460 g
> g > g
[} 5 O 5.
ES z = z

o
w

440 440
0107 100 °° 10t 102 108 °°
Time (seconds) Time (seconds)
b) NB-1 NB-3
8 6
: P
>
8 g4
= =
C_L'4; i
pe) b =
2 85
3 52 |
E2 £ ||
S | S |/
z =z
0240 460 480 500 0240 460 480 500
Wavelength (nm) Wavelength (nm)

Figure S5.&), b) Plots of PL intensity over time fB-1 andNB-3 in photostability experiments.
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Data in Zeonex

The samples were prepared via drogsting onto a sapphire substrate from a mixture of the
compound at 1 wt.% to zeonex in toluene. The films were then dried in a vacuum oven at room
temperature for 1 hour to remove any trace solvent.

The timeresolved photoluminescence spectra were recorded using nanosecond gated luminescence
and lifetime measurement setup (from 400 ps to 1 s). The sample was loaded into a Janis Research
VNF100 cryostat which was placed under vacuum and kept at roemperature. The excitation
pulses were provided by an Ekspla Nd:YAG laser at the third harmonic of 355 nm and the emission
was collected after passing through a spectrograph on a Stanford Computer Optics iCCD camera to
produce the timeresolved emission gttra.

NB-1 —PF
1.01 wit% Zeonex f —PH

/ i

0.8 1

0.6 +

0.4 +

]/

0.0 e e R —
1.8 20 22 24 26 28 30
Energy / eV

Normalised Intensity

Figure S5.Prompt fluorescence and phosphorescence spectfdB®1 in 1 wt.% Zeonex filnpEsrca.
0.5 eV. The higher energy emission in Bté spectra is delayed fluorescence, hence the very similar
onset to the PF spectra.
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NB-3 —PF
1.091 wt% zeonex

0.8 1
0.6 1

0.4~

Normalised Intensity

0.2+

0.0 N T T T T T T T T T T
18 20 22 24 26 28 30
Energy / eV

Figure S5.1®rompt fluorescence and phosphorescence spectid®8 in 1 wt.% Zeonex filnpEst
ca.0.5 eV. The higher energy emission in the PH spectra is delayed fluorescence, hence the very similar
onset to the PF spectra.

—— Toluene solution

1.0 -
— 1 wt.% in zeonex

- 1 —— 2 Wt.% in zeonex
% 0.8+ — 5 wt.% in zeonex
S — 9 wt.% in zeonex
= —— 17 wt.% in zeonex
-1 0.64
o
©
Q
N2
= 0.4+
£
(@)
Z 024

0.0 4 MJ

T T T T T T T T T
400 450 500 550 600
Wavelength (nm)

Figure S5.15teady state PL spectra for a concentration seridéBt in zeonex.
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Data in pristine samples

1.0- — NB-1 crystals
0.8 1
0.6

0.4

Normalized PL intensity

0.2 4

0.0

450 500 550 600 650 700 750 800
Wavelength (nm)

Figure S5.158teadystate PL spectrum for single crystald\Ng-1.
Table S5.3Fingle crystal PL dakB-1.

PLQY (% _average(NS) _1(NS) A _2(ns) A _3(ns) As

6.2 5.6 2.4 0.6 6.3 0.3 16.2 0.02

)
©

NB-1 neat

o
oo
-

o
fo)
s

o
N
A

Normalised intensity (a.u.
o
n

o
o

400 500 600 700
Wavelength (nm)

Figure S5.1%teadystate PL spectrum for an evaporated filmNB-1.
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Data in widegap hosts

—— mCBP: NB-1 1 wt.%
—— mCBP: NB-3 1 wt.%
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©
N
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Wavelength (nm)

Figure S5.1%teadystate PL spectra fa¥B-1 andNB-3 doped into mCBP at 1 wt.% (exc = 330 nm).
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Figure S5.1ZFimeresolved PL spectra ftiNB-1 doped into CBP at 1 wt.% (exc = 330 nm).
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Figure S5.1Fimeresolved PL spectra ftiNB-3 doped into CBP at 1 wt.% (exc = 330 nm).
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Figure S5.1®lots of integrated PL intensity over time fdB-1 and NB-3 doped into CBP at 1 wt.%
(exc = 330 nm). The slower decayNB-3 is ascribed to energy transfer to aggregatesline with
Figure S5.10.
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Data in TADF and HF systems

8 | = NB-1 abs toluene —— DMAC-DPS neat fim PL |
74 . —— NB-2 abs toluene
1 Spectral overlap integrals >
— 6+ NB-1-1.212% 104 nm*Mtem ] ‘@
- 1 NB-2-1523 104 nm*Miemi{ &
£ b5+ €
o ] =
< 4 T
= ]
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S 2
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04
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Wavelength (nm)
8 T— NB-1 abs toluene —— DPAc-DCzBN neat film PL |
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Figure S5.1PL spectra of the neat film hosts (exc = 330 nm) plotted alongside the solution extinction
coefficient spectra oNB-1 andNB-2 to show spectral overlap for energy transfer.
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1) Exciton decay kinetics

To study exciton decay kinetics in this hyperfluorescence system, transient PL measurements were
conducted with 330 nm laser excitation. Figure S5.15 shows the transient PL data kB-ithand

NB-3 doped films and the DMADPS neat film. The radiative decay rate constants of prokgpatd
delayed Kq) fluorescence for the films can be calculated by,

o (S51)
0 — (S52)

where and are the PLQESs of prompt and delayed emission,farahdt are the decay lifetime
of prompt and delayed emission. The total PLQE () is expressed by the sum of and
expressed by the following equations,

(S53)
i (S54)
i (S55)
wherei andi are the intensity ratio of prompt and delayed components, defined by

I — (S56)
[ — (S57)

where & and & are the fitting parameters in the double exponential equatio® ‘@ ¥

® Q 7 ). Figure S5.18 and S5.19 show the biexponential fittings for the transient PL profiles of the
films. Based on these resulthie decay time andate constants for the films are calculatétias
summarised in Tables S5.4 and S5.5. Similar analysis was also carried out for HRCRBMNMB-2
system (Figure S5.20 and S5.21, Tables S5.6 and S5.7)
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Figure S5.18Transient PL profiles of DMATPSbased films. (a) DMADPS. (b),(dNB-1 0.5% and
1.0%. (d),(eNB-30.5% and 1.0%.
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Figure S5.19Transient PL profiles of DPEPO:DMIAS 20% and DPEPO:DMDRS 20%: NB 1%
films.

Table S5.4The summary of PLQES (total, prompt, and delayed), decay time, and decay rate for DMAC
DPS neat aniB-1 andNB-3 doped in DMA@DPS.

Host DMACDPS
Dopant NB-1 NB-3
Doping (%) Norvdoped 0.5 1 0.5 1
U total 0.96 0.75 0.63 0.43 0.35
ri 0.15 0.15 0.23 0.24 0.32
r 0.85 0.60 0.77 0.76 0.68
Up 0.14 0.20 0.14 0.11 0.11
Ud 0.82 0.55 0.49 0.32 0.24
1o (10°s) 13.80 11.37 8.57 13.75 13.60
T4 (10°s) 1.24 1.47 1.43 1.37 1.15
ko (107/s) 1.04 1.32 1.67 0.76 0.81
ks (10°/s) 6.61 4.08 3.40 2.36 2.08
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Table S5.5The summary of PLQEs (total, prompt, and delayed), decay time, and decay rate for
DPEPO:DMADPS 20% neat amdB-1 doped in DMAPS.

Host DPEPO:DMADBPS 20%

Dopant NB-1
Doping (%) Non-doped 1

U total 1.00 0.83

ri 0.24 0.42

r 0.76 0.58

Up 0.24 0.35

Ud 0.76 0.48

15 (10°s) 20.38 13.08

tq (10°s) 3.15 2.23

ko (107/s) 1.18 2.68

ke (10P/s) 24 2.16
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Figure S5.20Transient PL profiles of the DRBEzBN and DPAXCzBNNB-2 system. (a) DPAc
DCzBN. (b),(&yB-2 0.5% and 1.0%. (d),(8B-2 0.5% and 1.0%.
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