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1. Scheme S1: The Biosynthesis of Eumelanin
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2. Materials and Methodologies for Iterative Synthesis

Chemicals and solvents were purchased from Sigma Aldrich, Alfa Aesar, Strem
Chemicals, TCl or Oakwood Chemicals. Chemicals were used as received without further
purification. THF was dried and purified using a PureSolv MD 7 (from Innovative
Technology) or MB SPS 800 (from MBraun). Cyclohexane and quinoline were distilled
over CaH, under N,. [Ir(COD)(OMe)], was purchased from Sigma Aldrich, and stored
inside of a MBraun Labmaster glove box (<1 ppm O, and H,0) filled with a dry N,
atmosphere at —20 °C. Unless otherwise noted, reactions were performed in flame-dried
glassware under a positive pressure of N, using standard synthetic organic, inert
atmosphere techniques.

Proton nuclear magnetic resonance (*H NMR) spectra were acquired using Varian
Mercury 400 MHz, Varian Inova QANUC 500 MHz, Varian VNMRS 500 MHz, Bruker
AVIIIHD 500 MHz, or Bruker AVIIIHD 400 MHz spectrometers. Chemical shifts (8) are
reported in parts per million (ppm) and are calibrated to the residual solvent peak.
Coupling constants (J) are reported in Hz. Multiplicities are reported using the following
abbreviations: s = singlet; brs = broad singlet; d = doublet; t = triplet; g = quartet; m =
multiplet (range of multiplet is given). Carbon nuclear magnetic resonance (3C NMR)

spectra were acquired using Varian VNMRS 125 MHz, Bruker AVIIIHD 125 MHz, or Bruker



AVIIIHD 101 MHz spectrometers. Chemical shifts (6) are reported in parts per million
(ppm) and are calibrated to the residual solvent peak. 3C chemical shifts are reported
to one decimal place, unless two peaks are distinguishable in their second decimal place.
In these cases, 13C chemical shifts are reported to two decimal places. High resolution
mass spectra (HRMS) were recorded using a Bruker maXis Impact TOF mass
spectrometer. Fourier-transform infrared (FT-IR) spectra were recorded on an alpha
Bruker FT-IR spectrometer. Analytical thin-layer chromatography was performed on
pre-coated 250 mm layer thickness silica gel 60 F,s, plates (EMD Chemicals Inc.).
Visualization was performed by ultraviolet light and/or by staining with potassium
permanganate or cerium molybdate. Purifications by column chromatography were
performed using either a Biotage Isolera™ One or standard column chromatography
using silica gel (40-63 um, 230-400 mesh).

3. General Procedures

a) General Procedure A: Suzuki-Miyaura Coupling of Indoles
A flame-dried Schlenk tube equipped with a Teflon-coated stir bar and a glass stopper
was charged with iodoindole (1.0 equiv), indole boronic acid pinacol ester (1.0-1.2
equiv), Pd-catalyst (5 mol%), ligand (5.5 mol%) and base (2.1 equiv). The Schlenk tube
was evacuated and backfilled with N, (this process was repeated three times) prior to
the addition of degassed dry solvent under a positive N, pressure, followed by addition
of degassed distilled H,0. The tube was sealed and heated to the indicated temperature
in a pre-heated oil bath. After the indicated time, the reaction was cooled to ambient
temperature atmosphere and quenched by the addition of saturated aqueous NH,CI
solution to pH=7. The phases were then separated, and the aqueous phase was
extracted with EtOAc (3 x 20 mL). The combined organic fractions were then washed
with brine then dried over MgSQ,, filtered, and concentrated in vacuo. The resulting
residue was purified by flash chromatography on silica gel using the indicated solvent
system as eluent to afford the desired product.

b) General Procedure B: Ir-catalyzed Borylation of Indoles
In an inert atmosphere glove box, a flamed-dried vial equipped with a Teflon-coated stir
bar was charged with indole (1.0 equiv) and dry, degassed solvent (THF, cyclohexane).

In three separate flamed-dried vials bispinacolatodiboron (B,pin,, 1.0 — 2.0 equiv), 4,4'-



di-tert-butyl-2,2'-bipyridyl (dtbpy, 3.0 — 14.0 mol%), and [Ir(COD)(OMe)], (1.5 — 7.0
mol%) were dissolved in dry, degassed solvent (THF, cyclohexanes). The solution of
B,pin, was added to the solution of [Ir(COD)OMe], followed by the addition of dtbpy.
The mixture was stirred in the glovebox for 0.5 h before the addition of the indole
solution. The vial was sealed and heated to the indicated temperature in a pre-heated
oil bath outside of the glove box. After the indicated time, the reaction was cooled to
r.t., and transferred to a round-bottom flask using CH,Cl, to wash the tube. The reaction
was concentrated in vacuo and purified via column chromatography to yield the

corresponding borylated indole using the indicated solvent system.

c) General Procedure C: Desilylation of Indoles
A flame-dried round bottom flask, equipped with a Teflon coated stir bar, was charged
with starting indole (1.0 equiv) followed by pyridinium p-toluenesulfonate (PPTS) (1.2
equiv). The flask was evacuated and backfilled with N, (this process was repeated three
times), then dry, degassed MeOH solvent was added under a positive N, pressure. The
resulting reaction mixture was then stirred at ambient temperature for indicated time,
as monitored by thin-layer chromatography (TLC). After the addition of water (30 mL)
and EtOAc (30 mL), the aqueous layer was extracted with EtOAc (3 x 20 mL). The
combined organic layers were washed with brine (20 mL), dried over MgSQ,, and
concentrated in vacuo. The resulting residue was purified by flash chromatography on

silica gel using the indicated solvent system as eluent to afford the desired product.

4. Synthesis and Characterization of Compounds

o—k Boc,0 (1.1 equiv) o—k
o

o DMAP (10 mol %)
THF (0.2 M)
HN rt,12h BocN

—_ —

Compound 16:

15 16
Chemical Formula: C1gH1gNO4
Molecular Weight: 289.33

Procedure: A 500 mL flame-dried, round-bottom flask, equipped with a Teflon-coated
stir bar and rubber septum, was charged with 15 (9.5 g, 50.0 mmol, 1 equiv), DMAP
(610.9 mg, 5.0 mmol, 0.1 equiv) and Boc,0 (12.0 g, 55.0 mmol, 1.1 equiv) followed by
THF (250 mL, 0.20 M). The resulting homogeneous reaction mixture was then stirred at

ambient temperature for 12 h before concentrated in vacuo. The resulting crude



reaction mixture was purified by column chromatography (5% EtOAc in hexanes) to
afford 16 as white solid (13.02 g, 45.0 mmol) in 90% vyield.

Characterization:

R¢= (EtOAc/hexanes, 1:9) 0.65; IR (neat) v = 3154, 3120, 2982, 2935, 1729, 1471, 1392,
1292, 1137, 998, 867, 835, 769, 752 cm*; H NMR (400 MHz, CDCl;) 6 7.57 (brs, 1H),
7.44 (d, J = 3.7 Hz, 1H), 6.83 (s, 1H), 6.42 (dd, J = 3.7, 0.7 Hz, 1H), 1.69 (s, 6H), 1.67 (s,
9H); 3C NMR (126 MHz, CDCl;) & 149.9, 146.2, 144.5, 129.9, 124.3, 117.9, 107.5, 99.6,
96.9, 83.6, 28.3, 25.9.; HRMS: Calcd. For C;¢H1504NNa [M+Na]* =312.12063 m/z, found
=312.12031 m/z.

Compound 17:

ok
o—k TMSCI (1.5 equiv)

) O
0 LDA (1.5 equiv)

THF (0.2 M) BocN
BocN -78 °C, 20 min —

MesSi

16 17

Chemical Formula: C1gH27NO4Si
Molecular Weight: 361.51

Procedure: A 500 mL flame-dried, round-bottom flask, equipped with a Teflon-coated
stir bar and rubber septum, was charged with 16 (10.7 g, 37.0 mmol, 1 equiv). The flask
was then evacuated and backfilled with N, for three times before addition of dry,
degassed THF (185 mL, 0.2 M). To the resulting homogeneous reaction solution was
added TMSCI (7.0 mL, 55.5 mmol, 1.5 equiv), and LDA (27.8 mL, 55.5 mmol, 1.5 equiv,
2.0 M in THF) dropwise at —78 °C in a dry ice/acetone dewer bath under a N,
atmosphere. The reaction mixture was stirred at —78 °C for 20 min prior to quenching
by saturated aqueous NH,Cl solution. The resulting mixture was then extracted three
times with EtOAc (50 mL x 3). The combined organic fractions were washed with brine,
dried over MgSQ,, filtered, and concentrated in vacuo. The resulting residue was
purified using silica gel column chromatography (5% EtOAc in hexanes) to afford 17 as a
white solid (12.5 g, 34.8 mmol) in 94% yield.

Characterization:

R;= (EtOAc/hexanes, 1:9) 0.69; IR (neat) v = 2979, 2903, 1726, 1472, 1382, 1326, 1203,
1159,1150, 1129, 1027, 904, 842, 768, 632 cmL; 1H NMR (500 MHz, CDCl3) & 7.41 (s,
1H), 6.80 (s, 1H), 6.68 (s, 1H), 1.69 (s, 6H), 1.69 (s, 9H), 0.31 (s, 9H). 3C NMR (126 MHz,



CDCl;) 151.1, 146.5, 144.3, 140.5, 132.5, 124.8, 119.4, 117.9, 99.1, 97.1, 83.9, 28.4, 25.9,
0.2.; HRMS: Calcd. for Cy9H,7;0,NNaSi [M+Na]* =384.16016 m/z, found =384.15958 m/z.

DMF (0.3 M)

Compound 18:

135 °C, reflux, 5 h HN

— —

BocN
Me;Si Me;Si

17 18

Chemical Formula: C14H1gNO,Si
Molecular Weight: 261.40

Procedure: A flame-dried, 250 mL round-bottom flask equipped with a Teflon-coated
stir bar and rubber septum was charged with 17 (3.9 g, 10.0 mmol, 1 equiv) and DMF
(36 mL, 0.3 M). The resulting homogenous solution was heated at reflux (135 °C) under
N, and allowed to cool to ambient temperature after 5 h. The resulting mixture was then
extracted three times with EtOAc (50 mL x 3). The combined organic fractions were
washed with H,0 and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The
resulting residue was recrystallized with toluene (13 mL) at 65 °C then cooled down to
—20 °C. Filtration afforded 18 as a white crystal (2.4 g, 9.2 mmol) in 84% yield.

Characterization: Rs= (hexanes/EtOAc, 9:1) 0.53; IR (neat) v = 3409, 2985, 2957, 1504,

1451, 1384, 1230, 1153, 1103, 982, 948, 872, 835, 780, 752, 659, 627 cm™; H NMR (500
MHz, CDCl5) 6 7.93 (brs, 1H), 6.88 (t, J = 0.7 Hz, 1H), 6.76 (t, J = 0.7 Hz, 1H), 6.58 (dd, J =
2.2, 1.0 Hz, 1H), 1.68 (s, 6H), 0.31 (s, 9H).; 13C NMR (126 MHz, CDCls) & 145.6, 143.4,
136.3,133.7,122.3,117.2,111.5,98.6, 91.4, 25.9, -0.8.; HRMS: Calcd. for C;4H;9NNaO,Si
[M+Na]* = 284.1077 m/z, found = 284.1081 m/z.

Compound 19:

O_k [Ir(COD)OMe]; (1.5 mol%) Q\O O’%
dtbpy (3 mol%)

\
o}
B,Pin, (1.0 equiv) o~ B O

HN CyH, r.t., 40 min HN

Me3Si i
3 18 Me;Si 19

Chemical Formula: CygH30BNO4Si
Molecular Weight: 387.36

Procedure: The reaction was carried out according to the General Procedure B and was
performed in cyclohexanes at room temperature for 40 min.

Amounts of Reagents:




18 (2.6 g, 10 mmol, 1.0 equiv)

[Ir(OMe)(COD)]; (99.43 mg, 0.15 mmol, 1.5 mol%)
dtbpy (80.52 mg, 0.30 mmol, 3.0 mol%)

B,pin, (2.5 g, 10 mmol, 1.0 equiv)

Cyclohexanes (25 mL, 0.4M),

Purification: 10% EtOAc in hexanes.

Yield of Product:

19: 3.2 g, 8.3 mmol, 83%, white solid.

Characterization:

R¢= (EtOAc/hexanes, 1:9) 0.50; IR (neat) v = 3441, 2982, 2954, 1613, 1452, 1385, 1289,
1194, 1137, 1104, 1061, 991, 836, 754, 667, 628 cm'L; *H NMR (500 MHz, CDCl3) 6 9.24
(brs, 1H), 6.98 (s, 1H), 6.56 (d, J = 2.3 Hz, 1H), 1.70 (s, 6H), 1.40 (s, 12H), 0.32 (s, 9H).; 13C
NMR (126 MHz, CDCl3) 6 151.8, 142.9, 138.3, 135.3, 121.1, 117.3, 110.5, 102.0, 83.7,
26.0, 25.1, -0.9.; HRMS: Calcd. for CyH3;0,NBSi [M+H]* =388.21099 m/z, found
=388.21015 m/z.

Compound 20:

o O’k Cul (10 mol %) O,_k
\ b Phen (20 mol %)
-~

B ) (¢]
o KI (1.5 euqiv)

f

MeOH/H,0 (9:1, 0.05 M) HN
— 0O,, 50 °C, 35 min i

Me;Si Me;Si
19 20
Chemical Formula: C14H1gINO,Si

Molecular Weight: 387.29
Procedure: A 50 mL round-bottom flask equipped with a Teflon-coated stir bar and
rubber septum was charged with 19 (774.72 mg, 2 mmol, 1 equiv), Cul (38.09 mg, 0.2
mmol, 10 mol%), phenanthroline (72.08 mg, 0.4 mmol, 20 mol%), KI (498.0 mg, 3 mmol,
1.5 equiv), and MeOH/H,0 (36 mL/4 mL, 0.05 M, 9:1). The rubber septum was then
connected to a tank of O,, pressurized to 50 kpa, and was vented 3 times for 10 s each
time. Under a constant pressure of O, (50 kpa), the reaction mixture was then stirred at
50 °C for 35 min before depressurizing by opening to the atmosphere and concentrated
in vacuo to afford a wine-red residue. The resulting mixture was then extracted three
times with EtOAc (50 mL x 3). The phases were separated, and the organic factions were

washed with brine, dried over MgSQ,, filtered, and concentrated in vacuo. The resulting



residue was purified using silica gel column chromatography (5% EtOAc in hexanes) to
afford 20 as a white solid (549.9 mg, 1.42 mmol) in 71% vyield.
Characterization: Rs= (EtOAc/hexanes, 1:9) 0.64; IR (neat) v = 3367, 2954, 1460, 1310,

1247, 1210, 1190, 1153, 1103, 985, 945, 923, 836, 731 cm™%; *H NMR (500 MHz, CDCls)
6 7.90 (brs, 1H), 6.82 (d, J=0.7 Hz, 1H), 6.73 (d, /= 2.3 Hz, 1H), 1.73 (s, 6H), 0.34 (s, 9H).;
13C NMR (126 MHz, cdcls) 6 147.1, 142.5, 136.6, 135.3, 121.9, 117.8, 113.1, 98.8, 53.9,
26.0, -0.9.; HRMS: Calcd. for Cy4H190,NISi [M+H]* = 388.02242 m/z, found = 388.02305
m/z.

Compound 11:

OMe

oTIPS
o
Pd(OAc), (5 mol%)

0 SPhos (5.5 mol%)

K3POy4 (2.1 equiv)
HN THF/H,0 (0.23 M, 4:1)

\ p—
7§<O rt,1h
™S
10 20 ™S

1

Chemical Formula: C3oH46N204Sin
Molecular Weight: 578.90

Procedure: The reaction was carried out according to the General Procedure A, the
reaction was performed in THF/H,0 at ambient temperature for 1 h.

Amounts of Reagents:

10 (446.10 mg, 1.0 mmol, 1.1 equiv)

20 (348.56 mg, 0.9 mmol, 1.0 equiv)
Pd(OAc), (10.10 mg, 0.045 mmol, 5 mol%)
SPhos (22.58 mg, 0.049 mmol, 5.5 mol%)
K3PO,4(401.19 mg, 1.89 mmol, 2.1 equiv)
THF (4.0 mL), H,0 (1.0 mL)

Purification: 5% to 10% EtOAc in hexanes.

Yield of Product:

11: 428.38 mg, 0.74 mmol, 82%, light yellow solid.

Characterization:

R = (EtOAc/hexane, 1:9): 0.46; IR (neat) v = 3450, 2950, 2870, 1480, 1300, 1160, 835,
677, 440 cm™L; 'H NMR (500 MHz, CDCl3) 6 9.03 (brs, 1H), 8.51 (s, 1H), 7.17 (s, 1H), 6.96
(s, 1H), 6.89 (s, 1H), 6.71 (dd, J = 2.2, 0.8 Hz, 1H), 6.66 (d, J = 2.1 Hz, 1H), 3.89 (s, 3H),
1.78 (s, 6H), 1.40 — 1.27 (m, 3H), 1.15 (d, J = 7.4 Hz, 18H), 0.38 (s, 9H); 3C NMR (101



MHz, CDCl3) 6 149.5, 143.2, 141.5, 141.1, 137.0, 131.1, 130.69, 130.64, 123.2, 121.8,
118.0, 112.2, 110.1, 99.7, 99.7, 98.0, 94.5, 56.0, 26.2, 18.2, 13.0, -0.8.; HRMS: Calcd. for
C32HasN;0,Si, [M+H]* = 579.3069 m/z, found = 579.3064 m/z.

Compound 13:

Chemical Formula: CygH3gNoO4Si
Molecular Weight: 506.7180

Procedure: The reaction was carried out according to the General Procedure C, the
reaction was performed in MeOH at ambient temperature for 3 h.

Amounts of Reagents:

11 (528.5 mg, 0.91 mmol, 1.0 equiv)
PPTS (228.7 mg, 0.91 mmol, 1.0 equiv)
MeOH (10.0 mL)

Purification: 10% EtOAc in hexanes.

Yield of Product:

13: 456.05 mg, 0.90 mmol, 97%, off-white solid.

Characterization:

Rs= (EtOAc/hexanes, 1:9) 0.34; IR (neat) v = 3444, 2939, 2863, 1479, 1299, 1186, 987,
852, 676, 414 cm':; TH NMR (500 MHz, CDCl3) & 8.99 (s, 1H), 8.60 (s, 1H), 7.16 (t, J = 2.8
Hz, 1H), 7.13 (s, 1H), 6.95 (s, 1H), 6.92 (s, 1H), 6.74 (d, J = 2.1 Hz, 1H), 6.49 (dd, J/ = 3.2,
2.1 Hz, 1H), 3.88 (s, 3H), 1.79 (s, 6H), 1.32 (sep, J = 6.9 Hz, 3H), 1.14 (d, J = 7.5 Hz, 18H).
13C NMR (126 MHz, CDCl;5) 6 149.5, 143.2, 141.5, 140.7, 131.1, 130.4, 127.5, 123.0,
122.2,121.8, 118.0, 110.1, 103.5, 100.0, 98.4, 94.6, 56.0, 26.2, 18.2, 18.2, 13.0.; HRMS:
Calcd. for CygH35N,0,Si [M-H]* = 505.2528 m/z, found = 505.2536 m/z.

Compound 14:




[I(COD)OMel; (3 mol%)
dtbpy (6 mol%)

B,Pin, (1 equiv)
THF, 60 °C,1h

13 14
Chemical Formula: C35H49BN,OgSi
Molecular Weight: 632.68

Procedure: The reaction was carried out according to the General Procedure B, the
reaction was performed in THF at 60 °C for 1 h.

Amounts of Reagents:

13 (456.05 mg, 0.9 mmol, 1.0 equiv)
[Ir(OMe)(COD)]; (17.89 mg, 0.027 mmol, 3.0 mol%)
dtbpy (14.49 mg, 0.054 mmol, 6.0 mol%)

B,pin, (228.54 mg, 0.9 mmol, 1.0 equiv)

THF (18 mL, 0.05 M)

Purification: 10% EtOAc in hexanes.

Yield of Product:

14: 540.9 mg, 0.85 mmol, 94%, white solid.

Characterization:

Rs= (EtOAc/hexanes, 8:2) 0.54; IR (neat) v = 3446, 2940, 2863, 1525, 1479, 1259, 1218,
1135, 852, 680 cmL; TH NMR (500 MHz, CDCl5) & 8.98 (s, 1H), 8.90 (s, 1H), 7.18 (s, 1H),
7.04 (d, J=2.1Hz, 1H), 6.94 (s, 1H), 6.89 (s, 1H), 6.82 (d, J = 2.2Hz, 1H), 3.88 (s, 4H), 1.78
(s, 6H), 1.38 (s, 12H), 1.36 — 1.28 (m, 3H), 1.14 (d, J = 7.4 Hz, 18H); 13C NMR (126 MHz,
CDCls) 6 149.4, 143.5, 142.2, 141.4, 131.2, 130.8, 130.1, 123.0, 121.8, 118.2, 115.0,
110.2, 100.57, 100.56, 99.8, 98.4, 94.4, 84.1, 55.9, 26.2, 24.9, 18.2, 13.0.; HRMS: Calcd.
for C35HagN,0gBSi [M-H]* = 631.3380 m/z, found = 631.3393 m/z.

Compound 21:




5 PA(OAG); (5 mol%)
I SPhos (5.5 mol%)

+
Y

K3POy4 (2.1 eq)
HN THF/H,O (0.05 M, 4:1)
— rt,1h

TMS

20

14

Chemical Formula: C43H55N306Sis
Molecular Weight: 766.0980

Procedure: The reaction was carried out according to the General Procedure A, the
reaction was performed in THF/H,0 at ambient temperature for 1 h.

Amounts of Reagents:

14 (537.78 mg, 0.85 mmol, 1.1 equiv)

20 (298.21 mg, 0.77 mmol, 1.0 equiv)
Pd(OAc), (8.53 mg, 0.038 mmol, 5 mol%)
SPhos (17.24 mg, 0.042 mmol, 5.5 mol%)
K3PO,4(343.88 mg, 1.62 mmol, 2.1 equiv)
THF (15.0 mL), H,0 (3.7 mL)

Purification: 5 % to 10 % EtOAc in hexanes.

Yield of Product:

21: 509.5 mg, 0.66 mmol, 86 %, light yellow solid.

Characterization:

Rs= (EtOAc/hexanes, 1:9) 0.33; IR (neat) v = 3452, 2940, 2863, 1479, 1446, 1303, 1197,
985, 835, 754, 659, 406 cm™; *H NMR (400 MHz, CDCls) 6 10.00 (s, 1H), 9.06 (s, 1H), 8.48
(s, 1H), 7.12 (s, 1H), 7.00 (s, 1H), 6.98 (s, 1H), 6.92 (s, 1H), 6.85 (d, J = 2.1 Hz, 1H), 6.78
(d, J=2.3 Hz, 1H), 6.69 (d, J = 2.1 Hz, 1H), 3.90 (s, 3H), 1.85 (s, 6H), 1.83 (s, 6H), 1.36 —
1.27 (m, 3H), 1.15 (dd, J = 7.2 Hz, 18H), 0.40 (s, 9H); 13C NMR (101 MHz, CDCls) 6 149.6,
1435, 143.3, 141.5, 141.1, 140.7, 137.2, 131.1, 130.7, 130.5, 130.4, 127.5, 123.4, 122.9,
121.9, 118.2, 118.1, 112.3, 110.0, 100.3, 99.8, 99.7, 99.6, 98.2, 97.9, 94.7, 56.1, 26.2,
26.1,18.1,13.0, -0.8.; HRMS: Calcd. for C43HssNsNaOgSi, [M+Na]* = 788.3527 m/z, found
=788.3510 m/z.

Compound 22:




PPTS (1.2 equiv)
_—
MeOH

21 22

Chemical Formula: C4oH47N306Si
Molecular Weight: 693.9160

Procedure: The reaction was carried out according to the General Procedure C, the
reaction was performed in MeOH at ambient temperature for 3 h.

Amounts of Reagents:

21 (509.5 mg, 0.66 mmol, 1.0 equiv)
PPTS (199.03 mg, 0.79 mmol, 1.2 equiv)
MeOH (13.0 mL, 0.05 M)

Purification: 10 % EtOAc in hexanes.

Yield of Product:

22:384.71 mg, 0.55 mmol, 84 %, off-white solid.

Characterization:

Rs = (EtOAc/hexanes, 8:2) 0.2; IR (neat) v = 3450, 2939, 2863, 1446, 1301, 1197, 985,
883, 852, 661, 435 cm'’; TH NMR (500 MHz, CDCl5) & 10.05 (s, 1H), 9.04 (s, 1H), 8.57 (s,
1H), 7.20 (dd, J=3.1, 2.4 Hz, 1H), 7.12 (s, 1H), 6.98 (s, 1H), 6.95 (s, 1H), 6.94 (s, 1H), 6.84
(dd, J = 3.1, 2.3f Hz, 1H), 6.80 (d, J = 2.3 Hz, 1H), 6.52 (dd, J = 3.1, 2.0 Hz, 1H), 3.89 f(s,
3H), 1.85 (s, 6H), 1.82 (s, 6H), 1.28-1.35 (m, 3H), 1.15 (d, J = 7.4 Hz, 18H); 13C NMR (126
MHz, CDCl;) 6 149.6, 143.5, 143.3, 141.5, 140.73, 140.71, 131.1, 130.55, 130.53, 127.5,
127.2, 123.1, 122.8, 122.4, 122.0, 118.2, 118.1, 110.0, 103.6, 100.3, 99.9, 99.8, 99.6,
98.6, 97.9, 94.7, 56.1, 26.2, 26.1, 18.1, 13.0.; HRMS: Calcd. for CsoHsN30cSi [M+H]* =
694.3312 m/z, found = 694.3306 m/z.

Compound 23:




[Ir(COD)OMel, (3 mol%

dtbpy (6 mol%)

- o)
B,Pin; (1 equiv)
THF, 60 °C, 1h ~

23 0\

Chemical Formula: C46H58BN30gSi
Molecular Weight: 819.88

Procedure: The reaction was carried out according to the General Procedure B, the
reaction was performed in THF at 60 °C for 1 h.

Amounts of Reagents:

22 (353.8 mg, 0.5 mmol, 1.0 equiv)
[Ir(OMe)(COD)]; (10.14 mg, 0.015 mmol, 3.0 mol%)
dtbpy (8.21 mg, 0.03 mmol, 6.0 mol%)

B,pin;, (129.5 mg, 0.5 mmol, 1.0 equiv)

THF (10 mL, 0.05 M)

Purification: 20% EtOAc in hexanes.

Yield of Product:

23:350.2 mg, 0.43 mmol, 83 %, off-white solid.

Characterization:

Rs= (EtOAc/hexanes, 2:8) 0.39; IR (neat) v = 3453, 2935, 2863, 1299, 1261, 1216, 1197,
1135, 852, 661, 464 cm’; ITH NMR(400 MHz, CDCl5) & 10.03 (s, 1H), 9.04 (s, 1H), 8.87 (s,
1H), 7.11 (s, 1H), 7.07 (d, J = 2.1 Hz, 1H), 7.00 (s, 1H), 6.98 (s, 1H), 6.93 (s, 1H), 6.90 (d, J
= 2.2 Hz, 1H), 6.84 (d, 1H), 3.89 (s, 3H), 1.85 (s, 6H), 1.83 (s, 6H), 1.39 (s, 12H), 1.36 —
1.27 (m, 3H), 1.14 (d, J = 7.3 Hz, 18H); 3C NMR (101 MHz, CDCl;) § 149.5, 143.6, 143.4,
142.1, 141.5, 140.7, 131.1, 130.6, 130.4, 130.3, 127.5, 123.2,122.9, 122.0, 118.3, 118.2,
115.0, 110.0, 100.7, 99.75, 99.69, 99.57, 98.6, 98.0, 94.7, 84.2, 56.1, 26.22, 26.16, 25.0,
18.1, 13.0.; HRMS: Calcd. for C4sHs,N305BSi [M-H]* = 818.40135 m/z, found = 818.40014
m/z.

Compound 24:




A

5 Pd(OAC), (5 mol%)
! SPhos (5.5 mol%)

KsPO, (2.1 eq)
HN THF/H,O (0.04 M, 4:1)
— 60 °C, 1.5 h

TMS

20

TMS

not isolated
24

Procedure: The reaction was carried out according to the General Procedure A, the
reaction was performed in THF/H,0 at 60 °C for 1.5 h.

Amounts of Reagents:

23 (352.5 mg, 0.43 mmol, 1.1 equiv)

20 (151.0 mg, 0.39 mmol, 1.0 equiv)
Pd(OAc), (4.38 mg, 0.019 mmol, 5 mol %)
SPhos (8.81 mg, 0.042 mmol, 5.5 mol %)
K3PO,4(173.9 mg, 0.82 mmol, 2.1 equiv)
THF (8.0 mL), H,0 (2.0 mL)

Purification: 10 % EtOAc in hexanes.

Yield of Product:

24: 69 % (NMR vyield calculated using hexamethylbenzene as an internal standard), light
yellow solid.

Characterization:

R; = (EtOAc/hexane, 1:9) 0.30; H NMR (500 MHz, CDCl) & 10.12 (s, 1H), 9.95 (s, 1H),
9.06 (s, 1H), 8.50 (s, 1H), 7.14 (s, 1H), 7.03 (s, 1H), 6.99 (s, 1H), 6.93 (s, 1H), 6.93 (s, 1H),
6.87-6.88 (m, 2H), 6.81 (d, J = 2.1 Hz, 1H), 6.70 (d, J = 2.1 Hz, 1H), 3.91 (s, 3H), 1.90 (s,
6H), 1.87 (s, 6H), 1.84 (s, 6H), 1.37 — 1.29 (m, 3H), 1.16 (d, J = 7.4 Hz, 18H), 0.40 (s, 9H).

Compound 25:




PPTS (1.2 equiv)

MeOH/THF

T™S

24 25

Chemical Formula: C541HsgN4OgSi
Molecular Weight: 881.11

Procedure: The reaction was carried out according to the General Procedure C, the
reaction was performed in MeOH and THF at ambient temperature for 6 h.

Amounts of Reagents:

24 (390.0 mg, 0.40 mmol, 1.0 equiv)
PPTS(120.6 mg, 0.48 mmol, 1.2 equiv)
MeOH (10 mL), THF (2 mL)
Purification: 10 % EtOAc in hexanes.

Yield of Product:

25: 206.18 mg, 0.23 mmol, 60 % over two steps, off-white solid.

Characterization:

R¢= (EtOAc/hexanes, 1:9) 0.23; IR (neat) v = 34550, 2937, 2863, 1446, 1303, 1199, 1170,
983, 850, 754, 661, 435 cm™; TH NMR (500 MHz, CDCl3) & 10.11 (s, 1H), 10.00 (s, 1H),
9.05 (s, 1H), 8.59 (s, 1H), 7.20 (dd, 3.2, 2.2 Hz 1H), 7.13 (s, 1H), 6.99 (m, 2H), 6.96 (s, 1H),
6.92 (s, 1H), 6.87-6.88 (m, 2H), 6.83 (d, /= 2.2 Hz, 1H), 6.52 (dd, /= 3.2, 2.1 Hz, 1H), 3.90
(s, 3H), 1.89 (s, 6H), 1.87 (s, 6H), 1.83 (s, 6H), 1.36 — 1.29 (m, 3H), 1.15 (d, J = 7.4 Hz,
18H); 13C NMR (126 MHz, CDCl3) & 149.6, 143.5, 143.3, 141.6, 140.78, 140.74, 140.72,
131.1, 130.8, 130.6, 130.5, 127.5, 127.2, 127.1, 123.15, 123.10, 123.0, 122.5, 122.0,
118.3, 118.2, 110.0, 103.6, 100.4, 100.0, 99.8, 99.7, 99.6, 98.7, 98.1, 97.7, 94.7, 56.1,
26.2, 26.1, 18.1, 13.0.; HRMS: Calcd. for Cs;HssN,0Si [M-H]* = 879.37946 m/z, found =
879.37924 m/z.

Compound 26:




[Ir(COD)OMe], 3 (mol%)
dtbpy (6 mol%)
_—
B,Pin, (1 equiv)
THF, 60 °C, 6 h

Chemical Formula: Cs7Hg7BN4O4(Si
Molecular Weight: 1007.08

Procedure: The reaction was carried out according to the General Procedure B, the
reaction was performed in THF at 60 °C for 6 h.

Amounts of Reagents:

25 (72.2 mg, 0.08 mmol, 1.0 equiv)
[Ir(OMe)(COD)], (1.59 mg, 0.0024 mmol, 3.0 mol%)
dtbpy (1.29 mg, 0.0048 mmol, 6.0 mol%)

B,pin; (20.32 mg, 0.08 mmol, 1.0 equiv)

THF (1.6 mL, 0.05 M)

Purification: 20% EtOAc in hexanes.

Yield of Product:

26: 55.8 mg, 0.055 mmol, 70 %, white solid.

Characterization:

R;= (EtOAc/hexanes, 2:8) 0.43; IR (neat) v = 3446, 2962, 2861, 1303, 1259, 1014, 854,
796, 663, 435 cm-L; 'H NMR (500 MHz, CDCl5) & 10.12 (brs, 1H), 9.98 (brs, 1H), 9.06 (brs,
1H), 8.91 (brs, 1H), 7.13 (s, 1H), 7.08 (d, J = 2.0 Hz, 1H), 7.05 (s, 1H), 6.99 (s, 1H), 6.95 —
6.93 (m, 2H), 6.92 (s, 1H), 6.89 — 6.87 (m, 2H), 3.90 (s, 3H), 1.90 (s, 6H), 1.88 (s, 6H), 1.84
(s, 6H), 1.40 (s, 12H), 1.36 — 1.29 (m, 3H), 1.16 (d, J = 7.4 Hz, 18H); 13C NMR (126 MHz,
CDCls) 6 149.6, 143.6, 143.51, 143.49, 142.1, 141.6, 140.8, 140.7, 131.1, 130.7, 130.6,
130.5, 130.4, 127.5, 127.2, 123.2, 123.1, 123.0, 122.0, 118.4, 118.27, 118.25, 115.0,
110.0, 100.9, 100.0, 99.9, 99.71, 99.67, 99.5, 98.7, 98.2, 97.6, 94.7, 84.2, 56.1, 26.3, 26.2,
26.1, 25.0, 18.1, 13.0, 1.2; HRMS: Calcd. for Cs;HggN4O10BSi [M+H]* = 1007.47923 m/z,
found = 1007.47881 m/z.



Compound 27:

ot
Pd(OAc); (5 mol%)

SPhos (5.5 mol%)

\J

HN THF/H,0 (0.025 M, 4:1)
— 60 °C
™S

K3POy4 (2.1 equiv)

1.5h

20

Chemical Formula: CgsH73N5010Si>
Molecular Weight: 1140.49

Procedure: The reaction was carried out according to the General Procedure A, the
reaction was performed in THF/H,0 at 60 °C for 1.5 h.

Amounts of Reagents:

26 (55.8 mg, 0.055 mmol, 1.1 equiv)

20 (19.4 mg, 0.05 mmol, 1.0 equiv)

Pd(OAc), (0.56 mg, 0.0025 mmol, 5 mol %)
SPhos (1.13 mg, 0.00275 mmol, 5.5 mol %)
K3PO4(22.3 mg, 0.11 mmol, 2.1 equiv)

THF (2.0 mL), H,0 (0.5 mL)

Purification: 10 % to 20 % EtOAc in hexanes.

Yield of Product:

27: 39.2 mg, 0.034 mmol, 68 %, light yellow solid.

Characterization:

Rs = (EtOAc/hexanes, 2:8) 0.47; *H NMR (500 MHz, CDCl;) & 10.13 (d, J = 2.2 Hz, 1H),
10.07 (d, J = 2.3 Hz, 1H), 9.97 (d, J = 2.2 Hz, 1H), 9.06 (d, J = 2.2 Hz, 1H), 8.50 (brs, 1H),
7.14 (s, 1H), 7.04 (s, 1H), 7.00 (s, 1H), 6.96 (s, 1H), 6.94 (m, 2H), 6.92 (d, J = 2.2 Hz, 2H),
6.89 (d, J= 2.1 Hz, 1H), 6.82 (d, J = 2.2 Hz, 1H), 6.70 (d, / = 2.1 Hz, 1H), 3.91 (s, 3H), 1.91
(s, 6H), 1.90 (s, 6H), 1.87 (s, 6H), 1.84 (s, 6H), 1.37 — 1.29 (m, 3H), 1.16 (d, J = 7.5 Hz,
18H), 0.40 (s, 9H).; 13C NMR (126 MHz, CDCl3) 6 149.6, 143.6, 143.51, 143.49, 142.1,



141.6, 140.8, 140.7, 131.1, 130.7, 130.6, 130.5, 130.4, 127.5,127.2,123.2, 123.1, 123.0,
122.0, 118.4, 118.27, 118.25, 115.0, 110.0, 100.9, 100.0, 99.9, 99.71, 99.67, 99.5, 98.7,
98.2, 97.6, 94.7, 84.2, 56.1, 26.3, 26.2, 26.1, 25.0, 18.1, 13.0, 1.2.; HRMS: Calcd. for
CesH73NsNaO40Si; [M+Na]t = 1162.4788 m/z, found = 1162.4802 m/z.

Compound 28:

PPTS (1.2 equiv)

\J

MeOH/THF

Chemical Formula: CgyoHgsN5O10Si
Molecular Weight: 1068.31

Procedure: The reaction was carried out according to the General Procedure C, the
reaction was performed in MeOH and THF at ambient temperature for 6 h.

Amounts of Reagents:

27 (39.2 mg, 0.034 mmol, 1.0 equiv)
PPTS(10.3 mg, 0.041mmol, 1.2 equiv)
MeOH (2.0 mL), THF (0.2 mL)
Purification: 20 % EtOAc in hexanes.

Yield of Product:

28: 206.18 mg, 0.03 mmol, 89 %, off-white solid.

Characterization:

R;= (EtOAc/hexanes, 2:8) 0.14; IR (neat) v = 3444, 2935, 2863, 1446, 1303, 1199, 1170,
983, 852, 755, 663 cmL; *H NMR (500 MHz, CDCl5) § 10.12 (d, J = 2.2 Hz, 1H), 10.08 (d, J
= 2.2 Hz, z1H), 10.01 (d, J = 2.0 Hz, 1H), 9.06 (d, J = 2.1 Hz, 1H), 8.59 (brs, 1H), 7.21 (dd, J
= 3.1, 2.4 Hz, 1H), 7.14 (s, 1H), 6.99 (s, 2H), 6.96 (s, 2H), 6.94 (s, 1H), 6.91 (m, 2H), 6.88
(d, J = 2.1 Hz, 1H), 6.84 (d, J = 2.2 Hz, 1H), 6.53 (dd, J = 3.1, 2.1 Hz, 1H), 3.90 (s, 3H), 1.91



(s, 6H), 1.90 (s, 6H), 1.88 (s, 6H), 1.84 (s, 6H), 1.37 — 1.28 (m, 3H), 1.16 (d, J = 7.4 Hz,
18H).; 13C NMR (201 MHz, CDCl;) & 149.6, 143.59, 143.55, 143.51, 143.3, 141.6, 140.81,
140.77, 140.75, 131.1, 130.9, 130.8, 130.6, 130.5, 127.5, 127.2, 127.15, 127.12, 123.22,
123.15, 123.1, 123.0, 122.5, 122.0, 118.38, 118.35, 118.31, 118.2, 110.0, 103.6, 100.4,
100.14, 100.08, 99.88, 99.86, 99.73, 99.69, 99.55, 98.7, 98.1, 97.8, 97.7, 94.7, 56.1,
26.27, 26.26, 26.24, 26.17, 18.1, 13.0.; HRMS: Calcd. for Cg;HgsNsNaO10Si [M+Na]* =
1090.4393 m/z, found = 1090.4346 m/z.

5. Spectroscopy

Materials

Acetonitrile (2 99%) and cyclohexane (99.8%) were purchased from Thermo Scientific
(USA). Sulfuric acid (95.0-98.0%) and quinine hemisulfate salt monohydrate (QS) were
purchased from Sigma-Aldrich (USA). 5,6-Dihydroxyindole (DHI) was purchased from
Chem-Impex International (USA). Polyethersulfone (PES) syringe filters were

manufactured by Sartorius (Germany) and purchased from Fisher Scientific.

Sample preparation

All samples were prepared by dissolving solutes in air-equilibrated solvents at room
temperature. The commercial DHI sample was dissolved in ultrapure water and then
filtered through a 0.22 um PES filter. Absorption spectra were recorded with a Cary 5000
(UV/Vis/NIR) spectrometer (Agilent, USA) in the dual beam mode using solutions held in
a 1 cm path length fused silica cuvette. Emission and excitation spectra were recorded
from solutions held in a 1 cm path length fused silica cuvette using a QuantaMaster 8000
Fluorimeter (Horiba, USA). Luminescence spectra were collected in the standard 90°
geometry and emitted photons were detected with a photomultiplier tube. Spectra
were acquired using a step size of 1 nm and a detector integration time of 0.2 s. The
emission and excitation slits were 1 nm. The excitation wavelength was 285 nm for the
monomers 9 and 15 and 295 nm for the oligomers. The excitation wavelength for 5,6-
DHI was 275 nm. Fluorescence quantum vyields were estimated as described
elsewhere,! using quinine sulfate (QS) in 0.5 M sulfuric acid as a standard (®y = 0.546).

Determination of Effective Conjugation Length




The solid black curve in Figure 6a shows a fit to the wavelength of the 0-0 emission peak
of compounds 13 (n=1), 22 (n=2), 25 (n=3), and 28 (n =4) using an equation due to
Meier et al.,[2!

Ay =g = (Ao — A1 )eXp

(n ; 1)]

= A, — Adexp [— (n- 1)]

T
where " is the number of acetonide-protected units, v is the 0-0 emission wavelength
of the compound with n units, A4 is the total emission shift between the monomer with
wavelength 41 and the compound with the longest wavelength emission, ’100, and 7
describes the rate of variation with 7. Following the criterion suggested in Meier et al.,[?!

-1 =1n
we define the effective conjugation length, ™EcL, by the relation "ECL m. This is
an appropriate measure of conjugation length because all peaks with ™~ ™zcL will not

differ from 4o by more than the approximate resolution of the spectrometer (1 nm).

The best -fit parameters for the curve in Figure 6a are 7=0.60 £ 0.07 A1 =317 + 1.1 nm,
and 4w =371810.8 oy Al uncertainties are one standard deviation. The effective
conjugation length was calculated with the above criterion using the equation,

A
1 nm)

yielding a value 3.1 £0.2.

Nge, =1 +Tln(

Table S1. Emission peak positions of the monomers and oligomers.

Peak positions in len@) (cm1)e Peak positions in Iem(D) (nm)

acetonitrile
9 30500 326
15 29600 338
13 27400 26200 24800 367 381 405
Av,,, 1200 1400
22 25600 24400 23000 390 408 436
Av,,, 1200 1400
25 25400 24200 22800 21300 393 413 439 467
Av,,, 1200 1400 1500
28 25400 24000 22600 394 414 442
Av,,, 1400 1400
cyclohexane
9 32200 31500 30700 312 317 325
Av,,, 700 800
15 31300 30600 29900 29200 320 327 335 343
Av,,, 700 700 700
13 27800 26300 24900 23500 360 380 402 428
Av,,, 1500 1400 1400
22 26000 24600 23200 21600 385 407 431 457
Av,,, 1400 1400 1600
25 25600 24300 22900 21400 390 413 438 467
Av,,, 1300 1400 1500
28 25500 24100 22700 21100 392 414 440 471



Av,, 1400 1400 1600 |

7 =1/2)

%Emission spectra recorded vs. wavelength, Tem( ), were multiplied by 2 to obtain Iem@
Table S2. Long wavelength absorption peak in the indicated solvents.

A

Compound 0-0(nm)

acetonitrile
9 307
15 310
13 353
22 353
25 382
28 382

cyclohexane
9 307
15 316
13 354
22 377
25 383
28 386

Table S3. Emission peak intensity ratio of the first two emission subbands of the
oligomers.

10—160
Solvent
10—060
1.
13 CH;CN 3
CeH1, 0.95
1.2
2 CH;CN
CeH1, 0.92
1.1
25 CH;CN
CeH1z 0.75
CH;CN 1.1
28
CeH1 0.64
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Figure S1. Absorption spectra of monomer 9 (A), dimer 13 (B, C), and trimer 22 (D)
measured in cyclohexane (CgHi,) or acetonitrile (CHsCN), as indicated. Spectra were
recorded from freshly prepared solutions (blue curves) and from the same solutions 20

months later (orange curves).
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Figure S2. Absorption spectra of monomer 9 (A), dimer 13 (B), trimer 22 (C), tetramer
25 (D), and pentamer 28 (E) in acetonitrile before (blue curves) and after (orange curves)
irradiation for 30 minutes by 100 fs laser pulses (1 kHz pulse repetition rate; incident
energy density 170 ) cm%; center wavelength of 300 nm for the monomer and dimer,

315 nm for the trimer, tetramer, and pentamer).
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Figure S3. (A) Extinction spectrum of dimer 13 (pink curve) compared with the sum of
the extinction spectrum of monomer 15 plus the extinction spectrum of monomer 9
(black curve). (B) Extinction spectrum of trimer 22 (green curve) compared with the sum
of twice the extinction spectrum of monomer 15 plus the extinction spectrum of
monomer 9 (yellow curve). (C) Extinction spectra of monomers 9 (blue curve) and 15
(red curve). (A-C) All spectra were recorded in cyclohexane solution and extinction

values are believed to be accurate to within 10%.
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Figure S4. Normalized emission spectra of dimer 13 (blue curve), trimer 22 (red curve),
tetramer 25 (green curve) and pentamer 28 (orange curve) in cyclohexane. The latter
three curves were shifted along the frequency axis to align the long wavelength emission

band with that of the dimer.

6. Computational Details

Calculations were carried out with Gaussian 16 [Gaussian 16, Revision A.03. Frisch, M.
et al. Gaussian, Inc., Wallingford CT, 2019.], using density functional theory with the
PBEO hybrid functional and the 6-311g(d,p) basis set. CAM-B3LYP calculations were done
for comparison. Bulk solvation is included with the universal solvation model SMD.B!
Excited states were obtained with time-dependent DFT (TD-DFT). In the computational
models, the TIPSO group is replaced by a MeO group, and we use the conformations
with an intramolecular hydrogen between the fragments. The vibrational frequencies
provided for dimer 13-cal in the main text were obtained in acetonitrile, using a scaling

factor of 0.96.14

The choice of the functional has been based on the optimal tuning criterion applied to
the tetramer at its ground-state geometry. This criterion is based on the ionization
energy (IE) theorem of exact DFT, that states that IE = -g,0mo for the exact Kohn-Sham
functional.l®! Following this criterion, the ionization energy calculated with the ASCF
approach (difference between energy of the ionized and neutral system) is compared
with -&yomo for the neutral system for the PBEO, CAM-B3LYP and LC-wHPBE functionals
implemented in Gaussian 16. In the latter case, different values of the range-separation
parameter are tested (see Table S4). For PBEO and CAM-B3LYP, the difference IE - &iomo
is -0.29 eV and -0.99 eV, respectively. For LC-wHPBE, this difference can be reduced (in
absolute value) to 0.12 eV with a value of @ = 0.005 a.u. Considering that PBEO provides
a good approximation to the IE theorem and that the optimal value of w for LC-wHPBE
is close to zero, we chose PBEO as the functional for this study. CAM-B3LYP data are

provided below for comparison.



Table S4. Comparison of the ionization energy calculated with the ASCF approach and
&iowmo for different functionals. Basis set: 6-311G(d,p). Geometry: ground-state

minimum of the tetramer 25-cal.

IE (ASCF)
Functional -&omo (hartree) IE-&4omo (eV)
(hartree)
PBEO 0.1804 -0.1912 -0.29
CAM-B3LYP 0.1918 -0.2282 -0.99
LC-wHPBE (@ =0.4) 0.2054 -0.2721 -1.81
LC-wHPBE (@ =0.2) 0.1868 -0.2384 -1.40
LC-wHPBE (@ = 0.1) 0.1734 -0.2068 -0.91
LC-wHPBE (@ = 0.05) 0.1671 -0.1844 -0.47
LC-wHPBE (@ = 0.005) 0.1644 -0.1601 0.12
LC-wHPBE (@ =0.001) 0.1644 -0.1579 0.18

The Sgand S, energy profiles along the interfragment rotational coordinate in the vicinity
of the equilibrium geometry have been calculated for dimer 13-cal. Results are displayed

in Figure S5.
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Figure S5. PBEO/6-311g(d,p) potential energy profiles (cyclohexane bulk solvation) for
So (blue) and S; (orange) along the rotational dihedral angle ¢ of dimer 13-cal, centered
on the hydrogen bonded conformers. Energy relative to the minimum of each curve,

with the S; energy profile shifted by 10 kcal-mol for convenience.

Computed absorption and emission data are provided in Table S5. Calculated absorption

band maxima correspond to the lowest-energy band from the simulated spectra



presented in Figure S6, which are based on the vertical excitation spectra presented in
Table S6. Calculated 0-0 band wavelengths correspond to the energy difference
between the ground-state and excited-state energy at the Sy and S; minima,
respectively, and the vertical emission is the vertical S; energy at the S; minimum. For
the oligomers that have more than one S; minimum, the 0-0 band and emission

wavelength for the lowest energy exciton configuration are provided.

Table S5. Calculated wavelength corresponding to absorption and emission vertical
energy and 0-0 energy for monomer 15 through pentamer 28-cal in cyclohexane and
acetonitrile, using the PBEO and CAM-B3LYP functionals. For the oligomers, the emission
of the lowest energy excitonic configuration is reported.

Cyclohexane Acetonitrile
PBEO CAM-B3LYP PBEO CAM-B3LYP

Compound Abs 0-0 Emi Abs 0-0 Emi Abs 0-0 Emi Abs 0-0 Emi
15 274 287 302 266 279 292 274 296 314 265 286 301
13-cal 339 361 382 309 337 366 333 384 414 308 357 398
22-cal 356 386 416 318 344 367 355 399 431 316 359 395
25-cal 361 393 425 319 346 373 358 402 435 317 362 398
28-cal 363 395 427 321 347 373 360 403 435 319 361 398

Absorption and emission energies calculated with PBEO reproduce the experimental
trends from dimer to pentamer with generally good accuracy (Table S5). The differences
between calculated 0-0 energies of the oligomers and the highest-energy subband in
the emission spectra (Table S1) in cyclohexane are a few nm, while the calculated
emission wavelength is slightly overestimated by 8-16 nm in acetonitrile. For CAM-
B3LYP, the differences with respect to the experimental data lie between 10 and 47 nm.

This further supports the choice of the PBEO functional.



Table S6. Calculated vertical absorption spectra for compounds 15, 13-cal, 22-cal, 25-cal and

28-cal in cyclohexane and acetonitrile, at the PBEO and CAM-B3LYP levels of theory.

PBEO CAM-B3LYP

Cyclohexane Acetonitrile Cyclohexane Acetonitrile
Eg (eV) f Eg (eV) f Eg (eV) [ |Eo(eV) f
15 S; [4.51 0.300 [4.51 0.283 |4.66 0.301 |4.67 0.284
S, [4.89 0.092 |4.87 0.078 |5.13 0.123 |5.12 0.106
S; [5.80 0.150 |[5.80 0.145 |6.08 0.194 |6.08 0.185
13-cal |S; [3.66 0.945 |[3.66 0.925 [4.00 1.014 [4.01 0.987
S; [3.99 0.147 |[3.96 0.149 |4.32 0.192 |4.30 0.191
S; |4.24 0.044 (4.23 0.039 |4.71 0.057 |4.71 0.050
S; |4.52 0.001 |[4.50 0.002 |4.99 0.016 |4.98 0.016
Ss |4.77 0.031 |4.78 0.025 |[5.39 0.012 |[5.40 0.017
Se |5.27 0.003 |[5.26 0.000 |5.82 0.113 |5.83 0.096
22-cal |S; |3.43 0.601 [3.45 0.577 |3.85 0.832 |3.87 0.792
S; [3.52 0.640 |[3.51 0.610 |3.94 0.852 |3.96 0.826
S; [3.83 0.180 |[3.82 0.179 |4.27 0.249 |4.26 0.247
Ss [3.99 0.257 |[3.98 0.265 |4.49 0.113 |4.48 0.117
Ss [4.08 0.017 |4.07 0.012 |4.67 0.020 |4.68 0.022
Se |4.24 0.109 (4.24 0.050 |4.87 0.091 |4.87 0.082
S; |4.27 0.194 |4.27 0.251 |[5.07 0.037 |[5.07 0.044
Sg |4.48 0.010 |4.47 0.012 |[5.22 0.062 |[5.22 0.056
Sg [4.53 0.059 |[4.51 0.054 |5.40 0.068 |5.42 0.078
25-cal |S; |3.38 0.202  [3.40 0.052 |3.83 1.086 |3.85 0.960
S, [3.41 0.871 |[3.43 0.907 |3.86 0.276 |3.87 0.374
S; [3.45 0.584 |[3.45 0.619 |3.94 1.163 |3.97 1.112
Ss |3.77 0.048 |[3.76 0.044 |4.26 0.202 |4.27 0.198
Ss [3.79 0.217 |[3.79 0.195 |4.39 0.092 |4.39 0.091
Se |3.87 0.601 |[3.88 0.633 |4.52 0.158 [4.52 0.161
S; [4.00 0.023 [4.02 0.022 |[4.66 0.029 [4.68 0.027
Sg [4.03 0.034 (4.03 0.032 |4.81 0.029 |4.82 0.030
Sy |4.17 0.002 |[4.16 0.002 |4.97 0.002 |4.98 0.002
S10(4.25 0.088 [4.24 0.100 |5.07 0.052 |5.08 0.048
Sy1(4.28 0.017 |4.28 0.013 |5.15 0.167 |5.14 0.172
S, [4.32 0.130 (4.31 0.130 |5.29 0.053 |5.30 0.049
28-cal |S; |3.36 0.045 |[3.37 0.049 [3.80 1.379 [3.83 1.274
S, [3.38 0.915 |[3.40 0.149 |3.83 0.081 |3.84 0.058
S; [3.39 0.518 |(3.41 1.119 |3.86 0.776 |3.87 0.870
Ss [3.42 0.671 |(3.42 0.740 |3.94 1.128 |3.96 1.061
Ss [3.65 0.035 |[3.64 0.040 |4.26 0.193 |4.26 0.197
Se [3.73 0.415 |(3.73 0.409 |4.34 0.136 |4.34 0.131
S; [3.78 0.344 |3.77 0.263 |4.42 0.035 |4.42 0.036
Ss [3.79 0.104 |(3.79 0.181 |4.54 0.187 |4.53 0.193
Se [3.90 0.013 (3.91 0.016 |4.66 0.017 |4.67 0.018
Si0]4.01 0.059 |(4.01 0.071 [4.78 0.051 |4.79 0.053
S11 | 4.06 0.012 |4.04 0.037 [4.92 0.004 [4.92 0.004
S1, |4.07 0.244 |4.07 0.211 |4.99 0.036 |5.00 0.032
S13(4.13 0.025 (4.13 0.027 |5.05 0.108 |5.05 0.135
S14|4.15 0.037 |[4.14 0.038 |5.12 0.124 |5.12 0.109
S5 [4.21 0.006 [4.20 0.006 |5.15 0.022 |5.15 0.017
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a) PBEQ - Cyclohexane b) PBEQ - Acetonitrile
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Figure S6. Simulated absorption spectra of the lowest energy band for compounds 15, 13-cal,
22-cal, 25-cal and 28-cal in cyclohexane and acetonitrile, at the PBEO and CAM-B3LYP levels
of theory. Spectra were calculated on an energy scale with a half width at half maximum of
0.2 eV and converted to a wavelength scale for the plots.
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The geometric parameters describing co-planarity of ground- and excited-state minima
(interfragment C,-C, distance, rotational dihedral angle around the C,-C; bond) are provided

in Table S7 and S8.

Table S7. Relative energy,? calculated interfragment C,-C; distance,® rotational dihedral angle
around the C,-C; bond,>¢ and dipole moment x for the ground and excited state minima in
cyclohexane.

Erei(€V) | ras (A) s (°) I'sc (A) @5c (°) r'eo (A) 9o () I'e (A) @0t (°) #(D)

13-cal So-Min 0.00 1.452 20.4 1.9
S;-Min 3.44 1.406 11.7 5.2

22-cal So-Min 0.00 1.452 18.9 1.453 19.4 2.8
S;-Min 3.21 1.419 11.5 1.423 12.9 14.2

25-cal So-Min 0.00 1.452 19.2 1.452 19.8 1.452 19.8 3.5
S;-Min, Ex1 3.15 1.422 12.3 1.424 12.3 1.445 18.4 21.9

S;-Min, Ex2 3.23 1.447 21.3 1.413 13.1 1.429 15.5 7.8

S;-Min, Ex3 3.22 1.445 17.1 1.426 15.5 1.419 13.4 8.8

28-cal So-Min 0.00 1.452 18.9 1.453 19.0 1.452 17.8 1.453 20.0 4.4
S;-Min, Ex1 3.15 1.423 12.2 1.425 12.2 1.443 16.6 1.451 20.2 26.1

S;-Min, Ex2 3.21 1.447 22.0 1.417 12.8 1.427 13.6 1.448 19.3 17.0

S;-Min, Ex3 3.21 1.448 18.2 1.430 16.3 1.416 13.3 1.448 17.8 2.5

aEnergy of S; minima corresponds to adiabatic excitation energy. PSee Figure 6 for labeling of the
fragments. °Dihedral angle defined by N,, C,, C;» and Cg atoms of connected rings.

Table S8. Relative energy,? calculated interfragment C,-C; distance,? and rotational dihedral
angle around the C,-C; bond,?< for the ground and excited state minima in acetonitrile.

Erei (V) ras (R) a5 (°) rac (R) s (°) reo (A) @ (°) roe (R) oo (°)
13-cal So-Min 0.00 1.454 18.4
S;-Min 3.23 1.400 9.1
22-cal So-Min 0.00 1.454 19.1 1.454 18.2
S;-Min, Ex1 3.11 1.409 10.5 1.435 14.7
S;-Min, Ex2 3.17 1.441 18.4 1.405 11.8
25-cal Sp-Min 0.00 1.454 21.8 1.454 19.9 1.454 20.8
S;-Min, Ex1 3.08 1.412 10.9 1.433 14.3 1.4509 20.3
S;-Min, Ex2 3.12 1.447 22.2 1.407 12.0 1.443 16.9
S;-Min, Ex3 3.14 1.452 20.4 1.435 17.6 1.411 11.6
28-cal So-Min 0.00 1.454 20.7 1.454 18.4 1.454 20.8 1.454 19.9
S;-Min, Ex1 3.08 1.413 12.6 1.433 14.9 1.449 18.1 1.454 19.2
S;-Min, Ex2 3.10 1.448 23.2 1.410 10.6 1.439 15.9 1.453 19.4
S;-Min, Ex3 3.10 1.453 20.1 1.443 19.5 1.408 12.3 1.446 16.9

aEnergy of S; minima corresponds to adiabatic excitation energy. PSee Figure 6 for labeling of the
fragments. °Dihedral angle defined by N,, C,, C;» and Cg atoms of connected rings.
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@ap 19.0 > 12,8163 °
Tag 1453 — 1417/1.430 A
H—N

oas 17.8 > 13.6/13.3°
Tap 1.452 — 1.427/1.416 A

9ap 20.0 —» 19.3/17.8°
Tag 1453 — 1.448/1.448 A N

Figure S7. Analysis of excited states of pentamer 28-cal. (A) Geometric changes induced by
excitation. The distance and rotational angle between fragments are displayed in blue for the
ground state and in red for the Ex2 and Ex3 excited states. (B) Natural transition orbitals for

Ex2. (C) Natural transition orbitals for Ex3.
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8. H and 3C NMR Spectra

31



591 — —— 2L'6["
919l _
g
-m,m\
L9 e
LY'9 .
259 00t
AR _ .
660/ o
g9’ ) | -2
9z L~ B —
vrs7  ENO T ..M 600
mv.m\ L0
LS. | o
z n
o
o o
o, o
T 0
2 T i

32



wp
N

o [
[e;
(o

() (WA [y Gy &y &

wl
9€8 — ~
<
o
6'96 — =
966 — 8
§'/0T — o
5—
S—
62117 =
€beT ~

130

7\ 2
SbbT ~ ,
Z9pT L — A -
6'6vT z 2

160

T
17

T
180

33



€10d0 9¢°L —~

LE0 —— =506
69’1 ”‘ 116
69°L €9
890 ~ — _ —00'1
08'9— — - FoT
Wi — - - =001
O
©° e}
o

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.5

34



20—

-10

6'GC ~

'z —

60

70

CIJIIT C 22

80

35

WMM‘VMML%# hmwwmwwmwﬂu bl

6'€8 —
%
L /6~ :
1'66 ~ 2
S
6217
v.mri\
8'vel 5
gzelL —
G0%h A -
(o v v | .,/. H
SOpL -
LLGL 5
3
H3
C
£\ o Ed .
&} L\ 5 8

J!

180

190

200

210




0.0

+e0 176€6/,
891 Iudm ot
£
i
1G9 W
8G'9
8G'9 2
8G9
9.9 "
@N@W — — #9011
979 - 7¢Oy
88'9 ﬂ@o LER
88°9
ww.o\ R
€10a0 922
€6°L— -~ 802
ﬁH.u3
2

9.0

9.5

10.0

36



8'0-—

[T

6q

€enad ¢LL—

90

¥
H
N

9°'86 — =

fl (ppm)

1

110

STTT
LT~ --
£72T

T
120

T
130

T
140

150

T
160

T
170

T
180

37



0.0

0 716 n
o
<
i

uv L B —S§ETT H

0Ll — M —s19 |
o
~
n
~
o
™
n
™
e
<
Bt
<
o
b5

£

i

=
n
)
o
%)

. n
s — o
86'9 — — 1 =01 m

€10ad0 9¢'L — B
n
% ~
(e}
O

o
r @
e} n
m o

—

o— £ DN
g S % =
T T o

¥Z'6 —0O -< Fse0r

r© n
> o

10.0

38



6°0- —

i

N .
e

(il

T

o

T°SC~

0'9¢

TR TR

60

[<] (AN [ by Ony Ay

L7€8 —

f1 (ppm)

0°¢0T —

SOTT —

|
N

N |
|
I

s

0

L\

1

€GET — o,
€8T~
6'CHT ~

HN
Si
\

S IST — o—

T
140

T
150

T
160

HsCl
3

al

T
170

T
180

39



-3
<
o
bEO -80°6 n
o
| <
B
LT — —+Z'9 t
<
I~ N
Ln
N
<
s
n
s
e
- <
n
e
1
g
Q-
2o
n
[
e
- ©
n
. )
MMN/ £0°T |
Nw.o\ 00°'T o
€10dd 9¢’L —
n
S
©° L
o
~©° ) — 60| o
&) I~
n
e
/ ©
P
- _
T ﬁﬂ/c -%
o
o Ln
e
<
S

40



0'9¢ —

30

f1|(ppm)

886 —

N

— NN
/

N QO
N o
— |-

€6eT
9'9¢€T / ©°

SCHT
T°LbT ~ )

i
CH,

41



80
PT'T
9T'T §
0€'T

[4 %
[45%0 %
€€ T
PETA

SE'T \
SE'T
9¢€'T

8T —

68'€ —

99’9
£9°9
049
149
| VA
149
689
969
LT,
€1Dad 9t’L

168 —

€0'6
€06

11

=906

Fore

=79 [

= 6Tt

ot

Feot

=€9°8T

f1 (ppm)

42



9/'0-—

€0'ET —

-10

61°8T

9T1'9¢ —

£6°SS —

[ @) [ A [ pa ) Sy ay

f1 (ppm)

TIPSO

150

T
160

T
170

43



0.0

: 1
o1 S
(1T
81T
61T

o
€T » -
be'T = €81
ST o8t |
9e'T —_— === Foco | 1n
£T -
£T
66T
66T
o't 3
o't _

wn

~

<

(4]

n

™M

E
LLE~ — - 7 0
68°€ ~ N, — zore| g
v6e =" - —  Npre |2

Bt

<

~

o E

v g

£
i
b

1

wn

<

O

n
189 ©
189 bTT |

. - — ¥
€69\ _ - <Ml o
602\ JSTTER
€L = = g
YL - - —3 oot
9.“% "

€0ad 9z, 2

Q

[o0]

1

[c)

Q Q

OM o
926 — - = - =0Tt
95’6 — ~ |M =TT

MeO

9.5

10.0

44



Paa
0°€T %
8/1
18T
81
'8T

10

€nad ¢sLL—

80
f1 (ppm),

B0

S'v¥6 —

S'TOT —
6'80T
C'0TT
N.OHH.W..
11T

T
100

110

STCT
H.vNHM
9°/TT

T
120

00ET

TIRB

T
130

P'OET 7

v icl

P IHeT ~

OMe

NH

T
140

P'SPT
Y LPT ~
9'6vT

MeQO

MeO,C

T
150

9T —

TIP$O

T
160

T
170

45



£889¢ |

Fie

8L'€ —
88'€ —

089 ~_
26'9~_
oL
CIANG
£DAD 922~
e

9’6 —
LE°6 —

/1

o
(%]
o
E

i

!
A

oge

F29¢

=117 [

= 00T
- 90T

F=8TT

=0T

f1 (ppm)

46



97T 4 o
LTT -
61T
62T n
0€°T =
0€'T L
1€°T o
€T -2
€T ] |
£€°T n
€E'T el
bET A
¢m.ﬁwp .
se'T \u a1 F o
€81 [
8c'1 .
— poLT |
b1 —_ — = o
6c'c
W T s e o
€T
bh'T o
002(£dd) 50'7 — — o
L
I~ N
e
m )
L
s
e — — —BrT
98'e — — Feve| o
<
L
- <
Qe
)
1~
LA E
Q
L a
oo
B
n
- ©
Mmuw - —= FO007T|QS
86 [ ™
9T/ — [f B — 107
e r
e "
N
<
I~ o
n
I~ o
<
- o
1
- o
- _d 9z'T |
s6 f W o
rS
€€°0T — I —= wh.ﬁ I

12,5 12.0 11.5 11.0 10.5

47



9'€T

9'€T

£'OT
VvV OF

¥'8T /

6'65 —

19—

90

T
100

110

3 (ppm)

120

N

130

40

T
150

T
160

T
170

T
180

T
190

MeO

3

TP

Llean\ s =
UJC\clUJ)J ¢ JUC

T
200

210

48



Tk b
ST'T 1
62°T
€T
1T 1
2T
ZE°T
mﬂﬁbﬁ
PET
se 1/

=07'8T

Fore |

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

(o]
%
on

8t'9
669
669
6°9
b9
b9
269~
5697
€L
STL
91/
o1°L

€12ad 92°2

09’8 —

66’8 —

If

I

¥ fom 5y

= 00T

= €0°T |

L6°0
W €0°T
00°T

T0°T |

Fsot

Foo1

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

49



0°€T ~
C'8T \

8l

a9¢ —

09§ —

[#] (AN [ By Ony &y

9'%6 —~

7786~
0°00T —

SE0T —

T°0TT —

O'QTT -

8'1¢T
CCCT ~

O CZT .\.

S/eT —
P0€T N.

T JFCT

FFCH

Z0bT~
STHT —
zept”

S6vT —

TIPSQ

50



14 —.g
ST'TH

0€'T -M
TET
[450%
€€°T 4 2
MMTF =01'8T
7 - _ g€
Mmﬁ\ B— = me.ﬁ 0
81— Jw = 0p'9
o
N
in
N
o
s
in
s
88'€ — — ste | o
- <
10
- <
oE
25
10
N
o
- ©
789 -3
Nw.m/
68'9\ - 1 st
b6'9— . = YR
w0z 2 201
mo.n% -
8T/ -
€1Dad 9c’/L
o
e
in
e
06°8 ~ - - SO'T
86'8 - =2 oot =
in
o
o
S

51



66°CT —

L
=
[e0]
i

06+ ~
9192~

/8°G9 —

St'b6

8€°86 "

08°66 1\

95°00T
£5°00T

\

N

™™ N

o
N =@ o
AN o o

N
™ v o o

A0 HDON
/'

[ee]

60°0€T
¢8'0€T V

™.

N2 CT1 =

UC FCF

9ETHT
12T -
0561/

P ol —

f1 (ppm)
52




0’0 —

PTI
oﬂ.H/
JA4R S\

6C'T
1€T
€e'T
PET
9¢€'T
€8'T
S8'T
S0'¢

06'€ —

699
69'9
8,79
64’9
¥8°9
S8'9 V.
€69
869
002
(44
€0ad 9L

8v'8 —

90°6 —

00°0T —

/[/H!

— =56

— B ZA

MIIA’W - |
[A%°N

eLs

=9r'e

00°T
k. 6T°T

—= w\\mo.ﬁ I

=t

- F €60

- Fan

-~ Fcor1

—
10.5

T
11.0

T
11.5

f1 (ppm)

53



0°€T —
T'8T —

20

H.omv.

C IC

e
O
LN

I

(] (A [ A Sy sy =

f1 (ppm)

TIPSO

54



+=9£°81

Fore |

8€'9 [

609

15979
19791
7591
25797
089 1
089
¥879
¥8°9 1
89
§8°9
69
S6°9
869
[4 WA
6T°L
0c'L
0c'L
0c'L
€das 9t’s
VAN

—_—

=5

¥0'6 —

SO°0T —

!

i1

=960

€60 |

£ 960
[4: s
10T

660

Fze0

60

00'T |
M/. 00°'T

f1 (ppm)

55



10

[*0]
g

o
Lol

o
A
[o0]
+f

HH.@NV

20

1C9¢

30

o

ASAS

T TR A N

|'ﬁ "

70

€10dd 91°4LL

yaxw-
L VO

mw.hmg
29'86

19°66

s
- 66

26766

"y

9H1 (ppm) »

faWA¥aYakd

JCU UUF

19°€0T y

V&l all o e

1{'00

L0 0OUF //.

60'81T 9

6T°8STT ;
£6°1TT 1

L 22T

T
110

Y ect
¥8°¢C1
[N I Yl

20

12°421

I

(B /2T A

A
ES0ET

150

SS'0ET 7
J

i
i

C
<
L
14

-+
M |
D

|

€L0PT W
PSIPT

T
140

QLT !

TIPSO

0 7
SPEPT \.

Megd

T
150

a5 vl

T
160

T
170

56



€T°T
ST'T
LT
8T'T
0€'T
ze
€C'T— —
61’/
€8°T

G817

68'€ — i

$8'9
$8'9
06'9
06'9
£6°9t
86'9 An

=g

Iy

F60°€

f1 (ppm)

66"
90,
L07L
IT°L
€Das 9c’s

/88 ~ ~
¥0'6 — o

€0°0T — S

3

160
860

F 0

57



L6°CT —

oo

&
aatud)

VT

ALt d )

ET'8%

"
Al

VAN {4R\
A

mwmh.w.

oty

ZZ9Z2

i

m

|

1

v

80'95 —

60

70

TN PV ST PR 3O
Ry

el

CIoao JFv L0

|

laWwiyl Wel

OCVPo

[81° I 7d o)

n

f1 (ppm
58

1086
59'86 1

N
n
N
[¢)]
_
—

o
©
o)
o)

A

™~

|

[oN]

— —
~

O

N

(o]
- OO O N
O O]

0 | ©
A
n//,f/J

o
M
[ee]
—
—

oceet

€57CT
PE0ET
[A AN
95'0€T

I FCT

€L°0bT %

2CTLT

1

CI +VFE

Tkt
CHIEHT

JASIR 4N

[5NS4

s

uih




o' 0— = = GO’
m:/ |
AN i .
1 L8
A m— =705
cel ire
tofoull) M m gz
GE'L - e RV
9g°L ]
8L
18°1
06°1
16°E€— — -l
IJ
69'9
04791
18791
18°91 .
o
b | - i fev
68°9 = _-— 4 96
S i
€69 oL
m@.i oo
mo.: 00"
AW
058 — ~ < = 10
906 — S 2 -~ F gl
966 ~ - -4 ¥ €0
€LoL— o ™20

Wl

5.0

5.5

[ T
6.0

O O O O\
7.5 7.0 6.5

8.0

Ayl
8.5

1H (ppm)

59



9T'T
LT'T
6C'T
€T
X
PET
SE'T

\n...—..\.
e+

__4

—===— T gce |

/88T

mw.ﬁ/

M €19

7 LT'9

68T
—06 .,w.

I6°€ —

F e

€597
€9°91

etg

5797
¥8'9 1
G897

5
f1 (ppm)

8897
689
689
689

vo Y
169

= 10T

00-L

00°2 1
b1z ]
12,
L]

- “10°T

(A4

09'8 —

06 —

660

Fcot

"4

v

TIPSO

ot

— O
[l ]
o

N

201

60



86'CT —
PT°8T —

ST'9Z~\

vC 9C

60795
€10dd 91°4L

0L76 |
99°26 1
£0°86 1
04861

03 B0
T4°66 ]

CO 66

IO OO

007007 1
Zb°00T |
9'€0T

9T'811T

6C°8TT

76T
VA aAa:
96°CCT

0T €CT
ST'€CT

CkHLUFH

valan
VA AA"

6%°0€T
$970€T W
LL70€T
ETTET

cLovT
YL 0PT W

8¢ EYPT [

S vt
09°61

TIPSQ

61



ST'Ty
9T'T 1
0€'T 1
CET -
A9
€€ T
€T
SE'T
Se'l1 =181

b
__J
9e' T — ILI.M! v e[

O.v.._”.\. Y €8T
vw.H/ m u\h_o.

— = 109

/8T )
06'T

06'€ — — I——

¥0'C
. SOT
¥6'9 \| ] % s
—_— = 60T
- M 66°0

<
o)
]
{r
il
Il
m

00°T

€10dd 9¢'L

16'8 ~
906 —

86'6 ~
¢ToT ™

62

f1 (ppm)

1670 [




8T'T — 3

86°CT —

€1°8T —
hm.vm/

ST9C\C
2¢’9¢

gzoz’

80799
€Ddd 9r'/L ?

[Xach
TL Y6 1
S9°/6 ]

|

07’86 7

¢/'86

566 1
£9'66 1
1266
98'66
£6'66

£8°00T

M.

63

£6°60T
20°STT
SZ'8TT

LT'8TT -|.
9€'8TT —
86°1ZT

£6°TTT
et
b eTT
81°/TT
LY LTT &

|

f1 (ppm)

6% 0CT \_O o— N

CC'ACT

89°0€T
PTIET

PHOET || , = S —

CLUPl
9L°0bT
95 THT 7
pTzbT

6L CLT .:.

TIPSO
Xy
|

MeO

o<V +

15°€HT

Jd5 vl

85°64T 7




0’0
0t'0
I+°0
ST'T
9T'T
LT'T
0€ 1IN

€T
zeT

ze'T

€eT

€€'T
peT |
bET
GE'T
SE'T
5T |
9¢'T
bS8'T |
/8T
06T
16T
16°€

—

0491
0/°9 1
18'9 1
891
88°9
68°9
T6°9 1
26'9
69
£6'9 7
969
00°2
b0l |
b1 L

=TT

6t'8
05’8

90'6
L0°6

[6'6
hm.m/
£0°0T

£0°0T
[AN0)!

€101

ol s

17

A

-

=
=

o
N -
o

= 6G'¢

60°T

wT |

€0°T
LT'T

0T

81T

& 80T

8T'T |

00°'T
oT'T
wT
el
Mmm.ﬁ

f1 (ppm)

64



9/°0- —

86'CT —
PT°8T —

/T1'Q7 -
=€

MVERN Y

ALaNinh

)

-10

0

10

20

TZ9¢
$2°92

B

9¢’9c”

4(

50

80795 ~\.
€100D 91241

VaWAN W
1o

60

UL

L9261
86 1

70

114 xo;
ccoa

—

95°66

6566

)

69766 |
££°66

f1 (pp

98'66
80°00T
$1°00T

(el

sEe8t

2 QT T A\

CCO++ /-

TEBIT
9€'8TT
8€'8TT
96°TCT ~
L67CCT
br'ecT

120

130

[AWA4" Lﬂ
0s'/¢t

Zb70ST
65°0ET %
v8'0ET |
PT-TET

SL0bT
8/°0%T

140

150

180T

160

QC'TLT

ZEEPT
SS'EPT -
65°EHT 1
19°6bT

170

180

65



ST'TY
9T'T
62T 1
0€'T
1€
ZET A
4%
ZE'T
mm.l
€e'T

vE'T ﬁ
SE'T

GE'T
GE'T
9€°T
$8°T
88°T |
06'T 1
16°T "
06'€ —

==

Nm.f
259 1
€5°9 1
£5°9 1
£8°9 1
489 1
88'9 1
88'9
0691
16'9 1
169 4
16'9
9679
66'9
vz
0z'L
122
HNL
1L

658 —

[ e

~

90°6

90°6
TO'0T
c0'0T
S0'0T
90°0T
90°0T
¢rort
crot

/] ”JIII

111

Bl

LT

= /60
60

00'T [

10C

T6°T |

00'¢
€0'T
00°'T

F 660

= L6'0

f1 (ppm)

66



66°CT
P1°8T \
L1°9¢C

v2'9C
9797
LT°9T
60795 1

€100 9T°ZL 1
0L'%6 1
L9161
¥8°£6 1

ST°86 1
T/°86 1
S5766 1
6966 1

cre
P Alela M IS

98766 1
8866 1

80°007 {
1°00T |
€5°00T

v9°c0l

o N7

NH.mHHQ
TEBIT
SE'8TIT

f1 (ppm)

30

T
100

crLaa
ST'/¢CT

110

vl

US 221

LY O0ET

T
4

1

09°0¢T
64°0€T
98'0€T
PTTET \
SL 0PI
LL0PT W
I8°0vT ‘.
S TH1

T
130

T
140

87'€hT

—

T
150

TS°EPT

cc cy

SSEPT
mm.mvi
T9'6HT

T
160

67



