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1. Experimental part

General Remarks. All reagents and solvents were purchased from commercial sources and were
used as received unless otherwise noted. Reagent grade solvents (CH2Cl», hexanes) were distilled
prior to use. Toluene was dried by distillation over sodium and stored under argon. Transformations
with moisture- and oxygen-sensitive compounds were performed under a stream of argon. The
reaction progress was monitored by means of thin-layer chromatography (TLC), which was
performed on aluminum foil plates, covered with silica gel 60 F254. Product purifications were
done by means of column chromatography with Kieselgel 60. The identity and purity of prepared
compounds were proved by 'H NMR and *C NMR spectroscopies as well as by mass spectrometry
(via EI-MS or ESI-MS/APCI). HRMS (ESI-TOF/APCI) and HRMS (EI): double-focusing magnetic
sector instruments with EBE geometry were utilized. NMR spectra were measured on 400, 500 or
600 MHz instruments. Chemical shifts (5, ppm) were determined with CDCls as the internal
reference; J values are given in Hz. All melting points for crystalline products were measured with
an automated melting point apparatus and are given without correction. Compounds 1%, 22, 3,3 113

and 123 were synthesized as described earlier.

M. Grzybowski, 1. Deperasinska, M. Chotkowski, M. Banasiewicz, A. Makarewicz, B. Kozankiewicz, D. T. Gryko,
Chem. Commun. 2016, 52, 5108-5111.

’B. Sadowski, M. F. Rode, D. T. Gryko, Chem. Eur. J. 2018, 24, 855-864.
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Synthesis of comercially unavailable bromoarenes.

2-Bromo-1,3-dimethyl-5-nitrobenzene.

OH OH Br
Me | Me Bi(NO3)3*5H,0 Me Me 1. Tf,0, EtgN, CHyClp, it Me Me
acetone, rt 2. LiBr, DMF, reflux
Ref. 4 NO, Ref. 5 NO,

The title compound was prepared according to a depicted above, three step synthesis starting from
2,6-dimethylphenol.** TH NMR (500 MHz, CDCls, 25 °C) ¢ 7.92 (s, 2H), 2.51 (s, 6H). 3C NMR
(126 MHz, CDCls, 25 °C) ¢ 146.4, 140.2, 135.0, 122.6, 24.2. Anal. calcd for C10HsNO2Br: C,
41.77; H, 3.51; N, 6.09; Br, 34.73; found: C, 41.97; H, 3.55; N, 5.95; Br, 34.69. HRMS (EI) calcd

for CsHgBrNO2228.9738 [M ], found 228.9741.

To a solution of fluoronitrobenzene (1.0 g, 4.5 mmol, 1.0 eq) in DMSO (7 mL) was added
diethylamine (0.494 g, 0.7 mL, 6.75 mmol). The reaction mixture was stirred at room temperature
for 24 h. After that time, 20 mL of water was added and the aqueous layer was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over MgSOQsa, filtered and

concentrated under reduced pressure to give a pure bromonitroarene.

5-Bromo-N,N-diethyl-2-nitroaniline and 4-bromo-N,N-diethyl-2-nitroaniline

NozNEtz 5-Bromo-N,N-diethyl-2-nitroaniline. Yield: 1.17 g (95%). Yellow oil. *H NMR (500
© MHz, CDCls, 25 °C) & 7.56 (d, 1H, J = 8.5 Hz), 7.24 (d, 1H, J = 2.0 Hz), 7.00 (dd, 1H, J;
= 8.5 Hz, J2 = 2.0 Hz), 3.17 (q, 4H, J = 7.5 Hz), 1.12 (t, 6H, J = 7.0 Hz). 13C NMR (126
MHz, CDCls, 25 °C) ¢ 145.6, 141.4, 127.4, 127.4, 124.7, 122.6, 46.4, 12.6. HRMS (APCI) calcd for
C10H14N202Br 273.0239 [M+H*], found 273.0235.

Br

NEtzNO 4-Bromo-N,N-diethyl-2-nitroaniline. Yield: 1.18 g (96%). Yellow oil. *H NMR (500

2

Br

4 M. Wasinska, A. Korczewska, M. Giurg, J. Skarzewski, Synthetic Communications 2015, 45, 143-150.
3> J.-H. Chun, C. L. Morse, F. T. Chin, V. W. Pike, Chem. Commun. 2013, 49, 2151-2153.



MHz, CDCls, 25 °C) 6 7.80 (d, 1H, J = 7.5 Hz), 7.48 (dd, 1H, J1 = 8.5 Hz, Jo = 2.0 Hz), 7.02 (d, 1H,
J=9.0Hz), 3.14 (q, 4H, J = 7.0 Hz), 1.09 (t, 6H, J = 7.5 Hz). 23C NMR (126 MHz, CDCl3, 25 °C)
5143.8,143.6, 135.5, 128.4, 123.9, 111.7, 46.7, 12.6. HRMS (APCI) calcd for

C10H14N202Br 273.0239 [M+H"], found 273.0241.

4-bromo-4'-nitro-1,1'-biphenyl

According to the literature procedure,® 4-bromophenylboronic acid (1.29 g,

6.47 mmol), 4-iodo-1-nitrobenzene (1.00 g, 4.97 mmol), Pd(PPhs)s (290 mg,
0.25 mmol) were added to 12 mL of anhydrous THF solution in round bottom flask under an argon
atmosphere. Then, 6 mL of 2M solution of K>CO3 in water was added to the reaction mixture. The
mixture was heated at 80 °C for 24 h under an argon atmosphere. After that time, 20 mL of water
was added and the aqueous layer was extracted with dichloromethane (3 x 80 mL). The combined
organic layers were dried over MgSO, filtered and concentrated under reduced pressure. The
residue was purified using column chromatography (SiO2, hexanes : ethyl acetate = 100 : 2) to give

the desired biphenyl.

Yield: 433 mg (31%). *H NMR (500 MHz, CDCls, 25 °C) 6 8.30 (m, 2H), 7.71 (m, 2H), 7.63 (m,
2H), 7.49 (m). 3C NMR (126 MHz, CDCls, 25 °C) § 147.4, 146.5, 137.8, 132.5, 129.1, 127.8,
1244, 1236. HRMS (EI) caled for CiHgNO2Br276.9738 [M™], found 276.9745.

6g. Kang, H. Jung, H. Lee, S. Lee, M. Jung, J. Lee, Y. C. Kim, J. Park, Dyes Pigm. 2018, 156, 369-378.
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General procedure for a double direct arylation reaction and analytical data for all new
compounds.
In a 25 mL Schlenk flask containing a magnetic stirring bar were placed: 1 (0.1 mmol, 43.3 mg, 1.0
eq), tris(dibenzylideneacetone)dipalladium(0) (9.2 mg, 0.01 mmol, 10 %mal), PCys-HBF4 (7.4 mg,
0.02 mmol, 20 %ma), pivalic acid (6.2 mg, 0.06 mmol, 60 %mal), K2CO3 (55.5 mg, 0.4 mmol, 4.0
eq) and the haloarene (0.3 mmol, 3.0 eq). The vessel was evacuated and backfilled with argon (3
times). Next, anhydrous, degassed toluene (2 mL) was added using a syringe. The vessel was tightly
closed and again carefully evacuated and backfilled with argon (3 times). The content of the flask
was stirred at 120 °C. After indicated time, all solvents were evaporated off and the residue was

purified by column chromatography. All further manipulations are described below.

6,12-Diheptyl-3,9-bis(2-methoxy-4-nitrophenyl)-5H,11H-
dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (4). Prepared
using 1-bromo-2-methoxy-4-nitrobenzene (69.6 mg, 0.3 mmol). Time of

heating: 72 h. Product was purified using column chromatography (SiO2,

NO, hexanes : dichloromethane, 2:3). The residue after column was boiled in
cyclohexane, then the flask was cooled down to room temperature and finally the crystals were
filtered off to give 41.0 mg (56% yield) of product. Rf = 0.36 (SiO2, hexanes : dichloromethane,
2:3). Mp. 205 - 206 °C. *H NMR (600 MHz, CDCls, 25 °C) ¢ 7.93 (dd, 2H, J1 = 8.4 Hz, J, = 1.8
Hz), 7.78 (d, 2H, J = 2.4 Hz), 7.48 (d, 2H, J = 8.4 Hz), 6.89 (d, 2H, J = 3.6 Hz), 6.53 (d, 2H, J = 4.2
Hz), 3.87 (s, 6H), 3.14-3.12 (m, 4H), 1.67-1.62 (m, 4H), 1.46-1.43 (m, 4H + residual cyclohexane),
1.34-1.26 (m, 12H), 0.86 (t, 6H, J = 7.2 Hz). *°C NMR (151 MHz, CDCls, 25 °C) ¢ 159.3, 157.8,
148.8, 143.7, 135.5, 133.7, 130.2, 129.8, 118.6, 116.3, 116.0, 115.4, 105.5, 56.1, 32.0, 30.6, 30.5,
30.4, 29.2, 27.1 (residual cyclohexane), 22.9, 14.2. HRMS (EI) calcd for Cs2HsN4Osg 734.3316

[M*], found 734.3320.

3,9-Bis(2,6-dimethyl-4-nitrophenyl)-6,12-diheptyl-5H,11H-

dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione  (5). Prepared




using 2-bromo-1,3-dimethyl-5-nitrobenzene (69.0 mg, 0.3 mmol). The reaction mixture was heated
at 150 °C in a sealed tube for 72h. Product was purified using column chromatography (SiOo,
hexanes : dichloromethane, 1:1). Then, the obtained material was chromatographed again (SiOz,
hexanes : ethyl acetate, 100:5 — neat ethyl acetate) in order to get rid of traces of the mono-arylated
derivative. The residue after column was reprecipitated from dichloromethane/methanol mixture to
give 48.5 mg (66% yield) of product. Rf = 0.43 (SiO2, hexanes : dichloromethane, 1:1). Mp. 256 -
257 °C. 'H NMR (500 MHz, CDCls, 25 °C) 6 7.98 (s, 4H), 6.94 (d, 2H, J = 3.5 Hz), 6.33 (d, 2H, J
= 4.0 Hz), 3.15-3.12 (m, 4H), 2.18 (s, 12H), 1.61-1.55 (m, 4H), 1.43-1.37 (m, 4H,) 1.31-1.23 (m,
12H), 0.86 (t, 6H, J = 7.0 Hz). 3C NMR (126 MHz, CDCls, 25 °C) ¢ 159.0, 147.4, 144.7, 141.1,
139.1, 134.8, 134.3, 121.9, 116.9, 115.9, 115.3, 31.8, 30.5, 30.1, 29.8, 29.1, 22.8, 20.8, 14.2. HRMS

(EI) calcd for CasHs0N4Os 730.3730 [M*], found 730.3702.

6,12-Diheptyl-3,9-bis(3-methyl-4-nitrophenyl)-5H,11H-
dipyrrolo[1,2-b:1",2"-g][2,6]naphthyridine-5,11-dione (6). Prepared
using 4-bromo-2-methyl-1-nitrobenzene (64.8 mg, 0.3 mmol). Time of

heating: 48 h. Product was purified using column chromatography (SiOz,

hexanes : dichloromethane, 1:1). The residue after column was boiled in
a minimal amount of cyclohexane, then the flask was cooled down to room temperature and finally
the crystals were filtered off to give 26.6 mg (38% yield) of product. Rf = 0.46 (SiO2, hexanes :
dichloromethane, 1:1). Mp. 273 - 274 °C. *H NMR (500 MHz, CDCls, 25 °C) 6 8.05 (d, 2H, J = 8.0
Hz), 7.44-7.42 (m, 4H), 6.92 (d, 2H, J = 4.0 Hz), 6.61 (d, 2H, J = 3.5 Hz), 3.22-3.19 (m, 4H), 2.68
(s, 6H), 1.69-1.63 (m, 4H), 1.50-1.44 (m, 4H), 1.37-1.27 (m, 12H), 0.87 (t, 6H, J = 7.0 Hz). 13C
NMR (126 MHz, CDCls, 25 °C) ¢ 159.6, 148.1, 144.4, 137.8, 137.7, 136.3, 133.5, 132.8, 127.3,
1245, 119.7, 116.2, 32.0, 30.7, 30.6, 30.3, 29.3, 22.8, 21.1, 14.2. HRMS (EIl) calcd for
Ca2H46N406 702.3417 [M™], found 702.3404.

6,12-Diheptyl-3,9-bis(3-methoxy-4-nitrophenyl)-5H,11H-
dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (7). Prepared
using 4-bromo-2-methoxy-1-nitrobenzene (69.6 mg, 0.3 mmol). Time
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of heating: 48 h. Product was purified using column chromatography (SiO2, hexanes :
dichloromethane, 1:2). The residue after column was boiled in a minimal amount of n-hexane, then
the flask was cooled down to room temperature and finally the crystals were filtered off to give 19.5
mg (26% yield) of product. Rf= 0.10 (SiOz, hexanes : dichloromethane, 1:2). Mp. 234 - 235 °C. 'H
NMR (500 MHz, CDCls, 25 °C) 6 7.92 (d, 2H, J = 8.5 Hz), 7.19 (br s, 2H), 7.13 (dd, 2H, J; = 8.5
Hz, J> = 1.5 Hz), 6.93 (d, 2H, J = 4.0 Hz), 6.64 (d, 2H, J = 4.0 Hz), 4.00 (s, 6H), 3.21-3.17 (m, 4H),
1.69-1.63 (m, 4H), 1.51-1.45 (m, 4H), 1.36-1.25 (m, 12H), 0.87 (t, 6H, J = 6.5 Hz). 3C NMR (126
MHz, CDCls, 25 °C) ¢ 159.4, 152.7, 144.5, 139.1, 138.6, 137.8, 136.3, 125.5, 120.8, 119.8, 116.2,
114.2, 56.7, 31.9, 30.9, 30.6, 30.4, 29.3, 22.8, 14.2. HRMS (El) calcd for C42H4sN4Og 734.3316
[M*], found 734.3298.

6,12-Diheptyl-3,9-bis(4-nitro-3-(trifluoromethyl)phenyl)-5H,11H-
dipyrrolo[1,2-b:1",2"-g][2,6]naphthyridine-5,11-dione (8). Prepared
using 4-bromo-1-nitro-2-(trifluoromethyl)benzene (81.0 mg, 0.3

mmol). Product was purified using column chromatography (SiO,

hexanes : dichloromethane, 1:1). The residue after column was boiled

NO,
in a minimal amount of cyclohexane and the flask was cooled down to room temperature. Then the

crystals were filtered off and washed with n-pentane to give 22.9 mg (28% yield) of product. Rs =
0.34 (SiOg, hexanes : dichloromethane, 1:1). Mp. 263 - 264 °C. *H NMR (500 MHz, CDCl3, 25 °C)
07.96 (d, 2H, J =8.5 Hz), 7.92 (d, 2H, J = 1.0 Hz), 7.79 (dd, 2H, J: = 8.5 Hz, J> = 1.5 Hz), 6.97 (d,
2H, J = 4.0 Hz), 6.69 (d, 2H, J = 4.0 Hz), 3.21-3.18 (m, 4H), 1.68-1.62 (m, 4H), 1.51-1.49 (m, 4H),
1.37-1.26 (m, 12H), 0.87 (t, 6H, J = 6.5 Hz). *°C NMR (126 MHz, CDCls, 25 °C) 6 159.4, 146.8,
145.1, 137.7, 136.6, 136.1, 132.5, 128.6, 128.5, 124.9, 123.4 (q, J(C,F) = 34.0 Hz), 122.1 (q, J(C,F)
= 274.4 Hz), 120.4, 116.5, 116.1, 31.9, 30.9, 30.5, 30.3, 29.2, 22.8, 14.2. HRMS (EIl) calcd for
Ca2H40N4OsFs 810.2852 [M*], found 810.2850.

3,9-Bis(3-(diethylamino)-4-nitrophenyl)-6,12-diheptyl-5H,11H-
dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (9). Prepared
using 5-bromo-N,N-diethyl-2-nitroaniline (81.9 mg, 0.3 mmol).

Product was purified using column chromatography (SiO2, hexanes :

NO, dichloromethane, 1:1 — 2:3). The residue after column was
recrystallized from acetonitrile, then the flask was left overnight in the fridge and finally the crystals
were filtered off to give 36.5 mg (45% vyield) of product. R = 0.14 (SiO, hexanes :
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dichloromethane, 1:1). Mp. 194 - 195 °C. 'H NMR (500 MHz, CDCls, 25 °C) 6 7.74 (d, 2H, J = 8.0
Hz), 7.26-7.25 (m, 2H + residue signal of CDCls), 7.06 (d, 2H, J = 8.0 Hz), 6.90 (d, 2H, J = 4.0
Hz), 6.60 (d, 2H, J = 3.5 Hz), 3.21-3.15 (m, 12H), 1.69-1.63 (m, 4H), 1.49-1.43 (m, 4H), 1.36-1.26
(m, 12H), 1.15 (t, 12H, J = 7.0 Hz), 0.87 (t, 6H, J = 6.5 Hz). 13C NMR (126 MHz, CDCls, 25 °C) §
159.5, 144.2, 143.0, 138.4, 137.3, 136.1, 125.4, 123.5, 120.8, 119.4, 116.1, 116.0, 46.9, 32.0, 30.8,
30.6, 30.4, 29.3, 22.8, 14.3, 12.8. HRMS (EIl) calcd for CagHeoNsOs816.4574 [M™*], found
816.4551.

6,12-Diheptyl-3,9-bis(4'-nitro-[1,1'-biphenyl]-4-yl)-5H,11H-
dipyrrolo[1,2-b:1",2'-g][2,6]naphthyridine-5,11-dione (10). Prepared
using 4-bromo-4'-nitro-1,1'-biphenyl (83.4 mg, 0.3 mmol). Time of
heating: 24 h. Product was purified using column chromatography (SiO»,
hexanes : dichloromethane, 1:1). The residue after chromatography was
reprecipitated from dichloromethane/methanol mixture to give 38.6 mg
(47% vyield) of product. Rf = 0.23 (SiO2, hexanes : dichloromethane,

NO; 1:1). Mp. 295 - 296 °C. *H NMR (500 MHz, CDCls, 25 °C) 6 8.33 (d,
4H, J=9.0 Hz), 7.81 (d, 4H, J = 9.0 Hz), 7.68 (d, 4H, J = 8.5 Hz), 7.63 (d, 4H, J = 8.5 Hz), 6.92 (d,
2H, J = 4.0 Hz), 6.61 (d, 2H, J = 3.5 Hz), 3.26-3.23 (m, 4H), 1.73-1.67 (m, 4H), 1.52-1.46 (m, 4H),
1.39-1.25 (m, 12H), 0.86 (t, 6H, J = 7.0 Hz). 1*C NMR (126 MHz, CDCls, 25 °C) § 159.9, 147.3,
143.8, 139.3, 138.1, 135.9, 133.7, 129.5, 127.8, 126.8, 124.3, 118.9, 116.1, 116.0, 32.0, 30.7, 30.6,
30.4, 29.3, 22.9, 14.3. HRMS (El) calcd for Cs2HsoN4Og 826.3730 [M*], found 826.3693.

6,12-Diheptyl-3,9-bis(2-methyl-5-nitrophenyl)-5H,11H-
MeO dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (13). Prepared

oMe using 1-bromo-2-methoxy-3-nitrobenzene (69.6 mg, 0.3 mmol). Time

NO; of heating: 7 days. Product was purified using column chromatography
(SiO2, hexanes : dichloromethane, 2:3). The residue after column was washed with a minimal
amount of n-pentane and then the crystals were filtered off to give 15.8 mg (21% yield) of product.
R¢= 0.28 (SiO2, hexanes : dichloromethane, 2:3). Mp. 169 - 170 °C. *H NMR (500 MHz, CDCls, 25
°C) 0 7.83 (dd, 2H, J1 = 8.0 Hz, J, = 1.5 Hz), 7.56 (dd, 2H, J1 = 7.5 Hz, Jo = 1.5 HZ), 7.24 (m, 2H +
residue signal from CDCls), 6.89 (d, 2H, J = 3.5 Hz), 6.58 (d, 2H, J = 4.0 Hz), 3.60 (s, 6H), 3.16-
3.13 (m, 4H), 1.66-1.60 (m, 4H), 1.45-1.39 (m, 4H), 1.33-1.25 (m, 12H), 0.87 (t, 6H, J = 7.0 Hz).
13C NMR (126 MHz, CDCls, 25 °C) ¢ 159.4, 151.6, 144.1, 144.1, 135.3, 134.4, 132.8, 130.5, 125.0,
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123.3, 118.5, 116.1, 115.4, 62.0, 31.9, 30.6, 30.5, 30.3, 29.2, 22.8, 14.3. HRMS (ESI) calcd for
Ca2H4sN4OgNa 757.3213 [M+Na'], found 757.3229.

6,12-Diheptyl-3,9-bis(2-methyl-5-nitrophenyl)-5H,11H-dipyrrolo[1,2-

b:1',2'-g][2,6]naphthyridine-5,11-dione (14). Prepared using 2-bromo-1-
methyl-4-nitrobenzene (64.8 mg, 0.3 mmol). Time of heating: 48 h.
Product was purified using column chromatography (SiO2, hexanes :

dichloromethane, 1:1). The residue after column was boiled in
acetonitrile/cyclohexane = 1:1 (v/v), then the flask was cooled down to room temperature and
finally the crystals were filtered off to give 31.0 mg (44% vyield) of product. Rf = 0.28 (SiO»,
hexanes : dichloromethane, 1:1). Mp. 238 - 240 °C. *H NMR (500 MHz, CDCls, 25 °C) ¢ 8.19-8.15
(m, 4H), 7.41 (d, 2H, J = 8.5 Hz), 6.91 (d, 2H, J = 3.5 Hz), 6.46 (d, 2H, J = 3.5 Hz), 3.14 (br s,
4H), 2.29 (s, 6H), 1.63-1.54 (m, 4H+ residual cyclohexane), 1.44-1.38 (m, 4H), 1.33-1.26 (m, 12H),
0.87 (t, 6H, J = 7.0 Hz). 3C NMR (126 MHz, CDCls, 25 °C) 6 159.2, 146.0, 145.6, 144.8, 136.1,
135.4, 134.7, 130.4, 124.5, 123.3, 118.3, 115.7, 31.9, 30.6, 30.6, 30.2, 29.1, 22.8, 20.6, 14.2.
HRMS (EI) calcd for C42H4sN4Os 702.3417 [M*], found 702.3416.

6,12-Diheptylo-3,9-bis(2-metoksy-5-nitrofenylo)-5H,11H-
dipirolo[1,2-b:1",2'-g][2,6]naftyrydyno-5,11-dion (15). Prepared using
2-bromo-1-methoxy-4-nitrobenzene (69.6 mg, 0.3 mmol). Time of

heating: 48 h. Product was purified using column chromatography (SiO»,

hexanes : dichloromethane, 2:5). The residue after column was
recrystallized from toluene, the crystals were carefully filtered off and washed with n-pentane to
give 40.7 mg (55% vyield) of product. Rf = 0.46 (SiO2, hexanes : dichloromethane, 1:2). Mp. 270 -
271 °C. *H NMR (500 MHz, CDCls, 50 °C) 6 8.32 (dd, 2H, J1 = 9.0 Hz, J, = 3.0 Hz), 8.24 (d, 2H, J
= 2.5 Hz), 6.98 (d, 2H, J = 9.0 Hz), 6.88 (d, 2H, J = 3.5 Hz), 6.53 (d, 2H, J = 4.0 Hz), 3.88 (s, 6H),
3.16-3.13 (m, 4H), 1.69-1.63 (m, 4H), 1.47-1.42 (m, 4H+residual water in CDCl3), 1.36-1.26 (m,
12H), 0.88 (t, 6H, J = 7.0 Hz). 13C NMR (126 MHz, CDCls, 50 °C) J 162.7, 159.3, 143.9, 141.4,
135.3, 133.5, 126.0, 125.6, 124.6, 118.4, 116.3, 115.3, 110.1, 56.4, 32.0, 30.6, 30.5, 30.4, 29.2,
22.8, 14.2. HRMS (ESI) calcd for Cs2H1sN4OgNa 757.3213 [M+Na*], found 730.3209.

6,12-Diheptyl-3,9-bis(4-methyl-3-nitrophenyl)-5H,11H-
dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (16). Prepared
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using 4-bromo-1-methyl-2-nitrobenzene (64.8 mg, 0.3 mmol). Time of heating: 48 h. Product was
purified using column chromatography (SiO2, hexanes : dichloromethane, 1:1) to give 33.2 mg
(47% vyield) of product. Rf = 0.37 (SiO2, hexanes : dichloromethane, 1:1). Mp. 195 - 196 °C. 'H
NMR (500 MHz, CDCl3s, 25 °C) 6 8.13 (d, 2H, J = 1.5 Hz), 7.61 (dd, 2H, J1 = 8.0 Hz, J> = 1.5 Hz),
7.36 (d, 2H, J = 8.0 Hz), 6.91 (d, 2H, J = 4.0 Hz), 6.59 (d, 2H, J = 4.0 Hz), 3.21-3.18 (m, 4H), 2.68
(s, 6H), 1.69-1.63 (m, 4H), 1.49-1.43 (m, 4H), 1.37-1.27 (m, 12H), 0.87 (t, 6H, J = 6.5 Hz). 13C
NMR (126 MHz, CDCl3, 25 °C) ¢ 159.7, 148.6, 144.3, 137.4, 135.8, 133.3, 133.2, 132.1, 125.0,
119.0, 116.0, 115.9, 32.0, 30.7, 30.6, 30.3, 29.2, 22.8, 20.7, 14.3. HRMS (EIl) calcd for
Cu2H46N406 702.3417 [M™*], found 702.3424.

6,12-Diheptyl-3,9-bis(4-methoxy-3-nitrophenyl)-5H,11H-
dipyrrolo[1,2-b:1',2'-g][2,6]naphthyridine-5,11-dione (17). Prepared
using 4-bromo-1-methoxy-2-nitrobenzene (69.6 mg, 0.3 mmol). Time

of heating: 48 h. Product was purified using column chromatography

bme  (SiO2, hexanes : dichloromethane, 1:2) to give 35.0 mg (48% yield) of
product. Rs= 0.12 (SiOz, hexanes : dichloromethane, 1:2). Mp. 208 - 209 °C. *H NMR (500 MHz,
CDCls, 25 °C) ¢ 8.01 (d, 2H, J = 2.5 Hz), 7.66 (dd, 2H, J1 = 9.0 Hz, J> = 2.5 Hz), 7.10 (d, 2H, J =
8.5 Hz), 6.88 (d, 2H, J = 4.0 Hz), 6.53 (d, 2H, J = 4.0 Hz), 4.03 (s, 6H), 3.20-3.17 (m, 4H), 1.68-
1.62 (m, 4H), 1.50-1.44 (m, 4H), 1.37-1.28 (m, 12H), 0.88 (t, 6H, J = 6.5 Hz). *C NMR (126 MHz,
CDCls, 25 °C) ¢ 159.7, 152.8, 144.2, 138.8, 137.3, 135.6, 134.6, 126.3, 125.7, 118.6, 115.9, 115.7,
112.7, 56.8, 32.0, 30.7, 30.6, 30.3, 29.2, 22.8, 14.3. HRMS (EI) calcd for Cs2HssNsOg734.3316
[M*], found 734.3314.

3,9-Bis(4-(diethylamino)-3-nitrophenyl)-6,12-diheptyl-5H,11H-

dipyrrolo[1,2-b:1",2'-g][2,6]naphthyridine-5,11-dione (18). Prepared
using 4-bromo-N,N-diethyl-2-nitroaniline (81.9 mg, 0.3 mmol).
Product was purified using column chromatography (SiO, hexanes :

net,  dichloromethane, 1:1). The residue after column was recrystallized
from acetonitrile, then the flask was left overnight in the fridge and finally the crystals were filtered
off to give 49.3 mg (60% vyield) of product. Rf= 0.17 (SiO2, hexanes : dichloromethane, 1:1). Mp.
179 - 180 °C. *H NMR (500 MHz, CDCls, 25 °C) 6 7.86 (d, 2H, J = 2.5 Hz), 7.52 (dd, 2H, J1 = 8.5
Hz, J» = 2.0 Hz), 7.11 (d, 2H, J = 8.5 Hz), 6.89 (d, 2H, J = 4.0 Hz), 6.53 (d, 2H, J = 4.0 Hz), 3.28-
3.19 (m, 12H), 1.71-1.64 (m, 4H), 1.51-1.45 (m, 4H), 1.39-1.29 (m, 12H), 1.19 (t, 12H, J = 7.0 Hz),
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0.88 (t, 6H, J = 6.5 Hz). 3C NMR (126 MHz, CDCls, 25 °C) § 159.9, 144.2, 143.8, 141.2, 138.1,
135.6, 133.2, 126.5, 124.0, 120.3, 118.3, 116.0, 115.7, 46.3, 32.0, 30.7, 30.7, 30.4, 29.2, 22.8, 14.3,
12.8. HRMS (EI) calcd for CasHsoNsOs 816.4574 [M*], found 816.4598.
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2. Spectroscopic measurements

Table S1. Absorption and fluorescence properties of DPNDs 1-18.

cmpd | solvent® | Aas/nm® | Aq/nmP® | Stokes’ shift/ cm™® Dy t/ns? | kel0® ste | ko108/ste
DCB 508 528 750 0.81 51 1.59 0.373
1f DCM 504 523 720 0.73 5.7 1.28 0.474
ACN 498 525 1030 0.65 5.7 1.14 0.614
DCB 569 605 1050 0.45 3.6 1.25 1.53
2f DCM 562 601 1150 0.41 34 1.21 1.74
ACN 559 599 1190 0.07 — — —
DCB 536 580 1410 0.61 4.3 1.42 0.91
3f DCM 533 578 1460 0.49 3.3 1.48 1.55
ACN 529 579 1630 0.013 0.049 2.65 201
DCB 547 612 1940 0.46 3.7 1.24 1.46
4 DCM 543 610 2040 0.21 17 1.24 4.65
ACN 542 604 1910 0.005 — — —
DCB 524 560 1230 0.96 4.7 2.04 0.085
5 DCM 521 560 1340 0.34 19 1.79 347
ACN 518 564 1570 0.005 — — —
DCB 557 607 1480 0.58 3.7 1.57 1.14
6 DCM 549 605 1690 0.45 3.6 1.25 1.53
ACN 545 608 1900 0.24 2.8 0.857 2.71
DCB 556 606 1480 0.58 3.6 1.61 1.17
7 DCM 549 604 1660 0.44 35 1.26 1.60
ACN 546 603 1890 0.31 3.2 0.969 2.16
DCB 558 606 1400 0.45 3.6 1.25 1.53
8 DCM 548 602 1640 0.31 3.2 0.969 2.16
ACN 543 606 1940 0.005 — — —
DCB 555 602 1390 0.006 — — —
9 DCM 549 608 1760 0.003 — — —
ACN 542 584 1330 0.003 — — —
DCB 563 618 1580 0.38 34 1.12 1.82
10 DCM 555 615 1760 0.28 25 1.12 2.88
ACN 550 608 1730 0.05 3.0 0.17 3.17




DCB 551 582 970 0.49 3.6 1.36 1.42
11f DCM 544 577 1050 0.28 2.2 1.27 3.27
ACN 541 575 1090 0.04 0.309 1.29 31.1
DCB 527 558 1050 0.95 4.7 2.02 0.106
12 DCM 523 555 1100 0.92 48 1.92 0.167
ACN 521 553 1110 0.43 2.7 1.59 2.11
DCB 532 583 1640 0.61 43 1.42 0.907
13 DCM 525 584 1920 0.52 35 1.49 1.37
ACN 524 582 1900 0.12 11 1.09 8.00
DCB 525 568 1440 0.76 49 1.55 0.490
14 DCM 522 566 1490 0.58 3.2 1.81 1.31
ACN 520 569 1660 0.075 — — —
DCB 535 586 1630 0.63 43 1.47 0.860
15 DCM 531 582 1650 0.59 3.6 1.64 1.14
ACN 528 590 1990 0.20 1.8 1.11 4.44
DCB 547 593 1420 0.69 3.8 1.82 0.816
16 DCM 541 593 1620 0.46 3.6 1.28 1.50
ACN 537 592 1730 0.17 2.0 0.850 4.15
DCB 553 604 1530 0.64 4.0 1.60 0.900
17 DCM 546 604 1760 0.43 3.7 1.16 1.54
ACN 543 609 2000 0.18 25 0.720 3.28
DCB 575 669 2440 0.12 2.6 0.462 3.38
18 DCM 565 670 2770 0.02 — — —
ACN 557 688 3420 0.04 2.8 0.143 3.43

“ DCB = 1,2-dichlorobenzene (¢ = 9.93, n = 1.5514, fo(e, n*) = 0.37, = 1.32 cP)’; DCM = dichloromethane (¢ = 9.08, n = 1.424, fo(e, n*) = 0.44, 5
=0.45 cP); ACN = acetonitrile (¢ = 37.5, n = 1.3393, fo(e, n%) = 0.61, 7 = 0.37 cP). ® Absorption and fluorescence maxima. ¢ Stokes’ shifts. ¢ Lifetimes
of the emissive excited states obtained from time-correlated single photon counting (for z 2 1.5 ns). ¢ Radiative and non-radiative decay rate
constants: k, = @, v and k,, = (1 — @)z The data were taken from: B. Sadowski et al. Chem. Sci., 2021,12, 14039-14049.

7 a) M. Terazima, J. Chem. Phys. 1996, 104, 4988. b) A. 1. Abramovich, L. V. Lanshina, 1. D. Kargin, Russ. Chem. Bull.
2017, 66, 828-832. c¢) A. Rostamkolahi, A. Rostami, F. Koohyar, F. Kiani, Chem. Pap. 2013, 67, 1433-1441.
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Figure S1. Comparison of ¢g for compounds 1-18 in three different solvents: 1,2-dichlorobenzene
(DCB) (green), DCM (blue) and ACN (orange). The data for compounds 1, 2, 3, 11 and 12 were
taken from the literature: B. Sadowski et al. Chem. Sci., 2021,12, 14039-14049.
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Figure S5. Absorption and emission spectra of 7 in DCB, DCM and ACN.
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Figure S6. Absorption and emission spectra of 8 in DCB, DCM and ACN.
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Figure S7. Absorption and emission spectra of 9 in DCB, DCM and ACN.
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Figure S8. Absorption and emission spectra of 10 in DCB, DCM and ACN.
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Figure S9. Absorption and emission spectra of 13 in DCB, DCM and ACN.
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Figure S10. Absorption and emission spectra of 14 in DCB, DCM and ACN.
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Figure S11. Absorption and emission spectra of 15 in DCB, DCM and ACN.

1.0 1.0

0.5

lntensity/ffs (normalized to 1)
L
o
o,
Absorbance/v (normalized to 1)

0.0 0.0

1 T T 1 1 1
14000 16000 18000 18000 20000 22000

Wavenumber (cm"‘] Wavenumber (cm‘1}

Figure S12. Absorption and emission spectra of 16 in DCB, DCM and ACN.
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Figure S13. Absorption and emission spectra of 17 in DCB, DCM and ACN.
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Figure S14. Absorption and emission spectra of 18 in DCB, DCM and ACN.
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Figure S15. Emission decays of 4 in DCM and DCB. The decays were gated at the indicated

wavelengths. The emission lifetimes of 4 in ACN are below IRF (grey curve, 1.5 ns), and thus the
emission decays could not be recorded.
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Figure S16. Emission decays of 5 in DCB and DCM. The emission lifetimes of 5 in ACN are
below IRF (grey curve, 1.5 ns), and thus the emission decays could not be recorded.
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Figure S17. Emission decays of 6 in DCB, DCM and ACN.
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Figure S18. Emission decays of 7 in DCB, DCM and ACN.
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Figure S19. Emission decays of 8 in DCB and DCM. The emission lifetime of 8 in ACN is below
IRF (grey curve, 1.5 ns), and thus the emission decays could not be recorded.
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Figure S20. Emission decays of 10 in DCB, DCM and ACN.
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Figure S21. Emission decays of 13 in DCB, DCM and ACN.
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Figure S22. Emission decays of 14 in DCB and DCM. The emission lifetime of 14 in ACN is
below IRF (grey curve, 1.5 ns), and thus the emission decay could not be recorded.
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Figure S23. Emission decays of 15 in DCB, DCM and ACN.
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Figure S24. Emission decays of 16 DCB, DCM and ACN.
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Figure S25. Emission decays of 17 in DCB, DCM and ACN.
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Figure S26. Emission decays of 18 in DCB and ACN. The emission lifetime of 18 in DCM is
below IRF (grey curve, 1.5 ns), and thus the emission decays could not be recorded.
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3. Two-photon abosorption measurements

Table S2. Two-photon absorption data of compounds 1-18 in DCM.

Compound Azpal/ NM G/ GM
1 830 27
750 44
2 <690 >3718
820 102
3 730 209
<680 312
A 840 270
<690 835
810 86
5 765 152
720 157
<680 >197
s 730 908
<690 >1177
: 810 401
<690 >1326
8 <690 >1134
755 43
9 720 5.6
<690 >9
10 720 1384
770 115
1 720 186
<680 >233
820 47
12 <685 >175
820 43
13 <685 >167
820 25
14 <685 >96
820 46
5 <685 >161
940 53
890 84
16 790 272
730 310
<680 >340
890 89
17 <700 >513
940 27
18 810 86
755 104




Table S3. Two-photon absorption spectra of compounds 1-18 in DCM.
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Figure S27. Effect of the position of the NO2 group (ortho vs. para derivatives) on 2PA.
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4. 'Hand *C NMR spectra of new compounds.
Note: despite the fact that the samples were dried overnight under high vacuum at 70 °C there are traces of solvents that
disturb an alkyl region of NMR spectra.

2.513

a ]
2 R
[ [

Br
Me Me

NO,
H NMR, 500 MHz, CDCls, 25 °C

it y
< ©
N 3
T T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1C
& (ppm)
fa}
g
2 2 bk g now ~
¥ 9@ e 388 ]
e 2 3 a NS <
g 0§ 5 B b4
o ~NS
Br
Me Me
NO,
13C{"H} NMR, 126 MHz, CDCl3, 25°C
|
|
|
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10



SOT'T /

ozr'T —
PET'T \

8bT'E
wore

el

¥66'9
866'9
T10°L
ST10°L
SETL
OMNNN
09Z°L

omm.n\“
£95°L

]

NO,

NEt,

Br
"H NMR, 500 MHz, CDCl,, 25 °C

Heg

F00'T
=660

=460

0.0

0.5

1.0

1.5

2.5

3.0

4.5 4.0

5.0
5 (ppm)

6.5

7.0

7.5

8.5

9.5

8E€9°CT —

6TH9p —

€IPP2 906°9L

€PP2 091" L
EPP2 YT LL

029721 ~
STLYECT ~C
65€LTT

SkyLTT V

Ty TPT —
0€9°SPT —

NO

]
©, NEt,

Br
13C{'H} NMR, 126 MHz, CDCl,, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S31



0T /

880'T —
€0T'T /

wre
9ET'E

sl

S10°Z
mmc.N/
09C°L
(YA A /
UYL
68b°L
£6v°L
Y6l L
66L°L v.

NEt,

NO,

Br
"H NMR, 500 MHz, CDCl;, 25 °C

189

Frov

=TT

=01'T

0.0

0.5

1.0

1.5

2.5

3.0

4.5

5.0
5 (ppm)

5.5

6.5

7.0

8.5

9.5

€597 —

82L9%% —

P89 TTT —

U-ETT —

80b'82T —
875'SET —

E€19°EPT
6LLEVT v.

NE,
@,N 0,

Br
13C{'H} NMR, 126 MHz, CDCl,, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S32



09Z°L
8L
98b°L
96v°L
00S°Z
woL
979°L
S€9°L
6£9°L
b9 L
969°L
00L°L
0TLL
YILL
6TLL
68
96C°8
90€'8
01E'8
v1e'8

e

"H NMR, 500 MHz, CDCly, 25 °C

=0T
=50C
=0T

=00C

1.0

1.5

2.5

3.0

4.0

4.5

5.0
5 (ppm)

8.5 7.5 6.5 5.5

9.5

£69°€2T ~
6LevTT
€61271 —
506217
06b°2ET

608'LET —

86v°9bT ~_
Pt LpT =

NO,

O~

3¢{"H} NMR, 126 MHz, CDCl,, 25 °C

Br

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S33



158°0
£98°0 W.
v/8°0
LTAEN
1921
et
v62°1
20€'1
o1e'T
87€'T |
ObE'T |
82y |
b1
95t°1
19v'1
551 ]
1297
$E9'T
L¥9'T
0997 1
€£9'1
e
oﬁ.i
brTE \

0/8°€

0£S'9
LS9 >
688'9
S689 v.
09T°L ~
TvL
S8b°L V.
9LLL
08L°L

we’L
ST6°L
9€6°L
6€6°L

NO,

"H NMR, 600 MHz, CDCls, 25 °C

F 509

Feozr
Bro0er
P SEP

/8¢

= 09

=88'T

=00'C

= €6'T

=96'T
=00'C

0.5

1.0

2.5 1.5

3.5

4.5

5.0
5 (ppm)

T
6.0

TP1°98 —

€IPP2 816°9L

POPOOoT

€PP2 TLELL

0L¥’S0T —

EEY'STT
T96'STT W
9€E'9TT \

T59°8TT

99£°62T ~.
S8T°0eT -~
S89'EET —
875's€T "

YeLEPT —

[44:5: 14 S

9€8°LST ~
TSE6ST

NO,

3C{'H} NMR, 151 MHz, CDCls, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S34



158°0
5980
6/8°0 1
ez
(A%
8v'T |
5521 4
692'T
S82°T 4
6677
€1€°T o
99€°T 4 ﬁ
86T
96€'T
TTH'T
85T
oS’
1957
95T
2681
£09'T
S81'7 —

€we
B6ET'E W.
bST'E

STE9
€€E9 v.

v€6'9
1469 >

09T°L —

86'L —

"H NMR, 500 MHz, CDCl3, 25 °C

E£€9

Farvr
BTy
109

=S'TT

66

=86'T

00T

F L0V

0.0

0.5

1.0

1.5

2.5

3.0

4.0

5.0
5 (ppm)

5.5

6.5

7.0

7.5

8.5

9.5

Ty —

S¥8'07 —
v8LTT —
£51°62

258'62 W
651°0€ 7
zss°0¢ \

L6LTE

STE'STT >
£06°STT
TL8°9TT \

€¥6'T2T

EBTVET —F
69L°VET /
990°6€T —
£90° 16T
9TL PPT —
0T¥'LbT —

956°8ST —

NO,

13¢{"H} NMR, 126 MHz, CDClj, 25 °C

-10

110

T T T T T T T
190 180 170 160 150 140 130

T
200

210

5 (ppm)

S35



6580
€£8°0
£88°0 4
692'7 1
as
S8T°T
1621
862'T
STE'T o
PHE'T o
65€°T
SLET A
Stb'T
096°T
SLH'T N
065'T
05T )
ST
6291 7
9491
199°7
99" g
169'T

8,97 —

===

) G

L8T°E
e AN
81C'E

119°9
819'9 >
816'9
926’9 v.
09T°L~

[ AN
WL

908~
2908~

!

NO,

"H NMR, 500 MHz, CDCls, 25 °C

09

Len
Beoy
bTh

96'S

F66'€

F€0'C

= 00T

Fpv6'E

F£0'C

T

T

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
5 (ppm)

11.0 10.5

oPTvT —

SL0'TZ —
88T —
867'62
bSE0E W.
22908
81.0¢ \

€96'T€E

sttt/
689611 =~
09%bZT ~\_
LSTLTIN]

68L°CET
9CS'EET V
S9T'9ET ~
EVLLET
908°LET 7
8T¥ bl —

0TT'8vT —

TLS6ST —

NO,

13¢{"H} NMR, 126 MHz, CDCls, 25 °C

T
-1C

T T T
140 130 120 110

T
150

T T T
190 180 170

T
200

5 (ppm)

S36



098°0
v(8°0 W.
£88'0

bSTT

RN
L1€'1
TE€T
9E'T
091 4
6bb'T
€91 |
8T
z6v°T
£05'T
6297 ]
959'7
0997
91

ﬂmw.ﬁg
SLT'E
T6T°E
L0T°e

£66'€ —

al

—

S€9'9
€b9'9 v.
ST6'9
£€6'9 >
0zrL
€L
LET'L
orTL
S6T°L
09Z°L

L6°LT
PE6'L 7

NO,

"H NMR, 500 MHz, CDClj, 25 °C

I s6'S

~ea
oy
T wy

I s6€

E26'S

FL6'T
F00C

o 00T
=61

F96'T

1.5

2.0

2.5

3.0

3.5

4.0

EETYT —

pb8Te —
€€€°6C
69€°0€ /
209°0¢
298°0¢ \

°S6'TE

0195 —

5 (ppm)

0SZ'4TT —
o191t "
L18'6TT —
wror
085'SZT ~

S9T°9€T

66L°LET M
LEI'BET —F
TST'6ET \
S0S'bPT —

£L59°TST —

TEP'6ST —

NO,

13¢{"H} NMR, 126 MHz, CDClj, 25 °C

T
-1C

110

T T T T T T T T
200 190 180 170 160 150 140 130

210

8 (ppm)

S37



588°0

858°0
wa.c%
Sz'1

89C'T
SLTT
€8TT
68C'T
et
L1E°T
62E'T
PrE'T
8SE'T
ELET —
YL 7 3

£9b°'1
8L¥'T
€6v°T
80S'T
obs'T
819'T
PEY'T
6v9'T
S99°T
6L9°T
08T°€
S6T'E AN
ace

€899
1699 v.

£96'9
SL6'9 >

09T

6LL°L
wLL
96L°L
66L°L

T6°L
£€26'L
L56°L
vL6°L

"H NMR, 500 MHz, CDCl3, 25 °C

= v6'S

Fogar
TS
Shy

ey

=10C

=-00C

- 90T
o V6T
e

5 (ppm)

TTHT —

9082 —
181'6C
Rm.omW
£65°0E
w&.om\
826°T€

€PP2 906°9L

"

EPPI T LL

IST'9TT
£9v°9TT
£09°8TT
65€°0CT
PEO'TZT
£66°2CT
[4ralat
£97°€2T
L£5°€TT
608°€CT
S06'4ZT ~&
oce'ser
875821
7Ls°8eT 7
egpeer
8T1'9ET —7
009°9€T \
€1LLET
£2T°SPT ~
96L'9T —

8TH'6ST —

NO,

3¢{"H} NMR, 126 MHz, CDCl,, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S38



1980 7
S804
888°0 1
9ET'T 4
TST'T
S9T'T o
1927
0827
982° 4
20€°T
STE'T
0E€°T
£HET
09€°T ~
TEP'T 7
9T 7
091
Sty'1
06°T 4
SPS'T ]
1€9'T
£69'T
1997
269'1 -
SsT'E
€LTE
81°¢
T0z'€ N.

s1T°e

= (eTe—

€659
0099 v.
4689
S06'9 v.
50,
890°L %.
8¥T'L \
09C°L

LN
syl

NO,

H NMR, 500 MHz, CDClj, 25 °C

» €19
FPITT
o€t
7 0EY

H\‘ma.w

7084

=86'T
=00

16T
= €9°€

= 06T

T
10.5

11.0

SE8TT ~
9STHT

£V8'7C —

9re'6T
T0p°0E /
859°08 %
£b8°0€ \
600°CE

€16'9 —

5 (ppm)

586'STT
erron >
SEP6IT —
182021 W
sspeet

cov'ser

T90°9€T ~_
9TELET —
PLEBET 7
0£0'€LT ~—~
66T bbT -

T9Y'65T —

NO,

13C{'H} NMR, 126 MHz, CDCls, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S39



8v8°0

1980 W
5/8°0

VST
1821
9821
2621
00€°T
v1e1 4
(N8
PPE'T
09€'T
et ]
851
8561 ]
€261 ]
1801
€051
8151
0vS'T
29T
889°T |
€041 4
6141 1
beLT
rzze
evee
gsze |

8099~
s199 7"
126'9
6269
0922 —
029°2
L£9°L
YL —F
oA
£08°L \
se8'L
€268~
TE's

19

Regar
ey
Y

40t

= /L0C

=00C

oy
8T'h
A ozy

=S50

98T HT —

887 —
0€€E'6T
0LE°0€ /
+09°0€
TEL'OE

7
+00°2€ \‘

5 (ppm)

210911
ssoo11
6£6'8TT

LEEVTT ~
0e8'92T —
veg LTt

STS'62T \
TLeer w
S68'SET

ETT'8ET -
LTE6ET

zsgert
28T LT —

$T6'65T —

3C{'H} NMR, 126 MHz, CDCl,, 25 °C

T
-1C

5 (ppm)

S40



558°0
6980
€880
6vT'T
LTt
06C'T
$0E'T

T2E°T
SEE'T “-
b6E'T
60p°T
9K’ T
8EP'T
[
LYS'T
L6S'T
€19°T
879'T
bro'T
659'T

TET'E
yA4 3
€9T'e

S09°€ —

2s9
0859
6889
s689 >
8TTL
AN
0L

1SS,
$SS'L
995°L
695°L

T8,
v8'L
LEB'L
8L

"H NMR, 500 MHz, CDCl3, 25 °C

F o9

Fogr1r
Bgry
T 06€

Frev

FLES

FL6'T
F 00T
Feve
F€0C

90

-1.C

T
0.0

5 (ppm)

YLTYT —
€187 —
T61°6C

zm.om%
66508
t\m.om\

SE6'TE

bp079 —

€PP2 906°9L

EPPI T LL

Y9E'STT V
YST9TT

€¢98TT 7
6TEECT ~
2€0°STT

S65°0ET
008261~
ObbbET —
ote'ser

6S0'PHT
80 vPT v

6v9°TST —

Y6E6ST —

{13C}'"H NMR, 126 MHz, CDCls, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S41



vmm.ol_

-

8980
880
LSTT
|
aet
0€E'T
S8E'T
66E'T
PIP'T
6CH'T
o' T —
6ES'T ~F
68S'T
v09'T
619'T
T€9'T
T —

orr'e —

95b'9
£9%'9 >

806'9
S16'9 v

€1000 09¢°L

AL

°w0rL v

6T¥'L

LpT'8
w,sTe
691'8
€L1'8
S81°8
061°8

"H NMR, 500 MHz, CDCl5, 25 °C

Ll

=579

F997/1
651
Frese

=819

WMa.v

== E6'T
F00C

=11C

L0

0.5

1.5 1.0

2.0

2.5

4.5

5.0

5 (ppm)

6.5

7.0

7.5

8.5

0T HT —

7590 —
S8L°CC—

8TT'6C
912°0€ %
109°0€
£€9°0€ N

798°1€

£0go ot

00082~

£99'STT —
SPE'BTT —
T9T'ETT ~\
9ULY'PTT ~

SOP'0ET ~.
YSLPET

9LE'SET ~:
1L0°9€T =

0LLvPT
665'SPT W
°L6°ST

8TT'65T —

14N

13¢{"H} NMR, 126 MHz, CDCl,, 25 °C

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S42



7100 —

6259
LES9 v.
788'9
6889 V.
SL6'9 x
€66'9

owm.h\

bET'8
mmN.wH/
0E'8

01e'8
we's

8°€'8

"H NMR, 500 MHz, CDCl,, 50 °C

e

H/wn.NH
Eo6g
i Aad

F1ov

209

=61

= 00T
=-80C

= 98T
10T

1.0

1.5

3.0

5.0
5 (ppm)

6LTPT —
88'tt —

96T°6C

6L£°0€
E€LV°0E W.
§b9°0€ \

S66'TE

¥6€°95 —

€IPP2 906°9Z

EPP2 YTb LL

980°0TT —
TTeSTT

L9T°9TT V
ETP'8TIT —

SE9'VTT AN
T09°'STT —
6T0°9CT 7

8CSTEET —
€TESET —

0Ty’ TPT —
206'€hT —

TPE6ST —
92L'T9T —

1502N

3C{'H} NMR, 126 MHz, CDCl;, 50 °C

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

5 (ppm)

S43



098'0
280 1
£88°0
€77
082°T
8T
b1€°T
82€°
THE'T
bSET
TLET A
SEPT
05t°T
59T
08t°1 7/
661 7
195°T 5
8291 7|
+bo°1 4
6591 %

e

=T

SL9°T
069°T
99C —

08T°€
S6T'E W
Tiee

€859
1659 v.
€06'9
1169
09C°L
SSE°L W
TLEL
209°L
S09°L
819°L
129,
9T1'8
621°8 V.

'H NMR, 500 MHz, CDCl3, 25 °C

885

Tw.:

Eory
e

Fs8's

Fs6¢

F=S6'T

F00'C

F00C

86T

=81

0.5

1.5 1.0

2.0

2.5

3.0

4.0

4.5

5.0
5 (ppm)

7.5 6.5 5.5

8.5

9.0

LSTHT —
TeLor —

we'e —
€TT'6T

Teg0g
sis08 W.
569°0€ \

896'T€

£€6'STT
600°9TT >
€20°611 7

€00°52T —

6e1ZET
st W
ez EET
€v8'sET 7
L0v 25T

PrEYYT —
T6S9°8YT —

TTL'6ST —

13C{'H} NMR, 126 MHz, CDCl;, 25 °C

-10

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

5 (ppm)

S44



298°0
980

880/
8LTT
982'T
2671 7
61€'T
0£€'T ]
9be'T
2561
pLET ]
1617
T5p'T
191
8y
966°1 4
9b5°T 1
£19'T 1
£69'T 1
89'T
$99°T
6/9°T -
99T°€ |

18T°€
L61°€ \
z€0Y

0€S'9
8€5'9
8/8'9
988'9 >
560°L ~
ars M
09C°L 7

6v9°L
€59°L
999°L
7oL
+00'8
600'8 \

"H NMR, 500 MHz, CDCl3, 25 °C

Fv8'S

Fee1r
By
ey

v6'€

= 08'S

F00C
F00'C
F00'C
F00'C

88T

ELTYT —

S¥8'CT —
SET'6T

LYE'0E
509°0€ W.
TE€L'0E
066'T€ \\‘

06495 —

5 (ppm)

0vLZTT ~
LELSTT

9€6°'STT >
Sp9'8TT

959'STT ~
1bE971

PSOPET N
€65°GET —
Lg5°51
vegger

L0THPT —

818'25T —

TEL'6ST —

13C{'H} NMR, 126 MHz, CDClj, 25 °C

-10

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

5 (ppm)

S45



998°0
088°0 |
€680
€417
811 4
02T
60T
6671
52T o
SEET o
6vET
€961
L2877
£6€°T
£56°T
8951 \
€8T —
86v°T u
21sT

95T
S¥9°T
099'1 4
591 %

T

T69'T
90L'T
881°€
voTe
ozee
ovee
vsTe
89C°¢
s|Te

£25'9
SES'9 >
288'9

068'9 AN
00T°2

L1T°L v
09z,

80S°L
€IS,
9es°L
0€S°L

T98°L \.

998°L

'H NMR, 500 MHz, CDClg, 25 °C

E66'S
Bee1r
Fevar
By
Py

Feozr

= L6'T
=00C
0T
F€0T

6T

964'TT ~
L6THT

0v8'7e —
444
LLE0E %
849°0€

969°0€ \

o'ze

LIE°9% —

8 (ppm)

20L'STT
186511~
£pE°8TT “
80€°02T

L10've1
vey'ort =

L8T'EET ~C
££5°SET ~
PTIBET ~
STTTHT ~_
SLLEPT ~.
TZTerT

6€6'6ST —

13C{'H} NMR, 126 MHz, CDClj, 25 °C

T T

180

T

190

-10

160 150 140 130 120 110

170

200

210

5 (ppm)

S46



