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Scheme S1: Synthetic pathway of compounds B1-B3

1. Experimental Section

1.1. Materials and Methods

All reagents were purchased from commercial sources and used without any further purification
unless otherwise noted. *H, 1B, 3C, *F NMR spectra analyses of the compounds were performed
in CDCl3z ona Varian INOVA 500 MHz spectrometer (West Sussex, UK) using TMS as an internal
reference for 'H and '3C measurements. Bruker MS MALDI TOF spectrometer (Bremen,
Germany) was used for mass analyses.

2. Synthesis

The compounds B1 and B3 were synthesized and purified according to literature procedure

(Scheme S1). 2



2.1. Synthesis of Compound B1

CH:ClI> (300 ml) was placed in a 1 L of round bottom reaction flask and it was purged with argon
gas for 15 min. 4-Pyridinecarboxaldehyde (1000 mg, 9.34 mmol) and 2,4-Dimethylpyrrole (1.3
mL, 12.5 mmol) were added to the medium, respectively. The color of the solution turned to red
after the addition of 3 drops of trifluoroacetic acid. The reaction mixture was stirred at room
temperature for 12 h. After 12 h, DDQ (2.04 g, 8.9 mmol) was added to the reaction medium and
the mixture was stirred at room temperature for a further 30 min. Then, triethyl amine (5 mL) and
boron trifluoride diethyl etherate (BF3.OEt2) (5 mL) were added, sequentially. The reaction
mixture was stirred at room temperature for further 3 hours. Then, it was extracted with CH2Cl»
and water. Organic layer was dried with Na,SO4 and evaporated under reduced pressure. The crude
product was purified by silica gel column chromatography using CH.Cl, as mobile phase. Fraction
containing B1 was collected then the solvent was removed under reduced pressure (600 mg, 19.8
%). MALDI TOF (m/z) calc. 325.16, found: 326.176 [M*], 306.337 [M*-F]. *H NMR (500 MHz,
Chloroform-d) 81 = 8.80 (d, J = 4 Hz, 2H, Ar-CH), 7.32 (d, J = 4.1 Hz, 2H, Ar-CH), 6.03 (s, 2H,
Ar-CH), 2.58 (s, 6H, CHs), 1.43 (s, 6H, CH3) ppm. 3C NMR (126 MHz, CDCls) 6c = 156.476,

150.659, 143.591, 142.663, 137.662, 137.604, 130.356, 123.314, 121.809, 14.636, 14.606 ppm

2.4. Synthesis of Compound B2

B1 (150 mg, 0.461 mmol) was dissolved with 50 mL of CH2Cl>. N-lodo-succinimide (NIS) (114
mg, 0.507 mmol, 1.1 eq) was added to the previous reaction mixture and it was stirred for 30
minutes. According to thin layer chromatography tests, it was stirred additional 3 hours and then
solvent of the reaction was evaporated under reduced pressure. The crude product was purified by

silica gel column chromatography using n-hexane—Ethyl acetate (2:1) as mobile phase. Fraction



containing B2 was collected then the solvent was removed under reduced pressure (124 mg, 60%).
MALDI TOF (m/z) calc. 451.07, found: 451.305 [M*], 432.368 [M*-F]. 'H NMR (500 MHz,
Chloroform-d) ox = 8.83 (s, 2H, Ar-CH), 7.32 (d, J = 3.1 Hz, 2H, Ar-CH), 6.09 (s, 1H, Ar-CH),
2.66 (s, 3H, CH3), 2.58 (s, 3H, CH3), 2.59 (s, 6H, CHa), 1.44 (s, 6H, CHs) ppm. *C NMR (126
MHz, CDClz) 6c = 158.89, 155.79, 150.89, 144.69, 143.65, 137.57,130.92, 129.92, 123.38, 123.02

17.09, 14.98 ppm

2.5. Synthesis of Compound B3

B1 (150 mg, 0.461 mmol) was dissolved with 50 mL of CH2Cl. N-lodo-succinimide (NIS) (310
mg, 1.40 mmol 3eq) was added to the previous reaction mixture and it was stirred for 30 minutes.
According to thin layer chromatography tests, it was stirred additional 3 hours and then solvent of
the reaction was evaporated under reduced pressure. The crude product was purified by silica gel
column chromatography using n-hexane—Ethyl acetate (2:1) as mobile phase. Fraction containing
B3 was collected then the solvent was removed under reduced pressure (185 mg, 70%). MALDI
TOF (m/z) calc. 576.95, found: 577.837 [M*], 557.845 [M*-F]. *H NMR (500 MHz, Chloroform-
d) 54 = 8.82 (d, J = 5.8 Hz, 2H, Ar-CH), 7.28 (d, J = 5.9 Hz, 2H, Ar-CH), 2.65 (s, 3H, CHz), 1.42
(s, 6H, CH3) ppm. **C NMR (126 MHz, CDCls) 8¢ = 158.25, 151.30, 145.22, 143.76, 143.57,

137.50, 130.61, 123.47, 17.65, 16.55 ppm
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Figure S1: *H NMR Spectrum of Compound B1
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Figure S2: 13C NMR Spectrum of Compound B1
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Figure S3: Mass Spectrum of Compound B1
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Figure S4: *H NMR Spectrum of Compound B2
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Figure S5: 13C NMR Spectrum of Compound B2
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Figure S7: *H NMR Spectrum of Compound B3
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Figure S8: 13C NMR Spectrum of Compound B3
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Figure S9: Mass Spectrum of Compound B3

11



X-ray Crystallography

Data was obtained with Bruker APEX Il QUAZAR three-circle diffractometer. Indexing was
performed using APEX23. Data integration and reduction was carried out with SAINT?.
Absorption correction was performed by multi-scan method implemented in SADABS®. The
structure was solved using SHELXT?® and then refined by full-matrix least-squares refinements on
F2 using the SHELXL® in Olex2 Software Package’. Aromatic and aliphatic C-bound H atoms
were positioned geometrically and refined using a riding mode. Crystallographic data and
refinement details of the data collection for BODIPY derivatives are in Table S1. Crystal structure
validations, geometrical calculations and crystal packing analysis were performed using Platon
software.® Mercury software was used for visualization of the cif files.® Additional crystallographic
data with CCDC reference numbers 2011924-2011926 for B1, B2, and B3 have been deposited

within the Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/deposit.
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Table S1. Crystal data and refinement parameters for BODIPY compounds.

Compound Bl B2 B3
CCDC 2011924 2011925 2011926
Empirical Formula CigH1sBF2N3 CisH17BF2INs CigHisBF2I2N3
Formula weight/g. mol! 325.16 451.05 576.95
Temperature/K 296.15 296.15 120
Radiation, Wavelength (A) MoKa (A = MoKa (A = MoKa (A =
0.71073) 0.71073) 0.71073)
Crystal system Monoclinic Monoclinic Orthorhombic
Space group P2i/c P2i/c Cmcm
a/A 24.878(4) 14.9264(12) 16.724(2)
b/A 6.8029(13) 11.4332(9) 15.302(2)
c/A 20.937(4) 10.9861(8) 7.6345(10)
a/° 90 90 90
p/° 114.088(9) 107.745(4) 90
y/° 90 90 90
Crystal size/mm? 0.27x0.22x0.18 | 0.39x0.24x0.09 | 0.05x0.18 x0.19
Volume/A3 3234.9(10) 1785.6(2) 1953.7(4)
Z 8 4 4
pealcd (9. cmM™>) 1.335 1.678 1.961
iU (mm™) 0.096 1.818 3.244
F(000) 1360 888 1096
20 range for data 1.794 to 49.994 4.572 to0 50.042 6.442 to 49.968
collection/®
h/k/l -29<h<24,-8<k | -17<h<15,-9<k

-19<h<19,-18 <

<8,-24<1<24 <13,-13<1<12 k<18,-8<1<9
Reflections collected 25315 9432 7350
Independent reflections 5674 [Rint = 3148 [Rint = 967 [Rint = 0.0543,
00887, Rsigma = 00289, Rsigma = Rsigma = 00363]
0.0810] 0.0300]
Data/restraints/parameters 5674/0/442 3148/0/230 967/0/86
Goodness-of-fit on F? (S) 1.083 1.045 1.127
Final R indices [I > 26(l)] | R1=0.0767, wR2 = | R1 =0.0290, wR2 = | R1 = 0.0298, wR> =
0.1958 0.0736 0.0790
R indices (all data) R1=0.1334, wR2 = | R1 =0.0345, wR2 = | R1 =0.0309, wR; =
0.2158 0.0769 0.0798
Largest diff. peak/hole / e A- 0.29/-0.27 0.79/-0.54 0.69/-1.72
3
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3.1. Analysis of studied structures

The solid-state structures and geometries of BODIPY compounds (B1, B2, and B3) were
determined using single-crystal X-ray structural analysis. ORTEP representations of these three
structures are shown in Fig. S1. Compounds B1 and B2 crystallize in the monoclinic crystal system
with a P2i/c space group, whereas compound B3 have different crystal system, which is

orthorhombic Cmcm space group.

Figure S10: Molecular structures of compounds B1, B2, and B3, showing displacement ellipsoids

at the 30% probability level. Only one molecule of the asymmetric unit of B1 is shown.

Table S2. The intermolecular D-H---A interaction parameters (A and °) for BODIPY compounds.

D-H---A | Symmetry | d(D-H) | d(H:--A) | d(D-H---A) | D-H---A |

Bl

C34-H34---F4 X, 3/2-y, 1/2+z 0.93 2.59 3.382 143.50

C18-H18---N6 - 0.93 2.63 3.428 143.97

C30-H30A:--N3 X, 1/2-y, -1/2+z 0.93 2.70 3.645 167.32

C36-H36---N3 X, 3/2-y, -1/2+z 0.93 2.61 3.515 163.58
B2

C15-H15---F2 X, 3/2-y, -1/2+z 0.93 2.49 3.364 156.62

C13-H13C---F1 X, 3/2-y, 1/2+z 0.93 2.43 3.352 161.12

fvaw(F)+ fvaw(H)=2.67 A, rvaw(N)+ rvaw(H)=2.75 A.

14
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Figure S12:3D supramolecular network of B1.
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Figure S13: (A) The 1D hydrogen-bonded chain linked by intermolecular C-H---F interactions
(B) The 3D supramolecular network of B2 (C) The 1D infinite chains formed by homodimer

Csp3---N (3.247(6) A) and Csp3---F (3.125(4) A) interactions.
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Figure S14: (A) and (C) Perspective view of crystal packing of B3 along ac and ab plane. (B) The

1D F---mgopipy) interactions in B3.
4. Computational Methodology

Molecular electrostatic potential surfaces were calculated with the density functional M06-2X as
implemented in Gaussian09.1° For iodine, DGDZVP and for the rest of the atoms 6-31+G(d,p)
basis sets were used. The atoms-in-molecules (AIM) topology calculations were performed with

the help of Multiwfn software (v. 3.3.5),** using the output generated by the Gaussian 09.

The decomposition of the binding energies of studied compounds was carried out by using the
symmetry-adapted perturbation theory (SAPT), which partitions the attractive forces into
electrostatic (Eeist), exchange-repulsion (Eexch), induction (Eind), dispersion (Edisp) terms and the
exchange as the repulsive term.}** For such decomposition, the Hamiltonian is partitioned into
monomeric Fock operators, Mgller—Plesset fluctuation operators and intermolecular interaction
operators. All SAPT calculations were done with the Psi4 program using density fitting at the
SSAPTO/jun-cc-pVDZ level . r®

Figure S15: Trimer BODIPY unit of B2.

18



References

1

10

11
12
13
14

15

Y. P. Rey, D. G. Abradelo, N. Santschi, C. A. Strassert and R. Gilmour, European J. Org. Chem.,
2017, 2170-2178.

M. K. Raza, S. Gautam, P. Howlader, A. Bhattacharyya, P. Kondaiah and A. R. Chakravarty, /norg.
Chem., 2018, 57, 14374-14385.

APEX2. Ver. 2014.11-0, Bruker, 2014.

SAINT, version 8.34A, Bruker, Bruker AXS Inc., Madison, 2013.
SADABS, version2014/5, Bruker, Bruker AXS Inc., Madison, 2014.

G. M. Sheldrick, Acta Crystallogr. Sect. C Struct. Chem., 2015, 71, 3-8.

0. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J. Appl.
Crystallogr., 2009, 42, 339-341.

A. L. Spek, Acta Crystallogr. Sect. D Biol. Crystallogr., 2009, 65, 148—155.

C. F. Macrae, P. R. Edgington, P. McCabe, E. Pidcock, G. P. Shields, R. Taylor, M. Towler and J. Van
De Streek, J. Appl. Crystallogr., 2006, 39, 453-457.

Frisch, M.J., Trucks, G.W., Schlegel, H.B., Scuseria, G.E., Robb, M.A., Cheeseman, J.R., Scalmani,
G., Barone, V., Petersson, G.A., Nakatsuji, H., Li, X., Caricato, M., Marenich, A.V., Bloino, J.,
Janesko, B.G., Gomperts, R., Mennucci, B., Hratchian, H.P., Ortiz, J.V., Izmaylov, A.F., Sonnenberg,
J.L., Williams, Ding, F., Lipparini, F., Egidi, F., Goings, J., Peng, B., Petrone, A., Henderson, T.,
Ranasinghe, D., Zakrzewski, V.G., Gao, J., Rega, N., Zheng, G., Liang, W., Hada, M., Ehara, M.,
Toyota, K., Fukuda, R., Hasegawa, J., Ishida, M., Nakajima, T., Honda, Y., Kitao, O., Nakai, H.,
Vreven, T., Throssell, K., Montgomery Jr., J.A., Peralta, J.E., Ogliaro, F., Bearpark, M.J., Heyd, J.J.,
Brothers, E.N., Kudin, K.N., Staroverov, V.N., Keith, T.A., Kobayashi, R., Normand, J.,
Raghavachari, K., Rendell, A.P., Burant, J.C., lyengar, S.S., Tomasi, J., Cossi, M., Millam, J.M.,
Klene, M., Adamo, C., Cammi, R., Ochterski, J.W., Martin, R.L., Morokuma, K., Farkas, O.,
Foresman, J.B. ve Fox, D.J., Gaussian 16 Rev. C.01. 2016: Wallingford, CT.

T. Lu and F. Chen, J. Comput. Chem., 2012, 33, 580-592.

B. Jeziorski, R. Moszynski and K. Szalewicz, Chem. Rev., 1994, 94, 1887—-1930.
T. Korona, R. Moszynski and B. Jeziorski, J. Chem. Phys., 1996, 105, 8178—8186.
K. Szalewicz, Wiley Interdiscip. Rev. Comput. Mol. Sci., 2012, 2, 254-272.

J. M. Turney, A. C. Simmonett, R. M. Parrish, E. G. Hohenstein, F. A. Evangelista, J. T. Fermann, B.
J. Mintz, L. A. Burns, J. J. Wilke, M. L. Abrams, N. J. Russ, M. L. Leininger, C. L. Janssen, E. T. Seidl,
W. D. Allen, H. F. Schaefer, R. A. King, E. F. Valeev, C. D. Sherrill and T. D. Crawford, Wiley
Interdiscip. Rev. Comput. Mol. Sci., 2012, 2, 556-565.

19



20



