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ABSTRACT

A set of ferrocenyl substituted pyrenes 2 and 3a — 3¢ were designed and synthesized by the Pd-
catalyzed Suzuki and Sonogashira cross-coupling reactions. The [2+2] cycloaddition-
retroelectrocyclization reaction of ferrocenyl substituted pyrenes 3a and 3b with tetracyanoethylene
(TCNE), resulted tetracyanobutadine (TCBD) derivatives 4a, and 4b respectively. The synergistic effects
of two donors (ferrocene and pyrene) and TCBD acceptor on their photonic properties, energy levels and
donor-acceptor interactions are evaluated. The photophysical and electrochemical properties of 2 and 3a
— 3¢ were compared with 4a and 4b. The ferrocenyl substituted pyrene 4b exhibits a strong charge
transfer band from pyrene to TCBD and a weak charge transfer band from ferrocene to TCBD, whereas
4a exhibits two strong charge transfer bands, one from ferrocene to TCBD and another from pyrene to
TCBD. The characteristic emission pattern of ferrocenyl substituted pyrenes 2, 3a — ¢, 4a and 4b indicates

the emission from pyrene moiety. The electrochemical properties reveal strong electronic communication
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between ferrocene and TCBD in 4a, and weak electronic communication in 4b. The experimental
observation and conclusion were supported by computational calculations. The single crystal X-ray

structure of ferrocenyl substituted pyrene 3b is reported.

INTRODUCTION

In recent years research on multistate redox active n-conjugated donor-acceptor (D-A) molecular
systems has gained momentum due to their wide range of applications in non-linear optics (NLO),
photovoltaic systems, light harvesting antenna, energy transfer cassettes, sensors and memory storage
devices.' The photonic properties of D-A systems can be tuned by slight variations in the nature of donor,
acceptor or the spacer unit.” The synergistic effect of multiple donors containing reversible redox active
center and an acceptor can further perturbs electronic energy levels of molecule. We were interested to
see the synergistic effect of two donors (ferrocene and pyrene) and the TCBD acceptor on photonic
properties, energy levels and D-A interactions.

Pyrene is the smallest peri-fused polycyclic aromatic hydrocarbon widely studied for its unique
photonic and optoelectronic applications.’ It is a versatile fluorophore and exhibits strong absorption and
high fluorescence quantum yield. It is well known donor but can behave as an acceptor, depending on the
nature of the attached substituent.*

The ferrocene is widely studied metallocene with strong electron donating ability, rich
electrochemistry and non-linear optical behavior.” Our group has explored ferrocene as a strong donor
and attached to variety of chromophores with varying spacer length.” Pyrene and ferrocene both are
strong donors.” There are couple of reports, where ferrocenyl coupled pyrenes are used for sensing and
NLO applications.®

Diederich et al. has explored the [2+2] cycloaddition-retroelectrocyclization reaction of
ferrocenyl substituted alkynes with tetracyanoethelene (TCNE), which results in TCBD substituted
ferrocenyl derivatives.” The literature reveals that there are no reports on the reaction of alkynylated

ferrocenyl pyrenes with TCNE, which will result in unsymmetrical, D-A-D’ type molecular system.

Page 2 of 19



Page 3 of 19

RSC Advances

Herein we report the design, synthesis and properties of ferrocenyl substituted pyrenes and their
TCBD derivatives. The ferrocenyl substituted pyrenes (2 and 3a — 3¢) of varying spacer length were
synthesized by Suzuki and Sonogashira coupling reactions and the TCBD derivatives 4a and 4b were
synthesized by [2+2] cycloaddition-retroelectrocyclization reaction. We were interested to see the
synergistic effect of two donors (ferrocene and pyrene) and the TCBD acceptor on the photonic

properties, energy levels and D-A interactions.

RESULTS AND DISCUSSION
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Scheme 1. Synthetic route for the ferrocenyl substituted pyrenes 2 and 3a — 3c.

The ferrocenyl substituted pyrenes 2 and 3a — 3¢ were synthesized by the Pd-catalyzed
Sonogashira cross-coupling reactions of 1-bromo pyrene 1 with corresponding ferrocenyl counterparts
(Scheme 1). The Suzuki cross-coupling reaction of 1-bromopyrene 1 with ferrocenyl boronic acid resulted
ferrocenyl substituted pyrene 2 in 70 % yield, whereas the Sonogashira cross-coupling reaction of 1-
bromopyrene 1 with respective ferrocenyl alkynes (a — ¢) resulted 3a — 3c in 68 %, 70 % and 61 % yields
respectively. The ferrocenyl substituted pyrenes were purified by repeated column chromatography and

recrystallization.
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Scheme 2. Synthetic route for the ferrocenyl substituted pyrenes 4a and 4b.

The [2+2] cycloaddition-retroelectrocyclization reaction of ferrocenyl substituted pyrene 3a with
tetracyanoethylene (TCNE) in dichloromethane at room temperature resulted ferrocenyl substituted
pyrene 4a in 80 % yield (Scheme 2). Under similar reaction condition ferrocenyl substituted pyrenes 3b
and 3c failed to undergo [2+2] cycloaddition-retroelectrocyclization reaction. By increasing the reaction
temperature from room temperature to 140 °C, 3b undergoes [2+2] cycloaddition-retroelectrocyclization
reaction with TCNE in mixture of solvents dichloroethane and acetonitrile (DCE:ACN) (1:1) and resulted
4b in 85 % yield. Under similar reaction condition ferrocenyl substituted pyrene 3¢ resulted dark black
solid, which was insoluble in common organic solvents. The ferrocenyl substituted pyrenes were well

characterized by usual spectroscopic techniques. The 3b was also characterized by single crystal X-ray

crystallography.
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PHOTOPHYSICAL PROPERTIES

The color of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b in dichloromethane solution in
day light are displayed in Figure S1 (ESI). The ferrocenyl substituted pyrenes 3a and 3¢ exhibit intense
yellow color compared to 2 and 3b. The ferrocenyl substituted pyrene 4a exhibits dark gray color due to
the presence of two strong charge transfer interactions (from ferrocene to TCBD; pyrene to TCBD)
whereas the ferrocenyl substituted pyrene 4b exhibits dark brown color due to single strong charge

transfer interaction (from pyrene to TCBD) and weak a charge transfer interaction (from ferrocene to

TCBD).
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Figure 1. Normalized electronic absorption spectra of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and

4b in dichloromethane.

The absorption spectra of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b were recorded in
dichloromethane and are displayed in Figure 1. The S;—S; and S;—S, absorption bands appear in the
regions ~360 nm and ~280 nm respectively (Table 1). The successive red shift in the S;—S; and Sy—S,

absorption bands of ferrocenyl substituted pyrenes 2, and 3a — 3¢ follows the order 3¢>3b>3a>2.

The absorption spectra of ferrocenyl substituted pyrenes 2 and 3a — 3¢, show characteristic
vibronic pattern of pyrene, on the other hand the characteristic vibronic pattern is disappeared in the

absorption spectra of 4a and 4b, indicating strong interaction of the pyrene with TCBD. The ferrocenyl
5

80C
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substituted pyrenes 4a and 4b exhibit strong charge transfer bands at 474 nm and 483 nm respectively
corresponding to the charge transfer from pyrene to TCBD moiety. The red shifted CT band in 4b than 4a
indicates stronger D-A interaction between pyrene and TCBD in 4b. The strong absorption band at 639
nm in 4a corresponds to the charge transfer from ferrocene to TCBD,' indicating stronger D-A
interaction between ferrocene and TCBD in 4a. The small shoulder at lower energy region to the
absorption at 483 nm in 4b may be assigned to the weak charge transfer from ferrocene to the TCBD

indicating weaker D-A interaction between ferrocene and TCBD due to the meta linkage.

Table 1. Photophysical properties of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b.

Amax (NM) /10* Aem” Stokes shift o5

M'.em™)? (nm) (cm™) (%)

2 346 4.3 406 4271 0.10
278 4.7

3a 379 (sh) 42 406 1755 0.089
363 6.0
285 5.6

3b 385 4.1 407 1404 0.099
366 4.9
295 5.3
285 4.9

3¢ 393 4.9 407 875 0.06
368 52
306 3.8
386 4.4

4a 639 0.71 406 2842 0.11
474 2.7
364 6.3
295 8.4

4b 483 0.41 406 1616 0.05
381 12
287 2.4

*Recorded in dichloromethane solvent, "Excited at Sy—S, absorption band. “Determined by using 9, 10-diphenyl anthracene as
standard (¢ = 0.88, in ethanol).

The emission spectra of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b in
dichloromethane are displayed in Figure 2. The characteristic emission pattern indicates the
origin of emission from pyrene moiety. The emission wavelengths of ferrocenyl substituted
pyrenes were found to be constant, but the quantum yield values were dependent on the nature of
substituents. The quantum yield values follow the order 4a>2>3b>3a>3¢>4b. The fluorescence

intensity increases upon addition of TCBD, in 4a but decreases in 4b, which can be explained on
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the basis of the frontier molecular orbital (FMO) plots. The FMO plots reveal that the HOMO in
4a is localized on pyrene, whereas in 4b the HOMO is localized on ferrocene unit, which
suggests that the fluorescence in 4b is quenched due to fast non radiative deactivation of excited
state due to photoinduced charge transfer from donor ferrocene to the acceptor TCBD unit

(Figure 5).!
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Figure 2. Emission spectra of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b in dichloromethane at
the concentration of 0.1 optical densities.

ELECTROCHEMICAL PROPERTIES

The electrochemical properties of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b were
investigated using cyclic and differential pulse voltammetric (CV and DPV) techniques in
dichloromethane solvent using tetrabutylammoniumhexafluorophosphate (Bu4sNPF¢) as supporting
electrolyte. The CV and DPV plots are shown in Figure 3 and Figure S2-S6 (ESI); and the corresponding

data are listed in Table 2.
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Figure 3. Overlaid CV and DPV plots of ferrocenyl substituted pyrene 4a.

From the electrochemical data following observations are apparent: (a) The first oxidation
(ferrocenyl oxidation) of 2 and 3a — 3¢ appears at ~0.05 V. (b) The introduction of electron deficient
TCBD unit increases the ferrocenyl oxidation of 4a and 4b to 0.45 and 0.07 V respectively, indicating
strong interaction of ferrocene with TCBD in 4a and weak interaction in 4b. The meta linkage between
ferrocene and TCBD hinders the electronic communication between ferrocene and TCBD in 4b
preventing the delocalization of ferrocenyl electrons to the TCBD. (¢) The second oxidation potential of
ferrocenyl substituted pyrenes 4a and 4b is higher than that of 2 and 3a — 3¢ due to the introduction of
electron deficient TCBD moiety. (d) The introduction of TCBD in 4a and 4b makes their reduction easier
than 2 and 3a — 3c¢. (¢) The 4a and 4b exhibit two reduction waves corresponding to the reduction of two
dicyanovinyl moieties. (f) The delocalization of ferrocenyl electrons to the TCBD makes it relatively
electron rich in 4a, which resulted the higher reduction potential of 4a than 4b. The meta linkage in 4b

hinders the delocalization electron density from ferrocene to the TCBD.

The computational calculations support the electrochemical studies. The HOMO of ferrocenyl

substituted pyrene 4a is localized on pyrene, whereas in 4b it is localized on ferrocene (Figure 5). The

8
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meta linkage in 4b hinders the delocalization of ferrocenyl electrons to electron deficient TCBD which
results the localization of HOMO on ferrocene. In case of 4a, the delocalization of ferrocenyl electrons
into the TCBD makes ferrocene electron deficient, leading to the localization of HOMO on relatively

electron rich pyrene.

Table 2. The electrochemical properties of the ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a

and 4b.*
E* E E’ E' E' E E E*
Oxid" Oxid" Oxid" Oxid Red Red” Red” Red"
(Fo)
2 1.48 1.2 0.99 0.05 -1.32 -1.85
3a - 1.22 0.94 0.07 -1.31 -1.87
3b 1.19 1.08 0.79 0.03 -1.31 -1.83
3¢ 1.21 1.04 0.8 0.02 -1.34 -1.88
4a 1.35 1.18 0.45 -0.82 -1.18 -1.31 -1.84
4b 1.15 0.08 -0.61 -1.12 -1.34 -1.82

*The electrochemical analysis was performed in a 0.1 M solution of BuyNPF in dichloromethane at 100 mVs ' scan
rate, versus Saturated Calomel Electrode (SCE) and referenced against Fc/Fc', the potentials listed are half wave
potentials. Irreversible/quasi reversible wave.

COMPUTATIONAL CALCULATIONS

Computational calculations were performed using density functional theory at B3LYP/6-31G**
level for C, H and N; and at Lanl2DZ level for Fe. The comparison of energy levels of ferrocenyl
substituted pyrenes 3a, and 3b with 4a, and 4b are shown in Figure 4. The HOMO energy levels are
stabilized in 4a and 4b than 3a and 3b. The better stabilization of HOMO in 4a than 4b supports the
harder oxidation of 4a than 4b. Similarly the more stabilized LUMO in 4b indicates the easier first

reduction of 4b than 4a.
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Figure 4. Comparison of computational energy levels of ferrocenyl substituted pyrenes 3a, 3b

and 4a, 4b.

The frontier molecular orbital (FMO) plots and molecular electrostatic potential (MEP) diagram
of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b are displayed in Figure 5. The LUMO of
ferrocenyl substituted pyrenes 2 and 3a — 3¢ are located on the pyrene unit and spacer, whereas the
LUMO of 4a and 4b is located on TCNE part, indicating strong acceptor nature of TCNE. In 4a the
HOMO is localized on pyrene unit, whereas in 4b on ferrocene unit. The HOMO-LUMO distribution

pattern indicates strong donor-acceptor interactions in 4a and 4b.

In the MEP diagrams the red color indicates higher electron density whereas the blue color
indicates poor electron density. The MEP diagram reveals that the electron density of ferrocenyl
substituted pyrenes 2 and 3a — 3¢ is distributed on the entire molecule, whereas in 4a and 4b it is
accumulated on TCBD moiety (red color) due to its electron withdrawing nature. The comparison of MEP

diagrams of 4a and 4b reveals that in 4b the electron density is accumulated on TCBD and ferrocenyl part

10
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also, whereas in case of 4a the electron density is only on TCBD moiety. This supports the strong

electronic communication of ferrocene with TCBD in 4a and weak electronic communication in 4b.
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Figure 5. Frontier molecular orbitals and MEP diagrams of ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a
and 4b at the B3LYP/6-31G** level for C, H and N; and at the LanI2DZ level for Fe.

CRYSTAL STRUCTURE

The single crystal of ferrocenyl substituted pyrene 3b was obtained by slow diffusion of hexane
into the dichloromethane solution. The crystal data and structure refinement parameters are shown in
Table S1 (ESI). The crystal structure shows slight variations from the energy optimized structure (Figure
6). The C=C bond is slightly longer in the energy optimized structure than the crystal structure, and the C-
C single bonds adjacent to C=C are slightly shorter in energy optimized structure than crystal structure.
The cyclopentadienyl ring of ferrocene is staggered in crystal structure with torsional angle of 24.53°
whereas in energy optimized structure it is eclipsed (torsional angle = 0°). The slight variations in the
crystal structure and energy optimized structure are may be due to the close packing of the crystal in the

solid state.

11
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Figure 6. Comparison of the crystal structure and energy optimized structure of ferrocenyl substituted
pyrene 3b.

The crystal packing diagram of 3b is displayed in Figure 7, and the distances of intermolecular
interactions are shown in Table 3. The C-H---n interactions between the H(30) and H(32) with the =n-
electron cloud of the cyclopentadienyl ring of ferrocene forms two dimensional chain along b-axis,
showing alternate bands of ferrocenyl moiety and pyrene moiety. The extensive m---m stacking

interactions between the two pyrene rings explores the packing into complex 3D structural motif.

(@) Y
Figure 7. Crystal packing of ferrocenyl substituted pyrene 3b showing hydrogen bonded 2D network

along a-axis (a) and -« staking interactions along b-axis (b).

12
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Table 3. Distances of intermolecular interactions in the crystal structure of 3b.

Interaction Distance (A)
C(26)-H(26)—= C(30) 2.869
C(24)-H(24)-—7 C(32) 3.262
C(22)-H(22)-—-7 C(26) 3.572

CONCLUSION

The ferrocenyl substituted pyrenes 2, 3a — 3¢, 4a and 4b were designed and synthesized using
Suzuki and Sonogashira cross-coupling, and [2+2] cycloaddition-retroelectrocyclization reactions. The
electronic absorption spectra of 2 and 3a — 3¢ show successive red shift with enhanced conjugation. The
ferrocenyl substituted pyrene 4a exhibits two strong charge transfer bands (from pyrene to TCBD and
ferrocene to TCBD), on the other hand 4b exhibits one strong charge transfer band (from pyrene to
TCBD) and one weak charge transfer band (from ferrocene to TCBD). The spacer group between pyrene
and ferrocene does not affect the emission wavelengths, whereas the quantum yield values are the
function of spacers. The TCBD derivatives 4a and 4b show difficult oxidation and easier reduction. The
ferrocenyl oxidation potential of 4a is much higher than 4b, due to better electronic communication. The
photonic applications of these molecules are presently ongoing in our laboratory.
EXPERIMENTAL SECTION
General methods.
Chemicals were used as received unless otherwise indicated. All oxygen or moisture sensitive reactions
were performed under nitrogen/argon atmosphere using standard schlenk method. '"H NMR (400 MHz),
and °C NMR (100MHz) spectra were recorded on the Bruker Avance (II) 400 MHz instrument, by
using CDCl; as solvent. 'H NMR chemical shifts are reported in parts per million (ppm) relative to the
solvent residual peak (CDCl;, 7.26 ppm). Multiplicities are given as: s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets), m (multiplet), and the coupling constants, J, are given in Hz. *C NMR
chemical shifts are reported relative to the solvent residual peak (CDCls;, 77.36 ppm). UV-visible
absorption spectra of all compounds were recorded on a Carry-100 Bio UV-visible Spectrophotometer.

Fluorescence spectra of all the compounds were recorded on a Horiba Jobin Yvon Floromax 4P

13
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spectrophotometer. Cyclic voltamograms (CVs) and Differential Pulse Voltammograms (DPVs) were
recorded on a CHI620D electrochemical analyzer using Glassy carbon as working electrode, Pt wire as
the counter electrode, and Saturated Calomel Electrode (SCE) as the reference electrode. The potentials
were referenced against Fc/Fc” as per IUPAC guidelines.'” HRMS was recorded on Brucker-Daltonics,
micrOTOF-Q II mass spectrometer.

Synthesis and Characterization:

Procedure for Suzuki coupling reaction

Synthetic procedure for 1-ferrocenylpyrene (2): 1-Bromopyrene (200mg; 0.7117 mmol) and ferrocenyl
boronic acid (196 mg; 0.8540 mmol) were dissolved in dry THF (22 mL) and 5ml 1M K,CO; solution
was added, the solution was degassed with argon and, the catalyst Pd(PPh;), (8.22mg; 0.007117 mmol)
was added. The reaction mixture was stirred at 80° C for 24 h. After completion of reaction the solvent
was removed under reduced pressure, and the residue was purified by column chromatography on (230—
400 mesh size) silica with hexane:CH,Cl, (4:1 ratio) and recrystallized from chloroform: hexane mixture
to yield the desired product 2 as violet powder (181 mg, 0.47 mmol, yield: 68%).

Ferrocenyl substituted pyrene 2

Crystalline solid. Yield: 70 % (192 mg); '"H NMR (CDCl; 400 MHz, ppm): & 8.75 (d, 2H, J = 8 Hz), 8.41
(d, 2H, J = 8 Hz), 8.13-8.17 (m, 3H), 8.05 (t, 3H, J = 4Hz), 7.98 (t, 1H, J = 8 Hz), 4.84 (t, 2H, J = 2Hz),
4.49 (t, 2H, J = 2Hz), 4.22 (s, 5H); "C NMR (CDCl; 100 MHz, ppm):134.4, 132.0, 131.0, 130.2, 129.1,
129.0, 127.8, 127.3, 127.1, 126.3, 125.8, 125.3, 125.2, 124.9, 124.7, 87.6, 71.3, 70.1, 68.9; HRMS (ESI)
m/z = calculated for C,sH,sFe = 386.0753, measured 386.0788.

Generalized procedure for Sonogashira coupling reaction

1-Bromopyrene (200mg; 0.7117 mmol) 1 and corresponding ferrocenyl alkyne (0.845 mmol) were
dissolved in THF:triethylamine (10:1,v/v; 15 ml). The reaction mixture was purged with argon, and
Pd(PPh;), (8.24 mg, 5 mol%), and Cul (5 mg, 5 mol%) were added, followed by stirring at 70 °C for 24

hours. Upon completion of reaction, the mixture was evaporated to dryness, and the crude product was

14
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dissolved in CH,Cl,, chromatographed on silica (1:1; hexanes:CHCl;), and recrystallized from
chloroform: hexane: ethanol (7:2:1) mixture to give 3a — 3¢ (yield 61-68%) as purple crystalline solid.
Ferrocenyl substituted pyrene 3a

Crystalline solid. Yield: 68% (200 mg); 'H NMR (8): 8.63 (d, 2H, J = 8 Hz), 8.31-8.24 (m, 2H), 8.19-8.16
(m, 2H), 8.08-8.12 (dx2, 2H, J = 8 Hz), 8.01-8.06 (m, 2H), 4.68 (t, 2H, J = 4 Hz), 4.33-4.35 (m, 7H); °C
NMR (CDCl;, 100 MHz, ppm): 132.1, 131.7, 131.5, 131.1, 129.8, 128.5, 128.2, 127.7, 126.6, 126.0,
125.78, 125.76, 124.95, 124.90, 124.8, 119.0, 94.7, 85.2, 72.0, 70.4, 69.4, 65.8; HRMS (ESI) m/z =
calculated for C3H;sFe = 410.0753, measured 410. 0761.

Ferrocenyl substituted pyrene 3b

Crystalline solid. Yield: 70% (243 mg); 'H NMR (8): 8.72 (d, 1H, J = 8 Hz), 8.21-8.27 (m, 4H), 8.10-8.16
(m, 2H), 8.02-8.07 (m, 2H), 7.83 (t, 1H, J = 1.5 Hz), 7.57-7.60 (dt, 1H, J = 1.32 Hz and 1.24 Hz), 7.52-
7.55 (dt, 1H, J =1 and 1.76 Hz) 7.37 (t, 1H, J= 8.4 Hz) 4.74 (t, 1H, J = 2.04 and 1.76 Hz), 4.37 (t, lH, J
=2 and 1.76 Hz), 4.11 (s, 5H); "C NMR (CDCl;, 100 MHz, ppm): 140.2, 132.3, 131.6, 131.4, 130.0,
129.6, 129.3, 128.9, 128.7, 128.5, 127.6, 126.60, 126.57, 126.0, 125.9, 124.89, 124.86, 124.7, 123.8,
118.2, 95.7, 88.8, 84.7, 70.0, 70.0, 69.5, 66.9; HRMS (ESI) m/z = calculated for Cs;H,Fe = 486.1066,
measured 486.1070.

Ferrocenyl substituted pyrene 3¢

Crystalline solid. Yield: 61% (212 mg); '"H NMR (8): 8.77 (d, 1H, J = 9 Hz), 8.20-8.25 (m, 4H), 8.02-8.15
(m, 4H), 7.65 (d, 2H, J = 8.2 Hz), 7.53 (d, 2H, J = 8.0 Hz), 4.72 (s, 2H), 4.39 (s, 2H), 4.08 (s, 5H); HRMS
(ESI) m/z = calculated for C34H,,Fe = 486.1066, measured 486.1101.

Procedure for the synthesis of ferrocenyl substituted pyrene 4a by [2+2] cycloaddition-
retroelectrocyclization reaction-

TCNE (31 mg, 0.24 mmol) was added to a solution of 3a (100 mg, 0.24 mmol) in dichloromethane (20
mL) under argon atmosphere. The reaction mixture was stirred for 6 h at room temperature. After

completion of reaction the solvent was removed under reduced pressure, and the product was purified by
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column chromatography with dichloromethane as eluent to yield 4a as dark colored solid. Yield: 80%
(105 mg).

Ferrocenyl substituted pyrene 4a

Crystalline solid. Yield: 80% (105 mg); "H NMR (8): 8.49 (d, 1H, J = 9.28 Hz), 8.36-8.41 (m, 2H), 8.22-
8.30 (m, 2H), 8.11-8.18 (m, 2H), 7.94 (d, 1H, J = 8.28 Hz), 5.23 (s, 1H), 4.89 (s, 2H), 4.77 (s, 2H), 4.33
(s, 5H); °C NMR (CDCl; 100 MHz, ppm): 135.3, 131.6, 131.5, 130.7, 128.2, 127.9, 127.7, 127.4, 126.1,
125.8,125.1, 124.6, 123.4, 115.8, 114.5, 112.2, 111.9, 103.7, 95.7, 92.4, 90.7, 86.5, 76.0, 75.8, 75.5, 73.1,
73.0,72.8,72.6, 72.1; HRMS (ESI) m/z = calculated for C3;HsN,Fe = 477.0513, measured 477.0474.
Procedure for the synthesis of ferrocenyl substituted pyrene 4b by [2+2] cycloaddition-
retroelectrocyclization reaction-

TCNE (26 mg, 0.21 mmol) was added to a solution of 3b (100 mg, 0.21 mmol) in 1,2-dichloroethane and
acetonitrile (1:1) solvent mixture (20 mL) under argon atmosphere. The reaction mixture was refluxed for
72 hours at 140 °C temperature. After completion of reaction the solvents were removed under reduced
pressure, and the product was purified by column chromatography with dichloromethane as eluent to
yield 4b as dark colored solid. Yield: 85 % (107 mg).

Ferrocenyl substituted pyrene 4b

Crystalline solid. Yield: 85% (107 mg);

'H NMR (8): 8.35-8.42 (m, 3H), 8.29 (d, 1H, J = 8.76 Hz), 8.24 (d, 1H, J = 8.28 Hz), 8.11-8.17 (m, 3H),
7.92 (d, 1H, J = 8.04 Hz, 7.7 (bs, 1H), 7.61-7.63 (m, 1H), 7.3-7.4 (m, 2H), 5.54 (t, 2H, J = 1.76 Hz), 4.32
(t, 2H, J = 1.76 Hz), 3.92 (s, SH); HRMS (ESI) m/z = calculated for C4H»N4Fe = 614.1189, measured
614.1160.

ASSOCIATED CONTENT

Supporting Information
1 Electronic supplementary information (ESI) available: General experimental methods, electrochemical

data, theoretical calculations, crystal structure data and copies of 'H, ?C NMR and HRMS spectra of new
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compounds. CCDC 1054932 contains crystal structure of 3b. For ESI and crystallographic data in CIF
electronic format see DOI: 10.1039/b000000x/
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