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Abstract 

The tetracyanobutadiene (TCBD) derivatives of ferrocenyl BODIPYs 2a – 2c were 

designed and synthesized by [2+2] cycloaddition-retroelectrocyclization reaction of 

tetracyanoethylene (TCNE) with meso alkynylated ferrocenyl BODIPYs. The TCBD substituted 

ferrocenyl BODIPYs were designed in such a way, that the distance between the ferrocenyl unit 

and the TCBD remains constant, whereas the distance between the BODIPY and the TCBD unit 

varies. The TCBD and BODIPY units were connected directly through single bond (in 2a), 

through phenylacetylene linkage (in 2b) and through vinyl linkage (in 2c). The photonic and 

electrochemical properties of ferrocenyl BODIPYs were strongly perturbed by the incorporation 

of TCBD. The TCBD derivatives 2a – 2c show red shifted absorption compared to their 

precursors 1a – 1c. The single crystal structures of TCBD functionalized ferrocenyl BODIPYs 

2a and 2c reveal extensive intermolecular hydrogen bonding but lacks the π-π stacking 

interactions. 

Introduction 

The donor-acceptor (D-A) systems have gained considerable attention of the scientific 

community due to their applications in optoelectronic devices.1 The BODIPY (4,4-Difluoro-4-

bora-3a,4a-diaza-s-indacene) dyes are known for their unique properties like strong absorption 
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and emission with high quantum yield, high thermal and photochemical stability and ease of 

synthetic functionalization.2 The ferrocenyl derivatives exhibit strong NLO response, rich 

electrochemistry and high thermal and photochemical stability.3 Our group and others have 

explored the ferrocenyl BODIPYs for non-linear optics and multiphoton absorbing materials.4 

 The BODIPY is a strong acceptor, and its electron accepting strength and photonic 

properties can be tuned by incorporation of suitable functionality at appropriate position.5 

Diederich et al. have developed the strong acceptor tetracyanobutadiene (TCBD) by the reaction 

of tetracyanoethylene (TCNE) with various alkynes.6 The incorporation of TCBD in the 

ferrocenyl BODIPY will results stronger D-A system, which is expected to perturb its photonic 

properties.7 The incorporation of donor at the meso position of the BODIPY leads to blue shift in 

the absorption, whereas incorporation of acceptor leads to red shift.8  

We were interested to evaluate the reactivity of ferrocenyl BODIPYs (1a – 1c) towards 

tetracyanoethylene (TCNE) and the effect of TCBD acceptor on the photonic and 

electrochemical properties of BODIPYs 2a – 2c. The TCBD substituted ferrocenyl BODIPYs 

were designed and synthesized in such a way that the distance between ferrocenyl unit and 

TCBD remains constant, whereas the distance between the BODIPY and the TCBD unit varies. 

The TCBD and BODIPY were connected directly, through phenylacetylene linkage and vinyl 

linkage. 

Results and discussion 

The meso TCBD substituted ferrocenyl BODIPYs 2a – 2c were designed and synthesized 

by the [2+2] cycloaddition-retroelectrocyclization reaction of ferrocenyl alkyne substituted 

BODIPYs (1a – 1c) with TCNE (Scheme 1). The ferrocenyl alkyne substituted BODIPY 1a and 

1b were synthesized by the Sonogashira cross-coupling reaction of 8-chloro BODIPY with 

respective ferrocenyl alkynes.9 The ferrocenyl enyne substituted BODIPY 1c was synthesized by 

the Pd-Cu catalyzed hydroalkynylation reaction of 8-(biphenylethynyl)-BODIPY with 

ethynylferrocene.10 The BODIPY 1a undergoes [2+2] cycloaddition-retroelectrocyclization 

reaction with TCNE at 40 °C within 8 hours in CH2Cl2 solvent and resulted in BODIPY 2a. The 

BODIPY 1b undergoes similar transformation to BODIPY 2b at room temperature, in 2 hours in 

CH2Cl2 solvent, whereas the BODIPY 1c took 8 days at 40 °C in CH2Cl2 solvent to complete 

similar reaction and resulted BODIPY 2c.   
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Scheme 1. Synthesis of BODIPYs 2a – 2c. 

 

The reactivity of the BODIPYs 1a – 1c towards [2+2] cycloaddition-

retroelectrocyclization reaction follows the order 1b>1a>1c. The reactivity of alkyne bond 

towards TCNE was favored by electron rich substituents and disfavored by electron deficient 

substituents and steric crowding.11 In BODIPYs 1a – 1c, the strong electron donor ferrocene and 

alkyne unit are constant, therefore their reactivity was influenced by the linking bridge between 

alkyne unit and the BODIPY moiety. The high reactivity of BODIPY 1b is attributed to the 

longer distance between the alkyne unit and the electron deficient BODIPY, which resists the 

delocalization of electron density from alkyne unit to the BODIPY, making the alkyne unit 

relatively electron rich and reactive. In BODIPY 1a the alkyne bond is at the meso position of 

electron withdrawing BODIPY moiety, which makes it electron deficient and poorly reactive. In 
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case of BODIPY 1c the steric crowding resists the space demand for accommodating the TCBD 

unit.  

The alkyne unit at the meso position of the BODIPY undergoes [2+2] cycloaddition-

retroelectrocyclization reaction in BODIPY 1a, but fails to undergo similar reaction in BODIPY 

2b. In BODIPY 1a the ferrocenyl group maintains the electron density at the alkyne unit against 

the electron withdrawing BODIPY moiety, whereas in BODIPY 2b both the BODIPY and 

TCBD withdraw the electron density from alkyne unit making it electron deficient and inert 

towards the [2+2] cycloaddition-retroelectrocyclization reaction.12 

 The BODIPYs 2a – 2c were well characterized by NMR and HRMS techniques. The 

TCBD substituted BODIPYs 2a and 2c were also characterized by single crystal X-ray 

crystallography. 

Photophysical Properties 

The electronic absorption spectra of the BODIPYs 1a – 1c and 2a – 2c were recorded in 

toluene (Figure 1) and the corresponding data are shown in Table 1. The BODIPYs exhibit 

S0→S1 absorption band at 500 – 570 nm region, and S0→S2 absorption band at 360 – 400 nm 

region. The S0→S1 absorption band of BODIPYs 1a – 1c show successive red shift with 

increasing conjugation and follows the order 1b>1a>1c. In BODIPY 1c, the meso substituent 

and the BODIPY core adopts non-planar orientation, which breaks the conjugation leading to the 

blue shifted absorption.  
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Figure 1. Comparison of normalized electronic absorption spectra of (a) BODIPYs 1a and 2a; 

(b) BODIPYs 1b and 2b; (c) BODIPYs 1c and 2c and (d) BODIPYs 2a – 2c. 

The introduction of TCBD unit strongly perturbs the photonic properties of the BODIPYs 

2a – 2c. The TCBD derivatives 2a, 2b and 2c show 29 nm, 11 nm and 9 nm red shifted 

absorption compared to BODIPYs 1a, 1b and 1c respectively. This indicates that, even though 

the TCBD acceptor at the meso position disturbs the conjugation it induces the red shift in 

S0→S1 absorption band. This is in contrast with the previously reported TCBD derivatives of 

BODIPY, where the incorporation of TCBD at the β-position resulted blue shift in the 

absorption.13 The red shift in the absorption band due to the acceptor at meso position which is 

attributed to the efficient stabilization of LUMO than HOMO (Figure 3; Computational 

calculations). 
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The absorption band in 360 – 400 nm region corresponds to the S0→S2 transition. The 

S0→S2 absorption band in 2a – 2c show blue shift with increased intensity on incorporation of 

TCBD than their precursors 1a – 1c. The band at 616 nm in BODIPY 1a is attributed to the 

charge transfer from donor ferrocene to the acceptor BODIPY. This charge transfer band was not 

observed in BODIPY 2a, as it might have been merged in the S0→S1 absorption band as 

evidenced from the broadening of the band. The TCBD substituted ferrocenyl BODIPYs are 

non-emissive in nature.  

 

Table 1. Photophysical properties of BODIPYs 1a – 1c and 2a – 2c.
a
 

BODIPY λmax 

(nm) 

ɛ/10
4 

(M
-1

.cm
-1

)
 a

 

HOMO-LUMO gap (eV) 

(Theoretical)
b
 

1a 538 4.4  2.86 

2a 567 3.4  2.22 

1b 550 4.7  2.60 

2b 561 4.9  2.31 

1c 512 4.6  2.56 

2c 521 4.5  1.84 
aRecorded at λmax in toluene, bFrom DFT calculation. 

Electrochemical Properties  

The electrochemical analysis of BODIPYs 1a – 1c and 2a – 2c were performed in 

CH2Cl2 solvent using 0.1 M tetrabutylammonium hexafluorophosphate as supporting electrolyte 

(Figure 2 and Figure S6 – S7; Table 2). The potentials were referenced against Fc/Fc+ couple. 

The BODIPYs 1a – 1c exhibit two oxidation and two reduction waves. The first oxidation 

corresponds to the ferrocenyl moiety, whereas the second oxidation and reduction waves 

correspond to the BODIPY moiety. The TCBD substituted BODIPYs 2a – 2c exhibit two 

oxidation and four reduction waves. The additional two reduction waves correspond to the 

dianion formation of two dicyanovinyl moieties. 

Page 6 of 17Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



7 

 

1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5

-40.0µ

-20.0µ

0.0

20.0µ

40.0µ  Cyclic Voltammograms (CV)
 Differential Pulse Voltammograms (DPV)
 CV (ferrocenyl oxidation)

C
u

rr
e
n

t 
(A

)

Potential Vs Fc/Fc
+
 (V)

 

Figure 2. Overlaid Cyclic and differential pulse voltammograms (CV and DPV) of BODIPY 2b 

recorded using glassy carbon as working electrode, Pt wire as the counter electrode, and 
saturated calomel electrode (SCE) as the reference electrode in CH2Cl2 solvent and 0.1 M 
tetrabutylammonium hexafluorophosphate as supporting electrolyte. 
 

The first oxidation of BODIPYs 1a – 1c follows the order 1a>1b>1c. The first oxidation 

of BODIPY 1a is much harder than the BODIPYs 1b and 1c, due to strong electronic coupling of 

ferrocene with electron deficient BODIPY in 1a. The electron deficient BODIPY in 1a 

withdraws the electron density from ferrocene making its oxidation harder. The introduction of 

TCBD in BODIPYs 2a – 2c leads to two additional reduction waves and harder oxidation of 

ferrocene and BODIPY owing to electron deficient nature of TCBD. The distance between 

ferrocene and TCBD unit is constant in BODIPYs 2a – 2c, hence the ferrocenyl oxidation 

reflects the electronic communication between the BODIPY and the TCBD unit. The ferrocenyl 

oxidation potential follows the order 2a>2b>2c, indicating the strongly coupled TCBD and 

BODIPY units in 2a followed by 2b and 2c. The strongly communicating TCBD and BODIPY 
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(in 2a) becomes the stronger acceptor than weakly communicating TCBD and BODIPY (in 2c). 

This is also reflected from the first reduction potential of 2a – 2c. The BODIPY 2a shows easier 

reduction than BODIPY 2b and 2c indicating the electron deficient nature of 2a.14  

The LUMOs of TCBD substituted BODIPYs are delocalized mainly on the TCBD, and 

slightly on BODIPY moiety (Figure 3), hence the reduction waves can be assigned to the 

reduction of TCBD moiety first, followed by the BODIPY moiety. This is also consistent with 

the literature reports as well.13 

Table 2. The electrochemical properties of the ferrocenyl BODIPYs 1a – 1c and 2a – 2c.
a
 

BODIPY 

E
3
 

Oxid
b 

(BODIPY) 

E
2
 

Oxid
b 

(BODIPY) 

E
1
 

Oxid 

(Fc) 

E
1
 

Red
b 

E
2
 

Red
b 

E
3
 

Red
b 

E
4
 

Red
b 

1a - 1.03 0.25 -1.01 -1.28 - - 

2a - 1.28 0.52 -0.35 -0.71 -1.32 -1.80 

1b - 1.12 0.11 -0.94 -1.34 - - 

2b - 1.21 0.48 -0.79 -0.88 -1.16 -1.29 

1c - 1.17 0.10 -1.12 -1.41 - - 

2c 1.34 1.10 0.40 -0.73 -1.42 -2.03 -2.23 
aThe electrochemical analysis was performed in a 0.1 M solution of Bu4NPF6 in CH2Cl2 at 100 
mVs−1 scan rate, versus Fc/Fc+. bIrreversible or quasi reversible wave. 

 
Computational Calculations 

The computational calculations were performed using density functional theory (DFT)15 

at B3LYP/6-31G(d) level for C, N, B, F, H, and the Lanl2DZ level for Fe (the B3 exchange 

functional16 and LYP correlation functional17). The DFT optimized geometries slightly differ 

from the X-ray structures. The comparison of optimized geometries with single crystal structures 

are displayed in Figure S5. The crystal structures and energy optimized structures slightly differ 

in bond length and bond angles, but differs significantly in the orientation of substituents. In the 

crystal structure of BODIPY 2c, the biphenyl and BODIPY moiety are in Z configuration 

whereas in DFT optimized structures they are in E configuration. The torsional angles between 

the two dicyanovinyl moieties in the DFT optimized structure of 2a and 2c are 130.04° and 

166.57°, whereas in the crystal structure the torsional angles are 55.79° and 75.41° respectively.  
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Figure 3. The comparison of frontier molecular orbitals and energy levels of BODIPYs 1a – 1c 

and 2a – 2c. 

The frontier molecular orbital and electronic energy levels are displayed in Figure 3. In 

BODIPYs 1a – 1c the LUMO is localized on the BODIPY unit, whereas the HOMO is localized 

on the BODIPY unit (in 1a) and the ferrocenyl unit (in 1b and 1c), which suggests strong donor-

acceptor (D-A) interaction between the donor ferrocene and acceptor BODIPY. The 

incorporation of TCBD stabilizes both the HOMO and LUMO orbitals. The node at the meso 

carbon in HOMO of BODIPYs 2a and 2b hinders the effective π-conjugation between meso 
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substituent and BODIPY in HOMO.18 As a result the stabilization of HOMO is less pronounced 

than the LUMO, which leads to the lowering of HOMO-LUMO gap and red shift in the 

absorption. In case of BODIPY 2c the LUMO is much stabilized and localized on the strong 

TCBD acceptor. The nature of the LUMO is entirely different in TCBD substituted BODIPYs 

and their precursors. In 1a – 1c it is centered on the BODIPY whereas in 2a – 2c on the newly 

generated TCBD acceptor and/or BODIPY unit. In BODIPYs 2a and 2b the LUMO is localized 

on the TCBD and BODIPY unit indicating strong electronic communication between the 

BODIPY and the TCBD unit. In BODIPY 2c the LUMO is localized on the TCBD unit only, 

indicating weak electronic communication between the BODIPY and the TCBD. 

The TD-DFT calculation was performed on TCBD substituted ferrocenyl BODIPYs 2a – 

2c to understand the origin of absorption bands. The TD-DFT calculation was performed by 

using B3LYP method at 6-31G(d) level in THF solvent using the IEFPCM formulation for 

solvent effects. The oscillator strengths and configurations of vertical transitions are shown in are 

included in the supporting information. In TD-DFT calculation of BODIPY 2a the strongest 

band was observed at 437.08 nm corresponding to HOMO-2→LUMO+1 transition, followed by 

band at 345.79 nm corresponding to HOMO-2→LUMO+2 transition. In case of BODIPY 2b the 

strongest band was observed at 457.42 nm and 457.78 nm corresponding to the HOMO-

3→LUMO+1 and HOMO→LUMO+1 transition respectively. In case of BODIPY 2c the 

strongest band was observed at 450.78 and 466.85 nm corresponding to the HOMO-

3→LUMO+2, and HOMO-2→LUMO+2 respectively.  

Crystal structure and packing 

The single crystals of BODIPYs 2a and 2c were obtained by slow diffusion of hexane 

into the CH2Cl2 solution. The crystal structure and data refinement parameters are shown in 

Table S1 (ESI). The BODIPYs 2a and 2c crystallize into the monoclinic P 21/n space group. The 

TCBD unit disturbs the overall planarity of molecule but the BODIPY framework is planar with 

the boron atom slightly deviating from planarity (Figure 4). The crystal structures reveal 

extensive intermolecular hydrogen bonding interactions but no π-π stacking interaction due to 

loss of overall planarity. 
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2a                                          2c

Side view

Front view

 

Figure 4. Side view and front view crystal structures of BODIPYs 2a and 2c. 

In the crystal structure packing of BODIPY 2a, two molecules connect to form dimeric 

framework through two mutual interaction C(1)-H(1)---F(1). These two dimers are connected to 

one another through another dimeric framework with interactions C(23)-H(23)---F(2) and C(7)-

H(7)---F(2) leading to the 2D chain. These chains are further connected to each other via 

interaction C(25)-H(25)---N(6) to form complex 3D framework (Figure S3). 

In the crystal structure packing of BODIPY 2c, two mutual interactions between fluorine 

and meso vinyl proton and the ferrocenyl photon rigidifies a dimeric structure. The dimeric 

structures connect the one another diagonally via interactions C(29)-H(29)---F(1), C(37)-H(37)--

-N(4), C(41)-H(41)---π (Fc) and C(2)-H(2)---N(3) leading to two dimensional chain (Figure S4). 

Conclusion 

In summary, the reactivity of ferrocenyl BODIPYs towards the [2+2] cycloaddition-

retroelectrocyclization reaction with tetracyanoethylene was studied, which follows the order 

1b>1a>1c. It was observed that the reactivity was influenced by; (i) The distance between the 

BODIPY unit and the alkyne unit, (ii) The electron donating/withdrawing substituents on the 

alkyne unit and (iii) Steric crowding. The TCBD substituted ferrocenyl BODIPYs exhibit strong 

D-A interactions. The ferrocenyl BODIPY where the alkyne unit and the BODIPY are well 

separated show high reactivity towards the [2+2] cycloaddition-retroelectrocyclization reaction 
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with tetracyanoethylene, whereas the ferrocenyl BODIPYs, where the alkyne unit is directly 

connected to the BODIPY show poor reactivity. The reactivity of ferrocenyl BODIPY 1c was 

hindered due to the steric crowding. The electron withdrawing substituent at the meso position 

stabilizes both the HOMO and LUMO. The stabilization of HOMO was less pronounced 

compared to the stabilization of LUMO due to the presence of node at the meso carbon in 

HOMO. This leads to the red shifted absorption of TCBD substituted BODIPYs (2a – 2c) than 

their precursors (1a – 1c). The electrochemical properties reveal strong electronic 

communication between the BODIPY and the TCBD in 2a followed by 2b and 2c. The results 

presented here will be helpful for the design of the smart materials with tunable properties for 

diverse applications. 

 

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. Triethylamine (TEA) was received from commercial source and distilled on 

KOH prior to use. 1H NMR (400 MHz), and 13C NMR (100MHz) spectra were recorded on the 

Bruker Avance (III) 400 by using CDCl3 as solvent. 1H NMR chemical shifts are reported in 

parts per million (ppm) relative to the solvent residual peak (CDCl3, 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. 13C NMR chemical shifts are reported relative to 

the solvent residual peak (CDCl3, 77.36 ppm). UV-visible absorption spectra of all compounds 

were recorded on a PerkinElmer's LAMBDA 35 UV/Vis Spectrophotometer. HRMS were 

recorded on Brucker-Daltonics, micrOTOF-Q II mass spectrometer. The voltammograms were 

recorded on a CHI620D electrochemical analyser in dichloromethane solvent and 0.1 M TBAF6 

as the supporting electrolyte. The electrodes used were glassy carbon as a working electrode, Pt 
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wire as a counter electrode and the saturated calomel electrode as a reference electrode. The 

potentials were referenced against Fc/Fc+ as per IUPAC guidelines. 

Synthetic procedure for the BODIPY 2a 

Tetracyanoethylene (TCNE) (32 mg, 0.25 mmol) was added to a solution of compound 1a 

(100 mg, 0.25 mmol) in CH2Cl2 (50 mL). The mixture was refluxed at 40 ºC for 8 hours. The 

solvent was removed in vacuum, and the product was purified by column chromatography with 

CH2Cl2 as the eluent to yield 2a as a black green colored solid. 

Black-green crystalline solid. Yield: 95 % (119 mg); 1H NMR (CDCl3, 400 MHz, ppm): δ 8.09 

(s, 1H), 8.03 (s, 1H), 7.31-7.23 (m, 2H), 6.79 (m, 1H), 6.70 (m 1H), 5.37 (s, 1H), 5.09 (s, 1H), 

4.96 (s, 1H), 4.88 (s, 1H), 4.41 (s, 5H); 11B NMR (CDCl3, 128 MHz, ppm) 0.09 (t, JB-F = 28.1 

Hz); UV/vis (TOLUENE): λmax (ε [M-1cm-1]) 567 (2.22× 104). HRMS (ESI-TOF) m/z = 

calculated for C27H15BF2FeN6 = 551.0670 [M+Na]+, measured 551.0666 [M+Na]+. 

Synthetic procedure for the BODIPY 2b 

Tetracyanoethylene (TCNE) (26 mg, 0.20 mmol) was added to a solution of compound 1b 

(100 mg, 0.20 mmol) in CH2Cl2 (50 mL). The mixture was stirred at room temperature for 2 

hours. The solvent was removed in vacuum, and the product was purified by column 

chromatography with CH2Cl2 as the eluent to yield 2b as a dark purple colored solid. 

Dark purple crystalline solid. Yield: 95 % (119 mg); 1H NMR (CDCl3, 400 MHz, ppm): δ 7.86 

(s, 2H), 7.78-7.75 (m, 2H), 7.68-7.66 (m, 2H), 7.34-7.33 (d, 2H, J = 4Hz), 6.57-6.56 (d, 2H, J = 

4Hz), 5.46-5.45 (m, 1H), 5.07-5.05 (m, 1H), 4.90-4.89 (m, 1H), 4.52-4.51 (m, 1H), 4.46 (s, 5H). 

13C NMR (CDCl3, 100 MHz, ppm): 171.7, 164.9, 144.8, 136.6, 133.5, 132.7, 129.4, 128.9, 126.6, 

125.3, 119.0, 113.5, 113.0, 111.4, 111.3, 101.4, 87.6, 87.3, 78.7, 76.3, 75.3, 74.5, 72.9, 71.3; 11B 

NMR (CDCl3, 128 MHz, ppm) 0.14 (t, JB-F = 28.16 Hz); UV/vis (TOLUENE): λmax (ε [M-1cm-1]) 
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561 (2.31× 104). HRMS (ESI-TOF) m/z = calculated for C35H19BF2FeN6 = 651.0981 [M+Na]+, 

measured 651.0964 [M+Na]+. 

Synthetic procedure for the BODIPY 2c 

Tetracyanoethylene (TCNE) (22 mg, 0.17 mmol) was added to a solution of compound 1c (100 

mg, 0.17 mmol) in CH2Cl2 (50 mL). The mixture was refluxed at 40 ºC for 7 days. The solvent 

was removed in vacuum, and the product was purified by column chromatography with CH2Cl2 

as the eluent to yield 2c as a black-green colored solid. 

Black-green crystalline solid. Yield: 95 % (110 mg); 1H NMR (CDCl3, 400 MHz, ppm): δ 7.77 

(s, 2H), 7.49-7.46 (m, 2H), 7.45-7.35 (m, 5H), 7.34 (s, 1H), 7.08-7.05 (m, 2H), 6.97 (d, 2H, J = 

4.28), 6.45-6.43 (m, 2H), 5.41-5.40 (m, 1H), 5.08-5.06 (m, 1H), 5.03-5.01 (m, 1H), 4.67-4.66 

(m, 1H), 4.50 (s, 5H); 13C NMR (CDCl3, 100 MHz, ppm): 176.0, 167.4, 145.8, 143.9, 143.7, 

134.2, 133.5, 130.8, 130.1, 130.0, 129.2, 128.5, 128.1, 127.4, 127.2, 123.4, 122.1, 119.6, 100.4, 

76.5, 75.3, 74.9, 73.9, 73.4, 70.8; 11B NMR (CDCl3, 128 MHz, ppm) -0.09 (t, JB-F = 28.16 Hz); 

UV/vis (TOLUENE): λmax (ε [M-1cm-1]) 521 (1.84 × 104). HRMS (ESI-TOF) m/z = calculated 

for C41H25BF2FeN6 = 729.1451 [M+Na]+, measured 729.1480 [M+Na]+. 
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