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Abstract

In this paper we describe the synthesis, the elesemical behaviour as well as the linear and
nonlinear optical (NLO) properties of two push-paddrivatives bearing pyranylidene electron
donating fragment, pyrimidine/methyl pyrimidiniunieetron withdrawing moiety and a
ferrocene part in therconjugated bridge. The properties of these two pmmds were
compared to their analogues without ferrocene aamyidene fragments. Experimental
results were completed with DFT calculations tondairther insight into the intramolecular
charge transfer (ICT). All the results indicate igngicant charge transfer through the

ferrocene unit. The ICT is however more limitedrtl@all organic analogues.

1. Introduction

The development of organic and organometallic sgécorder nonlinear optical (NLO)
chromophores has been an intensive research sdbgtd their potential in key field such as

photoni¢™ and electro-optics.” Key applications of second order NLO chromophores
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include optical signal processing, integrated gpaiad second harmonic generation (SHG)
microscopy. In comparison with inorganic NLO crystauch as lithium niobate, organic or
organometallic NLO chromophores have many advastageh as a lower cost, larger and

faster NLO responsé&:*2

Second order NLO properties require the absenceeofrosymmetry and generally the
second order NLO chromophores are based on anraedbnating group (D) and an
electron-withdrawing group (A) linked by a-conjugated bridge (R-A).*°*® NLO
properties are directly related to the intramolacwharge transfer (ICT) occurring in such
structures and can be easily tuned by varying #tera of the donor/acceptor couple and the

n-conjugated spacéf*?

In our group, we have recently optimized the NL@parties of chromophores based on
pyrimidine*®?* and/or pyranyliderf?’ moieties as electron-withdrawing and electron-
donating fragments respectively. It has been shdhat pyrimidine and methylated
pyrimidinium salts exhibit higher electron-withdreng character than well-known pyridine
analogue$® Proaromatic pyranylidene moieties, capable of iggiraromaticity upon ICT
process into the push-pull structure, are now wsiiblished electron-donating grodgpé’ =2
The ferrocene moiety has been extensively used lastran-donating part of NLO
chromophore$®**3"Ferrocene exhibits a good thermal and photochérstahility and the
possibility of redox switching at low redox potenfi®>° Ferrocene has rarely been used as
spacer between donor and acceptor parts of pushymiécules even if electron-transfer
through the ferrocene has been demonstf8tétin this case, the charge transfer occurs
“through space" and represents an alternative mialestrategy for NLO chromophorés*
1,1'-disubstituted ferrocenes with aromatic or mjkysubstituents generally adopt a stacked

synconformation due to the electronic preference lod ferrocene and favorablen



interactions>*>*® However, it has been shown that the introductidncliarges to the
ferrocene substituents can induce rotation tatiteconformatiori:’*®

In continuation of our work regarding the incorpgaa of metal centers in theconjugated
core of push-pull chromophoré$?* in this contribution we describe the synthesis,
electrochemical, photophysical and second order Igtdperties of two chromophorésand

2 with the following structure: Be-Fc-t-A (Chart 1). In order to study the influence oéth
ferrocene units, the properties of these compowilibe compared with their @x-A organic

analogues and4 and Fca-A chromophore$ and6 in which the ferrocene plays the role of

electron-donating group.

Chart. 1

2. Results and discussion
2.1. Synthesis

The asymmetrical ferrocene complexvas obtained in two steps. A Wittig reaction wast f
carried out with stoichiometric amounts of 1,1'+ferenedicarboxaldehyde and pyranylidene
phosphonium salt to give compound?.50 The second carbonyl group reacted with 4-
methylpyrimidine through a Knoevenagel condensatoform atrans-alkene, according to a

procedure already descridédScheme 1). The compounds 3°* and 5™ could easily be
3



methylated under reflux with iodomethane in pyrimidm iodide to give complexes 4 and
6 respectively in excellent yields (>95%) (Scheme 2Zhis N-methylation occurs

regioselectively on the nitrogen in position 1 oé heterocyclic ring”

~

() . NN
® ! O AN
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CHO n-BuLi, THF Aliquat 336
=" 78°Clort — A, 3h
s - s
Scho oHe~>

7, 60%

Scheme 1Synthesis of compour

=R =R
Fe Mel, A Fe

R = methylenepyran, 95%
,R=H,97%

Scheme 2Synthesis oN-methylpyrimidinium derivativeg, 4 and6

The compound&—6 were characterized by IR, NMRH, and**C) and high-resolution mass
spectrometry. These characterization data fullypsupthe proposed structures. TieNMR
spectrum ofl displays signals for the pyranylidene ligand (twoylic H resonances of the
methylenepyran core appearing as two doubleis=a6.73 and 6.09 ppmiJan = 1.4 Hz), the
exocyclic H of the methylenepyran moietydat 5.34 ppm, the diazine ring € 8.88 and
8.26 ppm), therans-double bond (two doublets at= 6.51 and 7.57 ppmjJuy = 15.8 Hz),
the two cyclopentadienyl fragments of the ferrocdbie 4.53, 4.42, 4.40, 4.26 ppm) and the
aromatic protons. The singlet signal for the metirglup located on the pyrimidine ring.g.
for 2: § = 3.47 ppm iftH NMR ands = 44.4 ppm in°C NMR) clearly appears on compounds

2, 4 and6 spectra.



2.2. Electrochemical studies

Electrochemical studies were performed in orderet@mine redox potentials of the
compoundsl-6 and to compare the energy band §&wf this series of compoun@dE = E*

— E™. Cyclic voltammetric (CV) studies of compountiss were carried out with a carbon
working electrode in dry Npurged CHCI, containing 0.1 M [BuN][PFs] as supporting
electrolyte. All potentials are givers Me;gFc. Electrochemical data are gathered in Table 1

and led to the following points:

a) Cationic complexeg, 4 and 6 bearing the redox-active iodide counteranion |
display an oxidation peak at around 0.5 V, which ba attributed to the oxidation of
the iodide aniord®

b) Compoundsl-4 present cyclic voltammograms which are characterist the
redox behaviors of pyranylidene-containing compafid->? Indeed for the
ferrocenyl derivativesl and 2, an irreversible anodic peak (at 0.40V and 0.51V
respectively), which may involve the oxidation dietpyranylidene moiety into a
radical cation, is observed on the forward scans Tatter immediately reacts by
dimerization to form a bispyrylium saft,which is detected on the backward scan at
around -0.15 V (irreversible cathodic pgakhis C-C bond making/breaking process
upon electron transfer has been largely studiediriaboratory and allow us to do the
assignment of these oxidation peaks to the oxidatfothe pyranylidene fragmefit.
For 2, this oxidation process take place at the samengiat that the iodide oxidation.
In the case of the organic compourddand4, when an anodic scan is performed, no
clear cathodic peak is detected on the reverseditiscan, probably because several

C-C coupling processes may occur in the extendesystent’ However, for



compound3 the oxidation peak at 0.62 V can be attributedh® dxidation of the
pyranylidene fragment.

In addition, forl, the two reversible systems, at 0.70V and 0.83Vhmattributed to
the ferrocenyl groups of the bispyrylium compourmanfed during the oxidation
process? In the case of, these systems are badly defined because of ssitiepo
phenomenon at the electrode surface.

c) For neutral compounds 3 and5, the pyrimidine moiety is reduced at -1.83, -1.48
and -1.86 V respectively. This reflects a bettezctbnic delocalization in the
compound3. Concerning the oxidation process, Oxidation stightly lower potential

is observed fofl vs5 in regard to the electron donating effect of thethiglenepyran

fragment on the ferrocenyl group.

d) N-methylated pyrimidinium compounds 4 and6 present a cathodic peEIgredl at

-0.78, -0.65(E12®") and -0.74 V respectively on the cyclic voltammagr This

reduction may involve mainly the reduction of theimidinium acceptor moiety.

The aforementioned elements led us to the twovatg suggestions:

i) Among the three neutral compounds, the lowestgetie gapAE (AE = E™ — E™®9)
is calculated for the organic compoudi(R.12 V)vsthe ferrocenyl derivativeks (2.23
V) and 5 (2.48 V); which is in favour of a better electrordelocalization for the
organic derivatived (3>1>5);

i) Due to the enhanced withdrawing effect of theimiginium fragment, the

redl

reduction peakg, "~ of the methylated complexe&s 4 and is significantly lowered

(0.83 to 1.12 V) compared to the neutral precursoB and 5 respectively. By



consequence the band gaAR must be lowered and a better ICT is expectedhis t

cationic series.

Table 1 CV data for compounds—6 in CH,Cly/[n-BusN][BF4] (0.1 M), v=0.1V &, E/V vs.

MeyoFc, Carbon disk working electrode.

C 0 m po u n d Ep0X1 El/20X2 El/20X3 Epred:l Epred‘

1 040 070 0.83 -1.83

2 051 0.68 097 -0.78

3 0.64 - - -1.4%8

4 053 08 -  -06% -151
5 0.67 - - -18 -
6 0.51  0.60 - -0.74 -1.74

% badly defined reverse peak; 5 given instead of f; ® quasi-reversible peak,:f is given

instead of E “irreversible peak: Eis given instead of fz
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Figure 1 Cyclic voltammogram ofl (C = 1.3 10° M in CH,Cl,/[n-BusN][BF4] (0.1 M),

Carbon working electrod&/V vs.MegFc,v= 0.1V §%)

2.3. UV-vis spectroscopy

The absorption spectra of compountss (Figure 1) were recorded in chloroform at a
concentration of 10-10“ M in the 270-800 nm wavelength range and the t®sué given
in Table 2. For ferrocene derivativés2, 5 and6, the lower energy bands € 512, 684, 489
and 626 nm respectively), can probably be assidaethie metal-to-ligand charge transfer
transition (MLCT)****The higher wavelength bands for organic compothdsd4 and the
second higher wavelength bands for compleke® 5, and6 represent ICT between donor
and acceptor parts. These ICT bands are in the larayth range of 370 — 630 nm. For
compound2, the ICT transition corresponds to the shouldeseoked around 420 nm. The
methylated compound®, 4 and 6 exhibit red-shifted ICT band in comparison witteith
neutral analogues, 3 and5 respectively, indicating a better ICT. For neutrampoundd, 3
and5, it can be noticed that the organic push-pull male 3 exhibits the most red-shifted
ICT band at 452 nm, whereas the ICT bands of tiredene derivative$ and5 are similar.
The same trend with the methylated complexes wasrgbd: organic compourfexhibits
the most red-shifted ICT absorption band (624 nat)ib this series compourlexhibits a
significantly red-shifted ICT absorption band inngqmarison with6: the introduction of the

pyranylidene fragment on the ferrocene unit sigatfitly enhances the ICT.
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Figure 1 UV-Vis spectra of compounds-6in CHCk

Table 2 Optical data of chromophorés6in CHCL

Compound Amax (] Amad [nm] SmMtem? upf[10* esu]
Acaic[NM]

1 a2 326/376/512 24/18/3.0 60

2 02112050084 362/420shie84 30110127 1320

3 S 301/452 14/38 310

4 o024 360/581/624 11/51/74 2220

5 3209841950 306/3841489  10/L.7/L4 160

6 288/396/626  ,08/306/626  5.6/28/8.7 <5%0

- 1 370/578




2 All spectra were recorded in CHGlolutions at room temperature at ¢ =010* M in the
250 — 800 nm wavelength ran§&D-DFT calculated majdransitions 14 (2w) measured by
EFISH method at 1907 nm. Molecular concentratioedu®r the measurements were in the

range 10°to 102 M. 8 + 10%.% No stable value was obtained
2.4. EFISH experiments

The second-order NLO responses of chromophdréswere measured by the EFISH
technique in CHGlsolution with a non resonant incident wavelendth307 nm. The second
harmonic atA = 953 nm stays well clear of the absorption baafishe chromophores.
Experimental details on EFISH measurements arengilsewheré® EFISH measurements
provide information about the scalar produg (2w) of the vector component of the first
hyperpolarisability tensop3 and the dipole moment vect$?>® This product is derived
according to equation 1 and considerpp@2w,w,w,0), the third-order term, as negligible for
the push-pull compounds under consideration. Thaimation is usually used for push-
pull organic and organometallic molecules.

JerisH = BBISKT + Jo(-200,00,0,0) Eq. 1
The results of EFISH measurements are present€dhile 2. For all the compounds, positive
KB were obtained, indicating that excited states aveerpolarized than the ground state and
that both ground and excited states are polarizéde same direction. It should be noted that
no stablepf value was obtained for compourgdthat did not seem stable under EFISH
measurement. As expected, pyrimidinium derivat@esd4 exhibit higher NLO response
than their neutral analogudsand3. Fully organic compound3 and4 exhibit significantly
higher NLO responses than ferrocene derivativasd2. These results are in full accordance
with the electrochemical and UV-visible data: theraduction of the ferrocene unit into the

conjugated bridge lowers the ICT between the pyrdeye and the pyrimidine/pyrimidinium
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fragments. Nevertheless, it should be noted thatNbhO response observed for compo@nd
(UB = 1320 10° esu) is significantly than foB which tends to indicate ICT through the

ferrocene fragment.
2.5. Computational investigation

Density functional theory (DFT) calculations haveeb performed on complexds
and2, as well as the closely related hypothetical dgiwes1’ and2’ which have a phenyl
substituent on the pyranylidene carbon situatedh&o position with respect to Fc (see
Scheme 3). Compoun@s6 were also computed. The geometries were fullynoigd at the
PBEO-GD3BJ/Def2-TZVP level, solvent (CH{I effect corrections included (see
computational details). In the case of the push-guhplexes, two different conformersyn
and anti, were found, depending on the respective positiohghe pyranylidene and
pyrimidine chains. Interestingly, th&n isomer was found to be the most stable, by 3-4
kcal/mol in the case df and2 and 5-6 kcal/mol in the case of their substitutechologued’
and 2’ (Gibbs energy). In this conformation, the two feenyl substituents are almost
perfectly eclipsed (§Cs staggering angle lower than 2°), whereas the pgritadienyl rings
remain almost perfectly parallel, making anglesdothat 2°. The energy preference for the
more crowdedsyn conformation is the consequence of significant oowalent Te-Tt
interactions (dispersion forces). In the four cotegducomplexes, the corresponding shortest
C...C and C...O interplane contacts lie in the radige3.5 A and 3.3-3.4 A, respectively. The
structures of both conformers with their relativeergies are provided in Figure S1. The
optimized geometries of complexggsyn, 2 (syn, 5 and6 are shown in Figure 3. Selected
bond distances are given in Table 3, together #ithcomputed HOMO-LUMO gaps, the
trend of which is fully consistent with the eleathemical results. All of these findings

suggest that the organic species are more conpliglaéa their organometallic counterparts
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and methylated cations are more conjugated thanrtbetral relatives as noted previously for
related metal complexé&?* Comparison of bond distances indicates the seend &nd only
small differences with respect to conjugation betweéhe complexes. Our NBO charge
analysis of the studied complexes is fully consisteith the above statements. Inthe
charges of the pyranylidene and pyrimidine branares+0.06 and -0.02 respectively (-0.04
for the ferrocenyl unit), indicating a moderate rgjeatransfer between the branches. For
comparison, the charges of the same fragment8, iare +0.15 and -0.15, respectively,
denoting larger charge transfer in the organic@ama. In the case of the methylated species
2 and 4, the corresponding fragment charges are +0.073+ar&l +0.41/+0.59, indicating
again a better electronic communication in the wigapecies, but also larger charge transfer
in the methylated species as compared to theirnmetiylated neutral homologues. The
presence of an additional phenyl substituent onlthend2’ models (Scheme 3) has little
structural/electronic effect. It should be also tmred that the high-energnti conformers

of the computed push-pull models exhibit ratherilsindistances and electronic structures
than theirsyn counterparts. Similarly, their optical propertiage similar and will not be

discussed below.

Ph Ph
Z 0 Z 0
(D) 115~ “Ph 1 1355~ ~Ph
1
| ® !
N7 >N % Fe R \N4\|N » Fe R
[ 31 : 31 l
NS
K/\/@ 30/ 6 ®
30 1, R=H 2, R=H
1, R=Ph 2’ R=Ph

Scheme 3The computed push-pull models with atom numbeuised in the calculations. The

atom numbering adopted fBrand6 is the same (when applying).
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Figure 3 Optimized geometries of complexe¢syn), 2 (syn, 5 and6.

Table 3 Selected data (distances in A) from the optimizedngetries of chromophords 2,
1" and 2’ in their low-energysyn conformation, and compound®6 (atom numbering

according to Scheme 3).

Compound 1 2 r 2' 3 4 5 6
HOMO-LUMO | 5 47 | 407| 530 413 312 | 279 6.48 | 537
gap (eV)
(Fe-Cay. 2.048 | 2.049 | 2.049| 2.050 2.048 2.049
[C(Cp)-C(Cp)]av. |1.390 | 1.390 | 1.390| 1.390 1.42p 1.422
C1-C11 1.448 | 1.445| 1.463| 1.462
C11-C12 1.357 | 1.359 | 1.368| 1.369 1.374 1.397
C6-C29 1.442 | 1.425| 1.443| 1.424 1.445 1.427
C29-C30 1.339 | 1.354 | 1.339| 1.353 1.356 1.3§2 1.341 1.357
C30-C31 1.451 | 1.421 | 1.450| 1.421 1.442 1.342 1.453 1.424
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The Kohn-Sham orbital diagrams &f 1 and 2 are shown in Figure 4 for the sake of
comparison. Whereas the highest occupied orbifaéishave substantial Fe character, the two
lowest vacant orbitals have a large pyrimidine liaesion. The situation is different fdrand

2 for which the HOMO and HOMO-1 are localized on gyeanylidene and pyrimidine sides,
respectively. The situation is reversed for thditMO and LUMO+1. Going froml to its
methylated catior? tends to stabilize the pyrimidine-centered orbitalhere the cationic
charge is localized. As a consequence, the LUMQ@ o lower than that ofl, reducing
substantially the HOMO-LUMO gap. For similar reastine LUMO+3 of 1 becomes the
LUMO+1 in 2, with some minor pyranylidene admixture. The lem&lerings ofl’ and2’ are

similar to that of theid and2 relatives.

1,60E+05 -
1,40E+05
1,20E+05
1,00E+05
8,00E+04
6,00E+04

4,00E+04

r

Absorbance (arbitrary units)

2,00E+04

0,00E+00 . ' '
270 370 470 570 670 770

Wavelength (nm)

Figure 5 TD-DFT simulated spectra of compourids.

The UV-vis excitation energies of complexe$, were computed by time-dependent
DFT (TD-DFT) calculations at the CAM-B3LYP leveles Computational details). The
major transitions energies are reported in Tablbéeaides the corresponding experimental

Amax Values, and the simulated spectra in Figure 5. derla good agreement between the

15



simulated and recorded spectra. For all the condputempounds, the only transition
associated with a large electron transfer (fronapylidene to pyrimidine fot-4 and from Fc

to pyrimidine in the case & and®6) is that of higher energy.e. that corresponding to the
band of larger intensity (Figure 5). Unsurprisinglthey are somewhat larger in the

methylated cations, as compared to their neutlatives.

Table 4 TD-DFT-computed hyperpolarizabilities for compourids (in 10°° esu).

Compound 1 2 3 4 5 6
Bstatic 20 52 71 94 22 76
Baynamic 25 71 99 131 27 105

2l computed at 1907 nm.

Quadratic non-linear optical hyperpolarizabilitié¢sve been also computed for
compoundsl-6 (see computational details). The calculafegic and Baynamic (@t 1907 nm)
values are given in Table 4. Although these resadige to be considered only at a qualitative

level, they are in a good agreement with the EFi@tdsurements (see above).

3. Conclusion

In summary, we have designed and prepared six pulslchromophores to evaluate the
effects of the ferrocene, the pyranylidene andpyr@midine/ methyl pyrimidium fragments
on the electrochemical, photophysical and NLO prioge in DI-A systems. The most
effective NLO responses have been found with pyrdeyeN-methylated pyrimidine ring
push—pull chromophore2 and 4 incorporating or not the ferrocene moiety in the
conjugated core. Spectroscopic, electrochemical #mebretical DFT studies of the
compounds corroborated their suitability as normimeptical chromophores based on their

opto-electronic properties. A significant ICT thgbu the ferrocene unit has been
16



demonstrated by experimental and DFT studies laysdimited in comparison of all metal-
free organic analogues. Nevertheless, we belieakethie synthetic strategy developed in this
study could open up new avenues for the desigroeélnferrocene push-pull chromophores
with more versatile opto-electronic properties aahtrollable molecular redox switches

structures.

4. Experimental section

4.1. General Methods

All reactions were conducted under a dry nitrogencsphere using Schlenk techniques, but
workups were carried out in air. The starting matemwere purchased from Sigma-Aldrich or
Alfa-Aesar and were used as received. The solvevdgse used as received except
tetrahydrofuran that was distilled under a dry aggn atmosphere over sodium and
benzophenone. Compoung® and5™ were obtained according to reported proceduresRNM
spectra were acquired at room temperature on aeBrakc-300 spectrometerH at 300
MHz, **C at 75 MHz) and referenced as followis: NMR, residual CHGI (8 = 7.26 ppm);
13c{*H} NMR, internal CDC} (5 = 77.16 ppm). The chemical shifisare reported in parts
per million relative to TMS*H, 0.0 ppm) and CDGI**C, 77.16 ppm). The coupling constant
Jis given in Hz. In théH NMR spectra, the following abbreviations are usedescribe the
peak pattern: s (singlet), d (doublet), dd (doubletioublet), t (triplet), and m (multiplet).
Acidic impurities in CDC4 and CHC4 were removed by treatment with anhydroy€®;. IR
spectra were recorded on a Perkin-Elmer spectrubnsp@ctrometer with an ATR sampling
accessory. UV-visible spectra were recorded on rkifR&Imer Lambda 25 spectrometer
using standard 10 mm quartz cells. High resolutizaiss analyses were performed at the
“Centre Régional de Mesures Physiques de I'Ou&R®MPO, University of Rennes 1) using

a Bruker MicroTOFQ Il apparatus. Column chromatpgras were performed using silica gel
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Acros Sl 60 (60-200 mesh ASTM). Thin-layer chrongaaphy (TLC) was carried out on
EMD Silica Gel 60 Es4 (Merck) or EMD aluminum oxide 150§ (neutral) plates that were

visualized with 365 nm UV light.

4.2. Cyclic voltammetry experimental details

The electrochemical studies were performed witlomdrmade 3-electrode cell (WE: carbon
disk, RE: Ag wire, CE: Pt wire). Decamethylferroeemas added as an internal reference at
the end of each experiment; all the potential aretefd against the decamethylferrocenium-
decamethylferrocene couple. The potential of tHeveas controlled by a u-AUTOLAB 1l
potentiostat monitored by the GPES software (MetrphThe supporting salt [NBlIPFg]

(Aldrich) was used without further purification.

4.3. Computational details

DFT geometry optimizations were carried out using Gaussian 09 packaffeemploying
the PBEO functiondi™®® together with the D3 version of Grimme’s empiriciifpersion
(Becke-Johnson dampirt§)and using the Def2-TZVP basis §&tSolvent (chloroform)
effects have been taken into account using the P@el®®®’ All stationary points were
fully characterized via analytical frequency ca#tidns as true minima (no imaginary
values). The composition of the Kohn-Sham orbitaiss calculated using the AOMix
program® The graphical GaussView interface was uSefihe UV-visible transitions were
calculated by means of TD-DFT calculations on tpénoized geometries with the CAM-
B3LYP functional® which is more appropriate than PBEO for computihgrge-transfer
excitation energies. Only singlet-singlet transiichave been taken into account. Only the
transitions with non-negligible oscillator strengtare discussed in the paper. The TD-DFT
simulated UV-vis spectra were performed using th&iZ&rd prograni’? Static and

frequency-dependent electronic hyperpolarizabditisere obtained at the TDDFT level
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through the coupled-perturbed Kohn-Sham procédifeusing the wB97XD functionél
with the same basis set as above. Dynamic hypeipaldities were computed assuming a
laser wavelength of 1907 nmz¢ = 0.023896 a.u.) for the SHG(F2w; w, w)] NLO
processesThe geometries obtained from DFT calculations wesed to perform natural

atomic charge analysis with the NBO 5.0 program.

4.4. Synthesis of compound 1

In a round-bottomed flask of 100 mL, 153 mg of 2/¢diphenyl-#H-pyran-4-ylidene)
methyl]-1'-formyl-ferrocen&® (334 pmol, 1 eq), 20 mL of NaOH 5M, 10 drops dfjaht
336 and 41 mg of 4-methylpyrimidine (435 mmol, & were introduced in this order. The
resulting mixture was strongly stirred and refluXed 4h. The aqueous phase was removed
with Pasteur pipette and the solid was washed wdker and filtered over silica gel with
ethyl acetate. The solvent was removed under relddpcessure and the raw material was
purified by column chromatography over silica gghfl acetate) to give compoutds a red
solid in 46% vyield (82 mg, 154 pmol). Mp: 144-145°6@MR (5 (ppm), CDCH): *H (300
MHz): 8.88 (s, 1H), 8.26 (FJun = 5.3 Hz, 1H), 7.72 (EJan = 1.8 Hz, 1H), 7.70 (EJun =

1.3 Hz, 1H), 7.63 (£Juu = 1.7 Hz, 1H), 7.61 (BJun = 1.6 Hz, 1H), 7.57 (FJuy = 15.8 Hz,
1H), 7.47 — 7.35 (m, 6H), 6.99 (&l4y = 5.2 Hz, 1H), 6.73 (d'Juy = 1.4 Hz, 1H), 6.51 (d,
33un = 15.8 Hz, 1H), 6.09 (dfJuy = 1.4 Hz, 1H), 5.34 (s, 1H), 4.53 {n = 1.8 Hz, 2H),
4.42 (t,3Jyn = 1.8 Hz, 2H), 4.40 (£3qn = 1.7 Hz, 2H), 4.26 (EJqn = 1.7 Hz, 2H);*C{*H}

(75 MHz): 162.5, 158.7, 156.8, 151.6, 149.2, 13638.7, 133.3, 129.2, 128.9, 128.7, 128.7,
127.8, 124.7, 124.2, 123.3, 117.6, 110.2, 108.2,9.(85.8, 81.6, 71.3, 69.7, 69.4, 69.3; IR
(ATR, cmi’): 3028, 1654, 1624, 1567, 1493, 1446, 1382, 126826, 945, 929, 837, 818, 762,
690; HRMS (ESI): m/z, calculated for [M+H[Cs4H27N,O%Fe): 535.1467, found: 535.1467,

[M+Na]* (CasH26N,ONa°Fe): 557.1287, found: 557.1286

19



4.5. Synthesis of compound 2

A mixture of compoundL (100 mg, 187 umol) and methyl iodide (5 mL) waBusesd for
20h. The methyl iodide was evaporated under vacandthe residue was analysed without
further purification. The compoun? was obtained as a red powder in 95% vyield (120 mg,
178 umol). Mp: 154-155°C; NMR5((ppm), CDCl,): *H (300 MHz): 8.62 (s, 1H), 8.54 (d,
334 = 6.7 Hz, 1H), 7.89 (Fdun = 15.1 Hz, 1H), 7.76 (FJun = 7.1 Hz, 2H), 7.69 (FIuy =

7.6 Hz, 2H), 7.58 — 7.48 (m, 4H), 7.45 {d. = 7.8 Hz, 2H), 7.37 — 7.30 (m, 1H), 6.55 (s,
1H), 6.36 (dJun = 15.1 Hz, 1H), 6.06 (s, 1H), 5.17 (s, 1H), 4.744(d), 4.57 (s, 2H), 4.25
(s, 2H), 3.47 (s, 3H)®C{'H} (75 MHz): 167.6, 152.5, 152.1, 150.8, 149.5, 149133.7,
133.2, 130.4, 130.1, 129.8, 128.7, 125.4, 124.8,3,2118.4, 109.9, 108.9, 103.4, 89.5, 81.8,
75.4, 72.0, 71.4, 71.1, 44.4 (some carbon atomsare@bserved); IR (ATR, ci): 3411,
2923, 1980, 1653, 1575, 1468, 1431, 1279, 11956,1827, 764, 691; HRMS (ESI): m/z,

calculated for M (CssH29N»O°Fe): 549.1624, found: 549.1629

4.6. Synthesis of compound 4

A mixture of compound (600 mg, 1.71 mmol) and methyl iodide (5 mL) waBuxed for
2h. The solvent was evaporated under vacuum anceti@ue was analysed without further
purification. The compound was obtained as a dark blue solid in 96% vyiel®(BQ, 1.64
mmol). Mp: 164-165°C; NMR& (ppm), DMSOds): *H (300 MHz): 9.08 (s, 1H), 8.69 — 8.60
(m, 2H), 8.15 — 8.12 (m, 2H), 8.01 — 7.99 (m, 3AHY9 (s, 1H), 7.62 — 7.57 (m, 6H), 7.26 (s,
1H), 6.52 (d>Jun = Hz, 1H), 6.21 (d3Juy = Hz, 1H), 3.98 (s, 3H)-*C{*H} (75 MHz): 166.6,
155.6, 155.4, 147.5, 143.8, 143.7, 131.4, 131.0,.93130.8, 129.1, 125.7, 125.2, 120.4,
115.4, 109.3, 103.7, 42.(Bome carbon atoms are not observed); IR (ATR)c8430, 3038,
2922, 2161, 1636, 1517, 1491, 1421, 1245, 11986,1981, 759, 672; HRMS (ESI): m/z,

calculated for € (Cy5H21N20): 365.1648, found: 365.1652
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4.7. Synthesis of compound 6

A mixture of compound™ (100 mg, 345 pmol) and methyl iodide (5 mL) wafiuseed for
20h. The methyl iodide was evaporated under vacandthe residue was analysed without
further purification. The compounél was obtained as a dark red powder in 97% vyield (14
mg, 334 pmol). Mp: 186-187°C; NMR (ppm), CDCl,): *H (300 MHz): 9.03 (d*Jyy = 1.2
Hz, 1H), 8.57 (d2Jun = 5.3 Hz, 1H), 7.74 (Jun = 15.8 Hz, 1H), 7.21 (dd} = 5.3, 1.4 Hz,
1H), 6.66 (d,*Juy = 15.8 Hz, 1H), 4.58 (EJuy = 1.7 Hz, 2H), 4.42 (£Jun = 1.9 Hz, 2H),
4.16 (s, 5H), 1.73 (s, 3H*C{*H} (75 MHz): 163.1, 159.3, 157.5, 138.4, 123.3, B1®B1.2,
71.4,71.1, 70.1, 68.8; NMR (ppm), DMSOek): *H (300 MHz): 9.37 (s, 1H), 8.93 (Wun

= 6.5 Hz, 1H), 8.27 (FJun = 15.5 Hz, 1H), 7.96 (FJun = 6.4 Hz, 1H), 7.04 (FIan = 15.5
Hz, 1H), 4.89 (d’Jun = 1.7 Hz, 2H), 4.73 (FJun = 1.7 Hz, 2H), 4.24 (s, 5H), 4.06 (s, 3H);
¥3c{*H} (75 MHz): 166.3, 153.2, 150.3, 149.2, 119.8, B1778.9, 72.8, 70.0, 69.7, 43.4; IR
(ATR, cm'): 3075, 1640, 1585, 1542, 1471, 1440, 1191, 1886, 821, 808, 755; HRMS

(ESI): m/z, calculated for M(Cy7H17N>>°Fe): 305.0736, found: 305.0738
Appendix A . Supplementary data
Supplementary data related to this article carobed at ....
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Highlights

» Ferrocene unit was incorporated in the T-conjugated linker or D-TeA compounds.

e Intramolecular charge transfer through ferrocene moiety was studied.

e Electrochemical and photophysical properties were compared with al organic
analogues.

« Theferrocene unit limits charge transfert from donor to acceptor.



