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ABSTRACT
DESIGN, SYNTHESIS AND STUDIES DIRECTED TOWARDS THE
PHOTOPHYSICAL PROPERTIES OF THE POLYCYCLIC
AROMATIC HYDROCARBONS

Rekha Sharma

Marquette University, 2011

The cross conjugated molecules are also known as cruciforms, which effectively
allow the HOMO-LUMO separation. The term Cruciform is used for diaxial
chromophores in which the properties of the two axes can be manipulated upon suitable
substitution with auxochromic substituer@siginally designed for molecular electronic
applications, the discovery that these cruciforms possess a platformkvbetier
Molecular Orbitals can be tuned, led to their investigative research asysensor
flourophores. In the majority of organic chromophores, the HOMO and the LUMO are
congruent. Thus, upon binding to an analyte both HOMO and LUMO are almost equally
affected and hence large shifts in emission are not observed. However, witlhyspatia
separated donor and acceptor units the independently addressable FMOs can be used to
modulate photophysical properties. Accordingly synthesis of a cross cagugatecule
having electron donor substituent on one branch and electron acceptor substituent on the
other branch was undertaken and photophysical properties was studied.

Synthesis of novel fluorene-containing ligands and their complexel wit
ruthenium and rhenium metal was also developed and the role of fluongseon
Ruthenium bipyridine and Rhenium complexes were investigated.
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Chapter-1

Cross Conjugated Polycyclic Aromatic Hydrocarbons:

Synthesis and Photophysical Properties



Introduction

Polycyclic aromatic hydrocarbons are very important becaudeewfapplication
in the field of molecular electronics and photovoltaic devices suchglisemitting
diodes, field-effect transistors; liquid crystal displays aotarscells' For molecular
electronic applications, PPEs (para-phenylene ethynylenes)kmewn long back But
compared to the PPVs (poly phenylene vinylenes), the PPEs ardisadvantage for
applications in OLEDs. In these polymers hole injection was a proldee to the
electron withdrawing nature of the alkyne group (structurg $a to remove this
problem first vinyl group was introduced into the main chain butditndit improve the
performance (structure 2a). In a second attempt styryl groupkei side chain was
introduced which significantly improved the performance (structa)e tBese materials
were more electron rich and the solution and solid state band gapedednd hole

injection considerably facilitatet(structure 3a).




To understand the properties of these polymers better Bunz andkeostor
introduced this new class of cross-conjugated (4a-9a) “X-shapeldtuaies also known
as cruciforms in which HOMO and LUMO were spatially seped. Term cruciform was
first used by Collin Nuckolfsfor a class of molecules with two perpendicular dispased

systems connected through a central aromatic core.

Figure 1. The structures of recently reported cross conjugated molecules.

The term ‘cruciform’ is used for diaxial chromophores in which prioge of the
two axes can be manipulated upon suitable substitution with auxochrobsiitsents.

These cruciforms possess the structure where Frontier Mate@ubitals (FMOs) can be

adjusted.



In most of the organic chromophores, the HOMO and LUMO are spatially
superimposable upon each other. Thus upon binding to an analyte both HOMO and
LUMO are almost equally affected. Hence large shifts inssimm bands are not
observed. However with spatially separated donor and acceptor unitsofie.axis is

donor substituted and other axis is acceptor substituted) FMOs can be separated.

In these cross conjugated molecules, the HOMO lies on theydlistgnch of the
molecule while LUMO is situated on the ethynyl branch of thelecule’ As a
consequence, the intramolecular charge transfer emissions and iabsorgt these
cruciforms are dependent on solvent polarity and exhibits dranpegtotral shifts which

makes them functional scaffolds for metal sensor arrays.



Accordingly, we have undertaken the synthesis of a cross coejugatlecule
having electron donor substituents on one branch and electron acceptor subsbiue
the other branch (see Figure 2). It is envisioned that such ramgament of
donor/acceptor groups in molecule W8l allow the effective separation of HOMO and
LUMO. Herein, we will describe the preparation, absorption andsam spectroscopic

studies, and electrochemical properties as follows.

Figure 2. Showing the HOMO-LUMO ofcompound18, obtained by
density functional theory calculations at the B3LYP/6-31G* level.



Results and discussions

Synthesis of (9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene boronic esf (8). General
synthetic strategy (see Scheme 1) for the compound 18 begins avitmezcially
available 2-bromobenzoyl chloride and veratrol. Thus, a standard IFGiefaireaction
between 1 and varatrol yields the ketone 2 in 84% yield after @lesimacrystallization.
Bromo- ketone 2 was then subjected to a palladium-catalyzednwitaular Heck
coupling to furnish the fluorenone 3 in excellent yield. The fluorenom&s easily
reduced to corresponding fluorene 5 in excellent yield using sthndalf-Kishner
reduction. A selective bromination of 5 afforded 7-bromo-2,3-dimeti9o8y-
dihexylfluorene (6), which was subjected to an alkylation reactiorgysotassiuntert-
butoxide (2.1 equivalents) and 1-bromohexane in THF at room tempetatafford 7-
bromo-9,9-dihexyl-2,3-dimethoxyfluorene (6). The bromofluorene derivative $§ wa
converted to corresponding boronic acid by a reaction with butyllittancdh trimethy
borate in THF at -78C. The resulting boronic acid was treated with excess pinacol in
toluene at 6¢C to yield corresponding pure boronic ester after column chromatography
in 50% yield. The boronic ester was characterized 'Hy NMR and **C NMR

spectroscopy (see Figure 3).



Scheme 1:Synthesis of 9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene
boronic ester (8)
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Figure 3. *H and**C NMR spectra of 9, 9-Dihexyl-6, 7-dimethoxy-9H-
fluorene boronic ester (8) in CDgit 22°C.



Synthesis of fluorene derivative 15. Diboronic ester of 1,4-dimethoxy-2,5-
dibromobenzene (obtained using standard procedures, see Experimemntal) seas
subjected to Suzuki coupling with 2 equivalent of 9,9-dihexyl-2-bromofluoiene
refluxing 1,2-dimethoxyethane (DME) in the presence of a catayticunts otetrakis-
triphenylphospinepalladium [Pd(P£4 0.1 mol%)] to affordhe intermediate 12 in 58%
yield after column chromatography purification. A demethylatiothefmethoxy groups
of 12 using BBs in dichloromethane at 8C produced the corresponding dihydroxy
intermediate 13 in good yield. The hydroxyl functional groups of 13 wareformed
into triflate functional groups in 90% yield using triflic anhydridad pyridine in
dichloromethane . The resultant ditriflet 14 was subjected td&l{eraft acylation using
acetyl chloride and AlGlin dichloromethane to afford compound 15. The compound 15

was characterized Y4 NMR and**C NMR spectroscopy (see Scheme 2 and Figure 4).
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Scheme 2 Synthesis obis-fluorene derivative 15.
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Figure4. *H and**C NMR spectra of 15 in CDg4t 22C.
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Assembly of cross-conjugated molecule 18 using 15 andThe preparation of cross
conjugated molecule 1®as completed in two steps using 15 and 8. Thus a standard
Suzuki coupling reaction of 15 (Scheme 2) with boronic ester 9 (Schgnm refluxing
toluene in the presence of a catalytic amounts of Pd[P@hlL mol) and aqueous sodium
carbonate afforded the precursor 17 in 50% yield after column ebognaphy. The
molecular structure of 17 was confirmed by X-ray crysgathphy (Scheme 3). An
oxidative cyclization of 17 using 10 equivalent of Fe@i dichloromethane finally
furnished the cyclized cross conjugated compound 18, which was cadfathcterized

by *H NMR and™C NMR spectroscopy (Figure 5).

Scheme 3:Assembly of cross-conjugated molecule 18 using 15 and 8.
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Figure 5a. *H/**C NMR spectra of compound 17 in CR@t 22C.
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Figure 5b. *H/**C NMR spectra of compound 18 in CR@t 22C.
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Electrochemistry

The redox properties of compound 18 was determibgdelectrochemical
oxidation at a platinum electrode as 2 x >1M solution in anhydrous
dichloromethane containing 0.2 M tetmebutyl ammonium hexaflurophosphate as the
supporting electrolyte. The cyclic voltammogram#iex one reversible oxidation at
1.04V, for the removal of the first electron at varyingascrates of 50-500 mV's
and the second oxidation wave at 1.13 V for theaowh of second electron. The
third and fourth oxidation waves at 1.60V and 1.82xespectively, were

guasireversile (Figures 6 and 7).

1.4 1.2 1.0 0.8 0.6

Potential(mv)

Figure 6. Cyclic voltammogram of compound 18 in &, containing
0.2 Mn-BusNPF, at different scan rates (50-500 mV) st 22 °C.
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§ -3e-6 1

- E,, 1.60V

5ot Eo. 1.82V

2.0 1.8 1.6 1.4 1.2 1.0 0.8

Potential (V)

Figure 7. Square wave (left) in Ci&l, containing 0.2 Mh-BuN PF; at a
scan rate of 200 mV/s at 22 °C. (Right): Tabulation of the oxidation
potentials of 18.

Generation of the cation radical of 18 and its electronic spectraThe cation radical of

compound 18 was generated using an aromatic cation-radical SH{E SbCk),

derived from triarylamine.

+ o
Br N

3
MB™** SbClg

E,eq = 1.15V vs SCE

Figure 3 shows the spectral changes observed upon an increautiteon of
sub-stoichiometric amounts of 18 to a solutiorM®B ™ SbCk in dichloromethane at 22
°C. Moreover, a plot of formation of 1gi.e. an increase of absorbance at 2000 nm) and
a consumption oMB™ SbCk (i.e. a decrease of absorbance at 728 nm) against the

increments of added neutral &8tablished tha¥iB™ SbCk was completely consumed
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after addition of 1 equiv. of 18; and the resulting absorption spectrurainedn

unchanged upon further addition of neuft@]i.e. Eq 1.

18 + MB™ —>18+' + MB (1)

B
1.0
0.8 g
<] 1)
% 2 0.6 [ ) o ® ® ® @
8 8 )
o) o
4 204 ) ® 728nm
< < @ 2000 nm
0.2 . .
'Y ®°e e o o
w 0.0
500 1000 1500 2000 2500 00 05 10 15 20 25 3.0

Wavelength (nm) No. of equivalents added 18

Figure 8. (A) Spectral changes observed upon the reductidiB® SbCk™ by an
incremental addition of 18 CH,CI, at 22 °C. (B) Plot of depletion of absorbance
of MB™ SbCk (blue circles) and an increase of the absorbance 6f (béhk
circles,) against the equivalent of added neui8al

Absorption/emission spectroscopy of 18.

The electronic absorption and emission spectri8afiere recordedh dichloromethane,
THF, toluene, hexane, acetonitrile and methanober the identical conditions and
temperature (22 °C). The absorption and emission spectra in DC8h@na in figure 5.
The absorption spectra possess transition around 350 and 399nm. The emissiarospe
compound 18 have emission maxima at 470nm, in the concentration rangetof10§

as shown in figure 5B. Red shift was observed in emission maxirsalients from
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hexane to acetonitrile (Table 1) in the concentration range 6f1@8 (Figure 10).
However there was no trend observed in quantum vyields. The fluocesgeiantum
yields were determined using quinine sulphdte=(0.54) as a standard and compound
showed florescence quantum vyields 0.16 in DCM, 0.17 in hexane, 0.24 inOT28Hn

Toluene and 0.05 in Acetonitrile.

120
400

> 100
2
g 80 >300
E Z
& = 200
©
c 40
S 100
Z 20

0 = 0

300 400 500 600 700 400 420 440 460 480 500 520 540 560

Wavelength (nm) Wavelength (nm)

Figure 9. (Left) Normalised absorption and emission spectra of 18 in
CH,CI, at 22°C. (B) Emission spectra of compound 18 in concentration
range of 1.0 x 10 to 7.9 x1& in dichloromethane at 2ZC. Emission
maximum atmax= 470 nm.

The emission spectra in toluene and hexane showed well defined vibrational
structure (Figures 10 and 11), with the position of emission maxima shiftingd®war
blue. In toluene, the emission band was centered at 446 nm while in hexanedtheba

centered at 436 nm (Figures 10 and 11).
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1000
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2 > ]
‘@ 600 i) 600
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2 2
£ 400 £ 400 1
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Wavelength (nm) Wavelength (nm)

Figure 10/11. (Left) Emission spectra of compound 18 in concentration
range of 2.99 x 10t0 5.96 x 10 M, Amax= 446 nm, in toluene at ZT.
(Right) Emission spectra of compound 18 in concentration range of 2.99 x

107 to 5.96 X1GM, Ama= 436 nm, in hexane at 22.

In acetonitrile, the emission band for 18 was observed at 480 nm and was
unchanged in the concentration range of 16 10° M as shown in Figure 12. In
methanol compound was not soluble so emission study based on concentratdamocoul

be done, however it showed emission maxima at 480 nm (Figure 13).

The emission spectra for 18 are compared in Figure 14 and the wélbesh
absorption and emission bands as well as the quantum vyield fori@mikem 18 in
different solvents are compiled in Table 1. The Table 1 and Figuotearly suggest that

the emission band shows a bathochromic shift with the increasing polarity of that.solve
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120

100 1

Intensity

450 500 550 600
Wavelength (nm)

Figure 12. Emission spectra of 18 in acetonitrile in the concentration
range of 2.99 x 10t0 5.96 x 1M, Amax= 480 nm, at 22C.

Intensity
N

0 . . . .
400 450 500 550 600 650

wavelength (nm)

Figure 13. Emission spectra of compound 18 in methadgls,= 480
nm, at 22°C.
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Figure 14. Comparison of the emission spectra in different solvents.

Table 1. Absorption/Emission data of compoub8

Emissionivaxpm) 436
Quantum Yield 0.17 0.28 0.24 0.16 0.05

Absorption 395 400 398 399 376

)vMax(nm)

21
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Summary and Conclusions

We have successfully synthesized and characterized the sruaftust cross
conjugated molecule (i.e. compound 18) which contains electron donor substituents on
one branch and the electron acceptor substituents on the other branchucdéwsful
synthesis of 18 demonstrated that a spatial separation of HOMQWM® can be
achieved in a planarized polycyclic aromatic hydrocarbon. The arosfugated
molecule 18 also showed that the position of emission maximum shidftsvith the

increasing solvent polarity.
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Experimental Section

General Experimental Methods and Materials.All reactions were performed under
argon atmosphere using conventional vacuum-line techniques unless otmenedeAll
commercial reagents were used without further purification unldssrvase noted.
Anhydrous tetrahydrofuran (THF) was prepared by refluxingctimemercial tetrahydro-
furan (Aldrich) over lithium tetrahydroaluminate under an argon gihere for 24 hours
followed by distillation. It was stored under an argon atmosphere Sthlenk flask
equipped with a Teflon valve fitted with Viton O-rings. Dichlorometh@Aldrich) was
repeatedly stirred with fresh aliquots of conc. Sulfuric acid (~b§%olume) until the
acid layer remained colorless. After separation it was washecessively with water,
agueous sodium bicarbonate, water, and saturated aqueous sodium cinidraieead
over anhydrous calcium chloride. The dichloromethane was distillee tinaen BOs
under an argon atmosphere and stored in a Schlenk flask equipped witbravatve
fitted with Viton O-rings. The hexanes and toluene were distilleth fR.0Os under an
argon atmosphere and then refluxed over calcium hydride (~12Aitsj).distillation

from Cah, the solvents were stored in Schlenk flasks under argon atmosphere.

Cyclic Voltammetry (CV). The CV cell was of an air-tight design with high vacuum
Teflon valves and Viton O-ring seals to allow an inert atmospherbe maintained
without contamination by grease. The working electrode considteah cadjustable
platinum disk embedded in a glass seal to allow periodic polishirth éwiine emery

cloth) without changing the surface area (~1 3nsignificantly. The reference SCE
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electrode (saturated calomel electrode) and its salt bridge separated from the
catholyte by a sintered glass frit. The counter electrode cedss$tplatinum gauze that
was separated from the working electrode by ~3 mm. The CV measuremnseatsawied
out in a solution of 0.1 to 0.2 M supporting electrolyte (tettaitylammonium
hexafluorophosphate, TBAH) and the substrate in dry dichloromethane undegcen
atmosphere. All the cyclic voltammograms were recorded weasrate of 200 mV sec
! unless otherwise specified and were IR compensated. The oxidationigiote; ;)
were referenced to SCE, which was calibrated with added (equ)nf@leocene ;/, =
0.450 Vvs. SCE). Thek;, values were calculated by taking the average of anodic and

cathodic peak potentials in reversible cyclic voltammograms octhirrom square-

wave voltammograms in irreversible cyclic voltammograms.

Synthesis of (2-Bromo-phenyl)-(3,4-dimethoxy-phenyl)methanong?).

(0]

©i0\ AICl5 O O N
Br‘|‘ >

o~ DCM Br o~
cl

o

To a stirred solution of (6.0 gm, 27.33 mmol) bromobenzoyl chloridel@® Mml)
dichloro methane at 0°C, (5.46 gm, 40.99 mmol) AMZ&s added portion wise, after 15
minutes (3.48 ml, 27.33 mmol) Veratrol was added with the help of droppimrgel.

Reaction was stirred for 24hr.
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After completion, reaction mixture was cooled with dry ice undegora
atmosphere, acidified with 25 ml dil HCI followed by extractwith DCM. Organic
layer was dried over MgQoFiltrate was concentrated to yield the product. Product was
purified by Recrystallization with DCM and Hexane. Yield: 7.47, §4%; mp 139-141
°C: 'H NMR 5 (CDCL): 3.94 (s, 6H), 6.85 (d, 1H] = 8.39), 7.21 (dd, 1H) = 8.17),

7.30-7.45 (m, 3H), 7.58-7.67 (m, 2HYC NMR § (CDCkL): 56.38, 110.10, 111.08,

119.68, 126.71, 127.29, 128.94, 129.39, 131.04, 133.27, 141.16, 149.50, 154.20, 194.77.

Synthesis of 2, 3-Dimethoxy-fluoren-9-one (3).

O

o)
O Pd(OACYH/PCEHBF,/K,CO;, o
> = (10
B (0) DMA O/

r

To a stirred solution of compound 2 (10.0 gm, 31.09 mmol) in 150 ml DMA, PdDOAC
(69 mg, 0.31 mmol), PCyHBF, (0.228 gm,0.62 mmol) was added. Mixture was
degassed and refilled with argon. Then potassium carbonate was adaldtrRaixture
was heated in a oil bath maintained ~130°C. Reaction mixture was refluxed for 24 hr
After completion, reaction mixture was cooled to room temperaRihete HCI

was added followed by extraction with DCM to yield product. Yi@ld2 gm, 95%; mp
134-136°C; 1H NMR & (CDCL): 3.92 (s, 3H), 4.01 (s, 3H), 7.00 (s, 1H), 7.16-7.23 (m,

2H), 7.33-7.24 (m, 2H), 7.55 (dt, 18,= 7.32).*C NMR 5 (CDCL): 56.53, 103.54,
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107.22, 119.26, 123.86, 126.97, 128.32, 134.36, 134.88, 139.63, 144.08, 149.85, 154.70,

193.31.

Syhthesis of 2,3-Dimethoxy-9H-fluorene (4).

O

“O‘ O_ KOH + NH,NH, “O‘O[O\
/
o~ o

To a stirred solution of compound 3 (5.8 g, 24.09 mmol) in 100 mL diethydgycol,

KOH was added under argon followed by hydrazine hydrate. Reactixture was
refluxed on heating metal at 180-190°C. Reaction was stirred for 24 hours.

After completion, reaction mixture was added in cold water and HGkas
extracted with DCM. The organic layer was dried over magmessulfate and
concentrated in vacuum to afford the product which was further purifisdibg column
chromatography using10 % ethyl acetate in hexanes mixtaféoral the product. Yield:
2.88 gm, 51% : mp 128-13C: 'H NMR 5 (CDCL): 3.79 (s, 2H), 3.92 (s, 3H), 3.96 (s,
3H), 7.07 (s, 1H), 7.17-7.24 (m, 2H), 7.32 (t, DH 15.43), 7.47 (d,1H]) = 7.45), 7.64
(d, 1H,J = 7.98). "C NMR & (CDCL): 37.03, 56.38, 56.41, 103.18, 108.46, 119.02,

123.82, 125.02, 125.70, 126.92, 134.47, 135.96, 142.33, 143.59, 148.96.
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Syhthesis of 7-Bromo-2, 3-dimethoxy-9H-fluorene (5).

Y YOy
(T 0L +en : - _
o o°c 0

To a stirred solution of compound 4 (2.8 g, 12.34 mmol) in100 mL DCM unden atg
0 °C bromine (1.97 g, 12.34 mmol) was added with the aid of a dropping funnel.
Reaction was stirred for 2 hr. After completion, reaction wasenched with DCM.
Organic layer was washed with sodium bisulphite and dried over Oviggd
concentrated in vacuum to yield the product, which was purified bystadligation from
DCM and hexane. Yield: 3.3 g, 87%; mp 98-F00 H NMR & (CDCL): 3.75 (s, 2H),
3.93 (s, 3H), 3.96 (s, 3H), 7.04 (s, 1H), 7.20 (s, 1H), 7.43-7.50 (m, 2H), 7.58-7.61 (m,
1H). “*C NMR & (CDCL,): 36.74, 56.28, 56.30, 103.01, 108.21, 119.24, 120.12, 128.10,

129.86, 133.33, 135.60, 141.24, 145.47, 148.99, 149.25.
Syhthesis of 7-Bromo-9, 9-dihexyl-2,3-dimethoxy-9H-fluorene (6).

Br

o
N tBuOK Br o
NN >
(LT - L
o~ THF/ 0°C o

To a stirred solution of compound 5 (3.3 g, 10.79 mmol) in 35 mL dry THF@
potassiumtert-butoxide (2.54 g, 22.65 mmol) was added, After 15 minutes (3.18 mL,
22.65 mmol) bromohexane was added with the aid of a dropping funnel. Stienge

mixture was stirred for 2 hrs.
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Reaction was quenched with water followed by extraction with DCM to afford the
product. Yield: 3.78 g, 73%; mp 58-60; lH NMR & (CDCl,): 0.48-0.64 ( m, 4H), 0.77
(t, 6H, J=14.0), 0.96-1.16 (m, 12H), 1.79-1.94 (m, 4H), 3.94 (s, 3H), 3.97 (s, 3H), 6.79

(s,1H), 7.15 (s, 1H), 7.38-7.43 (m, 3HJC NMR (CDCl) 3: 14.22, 22.77, 29.81, 35.67,

40.47, 55.46, 56.26, 56.46, 102.95, 106.00, 119.84, 120.09, 126.02, 129.95, 132.58,

140.68, 143.04, 148.85, 149.65, 153.15.

Synthesis of (9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene boronic ester) (8).

. Q‘O O_ BuLi+ B(OMe)s H?B Q'O o,

o—  THF/-78°C HO
O/

w toluene

HO OH

iﬁsi\

To a stirred solution of compound 6 (1.0 g, 2.11 mmol) in 15 mL dry THF ungen a
at -78 °C (1 mL, 2.32 mmol) butyllithium was added dropwise followe@0387 mL,
3.48 mmol) trimethylborate. Reaction was stirred for 24 hrserAfompletion, reaction

mixture was poured in beaker containing 200 g ice and 7 p&OH This reaction
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mixture was stirred for 1 hour and then extracted with ether td the boronic acid
which was used in next step without further without purification.

Thus, boronic acid (2.56 g, 5.84 mmol) was dissolved in 70 mL toluenedP{i0269 g,
5.84 mmol) was added and the resultant mixture refluxed for 2 Hasladquipped with
a Dean-Stark trap and condenser. After completion, reacticmnaiwas cooled to room
temperature and solvent was removed in vacuo to yield the product whs purified

by column chromatography using 2% ethyl acetate in hexaingd: 1.5 g, 50%; mp 65-
67°C. 'H NMR 5 (CDCL,): 0.47-0.66 (m, 4H), 0.75 (t, 6H,= 14.79), 0.97-1.15 ( m,

12H), 1.81-2.07 (m, 4H), 3.95 (s, 3H), 3.97 (s, 3H) 6.82 (s, 1H), 7.23 (s,1H), 7.58 (d, 1H,

J=7.67), 7.69 (s, 1H), 7.78 (d, 1Bi= 7.67).°C NMR (CDCL) §: 14.17, 22.71, 23.65,

25.08, 29.77, 31.62, 40.36, 55.13, 56.11, 56.35, 83.76, 103.13, 105.97, 118.05, 128.58,

133.40, 133.96, 144.05, 144.69, 148.62, 149.63, 149.94.

Synthesis of boronic acid of dibromo dimethoxy Benzene (10).

Br SO0 OH
O |
N tBuLi,B(OMe); B~ on
A
~N 0
o THF,-78°C HO.
Br !
OH O

In a oven dried Schlenk flask, a solution of dibromodimethoxybenzene (4.7 g, 15.8
mmol) in anhydrous THF (100 mL) was cooled to Z8(dry ice-acetone bath) under

argon atmosphere amdbutyllithium (2.5 M in hexane, 18.96 ml, 47.4 mmol) was added
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dropwise. After the addition of butyllithium, the temperature iawly raised to -10 °C.
After 2hr, reaction mixture was cooled again to -78°C and (7.70 mL, 69.36))mm
trimethyl borate was added dropwise, and let the temperalowmdysrise to room
temperature. Reaction mixture was stirred for additional 12 h at room teémpera

After completion, reaction mixture was quenched with 10% HCI and it wasdsti
for 40 minutes then extracted with ether; and combined organicsiawere dried over

MgSO4 and concentrated in vacuo to afford the product, which was eputiy

1
recrystallization with DCM and hexane. Yield: 1.4 g, 40%; mp >XB0 H NMR §

(DMSO): 3.77 (s, 6H), 7.15 (s, 2H), 7.81 (s, 4H).

Synthesis of boronic ester of diboromo dimethoxy Benzene (11).

Boronic acid (1.07 gm, 4.75 mmol) was dissolved in 60 mL toluene and ¢1.25
mmol) pinacol was added. The resulting mixture was refluxed oin2a flask equipped

with Dean-Stark trap. After completion, reaction mixturesveaoled and solvent was
removed by evaporation to yield the product. Yield: 1.76 g, 915%$JMR 6 (CDCL):
1.35 (s, 24H), 3.81 (s, 3H), 7.14 (s, 1HJC NMR (CDCI3): 25.02, 57.17, 83.78,

119.04, 158.28.
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Synthesis of 2-Bromo-9,9-dihexyl-9H-fluorene.

Br
V — (]
. + Br~ """\ 4+ tBuOk 5
o*C

Bromofluorene (10.0 g, 40.79 mmol) was dissolved in 100 mL THF at (dGhen
potassium t-butoxide (9.15 g, 81.58 mmol) was added. After 5 min, brormehékha45
mL, 81.58 mmol) was added with dropping funnel. Reaction mixture wasdstor 2 hr.
After completion, reaction was quenched with water and extragtedCM. Combined

organic layers were dried over Mgséand concentrated in vacuo to afford the product.
Yield: 14.86 g, 88%;1H NMR & (CDCl,): 0.43-0.58 (m, 4H), 0.66 (t, 6H) = 13.6 ),

0.87-1.08 (m, 12H), 1.77-1.91(m, 4H), 7.21 (d, 3H5 3.13), 7.30-7.41(m, 2H), 7.44

(d,1H,J = 8.0), 7.53-7.59(m, 1H}C NMR & (CDCL): 14.22, 22.79, 23.86, 29.85,

31.67, 40.51, 55.56, 119.94, 121.22, 123.05, 126.31, 127.11, 127.66, 130.66, 140.22,

140.32, 150.49, 153.15,

Synthesis of compound 12.

b ?ﬁ
/@/B\o Pd(PPhg)s+Na,CO5+H,0+DME
o
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A solution of sodium carbonate (23 g) in water (70 mL) was pegpiar a Schlenk flask
and degassed (3x) and kept under argon atmosphere. In a separatek Jleisk,
bromohexylfluorene (6.35 g, 15.38 mmol), dimethoxybenzene bis-boronic estey, (3.0
7.69 mmol), and DME (70 mL) were added under an argon atmosphere arahlégekS
flask was degassed (5x). Under an argon flow, a catalytic amo&ua(BPh), (100 mg)
was added and the flask was covered by aluminum foil and degas9edn{8xthis
mixture, the aqueous sodium carbonate solution was transferred anehtiien was
degassed again (3x). The resulting mixture was heated to reftux2# hours, after
completion reaction mixture was cooled under argon atmosphere, extvéttewater
and dichloromethane. The organic layer was then dried over magnesitate and
concentrated in vacuum to afford crude solid which was further plibfyesilica column
chromatography using 1% ethyl acetate: hexane mixtureddal @ahe product. Yield:
3.62 g, 58%; mp 103-10%. 'H NMR & (CDCk): 0.53-0.83 (m, 10H), 0.88-1.13 (m,
12H), 1.78-2.04 (m, 4H), 3.70 (s, 3H), 7.0 (s, 1H), 7.14-7.29 (m, 3H), 7.46 (d] %H,
7.84), 7.54 (s, 1H), 7.63 (dd, 28,= 15.13).23C NMR (CDCE): 22.80, 24.08, 29.98,
31.73, 40.52, 55.19, 56.92, 115.65, 119.51, 119.90, 123.03, 124.61, 126.94, 127.13,

128.08, 131.29, 137.07, 140.29, 141.05, 150.52, 151.22, 151.36.
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Synthesis of compound 13.

HO
= AT
—_—
DCM /0°C Q .
OH

To a stirred solution of compound 12 (2.6 g, 3.23mmol) in 70 mL dry DCM at 0 °G, BBr
solution in DCM was added with the aid of a dropping funnel over thedpef 45 min.

and the resulting reaction mixture was stirred for 2 hr.erAfompletion, reaction was
guenched with methanol at 0 °C and extracted with water and DE§an@ layer was
dried over MgS®@and concentrated in vacuo to yield the product. Yield; 2.28 g, %}-:l%;
NMR 3(CDCL,): 0.64-0.86 (m, 10H), 1.01-1.23 (m,12H), 1.96-2.12 (m,4H), 5.15 (s, 1H),
7.07 (s, 1H), 7.33-7.46 (m, 3H), 7.51-7.59 (m, 2H), 7.74-7.81 (m, 1H), 7.83-7.89 (m,
1H). 3¢ NMR (CDCE): 14.19, 22.77, 24.07, 29.89, 31.68, 40.52, 55.45, 117.27, 120.10,

120.61, 123.15, 123.73, 127.10, 127.50, 127.62, 129.15, 135.33, 140.56, 141.26, 146.54,

151.11, 152.28.

Synthesis of compound 14.

Q'O OH 0.0 — Q‘O OT 0.0

DCM/ 0°C
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In a schlenk flask, under an argon atmosphere, compound 13 (2.28 g, 2.94 mmol) and
pyridine (1.42 mL, 17.60 mmol) were dissolved in dry DCM (50 mL). Thetsol was
cooled at -10°C with ice acetone bath. In a dropping funnel, a solution of triflic
anhydride (1.32 mL, 8.23 mmol) in DCM (10 mL) was taken and wasdade above
cooled solution over 10 min under an argon atmosphere. The reactiomemixs stirred
for 6 hr at O°C.

After completion, reaction mixture was concentrated in vacuumdéasrown
oil is diluted with ethyl acetate washed with 5% HCI| and theturated sodium

bicarbonate and sodium chloride. Then dried over Mg8@ concentrated in vacuo to
yield the product. Yield: 2.99 g, 90%; mp 68-%0 lH NMR 3(CDCL,): 0.60-0.74 (m,
3H), 0.78 (t, 6H,J = 13.59), 1.0-1.20 (m, 13H), 2.04 (t, 4Bi= 16.38), 7.35-7.43 (m,

3H), 7.46-7.52 (m, 2H), 7.59 (s,1H), 7.78 (d, THs 6.27), 7.85 (d, 1HJ = 7.67)."C

NMR & (CDCL,): 14.15, 22.74, 23.92, 29.87, 31.69, 4.60, 55.60, 116.98, 120.17, 120.28,

120.40, 123.17, 123.95, 125.64, 127.13, 127.99, 128.31, 132.49, 136.87, 140.28, 142.48,

145.83, 151.37, 151.69.

Synthesis of compound 15.

atanvy Qo Aol

O
CS,/0°C
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To a stirred solution of acetyl chloride (0.52 mL, 8.85 mmol) in 100 my. B8I€I 3 was
added at 0C. After 15 min, compound 14 dissolved in Gfas added by dropping
funnel over a period of 30 min. Then reaction mixture was refluxed dmgpeaental
for 36 hr.

After completion, reaction mixture was cooled to 0 °C then quenchadb®@itnL
1:1 HCl-water mixture, and extracted with DCM. Organic layas washed with brine,

and dried over MgS§) and concentrated in vacuo to yield the product. Yield: 1.28 g,
50%: mp 127-129C. 'H NMR 5 (CDCL): 0.54-0.689 (m, 4H), 0.75 (t, 6H,= 14.30),
0.95-1.16 (m, 12H), 1.98-2.13 (m, 4H), 2.69 (s, 3H), 7.48-7.52 (m, 2H), 7.56 (s, 1H),
7.83 (d, 1H), 7.90 (d, 1H), 7.98-8.0 (m, 2H)C NMR (CDCL): 14.35, 22.87, 31.80,

122.15, 123.82, 125.91, 126.79, 126.81, 126.89, 127.56, 127.65, 127.75, 127.77, 128.54,
129.07, 129.18, 129.38, 129.41, 129.60, 129.66, 131.04, 131.07, 131.11, 131.33, 139.33,

141.28.

Synthesis of compound 17.

) T
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9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene boronic ester (0.71 g, 1.37 numolacylated
compound 16 (0.70 g, 0.623 mmol) were mixed in 30 mL toluene and ethanolaimder
argon atmosphere, followed by successive addition of a cataiyiocira of Pd(PP),
(100mg) and aqueous sodium carbonate solution (5 g in 20 mL water). eguigng
mixture was degassed and refilled with argon and refluxed for 72 h. After etionpkhe
reaction contents were cooled under an argon atmosphere, extradied/atgr and
dichloromethane. The organic layer was then dried over magnesiunte salfia
concentrated in vacuo to afford crude solid which was purified bgasitiolumn

chromatography using 5 % ethyl acetate: hexane mixturefota 00 mg of the desired
product as a white solid. Yield: 500 mg, 50%; mp 165-?[671H NMR & (CDCl,): 0.36-
0.61(m, 10H), 0.61-0.72 (t, 11H), = 14.0), 0.76-1.09 (m, 23H), 1.47-1.94 (m, 8H),
2.57(s, 3H), 3.86 (d, 6H] = 5.5), 6.69 (s, 1H), 7.06 (s, 1H), 7.12(s, 1H), 7.24 (s, 1H),
7.26 (s, 1H), 7.31(s, 1H), 7.40 (d, 18= 8.28), 7.52 (d, 1HJ = 8.28), 7.56-7.65 (m,

2H), 7.80-7.89 (m, 2H).
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Synthesis of compound 18.

To a solution of compound 17 (50 mg, 0.03 mmol) in 10 mL of dichloromethase wa
added FeGl(0.050 g, 0.31 mmol) (10 equiv) under an argon atmosphere. The resulting
mixture was stirred at for 3 hrs. The reaction was quenched biyoadadi dry methanol

(10 mL). The reaction mixture was washed with water (40 mL) aecatjueous layer
was extracted with dichloromethane (2 x 10 mL). The combined organic layers dgred ov
anhydrous MgS@and filtered through silica pad. Removal of the solventacuo

afforded the crude product which was purified by column chromatograpd by
repeated recrystallization. mp 165-1%67 lH NMR $ (CDCl,): 0.38-1.52 (m, 41H), 1.96-

2.52 (m, 9H), 2.77 (s, 3H), 4.08 (s, 3H), 4.20 (s, 3H), 7.01 (s, 1H), 7.61 (s, 1H), 8.08-8.29
(m, 3H), 8.86 (s, 1H), 8.93 (s, 1H), 9.00 (s, 1H), 9.23 (s, 1H), 10.00 (s, THNMR
(CDCl,): 14.15, 14.19, 22.73, 27.19, 29.92, 29.96, 55.35, 55.69, 56.55, 128.41, 128.68,

129.93, 129.49, 130.14, 130.60, 130.68, 133.10, 136.60, 139.99, 142.06, 145.98, 149.11,

150.16, 150.66, 150.91, 198.42.
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Crystal structure of compound 17.

Table 2: Crystal data and structure refinement for raj20k

C117.487781155.9672613 98307 49588

1829.40
100.0

triclinic

I
=

15.6209(4), 18.3883(4), 21.6244(5)
68.290(2), 69.329(2), 75.579(2)

5349.0(2)



1.136
1.413

1977

0.23 x 0.12 x 0.03

3.38 to 147.62°

-19<h<19, -22< k<22, -26<1<24
57996

21096[R(int) = 0.0305]
21096/28/1242

1.039

R, = 0.0782, wR= 0.2226

Ry = 0.0957, wR= 0.2420

1.869/-0.485
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'H NMR spectrum of (2-Bromo-phenyl)-(3,4-dimethoxy-phenyl)-methanone (2)

13C NMR spectrum of (2-Bromo-phenyl)-(3,4-dimethoxy-phenyl)-methanone (2)

PPM 2000 1600 1200  80.0 40.0 0.0
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'H NMR spectrum 2, 3-Dimethoxy-fluoren-9-one (3).
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13C NMR spectrum 2, 3-Dimethoxy-fluoren-9-one (3).
-
PPM 1800 1600 1400 1200  100.0 80.0 ‘

60.0



42

'H NMR spectrum of 2, 3-Dimethoxy-9H-fluorene (4).
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13C NMR spectrum of 2, 3-Dimethoxy-9H-fluorene (4).
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'H NMR spectrum of 7-Bromo-2,3-dimethoxy-9H-fluorene (5).

13C NMR spectrum of 7-Bromo-2, 3-dimethoxy-9H-fluorene (5).
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'H NMR spectrum of 7-Bromo-9, 9-dihexyl-2,3-dimethoxy-9H-fluorene (6).
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13C NMR spectrum of 7-Bromo-9, 9-dihexyl-2,3-dimethoxy-9H-fluorene (6).
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'H NMR spectrum of (9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene boronic ester) (8).
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13C NMR spectrum of (9, 9-Dihexyl-6, 7-dimethoxy-9H-fluorene boronic ester) (8).
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'H NMR spectrum of boronic acid of dibromo dimethoxy Benjene (10).
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'H NMR spectrum of boronic ester of dibromo dimethoxy Benjene (11).
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13C NMR spectrum of boronic ester of dibromo dimethoxy Benjene (11).
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'H NMR spectrum of 2-Bromo-9,9-dihexyl-9H-fluorene.
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'H NMR spectrum of compound 12.
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'H NMR spectrum of compound 13.
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'H NMR spectrum of compound 14.
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'HNMR spectrum of compound 15.

13C NMR spectrum of compound 15.
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'H NMR spectrum of compound 17.
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'HNMR spectrum of compound 18.

PPM | 8.0 | 6.0 4.0 | 2.0

3C NMR spectrum of compound 18.

PPM 1600 1200  80.0 400 0.0



54

Chapter-2

Synthesis and Photophysical Properties of Ruthenium
and Rhenium Metal Complexes of Fluorene Based

Bipyridine ligands
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Introduction

Background: Ruthenium polypyridyl complexes have been explored greatly due
to their unique combination of luminescence and redox propé&ri&au(ll)polypyridyl
complexes have also contributed greatly to the progress of supcaiaole
photochemistry, and in particular to photoinduced electron and enargpfdr processes
within supramolecular assemblies, including luminescent poly-nucletal momplexes,
light active dendrimers, photoinduced charge separation dévices.

In these complexes luminescence is from a metal-to-ligandgehaansfer
(MLCT) state,? so it is likely to alter the excited state properties sichuminescence
wavelength, lifetime, and quantum yield by varying the ligantufea. The long lived
metal-to-ligand-charge transfer (MLCT) excited statbsracterizing some transition
metal complexes such as tris (2,2’-bipyridine)ruthenium(ll) hawen beidely exploited
to design molecular architectures featuring photoinduced electron remmgyetransfer
processes. Numerous studies correlated well the dependence of absanudion
luminescence properties to delocalization on the acceptor ligand.

The possibility of combining several ligands with a large rangeaokition metal
ions has made metal-ligand coordination an important method in tihed die
supramolecular chemistfy/. From the large range of transitiometal ions, ruthenium(ll)
represents one of the most favorable ions in synthesizing robust ctiordisssemblies,

because it allows the direct synthesis of both heteroleptic as well as homsysgims
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Polypyridyl ligands with extended polyaromatic chains have been found to exhibit
prolonged excited states. In this context, benzene, anthracene, r@mé g@ntaining
polypyridyl complexes were studied with favorable outcditfe.

The interest in [Ru(bpy)** photochemistry arose from its long lived excited
states, and bipyridine ligands with extended polyaromatic chéais display more
extended excited statesFor example, Valenti®* Uno** and Mullert® have recently

synthesized a Ru(bpy)-based complex surrounded by extended polypheegkbehains

(see, Figure 1).

|Ru{BPS);*

Figurel. Representative examples of reported Ru (Il) —complexes

Fluorene and its derivatives are increasingly used as a consiitui@ a variety
of materials for electro-optic applications due to their strtunginescence, charge

delocalization, and thermal stability. Fluorene is a tricyatmmatic hydrocarbon which
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has been extensively utilized for the preparation of a variegfeatro-active materidis

including the cofacially stacked polyfluoren®ésee, Figure 2).

Dz
D3
o000y o

A (1) (000 (1) b5
(10 (0 (L0 (20 (1Y) pe

Figure 2. Representative examples of electro-active materials nauotai
using fluorene frameworté:*’

Problem statement: The unique properties of stacked polyfluorenes led us to
synthesize stacked polyfluorene-containing bipyridine ligands and dbeiplexes with
ruthenium and rhenium metal and to study their photophysical andoeleetnical
properties. It is surmised that the properties 6cRomplexes, surrounded by multiple
stacked polyfluorene containing ligands, should alter significantlgpmparison to the

appropriate model compounds, if there is significant electronic coupdingpngst the
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polyfluorenes and bipyridine ligand. Accordingly, the synthesisvof such complexes

shown in Figure 3 was initiated.

2PFg". 2H,0

Figure 3. The proposed structure of Ru(ll)-complexes based on

polyfluorene substituted bipyridine lignads.

Unfortunately, the efforts to put two and three polyfluorene-based tipgri
ligands around ruthenium metal have been unsuccessful.  However, uothand

rhenium complexes with one polyfluorene-based bipyridine ligand and ra opai
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bipyridines were successfully synthesized. Herein, we widkcudis the synthesis,
photophysical, electrochemical properties and characterizatitimesé new Ru(ll) and

Rhenium complexes as follows.

Scheme 1:Schematic representation of the synthesis of Ruthenium metal
complexes of fluorene based bipyridine ligands.

ethanol/reflux
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Results and discussions

Synthesis of fluorene and difluorene-based bipyridine ligargl (4 and 6). The
synthesis of the fluorene and difluorene-based ligands (4 and 6) e@sm@ished by a
three-step procedure. Thus, fluorene was coupled with formaldehyte presence of
potassiuntert-butoxide inN,N-dimethylformamide (DMF) to afford difluoranylmethane
2, which in turn undergoes a monolithiation usimdputyllithium in tetrahydrofuran at
-78°C followed by a reaction with 1-bromohexane to give 9-(9H-fluorgtw@ethyl)-9-
hexyl-9H-fluorene (3). A deprotonation oby potassiuntert-butoxide in THF followed
by a reaction with 5,5'-bis-bromomethyl-[2,2"]bipyridine affordedbis-[9-(9-hexyl-9H-
fluoren-9-ylmethyl)-9H-fluoren-9-ylmethyl]-[2,2']bipyridine (4)ni good vyield (see
Scheme 1). Bifluorene-based bipyridine ligand 4 was purified ystatlization with a
mixture of DCM and methanol and its structure was confirmed by X-ray tboggtphy.
Similarly 5,5'-bis-(9-hexyl-9H-fluoren-9-ylmethyl)-[2,2']bipginyl (6) was
prepared by monohexylation of fluorene usimdputyllithium and 1-bromohexane in
tetrahydrofuran at -7& to afford monhexylfluorene 5 in good vyield. A deprotonation of
5 with potassium tert-butoxide in THF followed by a reaction WjBi-bis-bromomethyl-
[2,2']bipyridine yielded monofluorene-based bipyridine ligand 6 in goeldyiLigand 6
was purified by crystallization and its structure was confifrbog X-ray crystallography
(see Scheme 2). Also, the structures of ligands 4 and 6 wageeament with theitH

and™*C NMR spectral data (see Figure 4).
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Scheme 2 Synthesis of mono- and bifluorene-based bipyridinyl ligands (4 and 6).
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Figure4. 'H NMR spectra of ligand 4 andi CDCkat 22°C.
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Synthesis and characterization of ruthenium metal complexesf methylbipyridine

and fluorene-based bipyridine ligands.Synthesis of [Ru(bpy)opyMe] 9 began by
treatment of commercially available ruthenium trichlorideyttfate and bipyridine in
presence of DMF, at 61T for 4 hr to afford the desired compound 7 in excellent yield. It
was then treated with silver tetrafluroborate in acetonitntkrafluxed for 4 hr to furnish
compound 8. Further treatment of the'Remplex 8 with methylbipyridine in DMF at
70°C afforded the complex 9 [i.e. Ru(bpypyMe], which was characterized ty and

13C NMR spectroscopy and by X-ray crystallography (see Scheme 3).

The fluorene-based Ru-complexes were obtained by a reactiooraffloorene
and difluorene-baes bipyridine ligand with Ru complesynthesized above. Thus, a
reaction of 7 with and ligand 6 in refluxing ethanol furnished complex [L@.
Ru(Fbpy)(Bpy)] in 63% yield. Analogous treatment of the Ru-complex 7 withridy4
afforded the complex 11 [i.e. Rutpy)(Bpy)k] in good yield (see Scheme 3). The
ruthinium complexes 9, 10, and 11 were fully characterized'tbyand **C NMR

spectroscopy (Figure 5).
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Scheme 3 Synthetic schemes for the preparation of ruthenium complexes
of methyl bipyridine and mono- and di-fluorene-based bipyridine ligands.
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Synthesis and characterization of Rhenium Metal Complexes odfluorene-based
bipyridine ligands. The corresponding rhenium complex 12 [i.e. RBffy)(CO)Br]
was then obtained by a reactionivith [Re(CO}Br] in refluxing toluene. Similarly a
reaction of ligand 4 with [Re(C@Br] furnished complex 13 [i.e. ReBpy)(CO)3sBr] in
excellent yield (see Scheme 4). These complexes were araadtby'H and**C NMR
spectroscopy (see Figure 6) and their molecular structures eagfirmed by X-ray
crystallography (Scheme 4).

Scheme 4Synthesis of rhenium complexes of ligands 4 and 6.
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Figure6. 'H NMR spectra of Re complexdg-13in CDCkat 22°C.
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Electrochemistry. The redox potentials of Ru(BRyBpyMe (9), Ru(BPy(F1BPy) (10)
and Ru(Bpy)(F2BPy) (11) were determined by cyclic voltammetry at atimian
electrode in dry MeCN containing 0.2 MBusNPF; as the supporting electrolyte. Cyclic
voltammogram of 9, 10 and 11 are compared in Figure 7. The cycliowotigrams of
9-11 exhibit one reversible metal-based oxidation wave at ~1.3 V andettend
oxidation wave in cyclic voltammograms of 10 and 11 originates ftamrokidation of
mono- and difluorene at 1.8 V and 1.5 V, respectively. Expectedlyrateyeasi-

reversible ligand-centered reduction waves were also observed.

Ru(Bpy),-Bpy(F2Hx),
11

Ru(Bpy),-Bpy(F1Hx),
10

Ru(Bpy),.BpyMe
9

1.34

<

20 15 1.0 05 0.0 -0.5 1.0 1.5 -2.0
Potential (V)

Figure 7. Cyclic voltammograms d, 10, and11(5 mM) in CHCN
(containing 0.2 MnBuNPF; as the supporting electrolyte) measured
at a scan rate of = 100 mV & at 22°C.
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Absorption/emission spectroscopy of Ru complexe§he UV-vis and fluorescence
spectrum of Ru complexes 9-11 recorded in dry MeCN 8€C2&e compiled in Figure 8.
The absorption spectra of 9-11 exhibit the characteristicl#teeligand-charge transfer
(MLCT) absorption peaks arising from Rug}---Bpy(*) transition at 450 nm. The
ligand centered transition from the bpy ligands are observed beR&®e290 nm. The
invariant emission maxima in 9-11 were observed to occur in visgier at 600 nm.
The strong similarity of the absorption and emission spectr@-bf indicated that

decoration of a bipyridine ligand with fluorene and difluorene subststugid not alter

their optoelectronic properties.

UV-vis/Fluorescence

—— Ru(Bpy),.BpyMe
Ru(Bpy),.Bpy(F2Hx),
= » Ru(Bpy)2 BpyMe

= Ru(Bpy),.Bpy(F2Hx]),
Ru(Bpy)2.Bpy(F1Hx)2
= + Ru(Bp)z.Bp(FlHx)?
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@
U [ ]
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c L ]
g - .-
< 0.2 1 . .
L ] ‘o
0.0 ; -
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Wavelength (nm)

Figure 8: Comparison of the normalized absorption and emission spectra
of 9-11 All spectra were recorded at a concentration of 2 x> in
CHCN at 22°C.
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Absorption and Emission Spectra of Re(CQBr(MeBpy), Re(CO)3;(F1Bpy) and
Re(CO)(F2BPy). The optical properties of rhenium complexesah?213 and a model
compound were evaluated with the aid of UV-vis and emission spectyoasdpllows.

The electronic absorption spectra of a2 13 and the model compound as 2 X1
solutions in dry CHCN were recorded at 22 °C and are displayed in Figure 9a.
Re(CO}Br(MeBpy), Re(COyF1Bpy) and Re(CQJF2BPy) showed structured
absorption bands (see Figure 9a) while their emission spectrarathes invariant. As
such this observation further confirms that decoration of a bipyridjaad with fluorene

and difluorene substituents does not alter their optoelectronic properties.

A B
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Figure 9: Comparison of the normalized absorption (A) and emission
spectra (B) of Re(C@Br(MeBpy), Re(CO¥YF1Bpy) and
Re(CO}(F2BPy). All spectra were recorded at a concentration of@ %

in CHsCN at 22°C.
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Summary and Conclusions. In summary, we have successfully synthesized fluorene
and difluorene containing bipyridine ligands and synthesized their rhemind
ruthenium complexes. The structures of various complexes weretharad by means

of *H and™*C NMR spectroscopy and UV-Vis spectroscopy and their electrocheanidal
photophysical properties were investigated. These studies cedftimt decoration of a
bipyridine ligand with fluorene and difluorene substituents does not #iteir
optoelectronic properties of their metal complexes when compargd the

corresponding model compounds.

Experimental Section

Materials:  Fluorene, formaldehyde, 5,5-bis-bromomethyl-[2,2’]bipyridinyl]1-
bromohexanen-butyllithium (2.5 M in hexanes), methanol, hexanes, toluene, potassium
tert-butoxide,N,N-dimethylformamide (DMF), tetrahydrofuran (THF), and ethgktate

were commercially available and were used as received unless othgradsred.

Anhydrous tetrahydrofuran (THF) was prepared by refluxing thncercial
tetrahydrofuran (Aldrich) over lithium tetrahydroaluminate underaegon atmosphere
for 24 hours followed by distillation. It was stored under an argon aimeos in a
Schlenk flask equipped with a Teflon valve fitted with Viton O-ringehl@romethane
(Aldrich) was repeatedly stirred with fresh aliquots of conegett sulfuric acid (~10%
by volume) until the acid layer remained colorless. Afterasgmon it was washed
successively with water, aqueous sodium bicarbonate, water, andteshtacpeous
sodium chloride and dried over anhydrous calcium chloride. The dichlorometlzane

distilled twice from BOs under an argon atmosphere and stored in a Schlenk flask
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equipped with a Teflon valve fitted with Viton O-rings. The hexaames toluene were
distilled from BOs under an argon atmosphere and then refluxed over calcium hydride
(~12 hrs). After distillation from Cajithe solvents were stored in Schlenk flasks under

argon atmosphere.

Cyclic Voltammetry (CV). The CV cell was of an air-tight design with high vacuum
Teflon valves and Viton O-ring seals to allow an inert atmospherbe maintained
without contamination by grease. The working electrode consisteah cdidjustable
platinum disk embedded in a glass seal to allow periodic polishirth éwiine emery
cloth) without changing the surface area (~1 3nsignificantly. The reference SCE
electrode (saturated calomel electrode) and its salt bridge separated from the
catholyte by a sintered glass frit. The counter electrode cedsi$tplatinum gauze that
was separated from the working electrode by ~3 mm. The CV measuremeeatsawied
out in a solution of 0.1 to 0.2 M supporting electrolyte (tettaitylammonium
hexafluorophosphate, TBAH) and the substrate in dry dichloromethane undegom
atmosphere. All the cyclic voltammograms were recorded weasrate of 200 mV sec

! unless otherwise specified and were IR compensated. The oxidationigieteE; )
were referenced to SCE, which was calibrated with added (equ)nfieieocene E,/, =
0.450 Vvs. SCE). Thek,, values were calculated by taking the average of anodic and

cathodic peak potentials in reversible cyclic voltammograms octhirerom square-

wave voltammograms in irreversible cyclic voltammograms.

Synthesis of 9, 9'-methylenebis-9H-fluorene (2).



73

IO+ L, e 3

To a solution of fluorene (8.3 g, 50 mmol) in DMF (75 mL) under ardotosphere at
room temperature, potassiuent-butoxide (0.28 g, 2.5 mmol) was added. After 5 min of
stirring, formaldehyde (0.75 g, 25 mmol) was added and the mixtasestred for an
additional 10 min. Resulting reaction mixture was poured onto 200 mL aqt#dlus
(5%) solution and the precipitate thus formed was filtered and/statiized using
dichloromethane/methanol mixture to afford 9,9'-methylenebisk@btdne as colorless
crystals. Yield: 7.2 g, 83%; mp 202-203. *H NMR (CDCk) &: 2.23 (t, 2H,J = 7.65
Hz), 4.41 (t, 2H,J = 7.65 Hz), 7.25 (d, 4H,) = 7.65), 7.28 (t, 4HJ = 7.38 Hz), 7.40 (t,
4H,J = 7.38 Hz), 7.55 (d, 4H] = 7.38), 7.82 (d, 4H] = 7.65 Hz);**C NMR (CDC}) &:

39.09, 46.10, 120.34, 125.26, 127.23, 127.51, 141.22, 147.70.

Synthesis of 9-(9H-fluoren-9-ylmethyl)-9-hexyl-9H-fluorene (3).
0 OQ % THF/n-BuLi/-78 T O O.O
'O ’ 1-bromohexane 0

To a solution of 2 (6.79 g, 19.7 mmol) in anhydrous tetrahydrofuran (90 mL) at

-78 °C under argon atmospherebutyllithium (2.5 M in hexanes, 7.9 mL) was added
dropwise. The resulting dark-red solution of difluoranyl anion wa®dtfor 10 min and
after which time 1-bromohexane (2.77 mL, 19.7 mmol) was added and the&enivds

stirred for an additional 15 min. The cooling bath was removed anedlcgan mixture
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was stirred for 30 min at room temperature. The reaction mixtasethen poured onto
water (100 mL) and extracted with dichloromethane (3 x 50 mL). Tdrebmed
dichloromethane extracts were dried over anhydrous Mg8iered, and evaporated
under reduced pressure to afford a white crude product which wastadlzed using a
dichloromethane/methanol mixture to afford 9-(9H-fluoren-9-ylyigt®-hexyl-9H-
fluorene as colorless crystals. Yield: 6.7 g, 80%; mp 122:C23H NMR (CDCk) &:

0.66 (m, 2H), 0.76 (t, 3H), 1.00 ~ 1.16 (m, 6H), 2.10 (p, 2H), 2.66 (dJ2H4.75 Hz),

3.10 (t, 1H,J = 4.75 Hz), 6.60 (d, 2H] = 7.48Hz), 7.03 (t, 2H] = 7.57Hz), 7.18 (t, 2H,

J = 7.57Hz), 7.40 (m, 4H), 7.54 (m, 4H), 7.77 (m, 2 NMR (CDCE) &: 14.28,

22.84, 24.11, 29.93, 31.75, 41.10, 44.55, 45.66, 55.59, 119.44, 120.49, 124.26, 125.06,

126.72, 126.90, 127.54, 127.71, 140.64, 141.82, 149.20, 149.97.

Synthesis of 9-hexyl-9H-fluorene (5).

0.0 THF/n BULI/-78 °C _ 0.0

1-bromohexane

To a solution of fluorene (4 g, 24.06 mmol) in anhydrous tetrahydrofétam() at -78
°C under argon atmosphereputyllithium (2.5 M in hexanes, 9.6 mL) was added drop
wise. The resulting dark-red solution of difluoranyl anion wasestifor 10 min and
after that bromohexane (3.38 mL, 24.06 mmol) was added and the mixsistirned for
an additional 15 min. The cooling bath was removed and the reactiturenixas stirred
for 30 min at room temperature. The reaction mixture was then pouatedvater (100

mL) and extracted with dichloromethane (3 x 50 mL). The combined dichébhame
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extracts were dried over anhydrous MgS@ltered, and evaporated under reduced
pressure to afford the product. This was purified via flash chromzgtbyg on silica gel

using hexanes as an eluent to afford the protield: 4.1 g, 66%;'H NMR (CDC}) &:

0.79 (t, 3H,J = 7.05Hz), 1.14 (m, 8H),1.89 (m, 2H), 3.85 (t, IH; 6.08), 7.22 (m, 4H,

J = 7.36Hz), 7.40 (d, 2H,) = 7.68Hz), 7.63 (d, 2H] = 7.68Hz);**C NMR (CDC}) &:

14.28, 22.85, 25.87, 29.86, 31.85, 33.29, 47.64, 119.90, 124.42, 126.89, 126.96, 141.27,

147.72.

Synthesis of 5,5'-bis-bromomethyl-[2,2"]bipyridiny!.

— - NBS/ AIBN
—_— \ / \ /
\ I\/I \N 7 CCly/Reflux Br N N Br

A solution of (1.0 g, 5.42 mmol), NBS (1.93 g, 10.8 mmol), and AIBN (0.32 g, 1.94
mmol) in CCl4 (40 mL) was refluxed under argon for 22 min and theiptated
succinimide was removed immediately from the hot mixture knafibn. The precipitate
was washed with C¢land the combined CgLphases were evaporated. The remaining
solid was dissolved in Gi€l, (100 mL) and washed with water. The crude product was
recrystallized from CbCl,. Yield: 0.500 g, 28%; mp 193-194 °éH NMR (CDCI3):
4.53 (s, 4H), 7.85 (2H, dd = 8.24 Hz), 8.39 (d, 2H) = 8.11Hz), 8.68 (d, 2HJ =

2.18Hz)**C NMR (CDCI3): 29.77, 121.36, 134.09, 137.83, 149.59, 155.63.

Synthesis of 5, 5'-bis-(9-hexyl-9H-fluoren-9-yImethyl)-[2,2']bipyridnyl (6).
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Br

Br

To a solution of monohexylated fluorene (0.89 g, 3.566 mmol) in 20 mL DMF@t 0
under argon atmosphere, potassitent-butoxide (0.420 g, 3.7 mmol) was added. After
20 min. of stirring, 5,5-bis(bromomethyl)-2,2-bipyridine (0.61 g, 1.78 mmwal added

at room temperature and the resulting mixture was stirred24dn. The reaction mixture
was then poured onto water and extracted with dichloromethane (3 x 50Timd)
combined organic extracts were dried over anhydrous Mgfil€@red and evaporated
under reduced pressure to afford a yellow product which was purifizdflash
chromatography on silica gel using 0.5% ethyl acetate in hexamnan eluent to afford a
solid. A pure sample of 6 was obtained by recrystallization \aitimixture of
dichloromethane/methanol. Yield: 360 mg, 30%; mp 161-T63H NMR (CDCk) &:
0.55-0.66 (m, 4H), 0.75 (t, 6H,= 7.64Hz), 0.96-1.17 (m, 12H), 2.07-2.17 (m, 4H), 3.17
(s,4H), 6.83 (dd, 2H) = 6.47Hz), 7.20-7.32 (m, 8H), 7.36 (d, 4H), 7.50 (d, 4H), 7.65 (d,
2H), 7.85 (s, 2H)™C NMR (CDC}) &: 14.18, 22.76, 23.91, 29.83, 31.65, 39.48, 43.79,
55.95, 119.55, 120.18, 123.53, 127.16, 127.42, 132.73, 138.12, 141.17, 148.73, 150.44,

153.88.
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Synthesis of 5,5'-bis-[9-(9-hexyl-9H-fluoren-9-yImethyl)-9H-floren-9-ylmethyl]-

[2,2']bipyridinyl (4).

To a solution of monohexylated difluorene (1.25 g, 2.92 mmol) in 20 mL DMF@t

under argon atmosphere, potassitent-butoxide (0.34 g, 3.06 mmol) was added. After

20 min of stirring, 5,5-bis(bromomethyl)-2,2-bipyridine (0.50 g, Ind®ol) was added

at room temperature and the resulting mixture was stirred24adnr.The reaction mixture

was cooled at -48C and then filtered, precipitate was washed with water meiftipies,

and then dried under vacuum. The filtrate was also poured onto watextaacted with
dichloromethane (3 x 50 mL). The combined extracts were dried ohgdeus MgSQ

filtered and evaporated under reduced pressure to afford a yelloe praduct which

was purified by recrystallization with a mixture of DCM#Amm&nol. Yield: 800 mg, 53%;

mp 238-240C. *H NMR (CDCk) &: 0.15-0.31 (m, 4H), 0.69 (t, 6H,= 7.70 Hz),0.80-

1.80 (m,12H),1.75-1.89 (m,4H), 2.99 (s, 4H), 3.15 (s, 4H), 6.53 (dd,22&8.19 Hz),
6.70-6.96 (m, 28H), 6.97-7.05 (m, 4H), 7.40 (d, 24, 8.35 Hz), 7.60 (s, 2H}°C NMR
(CDCl) 6: 13.95, 22.50, 29.41, 31.28, 42.55, 45.24, 48.34, 53.24, 54.03, 118.77, 119.02,
119.13, 123.35, 123.93, 125.54, 125.66, 125.74, 126.10, 131.65, 137.84, 140.48, 140.74,

146.54, 148.31, 150.10.
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Synthesis of 7.

1 ~

CI\ | o\

— DMF/ Reflux
Csru—ci 3H,0 + O—Q \N |‘N/ 2H0
Cl —N N

RuCk.3H,O (1.56 g, 5.97 mmol) was dissolved in dimethylformamide (10 mL)uhthi
chloride (1.48 g, 34.9 mmol) and 2,2-bipyridine (1.87 g, 12 mmol) were then added and
the resulting mixture was de-aerated with argon for 5 min. €hkeltmng solution was
refluxed for 6 h. After this time, the heating mantle was rem@red while the reaction

was hot, 50 ml of acetone was added and the resultant solution im@d at room
temperature for an additional %2 h. A simple filtration yieldeddark violet-black
crystalline solid that was washed with 5 mL of colgDrHiand then dried using a suction
pump. Yield: 2.26 g, 73%H NMR (DMSO0)3: 6.21 (t, 2HJ = 6.48 Hz), 6.62 (d, 2H]

= 5.50 Hz), 6.79 (t, 2HJ = 5.50 Hz), 6.88 (t, 2H] = 6.15 Hz), 7.18 (t, 2H) = 7.77

Hz), 7.59 (d, 2H,) = 8.10 Hz), 7.75 (d, 2H) = 8.42 Hz), 9.08 (d, 2H} = 5.83 Hz).

Synthesis of 8.
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cl (I:| N = N”' | ZN =
"Ru*2 AgBF4/CH;CN Ru??, )
N YN 2H0 itk N~ | TNy 2BF,
N Reflux \ N
\/ 7 \ /a4 \
=~ =

A solution of cis-(bpyyRuChk.2H,O (0.38 g, 0.73 mmol) and silver tetrafluoro borate
(0.280 g, 1.46 mmol) in dry acetonitrile (40ml) was refluxed for 12Afer completion,
the reaction mixture was filtered through cannula filtration alchte was evaporated
under reduced pressure to afford an orange solid. Yield: 0.41 g,"BU4BBYIR (CD:CN)
8:7.25 (t, 2HJ = 6.86 Hz), 7.58 (d, 2H] = 5.77 Hz), 7.84 (t, 2H] = 7.22 Hz), 7.93 (t,
2H,J = 8.30 Hz), 8.26 (t, 2H] = 8.30 Hz), 8.37 (d, 2H] = 8.30 Hz), 8.52 (d, 2H] =

7.94 Hz), 9.31 (d, 2H] = 5.77 Hz).

Synthesis of [Ru(bpy).bpyMe] (9).

A mixture of cis-[Ru(bpyCHsCN),](BF4) (0.36 g, 0.54 mmol) and 5,5-dimethyl-2,2-
bipyridine (0.10 g, 0.54 mmol) in DMF (20 mL) was refluxed for 6h. Aftexr mixture
was cooled, the crude product was precipitated as issBIEby addition of a methanolic

solution of NHPF; (2 g) in MeOH (50 mL) followed by water. The solid product was
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filtered, washed with water and Bt Recrystallization from C#CN/toluene yielded 9
(395 mg, 94%) as an orange solid; mp 300'H NMR (CDsCN) &: 2.18(s, 6H), 7.35-
7.41 (m, 4H), 7.47 (s, 2H), 7.67-7.73 (m, 4H), 7.84 (d, 2H,8.41 Hz), 8.00-8.08 (m,
4H), 8.31 (d, 2H,) = 8.41 Hz), 8.45-8.51 (m, 4HYC NMR (CD:CN) &: 18.47, 124.12,
125.16, 125.18, 128.30, 128.44, 138.54, 139.21, 139.27, 152.36, 152.51, 152.58, 155.33,

157.96, 158.05.

Synthesis of [Ru(kbpy)(Bpy)2] (10).

2PFg. 2H,0

An ethanol solution (20 mL) of Flbpy (70 mg, 0.10 mmol) and RutQbyPH.O (53
mg, 0.10 mmol) was refluxed for 12 h. The resulting red solution ceated, and a
saturated aqueous solution of NPR was added. Orange precipitate formed
immediately; it was filtered, washed successively withew§t0 mL) and diethyl ether
(20 mL), and finally dried in vacuo. It was further purified byrystallization from
acetone/diethyl ether. Yield: 100 mg, 63%; mp 120-122'H NMR (CDCk) &: 0.36-
0.48 (m, 4H), 0.69 (t, 6H] = 7.37 Hz), 0.85-1.08 (m, 12H), 1.97-2.08 (m, 4H), 3.13 (q,

4H, J = 16.15 Hz ), 6.51 (d, 2H}, = 5.64 Hz ), 6.66 (s, 2H), 6.79 (d, 28i= 8.37 Hz ),
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7.10-7.22 (m, 10H), 7.26-7.32 (m, 4H), 7.33-7.42 (m, 6H), 7.44-7.52 (m, 4H), 8.02 (t,

4H,J =7.63 Hz ), 8.47 (d, 4H,= 8.07 Hz ).

Synthesis of [Ru(Rbpy)(Bpy)] (11).

Ethanol
—_—

/Ru 2 N7
C\b 2PFg. 2H,0

An ethanol solution (20 mL) of ligand F2bpy (100 mg, 0.096 mmol) and Ru®y)
.2H,O(50 mg, 0.096 mmol) was refluxed for 12 h. The resulting red solutiortezsd,
and a saturated aqueous solution of ;N was added. A red precipitate formed
immediately; it was filtered, washed successively withew§t0 mL) and diethyl ether
(20 mL), and finally dried in vacuo. It was further purified byrystallization from
acetone/diethyl ether. Yield: 136 mg, 95%; mp 196-198H NMR (CDCk) &: 0.10-
0.21 (m, 4H), 0.66 (t, 6H] = 7.70 Hz ), 0.80- 1.0 (m, 12H), 1.75-1.85(m, 4H), 2.93-3.14
(m, 8H), 6.16(d, 2HJ = 5.36 Hz ), 6.39(s, 2H), 6.44 (d, 28i= 8.71 Hz), 6.52-6.61 (m,

4H), 6.65-6.85 (M, 20H), 6.85-6.95(m, 8H), 7.01-7.10 (m, 4H), 7.22 (dJ 2H5.02 Hz),
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7.44 (t, 2H,J = 6.70 Hz), 7.95 (t, 2H] = 8.04 Hz), 8.06 (t, 2H,) = 7.70 Hz), 8.45 (dd,

4H, J = 17.09 Hz )3C NMR (CDCk) &: 14.10, 22.61, 29.44, 31.41, 42.37, 44.20, 48.31,
53.29, 54.65, 118.95, 119.90, 119.16, 121.02, 123.52, 123.91, 123.98, 124.76, 124.87,
126.02, 126.21, 126.30, 126.81, 127.03, 127.74, 127.83, 136.78, 137.88, 138.10, 138.29,
140.24, 140.57, 140.68, 140.76, 145.54, 145.90, 148.05, 148.22, 150.56, 151.27, 151.40,

153.36, 156.34, 156.53.

Synthesis of [Re (bpy) (CO) 3Br] (12).

A solution of Flbpy (100 mg, 0.146 mmol) and Re (§BD)(59 mg, 0.146 mmol) in
toluene (15 mL) was heated at 60 °C for 8 h. The yellow preciphate formed was
filtered, washed with ether, and dried in vacuo to yield 98 mg (&8%i yellow solid,

mp >300C. *H NMR (CDCk) &: 0.56- 0.66 (m, 4H), 0.70 (t, 6H,= 7.24 Hz), 0.92-0.11

(m, 12H), 2.08-2.17 (m, 4H), 3.12 (d, 2H= 12.99 Hz), 3.23 (d, 2H,= 12.99 Hz), 6.75

(d, 2H,J = 7.99 Hz), 7.11 (d, 2H] = 8.74 Hz), 7.17-7.30 (m, 8H), 7.37-7.43 (m, 8H),
7.46 (d, 2HJ = 7.49 Hz), 7.79 (s, 2H}*C NMR (CDCE) 8: 14.16, 22.69, 24.05, 29.72,
31.58, 38.99, 43.99, 56.31, 120.41, 120.49, 120.60, 123.08, 123.32, 127.41, 127.84,
128.10, 128.36, 136.33, 139.03, 140.83, 141.23, 147.07, 147.42, 152.45, 153.55, 188.26,

196.79.
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Synthesis of [Re (Ebpy) (CO) 3Br] (13).

Co. 2" Co _ Toluene

A solution of F2bpy (300 mg, 0.289 mmol) and Re(§BD)0.117 mg, 0.289 mmol) in
toluene (30 mL) was heated at 60 °C for 8 h. The yellow preciphate formed was
filtered, washed with ether, and dried in vacuo to yield 3198660] of an yellow solid;

mp >300°C. *H NMR (CDCk) &: 0.20-0.33 (m, 4H), 0.70 (t, 6H,= 7.42 Hz), 0.84-

1.07 (m, 12H), 1.84- 1.93 (m, 4H), 3.00 (d, 2Hs 12.64 Hz), 3.11 (d, 2H] = 12.92

Hz), 3.19 (s, 4H), 6.44 (d, 2H,= 8.24 Hz), 6.73-7.03 (m, 34H), 7.60 (s, 2tk NMR

(CDCly) 6: 14.21, 22.76, 29.67, 31.56, 42.61, 45.22, 48.29, 53.56, 54.68, 119.08, 119.16,
119.55, 119.69, 120.17, 123.66, 123.85, 123.89, 123.97, 125.97, 126.03, 126.09, 126.25,
126.70, 126.80, 127.36, 135.35, 138.94, 140.32, 140.87, 140.99, 141.11, 145.54, 145.63,

148.23, 148.58, 152.21, 153.62, 187.99, 196.92.



Crystal structure of ligand (6)

Table 1: Crystal data and structure refinement for raj19z

_10 6063(4), 12.0092(5), 15.5501(9)
I o .648(4), 80.272(4), 89.861(4)

N, 0. 16  0.12 x 0.08
I 3.6 776 to 147.5344°
T 13< h<13,-14<k<14,-15<1<18
Reflections collected 15461
IS 65 90[ R (int) = 0.0247]
S, 6590/0/471

Goodness-offitonF  1.039
I . - 0.0410, R = 0.1044
SR . - 0.0547, WR = 0.1140
O, 0 .2/ 7/-0.239

84
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Crystal structure of 5, 5'-Bis-[9-(9-hexyl-9H-fluoren-9-yImethyl)-9H{luoren-9-

ylmethyl]-[2, 2'] bipyridinyl ligand (4)

<

Table 2: Crystal data and structure refinement for raj19u

CrgH72N2
1037.38
100

triclinic

b
H

10.3935(6), 16.8183(9), 17.5870(9)
108.025(5), 91.150(5), 98.353(5)
2885.4(3)

N

1.194
0.513
1108



4.3061 to 142.2256°
-12<h<11, -20< k<20, -21< 1< 21
30898

10860[R(int) = 0.0403]
10860/0/723

1.035

R; = 0.0524, wR= 0.1370

R, = 0.0706, wR= 0.1515
0.378/-0.319

86
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Crystal structure of Ruthenium metal complex of methyl bipyridine (9)

Table 3: Crystal data and structure refinement for raj20e5

CsgHzeF12N6P2RU

979.75

100.0

triclinic

11.5644(2), 13.3675(3), 13.8019(3)

106.806(2), 96.8089(19), 99.4648(19)

1983.26(8)

N

1.641

J
[N
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0.3353 x 0.2073 x 0.0272

3.3959 to 147.347°
-13<h<14, -14<k< 16, -17<1< 17
13712

13712[R(int) = 0.0000]
13712/246/596

1.066

R = 0.0765, wR = 0.2002

R, = 0.0821, wR= 0.2058
1.646/-0.937



Crystal structure of Rhenium metal complex of fluorene based ligan{2)

Table 4 : Crystal data and structure refinement for raj20h

Cs3Hs2BrN2Os 1767Re
1033.90
100.0

triclinic

J
[N

13.3720(3), 14.0798(3), 14.9965(3)
82.0755(15), 68.0002(17), 62.228(2)
2314.00(8)

N

1.484

3.534

1039

0.2447 x 0.1784 x 0.0603
3.42 to 59.14°

89
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-18<h<18, -19< k<18, -19<1<20

11850[R(int) = 0.0335]
11850/5/591

1.055

R; = 0.0279, wR = 0.0586
R, = 0.0338, wR= 0.0611
1.527/-0.841



Crystal structure of Rhenium metal complex of fluorene based ligan{3)

L
i

Table 5: Crystal data and structure refinement for raj20g5

C81H72N2038rRe
1387.52
100

triclinic

b
H

9.54041(17), 12.4332(3), 27.1606(5)
91.7364(16), 98.8902(15), 98.7635(17)
3141.08(11)

N

1.467
4.940
1412

91
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0.4984 x 0.1398 x 0.0273

-11<h<11, -15< k< 15, -33< 1< 33
20060

20060[R(int) = 0.0000]
20060/0/824

1.151

R; = 0.0505, wR = 0.1379

R, = 0.0537, wR= 0.1394
2.366/-1.655
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'H NMR spectrunof 9, 9'-Methylenebis-9H-fluorene (2).

i
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13C NMR spectrum of 9, 9-Methylenebis-9H-fluorene (2).
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'H NMR spectrunof 9-(9H-fluoren-9-ylmethyl)-9-hexyl-9H-fluorene (3)

LA

M .
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94

1
1
1
1
1
1 PRe
1 -~
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PPM 7.0

5.0

13C NMR spectrum of 9-(9H-fluoren-9-ylmethyl)-9-hexyl-9H-fluorene (3)
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'H NMR spectrunof 9-Hexyl-9H-fluorene (5).
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13C NMR spectrum of 9-Hexyl-9H-fluorene (5).
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'H NMR spectrum 08, 5'-Bis-bromomethyl-[2,2']bipyridinyl.

96

\
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13C NMR spectrum of 5, 5'-Bis-bromomethyl-[2, 2']bipyridinyl.

PPM 130.0 110.0 90.0 70.0 50.0 30.0
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'H NMR spectrum of 5, 5'-Bis-(9-hexyl-9H-fluoren-9-ylmethyl)-[2,2'|bigiriy! (6).

MU Wil

PPM 7.0 6.0 5.0 4.0 3.0 2.0 1.0

13C NMR spectrum of 5, 5'-Bis-(9-hexyl-9H-fluoren-9-ylmethyl)-[2, 2']bigimy! (6).

Gl

PPM

1300 1100  90.0 70.0 50.0 30.0
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'H NMR spectrum of 5,5"-Bis-[9-(9-hexyl-9H-fluoren-9-yimethyl)-dideren-9-

ylmethyl]-[2,2]bipyridinyl (4).
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13C NMR spectrum of 5,5'-Bis-[9-(9-hexyl-9H-fluoren-9-ylmethyl)-9idoren-9-

yimethyl]-[2,2bipyridinyl (4).

PPM 1300  110.0 90.0 70.0 50.0 30.0
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'H NMR spectrum of [Ru(bpy)pyMe] (9).
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13C NMR spectrum of [Ru(bpy)ppyMe] (9).
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'H NMR spectrum of [Ru(fopy)(Bpy)] (10).
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13C NMR spectrum of [Ru@®py)(Bpy)] (10).
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'H NMR spectrum of [Ru@#®py)(Bpy)] (11).

PRM 8.0 7.6 7.2 6.8 _ B4
\\ ,/’
\\ a”’
N -
N ’¢’
\ JRad
\\ a”
\ PR
\\\ ’1” /JUL\ w \_J\JL
\ ”¢’
PPM8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0.0

/ N/Ru 2 N7
2PFg". 2H,O

PPM156.0 152.0 148.0 144.0 140.0 136.0 132.0 128.0 124.0 120.0 116.0

WLLJM de

PPM 130.0 110.0 90.0 70.0 50.0 30.0




103

'H NMR spectrum of [Re @py) (Co)sBr] (12).
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'H NMR spectrum of [Re @Bpy) (Co)sBr] (13).
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13C NMR spectrum of [Re @Bpy) (Co)Br] (13).
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