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1. Abstract
Molecular dyads are characterized by the covalent linkage of electron donor and
acceptor subunits of a macromolecule; such linking has been successfully achieved
using click chemistry. [1] This revolutionary synthetic tool allows the design of a great
diversity of complex structures binding, via C-heteroatom bonds, a series of smaller
molecules through a select number of thermodynamically favored/highly efficient
reactions. Several reactions have been identified to fulfill the criteria for click chemistry
[2]
of which, the 1,3-dipolar cycloaddition catalyzed by Cu(I) has received particular
attention due to its remarkable versatility. [2]
The present study aims for the synthesis of a molecular dyad whose electron donor
subunit is a phenol featuring an intramolecular H-bond of the type O-H···N. This
phenol is covalently attached to a ruthenium (II) photosensitizer, capable to generate an
electron acceptor site upon light irradiation. Here I present my progress in exploring the
1,3-dipolar cycloaddition between the phenol bearing a terminal alkyne and the
ruthenium(II) sensitizer bearing an alkyl azide functionality, aiming for the resulting
covalent linkage of these subunits via a 1,2,3- triazole using click chemistry.
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2. Aim of the project
The aim of this project is to explore the synthesis of a dyad in a which phenol featuring
intramolecular H-bond of the type O-H···N, is covalently linked to a ruthenium
sensitizer via a 1,2,3-triazole. Thus, the synthetic challenge of this project implies: 1)
multi-step funtionalization of the para- position of the phenol aiming to install a
terminal alkyne and, 2) the multi-step synthesis of a ruthenium (II) sensitizer bearing an
alkyl azide. Hence, the adopted synthetic strategy will result in the Cu(I) catalyzed 1,3dipolar cycloaddition of the molecular subunits of the dyad as the final step of the
synthetic sequence.

Figure 1. Chemical structure of the target molecular dyad. Two PF6- counter ions have
been excluded for clarity.
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3. Introduction
General Motivation:
The world's energy consumption is increasing steadily, driven both by socio-economic
growth and increase of world population. In the last few years, there has been a
tremendous interest on renewable energies research,[3] due to the global concerns related
to global warming, fossil fuels dependence and a steady increase in the global energy
demand. The study of the fundamental chemical and biological processes in natural
photosynthesis, can provide us with strategies that could lead to the development of
solar energy harvesting technologies, allowing humanity to use this energy source in the
a similar fashion as plants and cyanobacteria do.
Natural and Artificial Photosynthesis:
Photosynthesis is the fundamental process in which light energy is converted into
chemical energy, defined as the production of glucose from carbon dioxide and water
by sunlight. However, this is nothing more than a simplification of a very complex
process. Critical fundamental steps in photosynthesis in plants and cyanobacteria,
involves two key enzymes, Photosystem I (PSI) and Photosystem II (PSII) [4] Light
absorption takes place in antenna receptors and it is channel to chlorophyll P680 in PSII.
Upon energy light absorption, P680 is oxidized generating the photo-oxidized species
P680+, a strong oxidant that provides the oxidative power required for water oxidation.
Such oxidation takes place in the Oxygen Evolving Complex OEC, a Mn4Ca cluster
containing four Mnn+ and Ca2+ ions.

Figure 2: Photosystem II scheme [5]

The oxidation of two water molecules to form molecular oxygen requires, in addition to
oxygen-oxygen bond formation, the removal of four electrons and release of four
protons. This complex reaction is catalyzed on the OEC throughout a complex sequence
of electron transfer, proton transfer and concerted proton electron transfer events that
coordinate in a catalytic cycle of five stages, call the S-state cycle. [6]
2 H2O  4H+ + 4e- + O2.

(eq1)
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Long range charge transfer between P680+ and the OEC is mediated by a one electron /
one proton redox cofactor situated between the P680+ and the OEC, the residue tyrosine
161 (TyrZ). This naturally occurring phenol forms a H-bond between the hydroxyl
proton and a nearby histidine residue (His190), in a H-bond of the type O-H···N.
Oxidation of the TyrZ by P680+ forms a tyrosine radical in which the hydroxyl proton
has been transfer to His190. Concerted transfer of a proton and an electron in TyrZ
allows efficient charge transfer avoiding the generation of a thermodynamically
unfavorable one electron oxidized intermediate of the form PhO-H+.
P680+ + e-  P680
His190 + H+  His190-H+
TyrZ  TyrZ• + e- + H+

(eq2)
(eq3)
(eq4)

Thus, the above three semi-reactions may occur in one concerted elemental step:
TyrZ + His190 + P680+  TyrZ• + His190-H+ + P680

(eq5)

This reaction is regarded as model reaction that illustrates the importance of proton
coupled electron transfer (PCET) reactions as a fundamental process used in nature to
regulate and facilitate the interplay of moving electrons and protons to avoid formation
of thermodynamically unfavorable intermediates. Therefore, understanding of this
fundamental process has direct influence on our understanding of the thermodynamic
and kinetic parameters that allow efficient charge separation and water splitting in
photosynthesis. [7-8]
One of the goals of Artificial photosynthesis is to produce molecular hydrogen using
solar energy to drive the required chemical transformations that will ultimately use
water as the raw material, from which reducing equivalents are taken. This requires a
tremendous amount of knowledge of chemical processes of natural photosynthesis.[9]
Specially, thermodynamic and kinetic information of the physical parameters that
control water splitting and charge separation upon light irradiation in the key enzyme
PSII constitute a milestone knowledge that need to be extracted for natural
photosynthesis in the quest for artificial analogs of this process.
Brief introduction to Electron Transfer:
Many chemical reactions in biology and technological applications (e.g. in car batteries
and solar energy storage), involves electron transfer from one molecule to another. The
key questions to better understand these chemical transformations and how these
reactions occur in a detailed molecular way lies on the understanding of which physical
quantities control the process, and how do they influence it. For example, how the
molecules have to reorganize themselves in solution in order to permit the electron
transfer, e.g. the solvent and internal bond reorganization, the influence of the
temperature, driving force, and even the distance dependence between the donor –
acceptor units, just to mention some parameters.
Rudolph A. Marcus proposed a theory of electron transfer reactions,[10] describing how
they can occur in an outer-sphere mechanism, where the solvent has a very important
role. Lately, inner sphere was included where the solvent does not affect the mechanism.
For the understanding of these processes the following parameters must be taken into
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account: ΔGº driving force for the reaction, which is the free energy change between
reactants and products, ΔG* the activation energy to overcome the energy barrier of the
process, λ the reorganization energy, which refers to the energy it takes to force the
reactants having the same nuclear configuration as the products without letting the
electron transfer, and how these parameters influence the final rate constant of the
electron transfer kET.

-

Figure 3: Potential surface [11]

Reaction coordinate

The diagram of the potential surface, showed above, describes how a simple reaction
occurs. The product state is more stable than the reactant state, for this reason products
are situated at a lower energy than the reactants, where the energy for this process is
negative (favorable). Also, two parameters are described in this diagram: EA activation
energy and ΔrG is the free energy change between reactants and products.
Rudolph A. Marcus described an analogous situation in terms of nonadiabatic Potential
Energy Surfaces (PES) for reactants and products, that couple electronically at the
crossing point thereof.
DA  D+ A-

Free energy

λ
ΔG*
-

ΔGº

D+A  DA

+

D A-  D+ + A-

Reaction Coordinate
Figure 4: Energy diagram for Electron Transfer.

Considering that electron transfer reactions takes place in solution, two molecules
participate in the reaction, an electron donor (D) and an acceptor (A). As Figure 4
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shows, the molecules D and A diffuse together through the solution in order to form
precursor complex DA. In a subsequent step, the electron transfer takes place from the
molecule D to molecule A forming a D+A- complex. Then, this complex is broken up
and the resulting molecules diffuse apart. The transition from precursor complex DA to
D+A- is based on quantum phenomenon called tunneling. [12] The condition in the
transition state is that both complex DA and D+A- have to reach a configuration
(average nuclear distance) in order to be the same electron energy in both complexes.
The rate of the electron transfer process is accounted by Marcus expressions below:

ΔG* = (AGº + λ)2/4 λ

(eq6)

Where
ΔG* is the intersection of the two parabolas

ΔGº is the displacement between the two parabolas in the y direction
λ

is the displacement between the parabolas in x direction

And the rate constant expression is
kET = ĸel υ exp [-(ΔGº + λ)2/4 λΚBT]

(eq7)

where,

ĸel is electron transmission coefficient
υ is frequency of the passage (nuclear motion)
ΚB is Boltzman constant
As mentioned above, outer sphere and inner sphere mechanisms are included is this
model. On the Inner-sphere mechanism the solvent is not involved. Electron transfer
occurs in a solvent independent fashion. Changes of distance or geometry in the
solvation or coordination shells are not taken into account. In the outer-sphere
mechanism the solvent has a very important role, because of the transfer of charge over
a significant distance, requiring repolarization of the solvent. Polar solvents such as
water, affect to the electron transfer because the electron can interact with the solvent.
Here the dielectric constant of the solvent is very important. If the dielectric constant is
low the solvent does not affect the electron transfer much. In non- polar solvents such as
benzene, the electron transfer is not affected much because there little interaction
between the solvent and the electron.
Brief introduction to Proton Coupled Electron Transfer reactions (PCET):
Many processes in biology require the coordinated movement of protons and electrons.
A mechanistic understanding of how electrons and protons are transferred in these
reactions is fundamental to describe different energy conversion schemes. PCET
reactions can involve different pathways, 1) Concerted, in which electrons and protons
are transferred in a concerted pathway, involving a single transition state, and hence,
avoiding high energy intermediates or, 2) Stepwise, in which highly energy
intermediates are form. In this case, two pathways are possible, ET followed by PT or
vice versa.
One of the most discussed examples on PCET reactions in natural systems relates to the
conversion of tyrosine to the corresponding tyrosyl radical in PSII. In this case the
tyrosine is a redox cofactor between the photo-oxidized P680+ and the OEC. The
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oxidation of this phenol is coupled to deprotonation and is demonstrated in the pH
dependence of the formal potential (eq8) [13].
Eº = (1.34 – 0.0591. pH) V vs NHE
TyrO• + H+ + e  TyOH

(eq8)

The oxidation of deprotonated Tyr (TyrO-) at pH > 10 occurs with Eº = 0.72 V vs NHE
(Standard Hydrogen Electrode), whereas the oxidation of Tyr at pH < -2 (without
deprotonation) is 1.46 V vs NHE. In PSII, the redox potential for the couple P680+/ P680
is Eº= 1.26 V vs NHE and water oxidation is at Eº = 0.93 V vs NHE (at pH=5, pH of
the Lumen). These values suggest that oxidation of Tyr tyrosine by P680+ is not possible
without assistance of deprotonation. Moreover, deprotonated tyrosine is not capable to
carry out water oxidation [13] . Therefore, in PSII, in order to reduce P680+, TyrZ is
oxidized coupling the electron transfer to P680+ with transferring of its phenolic proton to
His190, reaching the final state TyrO•···H-His190+. This renders TryZ in its radical
form TyrZO•, leading to a redox potential for the couple TyrOH/TyrO• between 0.90 to
1.20 V vs NHE, precisely in the range of potential that allows these couple to reduce
P680+ and drive water oxidation[13] .
This project is focused on the development of molecular model to study PCET reactions.
The PCET reaction rate depends on the distance between the proton donor and proton
acceptor sites, which has been found to affect the rate by several orders of
magnitude.[14]. The backbone of this study is to quantify this magnitude, which implies
investigating in which extent the reaction rate varies respect to the donor and proton
acceptor distance.
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4. Experimental Section
4.1 Materials and Methods:
NMR spectra were recorded on a JEOL 400 MHz spectrometer at 293 K. Chemical
shifts are given in ppm and referenced internally to the residual solvent signal.
Microwave heating was performed in an Initiator single mode microwave cavity at 2450
MHz (Biotage). HPLC-MS data were obtained on a Dionex Ultimate 3000 system on a
Phenomenex Gemini C18 column (150 x 3.0 mm, 5μm) coupled to Thermo LCQ Deca
XP with electrospray ionization. Solvent used for HPLC: 0.05% HCO2H in H2O and
0.05% HCO2H in CH3CN. Flash Master Chromatography Biotage SP4.
Synthesis of PhOCH3(5m)Quin-Iodide (2):
This reaction was carried out by means of electrophilic aromatic halogenation. A
mixture of 1 (80.6 mg, 0.3263 mmol), N-Iodosuccinimide 1.2 eq (88.1 mg, 0.3915
mmol), a solution of HBF4•Et2O 2eq (0.105ml, 0.652mmol) and acetonitrile 15ml, were
added into a microwave vial and heated on a microwave reactor for 5 min at 100ºC. The
resulting mixture was evaporated dryness, extracted with dichloromethane and sodium
bicarbonate, dried over magnesium sulfate and concentrated in vacuum. Further purified
was done by Flash Master Chromatography using Heptane: Ethyl Acetate 10-50% 20
CVs; 50-100% 5CVs. The product was evaporated under vacuum. Yield: 100 mg, 83%.
1
H-NMR: (400 MHz, CDCl3) Figure 6: δ = 8.24 ppm (d, 1H, H8, J= 5.3 Hz), 8.20 (s,
1H, H4, ), 7.81 (d, 1H, H5, J= 5.1 Hz), 7.78 (d, 1H, H1, J= 5.3 Hz), 7.69 (ddd, 1H, H7,
J= 2.5, 7.5, 12.5 Hz), 7.52 (ddd, 1H, H6, J= 0.7, 5.0, 12.5 Hz), 6.82 (d 1H, H2, J=
5.5Hz), 4.13 (s, 1H, H9), 3.93 (s, 2H, H3). ESI [M + H]+ = 373.2 m/z
Synthesis of PhOH(5m)Quin-Iodide (3):
Anisole deprotection to afford phenol 3 was done using BBr3 as Lewis acid. Anisole 2
(43 mg, 0.115 mmol) and solution of boron tribromide in dichloromethane 1.0M, 32 eq
(3.7 ml) was refluxed in CHCl3 (30 ml) at 65ºC overnight under nitrogen atmosphere.
The mixture was extracted with sodium bicarbonate and dichloromethane and
evaporated to dryness. The mixture was further purified by Flash Master
chromatography Heptane: Ethyl acetate 10-50% 20CVs; 50-100% 5CVs. The resulting
product was evaporated under vacuum. Yield: 24 mg, 59%. 1H-NMR: (400 MHz,
CDCl3) Figure 7 : δ= 8.20 ppm (s, 1H, H4 ), 8.08 (d, 1H, H8, J= 5.0 Hz), 7.84 (dd, 1H,
H5, J= 5.0, 10.0 Hz), 7.71 (ddd, 1H, H7, J= 0.9, 4.0, 5.3 Hz ), 7.66 (d, 1H, H1, J= 5.0
Hz), 7.54(ddd, 1H, H6, J= 0.7, 3.3, 4.9 Hz), 6.79 (d, 2H, H2, J= 5.0 Hz), 3.92 (s, 2H,
H3). 13C-NMR: (400 MHz, CDCl3): δ= 162.66, 155.99, 149.54, 146.78.146.66, 140.27
132.85, 131.54, 129.42 128.32, 128.23, 127.10, 126.15 126.05, 116.66. ESI [M + H]+ =
359.9 m/z
Synthesis of PhOH(5m)Quin- Trimethylsilyl acetylene (4):
This reaction was carried out by Sonogashira coupling. A mixture of 3 (43 mg, 0.119
mmol), [PdCl2(PPh3)2] 0.03 eq and CuI 0.03 eq were added in a microwave vial with
1.2 ml of THF under nitrogen bubbling during 10 min. Then 0.1 ml of triethylamine and
0.1 ml of trimethylsilyl acetylene 4 eq (0.48 mmol) were added in the vial. The mixture
9

was stirred at 80 ºC during 3 h in an oil bath. The resulting mixture was extracted with
dicholoromethane/ammonium chloride (3x5ml). The organic layers were dried over
magnesium sulfate, filtered and evaporated to dryness. The mixture it was further
purified on a silica-gel column, with heptane: ethyl acetate (4:1) in 200 ml and few
drops of dimethyl chloride as a eluent. Yield: 20 mg 51%. 1H-NMR: (400 MHz, CDCl3)
Figure 8 : δ= 8.4 ppm ( s, 1H, H4), 8.03 (d, 1H, H8, J= 5.3 Hz), 7.87 (dd, 1H, H5, J= 5.1,
5.8 Hz), 7.77 (ddd, 1H, H7, J= 5.3, 6.2, 9.6 Hz), 7.54 (ddd, 1H, H6, J= 0.7, 5.0, 9.4 Hz),
7.45(d, 1H, H2, J= 5.3 Hz), 6.90 (d, 1H, H1, J= 5.3 Hz), 3.93 (s, 2H, H3) 13C-NMR:
(400 MHz, CDCl3): δ= 166.39, 156.02, 148.48, 146.78, 135.31, 133.57, 131.44, 129.28,
128.26, 128.18, 127.05, 125.89, 124.65, 114.27, 111.79, 102.57, 96.56, 34.34, 22.42,
14.14. ESI [M + H]+ = 330.01 m/z
Synthesis of PhOH(5m)Quin-Acetylene (5):
Small scale assays were done in order to find the best conditions for the deprotection of
the trimethylsilyl group. The reactions were followed by LCMS and TLC. The target
compound presents a ESI [M+H]+ = 246 m/z
Assay 1: 3 mg (0,0091 mmol) of 4 0.1 ml of tetrahydrofuran were added in a solution
of tetrabutylamoniun fluoride in tetrahydrofuran 1M, 1 eq (0.0091 ml) and stirred
during 2 h at room temperature.[15] This methodology did not afford the desired
compound. Instead a compound with ESI [M+H]+ = 271.6 m/z constitutes the main
product of the reaction. A plausible structure for this side-product is presented. NMR
also agrees with the following structure:
OH

N

F

F

Figure 5: Side-product of the trimethylsilyl deprotection of compound 3 ESI [M+H]= 271 m/z.

Assay 2: 2.1 mg (0.0064 mmol) of 4 and 0.01 ml of tetrahydrofuran were added in a
solution of tetrabutylamonium fluoride in tetrahydrofuran 1M 1 eq (0.0064 ml) and
stirred at 0 ºC during 15 min under nitrogen atmosphere. Then, few drops of amonium
chloride was added into the mixture and extracted with dichloromethane / water and
dried over magnesium sulfate.[16] This methodology did not afford the desired
compound. Instead a compound with ESI [M+H]+ = 271.6 m/z constitutes the main
product of the reaction.
Assay 3: 2.1 mg (0.0064 mmol) of 4 and potassium carbonate 1eq (0.88 mg 0.0064
mmol) were added in methanol (0.01 ml) and stirred at 25 ºC during 3 h.[17] This
methodology did not afford the desired compound. Instead a compound with ESI
[M+H]+ = 344.04 m/z constitutes the main product of the reaction. The nature of this
side-product was not further explored.
Assay 4: 2.0 mg (0.0061 mmol) of 4 and cooper chloride 3 eq (1.78 mg, 0.018 mmol)
were added to a solution of tetrahydrofuran/dimethylformamide (1:5v/v) and stirred at
40 ºC for 2 h. Then, ammonium chloride was added to the mixture and extracted with

10

dichloromethane and water.[18] This methodology did not afford the desired compound.
Instead a compound with ESI [M+H]+ = 344.19 m/z constitutes the main product of the
reaction. The nature of this side-product was not further explored.
Assay 5: 2.2 mg (0.0067 mmol) of 4 and silver triflate 0.2 eq (0.34 mg, 0.00134 mmol)
were added in a 0.2 ml of the mixture of dichloromethane-methanol-water (7:4:1).
Stirring during 36 h at room temperature.[19] This methodology did not afford the
desired compound. Instead a compound with ESI [M+H]+ = 344.19 m/z constitutes the
main product of the reaction. The nature of this side-product was not further explored.
Once the essays were developed, the amount of compound 3 was too small even for
reliable small scale assays. Thus, preparation of compound 3 was repeated.
Synthesis of [RuCl2(deeb)2] :
To a 6 ml of aqueous solution of sodium chloride (18 mg), sucrose (18 mg), L-ascorbic
acid (35 mg), 0.2006 ml chloridic acid and Ruthenium (III) chloride (30 mg, 0.1446
mmol) was added diethyl acetate bipyridine (deeb) 2 eq (87 mg, 0.289 mmol), dissolved
in 3ml chloroform. Then 18 ml ethanol was added to the mixture. The mixture was
refluxed in the microwave during 5 min at 110 ºC. After completion of the reaction, the
solvent was evaporated under vacuum and the solid residue was washed with water,
removing the soluble reagents. This synthesis was done repeated twice. Yield 90 mg,
79%.
Synthesis of [Ru(deeb)2(dmbBr)]2+ (6):
To a mixture of 6 (72 mg, 0.090 mmol) and silver triflate 2eq (47 mg, 0.183 mmol),
were added in acetone and stirred for 1 h at 70 ºC under nitrogen atmosphere. The
mixture was cooled and filtered through Celite. Then, acetone (10 ml) was added to a
mixture of [Ru(deeb)2(acetone)2](TfO)2] (87 mg, 0.087 mmol) and the ligand of dmbBr
(32 mg, 0.121 mmol). The resulting mixture was bubbled under nitrogen for 10 min and
stirred at 70 ºC overnight. Then, the mixture was monitored by LC-MS disclosing a
compound with m/z = 482, which agrees with the complex 6. The solvent was
evaporated under vacuum and a saturated solution of ammonium hexafluorophosphate
was added to the mixture affording a red precipitate that was filtered and washed with
water diethyl ether, and further crystalizated on acetonitrile/dithylether, affording
complex 6. Yield: 113 mg, 90%. 1H-NMR (400MHz CDCl3) δ= 9.05 ppm (m, 4H), 8.86
(m, 0.2H), 8.65 (m, 0.4H), 8.55 (m, 1H), 8.43 (m, 1H), 8.3 (s, 1H), 7.88 (m, 8H), 7.61
(m, 0.4H), 7.45 (m, 2H), 7.37 (m, 0.2H), 7.25 (m, 0.5H), 4.68 (s, 1H), 4.61 (s, 1H), 4.45
(m, 8H), 2.56 (m, 3H), 1.39 (m, 12H). ESI [M + H]+ = 482.1 m/z.
Synthesis of [Ru(deeb)2(dmbN3)]2+ (7):
Synthesis of complex 7 was not preformed due to lack of time. However, the complex
can be afforded by bi-molecular nucleophilic substitution (SN2) of the bromine leaving
group of complex 7 by azide ions in a polar solvent like DMSO.
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1

H NMR Spectra of compounds 2, 3, 4 and 6.

Figure 6 1H-NMR spectrum of 2 in CDCl3.

Figure 7 1H NMR spectrum of 3 in CDCl3
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Figure 8 1H NMR spectrum of 4 in CDCl3

Figure 9 a 1H NMR spectrum of 6 in CD3CN
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Figure 9 b Expansion of the 1H NMR spectrum of 6 in CD3CN.

Figure 10 a 1H NMR spectrum of side-product of trimethylsilyl deprotection in CDCl3
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Figure 10 b Expansion of the 1H NMR spectrum of side-prodcut of trimethylsilyl deprotection
in CDCl3

15

5. Results and Discussion
5.1 Results
Scheme 1 shows the retrosynthetic analysis of the target dyad. As mentioned above, the
dyad is envisaged to become accessible through a 1,3-dipolar cycloaddition reaction,
which is reversed for the retrosynthetic analysis by the rupture of the triazole, leading to
the azide 7 and acetylene 5.
These two compounds are the crucial building blocks for the synthesis of compound 8.

5

8

7

Scheme 1. Retrosynthesis of the dyad (8)
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The synthetic approach to the two building blocks 5 and 7 is outlined in Scheme 2:

Scheme 2. Synthetic scheme for the synthesis of the dyad (8). a) NIS, HBF4∙ Et2O,
ACN μ -wave, 100 ºC. b) BBr3/CHCl3, reflux 65 ºC overnight c) Trimethylsilyl
acetylene, [PdCl2(PPh3)2], CuI, Et3N, THF, 80 ºC 3 h N2(g). d) TMS-acetylene
deprotection .
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As shown in Scheme 2, the synthesis of the dyad involves two different multi-step
sequences.
The synthesis of 5 requires a four-steps sequence and involves functionalization of the
para position of the phenol aiming to install a terminal alkyne. The first step is the
iodination of the aryl group in the para position, using N-iodesuccinimide as an
iodinating agent for electrophilic aromatic substitution. The second step is the
demethylation using boron tribromide (Lewis acid) which is an excellent demethylating
agent for the cleavage of ethers, leading to the deprotected phenol. The third step
involves the introduction of the trimethylsilyl acetylene by Sonoghasira coupling. And
the forth and final step is the deprotection of the trimethylsilyl group to afford the free
acetylene.
In the deprotection step, many methods were tried, none of them seemed to be working.
The required compound could not be obtained. Different explanations can be given:
The high reactivity of the phenol group may prevent the deprotection, as well as the
bulkiness of the trimethyl group. Also, the small scales that were used for the different
deprotection attempts may have prevented successful product isolation and detection.
Therefore, these conditions are taken into account in order to carry out a successful
deprotection.
The second multi-step sequence to the ruthenium complex bearing an alkyl azide (7),
consists of four steps. In the first step, the ruthenium salt is coordinated by two deeb
ligands. The second step contains two sub-steps, the removal of the two chlorines ,
followed by acetone coordination and the coordination of the second ligand. The
acetone ligands are only weakly coordinating, and their substitution with other bidentate
ligands is thus easier. The third step is the nucleophilic substitution of the
methylbromine group by the alkyl azide. This nucleophile substitution could in
principle also be done on the second ligand before its coordination to ruthenium. Due to
the low stability of the ligand, the substitution is carried out on the complex, which is
more stable. The final step in the synthesis is the link between the ruthenium complex
and compound 5 by Cu(I).
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5.2 Discussion:
The synthesis of phenol PhOH(5m)Quin-Iodide 3 was difficult. 4 eq of boron
tribromide solution were added, and monitoring the reaction by LC/MS did not show
any peak of 3 (329 m/z), instead it showed a peak of 372,9 m/z corresponding to the
starting material. Even adding 4 more equivalents did not result in a peak of the product.
Finally the product 3 was performed adding 32 eq of boron tribromide.
The compound 4, was simple to perform, involving the introduction of the trimethylsilyl
acetylene by Sonoghasira coupling.
The synthesis of 5 could not be carried out successfully. A series of assays were
performed and none of them gave the desired product. Assay 1 and assay 2, were
performed with the same compound, tetrabutylamonium fluoride in different conditions.
In both assays, the resulting product monitored by LC/MS, showed a peak 271 m/z
which was analyzed by NMR allowing to propose the side-product illustrated in figure
5:
OH

N

F

F

The absence of significance amount of solvent, allows the presence of “naked” fluorides
(solvation free), accessible and much more reactive, being able to react with compound
4. Subsequent assays failed, and no product was observed. In these cases a peak 344
m/z was shown on LC/MS analysis.
Figure 10 a and 10 b shows the 1H NMR spectrum of the side-product of trimethylsilyl
deprotection. There is a key proton signal with a chemical shift of 3.4 ppm that
integrates for 1H. This signal is assigned to the proton in the five-membered ring. It can
be compared to the other 1H NMR spectra where this signal integrates for 2H. That
means there is only one proton and that an additional fluorine is in that position.
Then, we decided to stop with the synthesis of 5. Instead, we focused on the synthesis
of the ruthenium complex. Synthesis of ruthenium complex did not required great effort,
was relatively easy and simple to perform. However, NMR spectra were difficult to
describe because there is a mixture of two isomers, Figure (6). 1H-NMR of 6 shows that
in the aromatic region certain signals integrate for less than 1H. This could be explained
by the formation of these two isomers in a ratio different than 1:1. However, it is worth
noticing that the summation of the integrals of the aromatic region sum up 18H, which
agrees with the number of signals expected for complex 6.
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Figure 6 [Ru(deeb)2(dmbBr)]2+

Figure 7: Isomers of [Ru(deeb)2(dmbBr)]2+
Another interesting feature in the NMR spectrum can be seen in the aliphatic region,
where there are two signals, they seem to be doublet, but they integrate for 1H, they
must be two singlets. If we look at the isomers, we can distinguish two hydrogen from
the bromomethylene group. They do not provide the same signal since they do not have
the same chemical environment in complex 6.
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6. Conclusion
The synthesis and characterization of intramolecular models is of great importance in
the study and understanding of electron transfer and proton transfer reaction in
fundamental biological processes, for instance in natural photosynthesis.
In Photosystem II, which is the enzyme that catalyzes the light driven oxidation of water,
electron and proton transfer reactions are carried out. The study of these reactions
reveals us how different parameters could affect the rate constant. The research and
study is a powerful tool for the development and production of renewable energies.
The main aim of this project was to synthesize one molecular dyad, which is a
compound covalently linked between ruthenium complex or sensitizers and electron
donor moiety. The synthesis was not completed, due to failed attempts in the
deprotection of trimethylsilyl acetylene. The synthesis of the ruthenium complex could
be performed with hardly any complications. I did not achieve to finalize the full
synthesis so I could not perform the synthesis binding the ruthenium complex and
phenol due to lack of time to complete the experiments.
The synthesis and characterization of molecular models are being carried out to study
PCET reactions. Of particular importance, the study of the dependence of the reaction
rate with respect to the distance between the proton donor and acceptor site.
Quantitative information of this dependence will provide important knowledge that will
further contribute to the development of artificial photosynthetic schemes.
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