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ABSTRACT 

Two consequcnces of two-photon absorption phenomena (TPA); pin-point 

resolution and improved depth penetration, have generated interest in its potential use in 

biological imaging. Conventional dyes used for con focal scanning laser microscopy 

work well for this one-photon absorption process, however have not been optimized for 

two-photon absorption. Thus a need exists for the synthesis of two-photon fluorescent 

dyes with a large two-photon absorption cross sections. 

A variety of TPA dyes, of three classes were synthesized and characterized; (i) 

bis(styryi)benzene derivatives; (ii) amphiphilic dyes; (iii) cyanine-like dyes. In the 

design of these dyes, the structural features that affected two-photon cross section 5, and 

the fluorescence quanlum yield On, were chosen and tuned with the aim of optimizing 

these parameters. With the cyanine-like derivatives, the effects of resonance 

enhancenient and detuning were also factors that required optimization through structural 

alterations and modification. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Two-Photon Absorption 

Two-photon absorption (TPA) is a non-linear optical process that involves the 

simultaneous absorption of two photons of light of the same wavelength, whose 

combined energy is the energy difference between ground and excited two-photon 

state.'"" More familiar optical absorptions are one-photon processes (OPA) which occur 

when a single photon of light is absorbed by a molecule. In figure 1.1. one and two-

photon excitation are shown as occurring to different states; this reflects the fact that for 

centrosymmetric molecules (most of the molecules in Chapters 2 and 3 are essentially 

centrosymmetric) the selection rules for one and two-photon absorbance are mutually 

exclusive. However, in species of lower symmetry, the same state can be populated by 

both one and two photon absorption. 

S2 

Si 

Virtual State 

TPA OPA ^Fluorescence 

Figure 1.1: Schematic of an energy level diagram showing one and two-photon absorption and 

fluorescence for centrosymmetric molecules. 



13 

Although two-photon excitation may occur to a different state to one-photon 

excitation, most materials follow Kasha's rule, in that fluorescence occurs from the first 

excited state regardless of the excitation pathway i.e. a two-photon induced emission 

spectrum is typically the same as the one-photon induced emission spectrum (Figure 1.2). 

By assuming that the one-photon and two-photon induced emission measurements of 

two-photon induced emission intensites can be used to determine two-photon cross 

sections 5. 

Fkiores. OPA TPA 

8 

A, 
1/nm 

Figure 1.2: Schematic representation of one and two-photon absorption and emission spectra. 

Since intensity of light is inversely proportional to the square of the distance (Z) 

from the focus of a laser beam, and since two-photon absorption is proportional to the 

square of the intensity, the rate of two-photon absorption is inversely proportional to the 

fourth power of the distance from the focus.^ This relationship has some important 

consequences for two-photon absorption processes. Since TPA decreases with the fourth 

power of the distance Z from the focal plane, then the probability of TPA occurring 

outside of the focal volume is very small (Figure 1.3). Thus, only a very small and 
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precise volume of material will undergo TP A processes giving rise to high 3-dimensional 

resolution for excitation. Also, two-photon excitation can occur at depth in absorbing 

media because the media is transparent at the wavelength of photon excitation (Figure 

1.3). 

Figure 1.3: The cuvette on the left contains a dilute solution of a dye; on the right the cuvette contains a 

concentrated solution of dye. In both cases the lop fluorescence is from TP A and the bottom fluorescence 

is from OPA. The picture on the left shows that excitation by two photons is confined to a volume very 

close to the focus where the intensity is highest, giving rise to pinpoint 3D resolution. Below this, 

excitation by one photon results in fluorescence along the entire path of the laser beam. The picture on the 

right shows that excitation by two photons results in Huorcscence deep into the absorbing material; OP 

excitation results in absorption by the medium before the beam can penetrate deep into the sample. 

Several applications and potential applications take advantage of the features of 

TP A including: 3-D microfabrication. high density optical data storage, optical limiting 

and biological imaging.^ For example, two-photon induced electron transfer reactions 

enable certain dyes to initiate polymerization of acrylates which can be utilized for 3-D 

lithographic microfabrication. In addition, high density, 3-D optical data storage can be 
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achieved by writing bits in a thick (> 100 fxm) storage medium using two-photon initiated 

polymerization under tight focusing conditions.'^ These are just some of the applications 

of TP A (Figure 1.4). 

Figure 1.4; The picture on the left shows a 3-dimensional photonic bandgap microstructure, 50 ^m in size, 

produced by two-photon initiated polymerization of an acrylate monomer exposed to Ti:sapphire laser 

pulses at a wavelength near the two-photon absorption peak of the initiator. The picture on the right shows 

fluorescent bits recorded by tvvo-photon-initiated polymerization . 

1.2 Two-Photon Absorption in Biological Imaging 

Currently, 3-dimasional biological imaging at the microscopic level is typically 

carried out by confocal scanning laser microscopy, a one-photon process,^ using 

conventional, commercially available laser dyes including Fluorescein and BODIPY, to 

label cells' (Figure 1.5). However, this method requires a confocal aperture to provide 

for 3-dimensional resolution and to reduce the signal from out-of-plane excitation 

induced fluorescence. As a result, the intensity of the detected fluorescence signal is 

decreased. Also, since this is a one-photon process for conventional dyes it uses a short-
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wavelength source and, therefore, absorption of light occurs mainly at or near the surface 

of the absorbing media. Thus light cannot penetrate deep into the media, preventing 

imaging deep into the tissue. Higher levels of photobleaching (destruction of the dye) are 

associated with OP A, since absorption occurs along the entire length of the irradiated 

sample (as seen in Figure 1.3), and the use of shorter wavelength radiation that is not 

confined to a tight focal point causes excitation of native chromophores, which can lead 

to cell damage. ' Based upon these problems with OP A biological imaging, the use of 

two-photon scanning laser microscopy for biological imaging appears to hold many 

benefits and advantages for the advancement of this area. 

Figure 1.5: (Left) structure of BODIPY; (Right) structure of Fluorescein. 

'] wo-photon fluorescence is a non-invasive means of detection and, because it can 

be carried out at a longer excitation wavelengths than OP induced fluorescence, it is 

potentially less toxic since the possibility of excitation outside of the desired volume is 

limited. Because of this longer wavelength of light, improved depth penetration into the 

tissue is possible because tissue is relatively transparent between 600-1000 nm where 

two-photon excitation typically occurs. The transparency of tissue in this region enables 

HO 

COOH 

/ \ 
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light to penetrate more deeply into media without tremendous absorption and with 

relatively low amounts of scattering. Also, photobleaching of the dye decreases with 

TPA since excitation does not occur appreciably outside of the focal volume. Figure 1.6 

below shows an example of a cell labeled with a TPA chromophore synthesized in the 

Marder group. 

Figure 1.6: (Left) Picture of the nuclei of the eye, of a live avian embryo labeled with the TPA 

chromophore shown of the right. 

1.3 Chromophore Development with a Large Two-Photon Absorption Cross 

Section 

Desirable characteristics of two-photon chromophores for two-photon biological 

imaging include; high two-photon cross section. 5, high fluorescent quantum yield, €>fl, 

and a long wavelength two-photon maximum, X(2), having little or no overlap with the 

one-photon absorption peak. It is important that OPA and TPA do not occur at the same 

photon energy if a pure two-photon process is to occur. 

HN^NH 

O 



1 8  

Increasing the quadrupolar nature of conjugated molecules has been shown to 

result in an increase in 5.^ The amount of intramolecular quadrupolar charge transfer 

occurring upon excitation increased through either an increase in conjugation length or by 

the addition of donor or acceptor groups to the molecule in rt-conjugated systems."*'''' 

Some of the best chromophores to date are based on symmetrical-substituted n systems. 

Initial studies with 4.4-bis(.\'.A'-di-/7-butylamino)-/:-stilbenc revealed a 20-fold increase in 

6 in comparison to is-stilbene. Subsequently, it was reported that molecules with the 

general structural motifs D-tt-D. D-tc-A-ti-D and A-ti-D-tx-A (where n is a 7t-conjugaled 

bridge. D is a donor and A an acceptor) exhibit good TP A characteristics.^Large On is 

typically found in structurally rigid molecules, as for example molecules constrained to 

planarity. Much work has been carried out on the bis(styryl )benzene backbone with 

efforts focused on making the TPA chromophore water-soluble, fluorescent and 

functionalized for specific binding to cells. Figure 1.8 below shows the two-photon cross 

section S, and fluorescence quantum yield On values for the TPA chromophores shown in 

Figure 1.7. 



Butyl 

Butyl 
Butyl 

Butyl 

Figure 1.7: Schematic of structures analyzed in Figure 1.8 below. 

Figure 1.8: Experimental two-photon e.xcitation cross section (8) and fluorescence at the TPA ^2)n,ax 

for compounds 1-4 shown in Figure 1.7. 

Compound ^(2)niax (nm) 5 x 10"^° cin"^ s photon"' cl;)„ 

1 514 12 n/a 

2 605 210 0.90 

3 730 995 0.88 

4 835 1940 0.86 
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This thesis describes the synthetic studies of two-photon absorbing chromophores 

designed for biological imaging. Chapter 2 describes the synthesis of water-solublizing 

bis(styryl)benzene D-n-D type chromophores that are intended to be more biologically 

compatible than previous chromophores. Chapter 3 describes some amphiphilic 

derivatives of a similar bis(styryl)benzene chromophores. of D-A-D type. Chapter 4 

describes an alternative approach to synthesis of two-photon absorbing chromophores 

designed for biological imaging by means of structural modification to known one-

photon biological dyes in an effort to increase their two-photon absorption cross section 

5. Chapter 5 gives the experimental details for chapters 2 through 4. 
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CHAPTER TWO 

2.1. INTRODUCTION 

2.1.1. Biological Imaging 

Biological labeling agents are relatively small modifying agents that can be used to 

label proteins, nucleic acids, other biological molecules and biological structures by 

providing some sensitive detectable property such as fluorescence, visible chromogenic 

charactcr. radioactivity, or bioalTmity towards another protein.' A suitable fluorescent 

chromophore will enable a biochemist to routinely and specifically label a range of 

biological molecules and materials, to examine these biological substances when present in 

very small quantities, and to image the distribution of molecules for use in the detection 

and/or diagnosis of disease. The use of two-photon fluorescent chromophores with 

moderate two-photon cross sections for biological applications has been demonstrated and 

reported." Such two-photon absorbing (TPA) chromophores typically absorb and emit in 

the visible region and provide inherent three-dimensional resolution comparable to that of 

confocal laser scanning microscopy. 

2.1.2. Bis(styryl)benzene Dyes 

The water soluble dyes explored in this chapter are bis(donor)conjugated systems 

(D -TC-D) based upon the bis(styry!)benzene backbone. This chromophore type was chosen 

due to the large two-photon cross section (5) values associated with it and because it 

appeared relatively synthetically straightforward. Previous work carried out in the Marder 

and Perry groups on derivatives of the bis(styryl)benzene molecule, showed that poor 
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fluorescence was observed in water^ and that due to the lipophilicity of the molecules, 

their binding was non-specific.*^ Therefore, for the application of these dyes in biological 

systems that are amphiphilic in nature, increasing the water solubility of the systems is 

necessary so as to enable them to reside in biological media and to prevent the nonspecific 

binding of the dyes. Modifications were made to the backbone of the bis(styryl)benzene 

molecule by the introduction of functional groups at reactive sites that would increase the 

hydrophilicity of the dyes (Figure 2.1). 

8: 995 X 10"^'' cm^ s photon"' 

Oii; 0.88 

X 

NR2 

X 

X = hydrophilic group 

Figure 2.1: (Top) Schematic of (D-tc-D) bis(styryl)benzene previsosly synthesized', <I>fi = fluorescence 

quantum yield; (Bottom) a general symmetrical bis(styi'yl)ben2ene fluorophore with enhanced hydrophilicity. 



One synthetic strategy involved incorporating hydrophilic groups onto the aiyl 

systems rather than on the NR? substituents to avoid the possible problems associated with 

the fonnation of micelles, which, were anticipated if the hydrophilic groups were placed a 

near the ends of the molecule. The decision to incorporate two groups as opposed to one 

was made because the formation of a symmetrical over an unsymmetrical molecule would 

be more synthetically straightforward and could offer greater hydrophilicity. The aim of 

this project was to synthesize derivatives of the bis(styryl)benzene chromophore with the 

following desired properties (i) sufficient water solubility enabling the dye to reside in 

biological media and (ii) upon subsequent functionalization with a molecular recognition 

moiety specificity of binding of the chromophores towards a single cell. The methods 

taken to achieve these desired properties are described below. 

2.1.3. Biotin hound chromophores as a means of specific labeling 

The labeling of a specific cell works through an integrated process, based upon 

affinity and association of specific proteins for one another. Biotin has a very strong 

affinity for the protein avidin and through this connectivity a specific cell can be labeled 

with a fluorophore. Avidin is a 67 kD tetramcric glycoprotein that has four binding sites 

for the small molecule biotin'' (Figure 2.2). 
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Uriedo Group 

HN NH 

Figure 2.2: Structure of biotin molecule. 

Biotin is bound to avidin mainly through very strong non-covalent Van der Waals 

interactions with tryptophans/ Hydrogen bonding is also believed to contribute to the 

binding of aspartic acid and serine residues to the ureido group.' As a result of these 

interactions, the association constant for avidin-biotin is amongst the strongest non-

covalent affinities, having a Ka = 10M"'. Due to the strength of this interaction, there is 

es.sentially no dissociation of the complex at biological pH and temperature. Because of 

this stability and specificity, biolin-avidin complex has been exploited for the purpose of 

biological labeling.^' In addition to this, it has been reported that derivatization of 

biotin at the terminal carboxylic acid group, in many cases, does not affect the binding 

significantly." Therefore, the coupling of biotin to proteins and dyes is often possible 

without interfering with its function. There are mumerous sequences in which a 

chromophore can label a cell. One example of this is as follows. A biomolecule from the 

cell that is to be recognized, which is referred to as an antigen, stimulates the immune 

system of the organism, which responds by the production of a specific antibody that 

recognizes and binds to that antigen exclusively. These antibodies are isolated and then 
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modified by their coupling to avidin (or streptavidin). A fluorophore conjugated to biotin 

can then bond to avidin and through this sequence a specific cell is labeled (Figure 2.3). 

Figure 2.3: Schematic of a chromophore labeled cell. 

Through the use of a binding sequence such as that mentioned above or some 

variation of it, it is hoped that three-dimensional imaging of a specific cell will be possible 

from water soluble bis(styryl)benzene derivatives. Sulfonate and phosphonate groups are 

some of the possible functionalities that could be incorporated onto the bis(styryl)benzene 

backbone to increase the water solubility. Once this is successfully accomplished the 

molecule can then be bound to biotin and through a sequence such as that described above 

specific cell labeling can hopefully be achieved. Described below is the synthesis of water 

soluble TPA chromophores that may eventually be bound to biotin or avidin. 

A vidin or 
Streptavidin 

Ant ibndv Biotin 

Antigen 
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2.2 RESULTS AND DISCUSSION 

Detailed procedures and characterization data is given in the experimental section. 

2.2.1 Synthesis of l-aminopropyl,4-methoxybis(styn I)benzenc-diethylainine 

The synthesis of l,4-bis(bromomethyl)-2,5-diniethoxy-benzene (2.1) was carried 

out by the reaction of commercially available 1,4-dimethoxybenzene with 

parafomialdehyde in glacial acetic acid at 50 °C with the dropwise addition of hydrogen 

bromide/acetic acid (38%) (Scheme 2.1). The product was identified by 'M NMR 

spectroscopy and a yield of 62% was obtained. An Arbuzov reaction of 1,4-

dibromomelhyl-2.5-dimethoxybenzene (2.1) with triethyl phosphite gave 1,4-

1 9 
bis(diethoxy-phosphorylmethyl)-2,5-dimethoxy-benzcnc (2.2). Excess triethyl 

phosphite was removed by vacuum distillation. The product was identified by ' H NMR 

spectroscopy and a yield of 97% was obtained. 

E.E-\,4-his{4 diethylamino-phenyl-vinyl)2.5-dimethoxy-benzene (2.3) was 

readily synthesized by a Horner-Emmons reaction'^ of 1,4-bis(diethoxy-

phosphorylmethyl)-2,5-dimethoxy-benzene (2.2) with commercially available 4-

diethylamino benzaldehyde. The product was purified by recrystalization from hot 

acetone and methylene chloride resulting in a yield of 55%. The identity of (2.3) was 

confirmed by 'H NMR spectroscopy. De-methylation of E, E-1.4-bis(4-diethylamino-

phenyl-vinyl)2.5-dimethoxy-benzene (2.3) involved the use of ethanethiol under basic 

conditions."' The cleavage of the methyl protected alcohol works by the formation of the 

sodium salt of ethanethiol in situ in the presence of a methyl ether. The methyl group 
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was removed by an Sn2 reaction, where the thiol salt acts as the nucleophiie."' Mono de-

methylation is generally observed, especially when the methoxy groups are para to one 

another. The product. £.£-1.4-bis(4 diethylamino-phenyl-vinyl )2-hydroxy.5-methoxy 

benzene (2.4) was obtained in a 57% yield and identified bv ' H NMR spectroscopy. 

HBr/HOAc 
+ HCHO + P(0Et)3 

HOAc 

50°C 

OMe 

Scheme 2.1: Synthesis of£,£-l,4-bis(4-diethylamino-phenyl-viny])2-hydroxy,5-methoxy-benzene (2.4). 

The alcohol was then treated with (3-chloro-propyl)-carbamic acid ter/-butyl ester 

that had been prepared by Lisa Dollinger. An Sn2 reaction in the presence of potassium 

carbonate yielded the BOC-protected amine bis(styryl)benzene (2.5) in a 72% yield and 

was contlrmed by 'H NMR spectroscopy. BOC-deprotection of the amine using 

trifluoroacetic acid and methylene chloride afforded the free amino compound. £.£'-1.4-



bis(4-diethylamiBO-pheByl-vinyl)-2-(2-aiTiinoethoxy)-5-methoxy benzene 

• 1 -s 17 quantitative yield. 
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(2,6.) in a 

TFA 
CH2CI2 

Scheme 2.2: Synthesis of £,£-l,4-bis(4-diethylamino-phenyl-viny!)-2-(2-aniinoethoxy)-5-methoxy-

benzene (2.6). 

The free amino dye was then coupled to Arg 4-mer-tyramide (Figure 2.4), by 

solid phase synthesis with the intention of using this as a water-soluble biological 

labeling agent. The labeling technique used in this instance was based on the same 

mechanism as that of ty ram ides with the enzyme horse rasish peroxidase (HRP) as the 

1R 
target. The function of the enzyme 11RP is to convert the phenol of the tyramide into a 

group that can covalently bond with nearby tyrosines in the protein. As a result of this, a 

large number of dye molecules can bind through tyramide-tyrosine interactions and 

enzyme amplification is observed. For this technique to be utilized with the TP.A-dyc 

(2.6) above, it was coupled to a similar system. Arg 4-mer containing both the dye (2.6) 
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and try amide. The Arg 4-mer was incorporated to increase the solubility of the dye. 

Previous work done by Lisa Dollinger showed that one arginine did not solubilize the 

dye. nine arginine units did solubilize the dye, however it was not clear if all nine units 

were needed so it was decided that some median of these numbers should be explored. 

The hope was that this system would mirror that of the tyramide-HRP system and that the 

rPA-dye could be transported passively through the cell membrane and remain strongly 

fluorescent. The incorporation of four arginines onto (2.6) system was successful in 

increasing the water solubility of the dye. however it was found that these dyes did not 

bind specifically to their avidin containing targets. This is possibly due to the large 

number of guanidiniums present on the arginine. 

OH 

Figure 2.4: Structure of Arg 4-mer-tyramide coupled to (2.6). 
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2.2.2 Synthesis of 1,4-bis(st> r>i)benzene propyl sulfate salt 

With the aim of making other water soluble TPA-dyes based on the 

bis(styryl)beiizene backbone, dyes (2.8) and (2.9) below were synthesized. These salts 

were expected to have increased water solubility due to the incorporation of sulfate and 

sulfonate salts into the backbone of the molecule. 

The synthesis of l,4-bis(2-hydroxy-4-diethylamino-phenyl-vinyl)benzene (2.7) 

was carried out via a Homer-Emmons reaction'"''"* between 1,4-bis(diethoxy-

phosphorylmethyl)-2,5-dimethoxy-benzene (2,2) and commercially available 4-

(diethylamino)salicylaldehyde using sodium hydride in relluxing tetrahydrofuran. The 

product was purified by column chromatography on silica gel, isolated in a 53% yield 

and its structure was confirmed by ' H NMR spectroscopy. 

NaH 

THF 
85 °C 

OH 

2.7 HO 

Scheme 2.3: Synthesis of J.4-bis(2-hydroxy-4-diethylamino-phenyl-vinyl)benzene (2.7). 
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The synthesis of l,4-bis(styryl)benzene propyl sulfate salt (2.8) was carried out by 

a reaction of l,4-bis(2-hydroxy-4-diethyiamino-phenyl-vinyl)benzene (2.7) with [1, 

2]oxathiolane-2,2-dioxane and sodium hydride in refluxing tetrahydrofuran, converting 

the lipophilic phenol into a hydrophilic salt.The product was purified by 

recrystalization from methanol/water and a yield of 89% was obtained. The presence of 

(2.8) was confirmed by 'H NMR spectroscopy. 

OH 

2.7 

o^ ^o 

HO 

NaH 

THF 
,,85 °C 

soa'na^ 

"na'oss 

2.8 

Scheme 2.4: Synthesis of 1,4-bis(styryl)benzene propyl sulfate salt (2.8). 
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2.2.3 Synthesis of l,4-bis(styryl)benzene sulfate salt 

l,4-bis(2 hydroxy-4-diethylamino-phenyl-vinyl)benzene (2.7) was converted to 

1,4-bis(styryl)benzene sulfate salt (2.6) where the hydrophilic salts are attached directly 

to the phenolic positions on the ben/yiamine rings. The reaction involved treating (2.7) 

91 
with chlorosuifonic acid in pyridine for 3 hours. The product was isolated by 

recrystalization from hot methanol/water in a 38% yield and was confirmed by ' I I NMR 

spectroscopy. 

OH 

N-

2.7 HO 

HSO3CI 

Pyridine 

n 

2.9 

Scheme 2.5: Synthesis of 1,4-bis(styryl)benzene sulfate salt (2.9). 

The synthesis of the bis(styryl)benzene salts above has been carried out 

successfully. Purification of the salts included washing, recrystallization and preparative 

reverse phase high pressure liquid chromatography (HPLC). The dye molecules have 

been isolated as pure salts by and identified by 'H and '"'C NMR spectroscopy and HPLC, 



however, the dyes have failed to pass elemental analysis. This may be as a result of the 

inclusion of a water molecule in the compound or by a possible ion exchange between the 

Na'*' and some other cation unintentionally present in the salts environment. Biological 

experiments were carried out on these molecules, however since they do not contain any 

functional group that allows for the direct attachment to biological labels, the 

incorporation of peptides into the TPA-dye molecule as a means of resolving this 

problem was attempted. Peptides were chosen, specifically arginine because it could 

possibly offer the desired solubility properties of having the correct balance between 

hydrophilicity and lipophilicity. Arginine also possesses the necessary functionality 

required to couple to the dyes and for the compound to act as biological imaging labels 

itself More importantly the peptides would be able to actively transport the dyes into 

'70 "yx '7A 
their targeted cellular environments. ' " Unfortunately all of the in vivo studies carried 

out on these systems involving the TPA-dyes (2.8) and (2.9) showed non-specific binding 

to DNA. again, possibly due to the large number of guanidiniums present. Despite the 

lack of success with these chromophores bound to biotin and arginine there still remains 

plenty of possibilities for their coupling to different proteins. 
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CONCLUSION 

The design aiid synthesis of water-soluble two-photon fluorescent 

bis(styryl)benzene chromophores has been successfully achieved. This class of 

molecules was designed based on previous work that showed appropriately substituted 

bis(styryl)benzenes to be good two-photon absorbing molecules with high fluorescencc 

quantum yields. 

The water-solublization of bis(styryl)benzene two-photon fluorescent dyes was 

achieved by the incorporation of sulfate and sulfonate .salts onto the backbone of the 

bis(styry])benzene molecule. These chromophores however, did not have any functional 

group to allow for the direct attachment to biological labels; hence, an amino-

functionalized bis(styry 1 )benzene derivative was synthesized and can potentially be 

bound to a variety of solubilizing groups. Binding of arginine to the bis(styryl)benzene 

chromophorc via the amino group was successfully carried out and gave rise to increased 

water-solublity; unfortunately the large number of cationic guanidinium groups on 

arginine also resulted in non-specific binding to DNA. Much work remains in the 

exploration of other possible groups as potential candidates for increasing the water 

solubility. 
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CHAPTER THREE 

3.1. INTRODUCTION 

The synthesis of two-photon biological dyes for labeling lipid bilayers is currently 

an active area of research. Lipids are amphiphilic in nature, consisting of a hydrophilic 

head group and a hydrophobic chain e.g. one of the most common lipids in eukaryotic 

cells is phosphatidylcholine, a glycerophospholipid. The recognition of the role of lipids 

in a variety of cellular processes, from membrane fusion.' * ' to signal transduction.'*'^ '' to 

involvement in microdomain formation and transport'^"®"^ encouraged researchers in the 

field to investigate and to try to understand the dynamics of lipids. The former view of 

the cell lipid membrane, was one of a random and disordered distribution of both the 

lipids and proteins. This theory later gave way to one where the cell lipid membranes are 

characterized by a complex lateral organization, with nm domains, in which specific 

lipids and proteins are assembled to carry out a particular process.'" " This realization 

and understanding of the dynamics of lipid membranes and. in addition, the study of the 

morphology, composition and regulation of these structures were all the result of studies 

involving fluorescently-tagged lipid analogues. Based upon the extent of the information 

that can be realized from probing cell lipid membranes with fluorescent dyes, there is a 

great amount of interest in the synthesis of an array of such dyes. These dyes can be used 

as probes to determine changes in order and dynamics of the lipid environment in both 

1 9 
natural and artificial membranes. Based on the amphiphilic nature of lipids, there are 

two possible sites where labeling can occur. The polar head group of the lipid can be 

labeled and used as a probe in cases where the structure of the hydrophilic chain region is 
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important, e.g. phase determination in biological membranes, particularly in membrane 

fusion assays. The alternative is to label the hydrophilic tail of the lipid so that the polar 

head group is left unaltered. Such probes are desired when the head group plays a 

functional role. eg. in lipid sorting and tnmslocation. 

In the design of a fluorescent dye molccule for tagging lipids one must identify 

which properties are being determined and synthesize the dye moleculc accordingly. In 

order for these probes to work effectively as dyes for labeling lipid bilayers, they should 

1 7 1 ^ 
ideally have a linear structure. ' Also, since these chromophores are mobile in the fluid 

bilayers. there is some uncertainty introduced into the distance evaluations in the changes 

in order and conformation of the lipid environment that needs to be minimized if not 

eliminated. To restrict the mobility of the chromophore. a linear structure with two polar 

t e r m i n a l  g r o u p s ,  k n o w n  a s  a  t r a n s m e m b r a n e  b o l a a m p h i p i l e  i s  i d e a l . T h e s e  

structures are less mobile due to the presence of two polar head groups, thereby reducing 

the degree of uncertainty and also have the advantage of locating the sensing group of the 

probe directly in the bilayer. Bolaamphipiles can be synthesized so as to have the 

necessary length to reach both external membrane surfaces with the polar head groups. 

Typical lipid bilayers range from 35 - 43 A in length (Figure 3.1). These are some of the 

issues that should be considered when designing a fluorescent dye molecule for tagging 

lipids. 
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Figure 3.1: Schematic representation of a lipid bilayer. 

Currently, there are a wide range commercially available dyes for one-photon 

labeling and imaging purposes, however, the availability of dyes suitable for two-photon 

fluorescent biological imaging is very limited. As mentioned in Chapter 1, the 

advantages of having TP A chromophores over one-photon chromophores are improved 

depth penetration and precise 3D imaging of the lipid bilayer. Thus, the synthesis of new 

two-photon chromophores for labeling lipid membranes was carried out. Since the two-

photon dye molecules synthesized in the Marder group, such as the linear 

bis(styryl)benzene molecules with a donor-7t-donor motif, are hydrophobic these 

chromophores will be used in the labeling of the hydrophobic tail of the lipid. To 

construct an amphiphilic bis(styryl)benzene dye already having a hydrophobic alkyl tail a 

hydrophilic carboxylic acid or sulfonate head group will be attached. In doing this the 

dye molecule will mimic that of the fatty acid lipid and can intercalate into the bilayer. 

By altering the length of the aliphatic chain, the length of the dye molecule can be 
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customized to the necessary desired length. The backbone of the bis(styryl)benzene 

chromophore experimented with here will contain two cyano moieties. These groups are 

believed to make the synthesis of the chromophores synthetically easier, increase the 

two-photon cross section and prevent the fluorescence of the dye in water. These groups 

will be attached to a piperazine moiety that will contain a polar head group. The use of 

piperazine group allows for a variety of functionalities to be easily introduced in the last 

step of the synthesis, thereby reducing the total number of steps involved in the synthesis. 

Below are some of the possible target lipid membrane chromophores (Figure 3.2). 

n 

CN 

•OH 

Figure 3.2: Schematic of some target lipid membrane chromophores. 
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3.2 results AM) discussion 

Detailed procedures and characterization data is given in the experimental section. 

3.2.1 Synthesis of {4-(4-(2-{2,5-dicyano-4-|2-(4-dibut>iainino-phenyl)-vinyll-

phenyl}-vinyl)-phenylj-piperazin-l-yl}acctic acid 

The synthesis of 2,5-bis(brornoniethyl)terephthalonitrile (3.1) (Scheme 3.1) was 

carried out by a radical initiated reaction between l,4-dicyano-2,5-dimethylbenzene and 

i¥-bromosuccinimide (NBS). The starting material was synthesized by a previous 

member of the Marder group'' and 'H NMR spectroscopy of the material showed it to be 

pure. The reaction was irradiated for 3 hours by a 200 watt halogen lamp in anhydrous 

methylene chloride to reflux from the heat emitted form the lamp. After cooling to 

ambient temperature the reaction mixture was filtered through a plug of silica to remove 

unreacled NBS. The product was separated by column chromatography on silica gel 

using hexanes as the eluting solvent. A 51% yield of 2,5-

bis(bromomethyl)terephthalonitrile (3.1) was obtained. The product was confirmed by 

1 18 H NMR spectroscopy. An Arbuzov reaction between 2.5-

bis(bromoniethyl)terephthalonitrile (3.1) and excess triethylphosphite yielded the desired 

product diethyl 2,5-dicyano-4-[(diethoxyphosphoryl)methyl]benzylphosohonate (3.2) 

after precipitation from hexanes in a 91% yield and was confirmed by 'H NMR 

spectroscopy. 
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NC 
Br 

P(0Et)3 EtO-F 
— ^ EtO 

c 
I I  

NC 3.1 

Scheme 3.1: Synthesis of diethyl 2,5-dicyano-4-[(diethoxyphosphoryl)methyl]benzylphosohonate (3.2). 

Commercially available aniline was reacted with bromobutane in DMF using 

potassium-t-butoxide as base to give dibutyl-phenyl-amine (33) (Scheme 3.2). After 

purification by column chromatography the product was isolated in a 50% yield and its 

structure was confirmed by ' 11NMR. A Vilsmeier reaction''' was carried out on dibutyl-

phenyl-amine (3.3) using phosphorous oxychloride in anhydrous DMF. The reaction was 

reiluxed for 3 hours and after work-up and purification by column chromatography 4-

dibutylamino-benzaldehyde (3.4) was obtained in a 98% yield. The structure of the 

product was confirmed by 'H NMR, NMR and MS. A Morner-Emmons 

'^0 21 2^ reaction" ' ' " between 4-dibutylamino-benzaldehyde (3.4) and diethyl 2,5-dicyano-4-

f(diethoxyphosphoryl)methylJbenzylphosohonate (3.2) with potassium-/-butoxide in 

tetrahydrofuran yielded {2.5-dicyano-4-[2-(4-dibutylamino-phenyl)-vinyl ]-benzyl} -

phosphonic acid diethyl ester (3.5a). After purification by column chromatography on 

silica using hexanes/ethyl acetate (9:1) as the eluting solvent, increasing the solvent 

polarity to ethyl acetate to elute the product, (3.5a) was isolated in a 87% yield. A side 

product of this reaction 2.5-bis-[2-(4-dibutylamino-phenyl)-vinyl |-terphthalonitrile (3.5b) 

was obtained the every time the reaction was carried out, however the percentage of the 

side product was found to be dependent on two factors. First and more importantly, the 
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order of addition. If potassium-f-butoxide is added to a mixture of aldehyde and 

phosphonate in anhydrous tetrahydrofuran the product of the reaction is predominantly 

the disubstituted side product (3.5b ). The correct procedure is the addition of aldehyde in 

portions to a mixture of phosphonate and base in anhydrous tertahydrofuran. Secondly, it 

is important that the solution of aldehyde is added slowly and that the reaction is closely 

monitored by TLC to ensure the maximum formation of the desired product (3.5a) is 

obtained. 

/=\ C4HioBr /=\ P4H9 POCI3 9\ /=\ P^Hg 

V/ ^"2 V_/ \ H H 
DMF 3 3 " ® 3.4 " ^ 

CN 
CN 

OEt 3.5a 
NC 

K'BuO 
THF 

CN 

3.5b 
NC 

Scheme 3.2: Synthesis of desired product {2,5-dicyano-4-[2-(4-dibutylamino-phenyl)-vinyl]-benzyl}-

phosphonic acid diethyl ester (3.5a) and side product 2,5-bis-[2-(4-dibutylamino-phenyl)-vinyl]-

terphthalonitrile (3.5b). 
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An Sn2 reaction between commercially available 4-fluorobenzaldeliyde and an 

excess piperazine in DMSO with potassium carbonate as base, refluxed overnight and 

precipitated from water resulted in the isolation of 4-piperazin-l-yl-benzaldehyde (3.6) 

(Scheme 3) in a 93% yield. The structure of the product was confirmed by ' H NMR. 

BOC-protcction of the free amine (3.7) in methylene chloride with triethylaminc at 0 °C 

for 3 hours resulted in the formation of 4-(4-fonnyl-phenyl )-piperazine-1 -carboxylic acid 

/m-butyl ester (3.7). Purification by column chromatography on silica using 

hexanes/ethyl acetate (7:3) as the eluting solvent yielded (3.7) in a 66% yield. The 

structure of the product was confirmed by 'l l NMR spectroscopy. {2,5-dicyano-4-[2-(4-

dibutylamino-phenyl)-vinyl]-benzyl}-phosphonic acid diethyl ester (3.5a) was reacted 

with 4-(4-formyl-phenyl)-piperazine-l-carboxylic acid tert-butly ester (3.7) via a Horner-

Emmons reaction " in anhydrous tetrahydrofuran with polassium-/-butoxidc for 2 

hours under Nt. The product 4-[4-(2-{2,5-dicyano-4-[2-(4-dibutylamino-phenyl)-vinyl]-

pheny 1} -vinyl )-phenyl]-pipcrazine-1 -carboxylic acid rc/T-butyl ester (3.8) was purified by 

column chromatography on silica using hexanes/ethyl acetatc (9:1) as the eluting solvent 

to afford the pure product in a 95% yield and was confirmed by 'H NMR spectroscopy. 

The BOC group was incorporated into this molecule for purification purposes. Without 

the presence of the BOC group, purification of the secondary amine would have been 

extremely difficult due to the polarity of the amine. BOC-deprotection"' of (3.8) was 

achieved using trifluoroacetic acid/methylene chloride (50%) at ambient temperature for 

20 minutes. After work-up of the reaction the product 2-[2-(4-dibutylamino-phenyl)-

vinyl]-5-[2-(4-piperazin-l-yl-phenyl)-vinylJ-terphthalonitrile (3.9) was obtained in 



quantitative yield. The structure of the product was confirmed by 'H NMR spectroscopy 

however failed to pass elemental analysis despite the many efforts taken. The next step 

of the synthesis was to attach a hydrophilic group to (3.9) to convert this hydrophobic 

molecule into an amphiphile. This was achieved by coupling f-butylbromoacetate to 

(3.9) using potassium carbonate in chloroform. The reaction mixture was heated to 

reflux overnight and after purification by column chromatography on silica gel using 

hexanes/ethyl acetate (7:3) as the eluting solvent, the pure product {4-[4-(2-{2,5-dicyano-

4-[2-(4-dibutylamino-phenyl)-vinyl]-phenyl} -vinyl )-phenyl] -piperazin-1 -yl} acetic acid 

/fr/-butyl ester (3.10) was isolated in a 86% yield. The structure of the product (3.10) 

was con finned by 'H NMR and elemental analysis. Finally hydrolysis of the ester to the 

acid was attempted. The attempts made at what appears to be a very straightforward 

reaction were unfortunately unsuccessful and no further efforts could be made as a result 

of time constraints. Cleavage of the tert-butyl group was attempted using trifluoroacetic 

acid/methylene chloride'' (50%), formic acid"'* and potassium hydroxide. With 

additional time the optimal conditions required for the isolation of {4-[4-(2- j 2.5-dicyano-

4-(2-(4-dibutylamino-phcnyl)-vinyl] -phenyl}-vinyl )-phenyl]-piperazin-1 -yl} acetic acid 

(3.11) would have been possible. 
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Scheme 3.3: Synthesis of {4-[4-(2-{2,5-dicyano-4-[2-(4-dibutylamino-phenyl)-vinyl]-pheny]}-vinyl)-

phenyl]-piperazin-]-yl}acetic acid (3.11). 



3.2.2 Synthesis of {4-|4-(2-{2,5-dicyano-4-I2-(4-didodecylainino-phenyl)-vinyl]-

phenyl}-vinyl)-phenyll-pipcrazin-l -yl}acetic acid 

An analogous synthesis to that of {4-[4-(2-{2,5-dicyano-4-[2-(4-dibutylamino-

phenyl )-vlnyI]-phenyl}-vinyD-phenylJ-piperazin-1 -yl}acetic acid (3.11) was carried out 

using didodecylamine instead of dibutylamine. Commercially available aniline was 

reacted with 1 -iodododecane in DMF using potassium-/-butoxide as base to afford 

didodecyl-phenyl-amine (3.12) (Scheme 3.4). After purification by column 

chromatography a 51 % yield of (3.12) was obtained. The structure of the product was 

1 i -j 
confirmed by H NMR and C NMR spectroscopy and mass spectroscopy. A Vilsmeier 

reaction'" was carried out on didodecyl-phenyl-amine (3.12). In this case the reaction 

was run in phosphorous oxychloride using both aiihydrous DMF and dichloroethane as 

solvents. Dichloroethane was required in this instance to help solubiiize the long non-

polar aliphatic dodecyl chain. The product. 4-didodecylamino-benzaldehyde (3.13) was 

isolated after purification by column chromatography in a 95% yield. The structure of 

the product was confirmed by 'H NMR, NMR and MS. A Horner-Emmons 

• 20 ^ 122 reaction between 4-didodecylamino-benzaidchyde (3.13) and diethyl 2,5-dicyano-4-

[(diethoxyphosphoryl)methyljbenzylphosohonate (3.2) with potassium-r-butoxide in 

tetrahydrofuran yielded 2, 5-dicyano-4-[2-(4-didodecylamino-phenyl )-vinyl]-benzyl}-

phosphonic acid diethyl ester (3.14a). Alter purification by column chromatography on 

silica using hcxanes/ethyl acetate (9:1) as the eluting sohent, increasing the solvent 

polarity to hexanes/ethyl acetate (6:4) to elute the product. (3.14a) was isolated in a 60% 

yield and was confirmed by 'H NMR spectroscopy. As with the synthesis of (3.5a). the 



49 

disubstituted side product of (3.14). 2,5-bis-[2-(4-didodecylylamino-phenyl)-vin\i j-

terphthalonitrile (3,14b) was also obtained. 

Scheme 3.4: Synthesis of desired product {2,5-dicyaiio-4-[2-(4-didodecylamino-phenyl)-vinyl]-benzyl}-

phosphonic acid diethyl ester (3.14a) and side product 2,5-bis-[2-(4-didodecylamino-phenyl)-vinyl]-

terphtliaionitrile (3.14b). 

{2.5-dicyano-4-[2-(4-didodecylamino-phenyl)-vinyl]-benzyl [-phosphonic 

acid diethyl ester (3.14a) was reacted with 4-(4-formyl-phenyl)-piperazine-1 -carboxylic 

oa i 
acid tert-hntly ester (3.7) via a Homer-Emmons reaction ' ~ in anhydrous 

tetrahydrofuran with potassium-/-butoxide for 2 hours under N: (Scheme 3.5). The 

product 4-[4-(2-!2.5-dicyano-4-[2-(4-didodecylaniino-phenyl)-vinyl]-phenylJ-vinyl)-

phenylj-piperazine-1 -carboxylic acid tert-butyl ester (3.15) was purified by column 

h25q12 

c12h25 
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chromatography on silica using hexanes as the eluiing solvent, slowly increasing the 

polarity up to hexanes/ethyl acetate (9:1) to afford the pure product (3.15) in a 96% yield. 

Again. BOC-deprotection was carried out using trifluoroacetic acid/methylene chloride 

(50%) at ambient temperature for 20 minutes. After work-up of the reaction the 

product 2-[2-(4-didodecylamino-phenyl)-vinyl]-5-[2-(4-piperazin-1 -yl-phenyl)-vinyl]-

terphthalonitrile (3.16) was obtained in quantitative yield and confirmed by 'll NMR 

spectroscopy. As with the dibutyl-secondary amine compound, (3.16) too failed to pass 

elemental analysis. 2-[2-(4-didodecylamino-phenyl)-vinyl]-5-[2-(4-piperazin-l -yl-

phenyl)-vinyi]-terphthaIonitrile (3.16) was coupled /-butylbromoacetate by refluxing 

overnight with potassium carbonate in chloroform. Purification by column 

chromatography on silica gel using hexanes as the eluting solvent afforded the pure 

product {4-[4-(2-{2,5-dicyano-4-[2-(4-didodecylamino-phenyl)-vinyl]-phenyi}-vinyl)-

phenyl]-piperazin-1 -yl}acetic acid tert-bvAyl ester (3.17) in a 38% yield. The structure 

(3.17) was confirmed by 'll NMR and elemental analysis. As with the dibutyl ester, 

hydrolysis of (3.17) to the acid was attempted using various conditions (mentioned 

above) but was unsuccessful. 
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Scheme 3.5: Synthesis of {4-[4-(2-{2,5-dicyano-4-[2-(4-didodecylamino-phenyl)-vinyl]-phenyl}-vinyl)-

phenyl]-piperazin-l-yl}acetic acid (3.18). 
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CONCLUSION 

The synthesis of two-photon fluorescent amphiphilic dyes with a dibutyl 

hydrophobic chain and a didodecyl hydrophobic chain were synthesized and 

characterized. The optimal balaace between hydrophilicity and hydrophobicity will 

enable dyes such as these to intercalate into lipid media. Studies are required on the 

d ibu ty l  and  d idodecy l  dyes  t o  de t e rmine  wha t  deg ree  o f  hyd rophob ic i t y  ( C 4  t h rough  Cn)  

is optimal for the incorporation into membranes and to use these dyes for the study of 

biological media. 
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CHAPTER FOUR 

4.1 INTRODUCTION 

The use of dyes for biological labeling cells is well established. Currently, there 

are thousands of commercially available dyes for the one-photon imaging biological of 

media, where each specifically fiinctinalized molecule can be employed for a particular 

purpose such as detecting a particular functionality.' For example, photoreactive 

fluorescent reagents such as 6-azido-4.5.7-trifluorescein (Figure 4.1) can potentially form 

green fluorescent adducts with proteins or other biomolecules. On the other hand the 

fluorescent glycine amine. 4"-[(aminoacetamindo)methy 1 jfluorescein (Figure 4.1) is ideal 

for coupling to the carboxylic acids of water-soluble polymers such as proteins in 

'•y 
aqueous solution." 

HO. 

C-OH 

F 

ch2nhcoch2nh; 
HO. 

C-OH 

Figure 4.1: (Top) Structure of 4-azidobenzoic acid succinimidyl ester; (Bottom) Structure of flouorescent 

glycine amine, 4'-[(aminoacetamindo)methyl]fluorescein. 



As discussed in Chapter 1, TP A ofTers many advantages over OP A. In order to 

take advantage of the possible benefits associated with TP fluorescence it is necessary to 

synthesize chromophores with higher two-photon cross sections than typical OP 

chroniophores. There are two possible basic approaches to the synthesis of TPA dyes. 

The first is to take dyes which are know to be good TP absorbers and modify them by the 

incorporation of water-solubilizing functionalities so as to render them suitable as dyes 

for biological imaging. This approach was employed in part, in Chapter 2 and several 

other related strategies have been employed by other members of the Marder group. All 

efforts taken involved some derivative of the donor-substituted bis(styry 1)benzene 

conjugated system, a motif that has been found to have a high two-photon cross section, 6 

and a high fluorescence quantum yield. For example, the £./''-1.4-bis(4-

diethylamino-phenyl-vinyl)-2.5-dimethoxy-benzene chromophore (Figure 4.2a) has been 

modified through the diethylamino terminus by the attachment of biotin and did show 

improved water solubility; however the dye showed poor penetration into biological 

media. A polyethylene glycol (PEG)-substituted bis(styry 1)benzene derivative (Figure 

4.2b) was also synthesized; although this compound had good water solubility, it was 

found to aggregate into micelles presumably due to the incorporation of long, highly 

hydrophilic PEG groups onto a highly hydrophobic backbone. An amphiphilic 

bis(styryl)benzene derivative (Figure 4.2c) was water soluble and acted as a good label 

for membranes; however the fluorescence was substantially quenched in water relative to 

that in organic solvents. 
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Figure 4.2: (a) Structures of biotinylated BSB; (b) PEG BSB; (c) amphiphilic BSB. 
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Due to the problems encountered in the modification of donor-substituted 

bis(styryl)benzene chromophores in increasing their water solubility, the alternative 

approach was also explored. This involved taking commonly used OP fluorescent 

biological labels as a conceptual starting point and modifying their electronic structure to 

attempt to convert them into good TP A dyes by increasing their two-photon absorption 

cross section values, S. We first examined cyanine derivatives, i.e. compounds where 

two or more resonance structures allow nitrogen to stabilize a positive charge in a n-

system such as those in Figure 4.3. Planar ring locked cyanine derivatives molecules are 

highly fluorescent largely as a result of the planar backbone. The nature of the 

substituent, R greatly affects the degree of fluorescence. When R is a proton 

fluorescence is high (On = 0.81); however, when R is a phenyl ring much weaker 

fluorescence is observed (On = 0.06). presumably as a result of the free rotation of the 

phenyl ring. 

R = -H, D-A-D conjugated system 

Figure 4.3: Resonance structures of a protj'pica! cyanine molecule. 
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Rhodamine B (Figure 4.4) a cyanine-like derivative frequently used in OP 

applications due to its high fluorescnece (<I>n = 0.70) (partly due to the rigidity of the 

molecule); however 5 is not extremely high (5 = 2x10"^^ cm^ s/photon). On the other 

hand, we have found the related species Crystal Violet (Figure 4.4) to have a high § value 

(5 = 1.5 X 10"'" cm"* s/photon): however Crystal Violet has a low On ((iJn = 0.019). 

COOH 

Figure 4.4: (Top) Rhodamine B. (Bottom) Crystal violet. 

Moreover, if these one-photon molecules are to function as good TPA 

chromophores the relative energies of the one-photon and two-photon excited states must 

be optimized. The main low-energy two-photon state of Crystal Violet is close to twice 

the energy of its main low-energy one-photon state (the species discussed here are not 



60 

centrosN mmetric and therefore OP and TP states are not mutually exclusive as in say the 

his(styry 1 )benzene molecules) (Figure 4.5). 

s2 

si 

Virtual State 

Detuning 
Energy 

so 

Figure 4.5: Energy level diagram showing the detuning energy as the energy difference between the OP 

excited state and the virtual TP excitation state. 

Although this is beneficial in terms of obtaining a high 5 through a resonance 

effect, - i.e. the intermediate state in TPA is close to a real state in OP A, it means that the 

one and two-photon absorptions overlap near their maxima. It is important that the OP A 

and TPA absorptions in a molecule do not overlap at or near their maxima. Since one-

photon absorption is intrinsically a stronger process, it will, except at very high light 

intensity dominate the absorption properties at the tvvo-phoion maximum and the 

advantages of TPA will be lost. Therefore it is necessary to for the absorption maxima 

for one and two-photon absorption to be different. This energy difference or offset 

between the intermediate state in TPA and the real OP excited state is known as the 
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detuning energy. It is therefore desirable to optimize this detuning energy so as to 

maximize 5, but to minimize the overlap between OP and TP absorption 

Both Rhodamine B and Crystal Violet have D-substituted n systems and it may be 

possible, by combining certain of the structural features of both dyes, to contain the 

favourable spectroscopic properties of each into one cyanine-iike molecule, also taking 

into account the resonance enhancement effects and the detuning energy, with the hope of 

obtaining a water-soluble, high 6, high Oti TP A chromophore. suitable for biological 

imaging. 



4.2. RESULTS AND DISCUSSION 

Detailed procedures and characterization data is given in the experimental section. 

4.2.1. Synthesis of 3,6-bis(dimethylainino)-10,10-dimcthvl-9(10/f)-anthracenonc 

3.6-Bis(dimeihylamino)-10.10-dimethyl-9( 10//)-anthracenone (4.1) (Scheme 4.1) 

was prepared according to literature procedure.^ Acid catalyzed e.sterlication of the 

commercially available A^A-dimethylaminobenzoic acid resulted in the formation of 

methyl m-N..A-dimethylaminobenzoate (4.2) in a 67% yield. Methyl rn-N. N-

dimeth\' 1 aminobenzoate (4.2) was reacted with methyl magnesium iodide by Grignard 

reaction to give 2-(/«-A'A-dimethylamino)phenyl isopropanol (4.3). The product was 

purified by column chromatography, identified by 'H NMR spectroscopy and a yield of 

82% was obtained. Dehydration of the alcohol (4.3) using potassium bisulfate as the 

dehydrating agent and solid the catechol as solvent'' gave /H-isopropenyl-A'.N-

dimethylaniline (4.4) in a 64% yield. It was found that the amount of catechol directly 

influenced the yield of the reaction, whereby the amount of side product increased with 

increasing solvent. A Friedal-Crafts reaction of m-isopropemyl A^A^dimethylaniline 

(4.4) vvitli 4-.V. .\-dimethylaminobenzylalcohol (4.5) in the presence of Lewis acid boron 

trichloride gave A - J4-[4-(dimethylamino)benzy 1] -3 - vinylphenyl }-N, A-dimethylamine 

(4.6). 4-A',A-dimelhylaminobenzalcohol (4.5) was made by the reduction of 

commercially available 4-;V,.V-dimethylaminobenzaldeh\de with sodium borohydride in 

methanol to give an 84% yield. The sodium borohydride must be added slowly to the 

reaction at 0 °C due to its e.xothermic nature and warmed to ambient temperature once the 

sodium borohydride is added. Without further purification A-{4-[4-
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(diniethykimino)benzyl]-3-vinylphcnyl}-N.A-dimethylamine (4.6) was cyclized to the 

bridged base, 2.7-bisdimethylamino-9.9-dimcthyl-9,l()-dihydroanthracene (4.7) using 

concentrated sulfuric acid at 0 °C for 24 hours. Oxidation of purified 2.7-

bisdimethylamino-9.9-dimethyl-9J0-dihydroanthracene (4.7) with lead dioxide and nitric 

acid (70%) followed by filtration gave the alcohol derivative, 3,6-bis(dimethylamino)-

10.10-diinethyl-9.10-dihydro-9-anthracenol (4.8) in a 76% yield. The synthesis of 3,6-

bis(dimethylamino)-10.1 ()-dimethyl-9( 10//)-anthracenone (4.1) was carried out by 

oxidation of 3.6-bis(dimethylamino)-10.10-dimethyl-9.10-dihydro-9-anthracenol (4.8) 

with benzophenone and potassium-/-butoxide. Purification of the product was achieved 

by both column chromatography and recrystalization. The product was identified by 'H 

NMR spectroscopy and a yield of 47% was obtained. 
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Scheme 4.1: Synthesis of 3,6-bis(dimethylamino)-10,10-dimethyl-9(10//)-anthracenone (41). 

4.2.2. Synthesis of 3,6-bis(dimethylaiiiino)-9-(2-methylphenyl)-9,10-dihydro-9-

anthracene perchlorate salt 

With 3,6-bis(dimeth\lamino)-10.10-dimethyl-9( 1 ()//)-anthracenone (4.1) in hand, 

various cyaiiine dye derivatives were synthesized using this as the backbone. 3.6-

bis(diniethyhimino)-9-(2-methylphenyl)-9.10-dihydro-9-anthracenol (4.9) (Scheme 4.2), 

was synthesized by a lithium-halogen exchange of commercially available 2-

bromotoluene. followed by attack at the carbonyl carbon in anhydrous tetrahydrofuran. 

3,6-bis(dimethylamino)-9-(2-methylphenyl)-9,10-dihydro-9-anthracenol (4.9) was 
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purified by column chromatography on alumina and then treated with an excess of 

sodium perchloraie to isolate it as the perchlorate salt (4.10) in a 53% yield. 3.6-

bis(dimethylamino)-9-(2-methylphenyl)-9,l O-dihydro-9-anthracene perchlorate salt 

(4.10) is blue with a fluorescent red color and has been characterized by ' {1 NMR and "C 

NMR spectroscopy and mass spectroscopy. 

NaCIO, 

Scheme 4.2: Synthesis of 3,6-bis(dimethylamino)-9-(2-methylphenyl)-9,10-dihydro-9-anthracene 

perchlorate salt (4.10). 

4,2.3. Synthesis of 10-I4-(diinethylaiiiiiio)-2-iiiiethylphenyIJ-A',A',A'''/^',9,9-

hexaniethyl-2,9-dihydro-2,7-anthracenediamine dye molecule 

4-Bromo-A'A',3-trimethylaniline (4.11) (Scheme 4.3) was synthesized by the 

methylation of commercially available 3-methyl-4-bromoaniiine and potassium carbonate 

in DMF in the presence of excess methy l iodide. The product was identified by'l l NMR 

spectroscopy and a yield of 98% was obtained. The synthesis of 1 ()-[4-(dimethylamino)-

2-methyIpheny 1J-A', AgVjV,9,9 -hexamethyl-2,9-dihydro-2,7-anthracenediamine dye 

molecule (4.13) was successfully carried out using 3,6-bis(dimethylamino)-l 0,10-

dimethyl-9( 10//)-anthracenone (4,1) and 4-bromo-A",A'-3-trimethylaniline (4.11) to yield 
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the alcohol precursor, 3,6-bis(dimethylaiiiino)-9[4-(dimethylamino)-2-methylphenyl]-

10,10-dimethyl-9,10-dihydro-9-antliracenol (4.12). This was purified by flash 

chromatography and isolated as the perchlorate salt (4.13) in a 52% yield. The dye (4.13) 

has a very faint red fluorescence, is blue in color and has been characterized by 'H NMR 

and '"'C NMR spectroscopy and mass spectroscopy. 

NH, 

Br 

Mel 
kzcoa^ 
DMF 

Br 
4.11 

THF 
f-BuLI 

NaCIO 

4.12 ' • 4.13 

Scheme 4.3: Synthesis of ]0-[4-(dimethylamino)-2-methylphenyl]-/V,yV,A','A',9,9 -hexamethyl-2,9-dihydro-

2,7-anthracenediamine perchlorate salt (4.13). 

4.2.4. Synthesis of 3,6-bi.s(dimethylamino)-9-|4-(diincthyIainino)-2,6-

dimethylphenyI}-10,10-diinethyl-9,10-dihydro-9-anthracenol 

4-Bromo-A'.V.3.5-tetramethylaniline (4.16.) (Scheme 4.4) was prepared according 

to literature procedure as follows.' Commercially available 3,5-dimethylaniline was 

refluxed with methyl iodide and potassium carbonate in DMF to give A.A-3.5-

tetramethylaniline (4.14) in a 67% yield. Next the synthesis of 2,4,4,6-tetrabromo-2,5-
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cyclohexadien-1 -one (4.15) was carried out using commercially available 2.4.6-

tribromophenol in the presence of acetic acid and sodium acetate trihydrate 

(CHiCOONa) with bromine as the oxidant' to give the desired product (4.15) in an 84% 

yield. N. A'-.l,5-tetnimethylaniline (4.14) was reacted with 2.4.4.6-tetrabromo-2.5-

cyclohexadien-1 -one (4.15) via an Sn2 reaction to give 4-bromo-A'. A'.3.5-

tetramethylaniline (4.16) in a 65% yield. 3,6-Bis(dimethylamino)-10,10-dimethyl-

9( 1 ()//)-anthracenone (4.1) was coupled to 4-bromo.M A'J.5-tetamethyIani 1 ine ( 4.16) in 

anhydrous tetrahydrofuran, using /-butyl lithium as base as to give 3.6-

bis(dimethy!amino)-9-[4-(dimethylamino)-2.6-dimethylphenylj-l 0,10-dimethyl-9,10-

dihydro-9-anthraceno 1 (4.17). The dye molecule was isolated as the perchlorate salt 

(4.18) in 51 % yield. The dye molecule (4.18) has a very deep blue color, however is not 

fluorescent. It was characterized by 'H NMR and NMR spectroscopy and mass 

spectroscopy. 
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Scheme 4.4: Synthesis of 3,6-bis(diiTiethy!amino)-9-[4-(dimethylamino)-2,6-dimethylphenyl}-10,10-

dimethyl-9, lO-dihydro-9-anthracenol (4.18). 

4.2.5. Synthesis of 7V,iV,iV'^',5,5,9,9-octamethyI-9,13b-dihydrflS 7/-naphtho-|3,2,l-

de]-anthracen-3,7-diamine 

The synthesis of 1 -bromo-2-isopropenylbenzene (4.20) was carried out according 

Q 
to literature procedure (Schcme 4.5). Commercially available 2-bromoacetophenone 

was reacted with excess methyl iodide and magnesium via a Grignard reaction to form 

the alcohol (4.19) in a 93% yield , which was then dehydrated to the alkene with 

potassium bi sulfate and catechol. The desired product, l-bromo-2-isopropenylbcnzene 

(4.20) was isolated in a 55% yield. l-Bromo-3-isopropenylbenzene (4.20) was coupled 

with 3,6-bis(dimethylamino)-10.10-diniethyl-9( 10//)-anthracenone (4.1) with the 

intention of forming the target five membered ring system A'. A". A' '.A''. .5.5.9.9-octamethyl-



9,13b-dihydro-5if-naplitho-[3,2,l-de]-anthracen-3,7-diamine (4,24). This rigid molecule 

with a planar D-tt-D type moiety is predicted to be a good two-photon absorbing dye 

molecule based upon this geometry and electronics, l-bromo-3-isopropenylbenzene 

(4.20) was reacted with 3,6-bis(dimethylainino)-10,10-dimethyl-9(10/f)-anthracenone 

(4.1) in the presence of r-butyl lithium and anhydrous tetrahydrofuran to form 9-(2-

isopropenylphenyl)-3.6.10,10-tetramethyl-4a,9,9a, 10-tetrahydr€9- anthracenol (4.21) 

which was isolated as the perchlorate salt (4.22) in a 71% yield. The cation was reduced 

using sodium borohydride and ethanol and 10-(2-isopropenylphenyl)-2,7,9,9-tetramethyl-

4a,9,9a,10-tetrahydroanthracene (4.23), was isolated in an 80% yield. Finally the 

formation of the ring-closed product (4.24) was attempted. Several acids were 

experimented with, including hydrogen fluoride in pyridine, tetrafluoroboronic acid, 

tritluoroacetic acid and /^-toluene sulfonic acid. The ' H NMR of the product was 

inconclusive and although the MS results confirmed the presence of the desired product, 

it has the same molecular weight as that of its precursor. Therefore conclusive proof that 

the final ring closed product was actually isolated is still required. 
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Scheme 4.5: Synthesis of A',7V,/V',A'',5,5,P,9-octamethyl-9,13b-dihydro-5//-naphtho-[3,2,l-de]-anthracen-

3.7-diamine (4.24). 

4.2.6. Synthesis of 2-(3,6-bis(dimethylainino)-10,10-dimethvi-9(10//)-

anthraccnylidenej malononitrile 

The next target molecule was 2-[3.6-bis(dimethylamino)-10.10-dimethyl-9( 10//)-

anthracenylidenejmalononitrile (4.28) (Scheme 4.6). This planar D-A-D compound was 

targeted for the possibility of it having a good two-pholon cross section and high 

fluorescence quantium yield. Before the synthesis of this molecule was attempted using 

3.6-bis(ttnethyUimino) -10.10-dimethyl-9( 10//)-anthracenone (4.1) which was very 

difficult to make, the chemistry of a similar reaction was tested and the conditions were 
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optimized here. The synthesis of 2-{bis[4-

(dimelhyhimino)phen\i]methviene\ malononitrile (4.26) was carried out according to 

literature procedure.'' Commercially available 4,4'-bis-(dimethylamino)benzophenone 

was reacted with trifluoromethane sulfonic anhydride in the presence of methylene 

chloride and pyridine to yield green crystals of the pyridinium salt (4.25) in 92% yield. 

The salt was then stirred in a mixture of acetonitrile with pyridine and malononitrile to 

yield a deep red product. The product. 2-{bis[4-

(dimethylamino)phenyl]methylene}malonomtrile (4.26). was purified by column 

chromatography on silica and isolated in a o^yo yield. 

1. (cf3s02)0 
ch2ci2 

i 
2. Pyridine 

cf3so2 + 

cf3so2 

CH2(CN)2 

Pyridine 

4.26 

Scheme 4.6: Synthesis of 2-{bis[4-(dimethylamino)phenyl]methylene}malononitrile (426). 

Using the knowledge and hindsight gained from the synthesis of 2-{bis[4-

(dimethylamino)phenyljmethylene! malononitrile (4.26), the synthesis of 2-13.6-

bis(dimethylamino)-10,10-dimethyl-9( 10//)-anthracenylidene|malononitrile (4.28) 

(Scheme 4.7) was attempted. 3.6-Bis(dimethyiamino)-10,10-dimethyl-9( 1 ()//)-
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anlhracenone (4.1) was reacted with trifluoromethane sulfonic anhydride in the presence 

of methylene chloride and pyridine. A blue-green sticky product was recovered. 

Purification by slow precipitation in acetone from ether, washing with tetrahydrofuran 

and finally recrystalizing from tetrahydrofuran resulted in the isolation of metallic green 

crystals of the pyridiniurn salt (4.27) in a 66% yield. The salt (4.27) was reacted with 

inalononitrile and pyridine in aceionitrile overnight, at ambient temperature to yield 2-

[3,6-bis(dimethylamino)-10,10-di methyl-9( 1 Oi^)-anthracenylidene]malononitrile (4.28), a 

deep red product. Purification by column chromatography using hexanes/ethyl acetate/ 

methylene chloride (7:1.5:1.5) followed by slow recrystalization from tetrahydrofuran 

yielded the desired product in a 57% yield. 

1. (cfssozlo 
CHoCU 

2. Pyridine 

ch2(cn) 2 

Pyridine 

NC^ .,,CN 

Scheme 4.7: Synthesis of 2-[3,6-bis(dimethylamino)-10,10-dimethyl-9(10//)-

anthracenylidenejmalononitrile (4.28). 

Based on 3,6-bis(dimethylamino)-10.10-dimethyl-9( 1 Of/)-anthracenone (4.1) 

backbone, another series of compounds were envisioned, with the potential of being good 
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TPA dyes molecules with good two-photon cross section and a high fluorescence 

quantium yield. These molecules would be planar and have a D-D-D type system. As 

with the synthesis of 2-[3.6-bis(dimethylamino)-l 0,10-diniethyl-9( 1 ()//)-

anthracenylidene]malononitrile (4.28) the reactions were first tested on a commercially 

available compounds to avoid the unnecessary use of 3.6-bis(dimethylamino)-l0.10-

dimethyl-9(10//)-anthracenone (4.1). The following synthesis were attempted using 

commercially available compounds, with a similar but simpler structure to that of 3.6-

bis(dimelhylamino)-10,10-dimethyl-9( 1 ()//)-anthracenone (4.1) however, in all instances 

etiher no reaction occurred or a very low yield was obtained. For this reason the 

analogous reactions were not attempted with the more complex structure of 3,6-

bis(dimethylamino)-10.10-dimethyl-9( 1 OH)-anthracenonc (4.1). 

4.2.7. Synthesis of 4-{2,2-bis|4-(diinethylamino)phenyl|vinyl}-A',A-dimethylaniline 

The first target molecule was 4-{2.2-bis[4-(dimethylamino)phenyllvinyli-A',A'-

dimethylanilinc (431). The synthesis of diethyl bis[4-

(dimethylamino)phenyljmethylphosphonate (4.30) was carried out using commercially 

available 4,4-bis(dimethylamino)benzhydrozol. The starting material was reacted with 

hydrochloric acid under reflux overnight to form the benzhydride cation (4.29). This was 

then reacted with triethyl phosphite via a Homer-Emmons reaction to give the product 

diethyl bis|4-(dimethylamino)phenylJmethylphosphonate (4.30).'""""'" The reaction 

mixture was purified by flash chromatography on silica using hexancs/ethyl acetate (8:2) 

as the eluting solvent, and the product was confirmed by ' H NMR. Diethyl bis[4-
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(dimcthylamino)phenyl]methylphosphoiiate (4.30) was then reacted with 

dimethylaminobenzaidehyde via a Horner-Emmons reaction using potassium-f-butoxidc 

in tetrahydrofuran to give the desired product in a very low yield. Purification by column 

chromatography on silica resulted in the isolation of bis[4-

(diniethylamino)phenyI]methylphosphonate (4.31) in a 10% (0.13 g) yield. The product 

was identified by'll NMR spectroscopy. 

OH 

^ HCI cr P(0Et)3 

I 4.29 I 

4.30 
K'BuG 
THF 4.31 

Scheme 4.8: Synthesis of 4-{2,2-bis[4-(dimethylamino)phenyl]vinyI}-A',A'-dimethylaniline (4.31). 

As a result of the poor yield obtained from the above Horner-Emmons reaction an 

alternate route to a very similar product (4.35) was investigated. Firstly the synthesis of 

4-(dielhylamino)benzylphosphonate (4.34) was carried out. Commercially available 

dimethylaminoben/yaldehyde was reduced to the alcohol (4.34) using sodium 

borohydride and subsequentially chlorinated by re fluxing in hydrochloric acid to give 

(4.33). This was then retluxed in triethyl phosphite at 120 °C overnight. The reaction 

was carried out on a 10.0 g scale of dimethylaminobenzyaldehyde and resulted in an 
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overall yield of 93% of diethyl 4-(diethylamino)benzylphosphonate (434). 

Bis( dimethylamino)henzophenone and diethyl 4-(diethylamino)benzylphosphonate (434) 

were reacted together via a Horner-Emmons reaction again using potassium-f-butoxide in 

tetrahydrofuran as the reducing reagent. The reaction was run under nitrogen at 0 °C for 

2 hours initially, however a ILC revealed no reaction had occurred. The reaction was 

monitored by TLC over 7 hours but failed to show the formation of product. 

Scheme 4.9: Synthesis of4-{2,2-bis[4-(climethylamino)phenyl]vinyl}-Af,,V-diethylaniline (4.35). 

The intention at this point would have been to use the procedure and knowledge 

gained from the synthesis of (435) in the synthesis of 10-[4-

(dimethyiamino)benzyiidene] ~N, N,N',N9,9-hexametliyI-9,10-dihydro-2,7-

anthracenediami ne and compare the structure-property features between unlocked system 

MeOH ^ P(0Et)3 

nabh4 

4.32 4.33 4.34 

THF 
K'OBu 

4.35 
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where rotation is possible aiid the locked system where there is no free rotation (Scheme 

4.10). However, since the synthesis of 4-{2.2-bis[4-(dimethylamino)phenyl]vinyl|'-A',.V-

dimethylaniline (4.35) was unsuccessful it was decided that a Horner-Emmons reaction 

between diethylaminobenzyaldehyde and an analogue of the ketone (4.1) would be a 

more sterically strained and less likely to work. Thus, this reaction (Scheme 4.10) was 

not attempted. 

Scheme 4.10; Proposed synthesis of 10-|4-(diethylamino)benzylidenel-A'.A',A '..V '.9.9-hexamethyl-9.10-

dihydro-2,7-anthracenediamine. 

Based upon the lack of success with the attempts at above Horner-Emmons 

reactions it was decided not to pursue this area of synthesis any further. 
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CONCLUSION 

A series of two-photon fluorescent cyanine-like derivatives were synthesized and 

characterized. Structural features that were believed to increase the two-photon cross 

section. 5. and the fluorescence quantum yield. On. were incorporated into the cyanine-

like molecule, whose backbone was a hybrid of Rhodamine B and Crystal Violet. The 

fluorescence of these molecules, to the naked eye varied from extremely fluorescent red 

to no observable fluorescence. 
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CHAPTER FIVE 

EXPERIMENTAL SECTION 

5.1 General Experimental. 

NMR spectra were recorded on a Varian 300 MHz spectrometer. Chemical shifts 

are reported in ppm (6) referenced to TMS (S 0.00 ppm) in 'H NMR and to the solvent 

resonance in '"C NMR. All chemicals were purchased from commercial suppliers and 

used as received unless otherwise specified. Flash chromatography using silica (Sorhent 

Technologies, silica gel 60 A, 200-400 mesh) was performed by the method of Still et al.' 

Thin layer chromatography (TLC) was performed on precoated TI.C plates (Merck 

precoated 0.25 mm silica gel 60 F254 plates). 

5.2 Experimental Section for Chapter Two 

Synthesis of l,4-bis(bromomethyI)-2,5-dimethoxy-benzene (2.1). To a solution 

of 1,4-dimethoxybenzene (15.0 g, 0.109 mmol) in glacial acetic acid (100 mL), a solution 

of paraformaldehyde (6.5 g, 0.218 mmol ) in hydrogen bromide/acetic acid 38% (52 mL) 

was added dropwise via an addition funnel. The reaction mixture was heated to 50 °C for 

30 minutes. The white resulting solid was cooled to ambient temperature and hydrolyzed 

in water (300 mL). The residue was isolated by filtration and suspended in chloroform 

(100 mL). The suspension was heated with stirring for 10 minutes, cooled to ambient 

temperature and the solvent was decanted off. The white powder was dried by vacuum 

filtration. The product (2.1) was obtained in a 62% (21.8 g) yield, 'll NMR (CDCI3 300 

MHz) (Jppm: 6.87 (s, 2H), 4.53 (s, 4H), 3.86 (s, 6H). '^C NMR (CDCI3, 125 MHz) S 



ppm: 151.6, 127.6, 114.1, 56.5, 28.8. HRMS (FAB): calculated for CioHizOa^Br^'Br 

(M\). 323.9184; found. 323.9178. 

Synthesis of l,4-bis(diethoxy-phosphor\lmethyl)-2,5-diniethoxy-benzene 

(2.2). l,4-bis(bromomethyl)-2,5-dimethoxy-beiizene (2.1) (10.0 g, 30.8 mmol) was 

heated with triethyl phosphite (17.1 ml„ 98.7 mmol) at 120 °C for 3 hours. The reaction 

mixture was removed from the heat and the excess triethyl phosphite was removed by 

distillation. The reaction mixture was dissolved in hot methylene chloride and precipated 

at 0 °C with hexanes. The solvent was decanted off and the solid compound was dried 

overnight in vacuo. 'H NMR indicated the presence of 1,4-bis(diethoxy-

phosphorylmethyl)-2,5-dimethoxy-benzene. The product was obtained in a 97% (15.0 g) 

yield, 'll NMR (CDCI3. 300 MHz) J ppm: 6.89 (s, 211). 4.00 (m, 8H), 3.77 (s, 6H). 3.18 

(d, J= 20.1 Hz. 4H). 1.19. (t, J = 7.2 Hz, 12H). "C NMR (CDCI3. 125 MHz) ^ppm: 

151.0. 119.3. 118.9. 114.0. 61.7. 56.1, 27.1. 25.9. 16.3. HRMS (FAB): calculated for 

CisHssOsPa (M^), 439.1651; found. 439.1648. 

Synthesis of £',E-l,4-bis(4-diethylamino-phenyl-vinyl)2,5-dimethoxy-benzene 

(23). To an ice-cold solution of 4-diethylaminobenzaldehyde (15.0 g, 60.4 mmol) and 

1,4-bis(diethoxy phosphorylmethyl)-2.5-dimethoxy-benzene (2.2) (10.5 g, 30.2 mmol) in 

dry tetrahydrofuran (1 M. 483 niL) was added KO'Bu (6.8 g. 60.47 mmol) in three 

portions. The reaction mixture was maintained at 0 °C under Ni for 3 hours and was 

bright orange in appearance. The reaction was quenched by the dropwise addition of ice-
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cold water (25 mL) and was concentrated to half the initial volume. The cmde mixture 

was partitioned between methylene chloride (100 mL) and saturated ammonium chloride 

(100 mL). The aqueous layer was extracted with methylene chloride (100 mL) three 

times. The combined organic layers were washed successively with icc-cold water (100 

mL) and saturated ammonium chloride {100 mL) twice. The solution was dried over 

anhydrous magnesium sulfate, filtered and concentrated. The compound was 

recrystalized from cooling a hot hexanes/benzene mixture gradually to 0 °C. A second 

recrystalization from a hot methylene chloride/acetone mixture, followed by filtration 

afforded the product, a yellow solid in a 55% (8.48 g) yield. 'H NMR (CDCI3,300 MHz) 

Jppm: 7.42 (d, J= 8.4 Hz, 4H), 7.26 (d, J= 17.0 Hz, 2H), 7.11 (s, 2H), 7.07 (d, J= 16.5 

Hz, 2H), 6.66 (d, /= 8.7 Hz, 4H), 3.91 (s, 6H), 3.38 (q, J= 6.9 Hz, 8H), 1.18 (t, 6.9 

Hz. 12H). ''C NMR (CDCI3, 125 MHz) Jppm: 151.6, 148.0, 129.2, 128.4, 126.6. 125.2, 

118.3. 112.1, 109.1. 56.6. 44.7, 13.1. HRMS (FAB): calculated for C32H41O2N2 (M'). 

485.3174; found. 485.3168. 

Synthesis of i:,£'-l,4-bis(4-(liethylaniino-phenyI-vinyl)2-hydroxy,5-niethoxy-

benzene (2.4). Ethanthiol (1.45 mL, 19.53 mmol) was added drop wise via syringe to a 

suspension of sodium hydride 95% (0.44 g, 17.55 mmol) in DMF (18 mL). Effervesence 

was observ ed on addition of the thiol. The mixture was stirred at ambient temperature for 

5 minutes. A solution of £,£-1,4-bis(4 diethylamino-phcnyl-vinyl)2.5-dimethoxy-

benzene (2.3) (1.00 g. 3.906 mmol) in DMF (18 mL) was added to the reaction mixture 

and the reaction was refluxed at 150 °C for 2 hours under nitrogen. The reaction was 



cooled to ambient temperature and acidified to pH 4 using HCl, 2 M. The reaction 

mixture was extracted using methylene chloride (100 mL) three times. The organic 

layers were combined, washed with saturated sodium chloride (100 mL) three times, 

dried over anhydrous anhydrous magnesium sulfate and concentrated. 'H NMR in 

CD2CI; indicated the presence of E. E- \ .4-bis(4 diethylamino-phenyl-vinyl)2-hydroxy,5-

methoxy-benzene (2.4). The product, a yellow solid, was obtained in a 57% (0.35 g) 

yield. 'H NMR (CD.Ch, 500 MHz) Jppm: 7.98 (s, 2H), 7.39 (dd, J = 15.0 Hz. J= 2.4 

Hz, 4H), 7.06 (m, 4H), 6.67, (dd, J= 12.0 Hz, J= 3.0 Hz, 4H), 3.91 (s, IH), 3.39 (q, J = 

6.9 Hz. 811). 2.92 (s, 311), 1.18 (t, J - 7.0 Hz, 12H). NMR (CD.Ch. 125 MHz) 5 

ppm: 151.6. 148.0. 147.7. 129.6. 129.4. 128.3. 127.3, 125.6. 125.4, 124.8. 118.1, 117.9. 

112.9. 112.1, 108.9. 56.8, 44.9, 12.9. HUMS (FAB); calculated for C31H39O2N2 (M^), 

471.3011: found. 471.3012. 

Synthesis of BOC-protected aminopropyl bis(styryl)benzene (2.5). 

Anhydrous DMF (30 mL) was added to a mixture of £',is-l,4-bis(4 diethylamino-phenyl-

viny 1 )2-hydroxy.5-methoxy benzene (2.4) (0.78 g, 1.65 mmol), (3-chloro-propyl)-

carbamic acid tert-hvAyl ester (0.64 g, 3.3 mmol) and potassium carbonate (0.46 g. 3.3 

mmol) and refluxed overnight at 80 °C under nitrogen in the dark. The reaction was 

cooled to ambient temperature and poured into ice-cold water (50 mL). The product was 

extracted with methylene chloride (50 mL) three times, dried over anhydrous magnesium 

sulfate, filtered and concentrated. The residue was purified by flash chromatography on 

silica gel using methylene chloride/hexanes (9:1) as the eluting solvent. ^H NMR in 



83 

CD2CI2 indicated the presence of BOC-protected aminopropyl bis(styryl)benzene (2.5). 

A yield of 72% (0.73 g) was obtained. NMR (CD2CI2, 500 MHz) dppm: 7.42 (t, ./ = 

8.5 Hz, 4H), 7.26 (d, J - 16.5 Hz, IH), 7.23 (d, 16.5 Hz, IH), 7.14 (d, J= 3.5 Hz, 

2H), 7.07 (d, 16.5 Hz, IH), 7.03 (d, J= 16.5 Hz, IH). 6.69 (dd, J - 8.5 Hz, J = 3.5 

Hz, 4H), 4.89 (br, s, IH) 4.12 (t, J= 6.0 Hz, 2H), 3.93 (s, IH). 3.40 (m, lOH). 2.07 (p, J = 

6.0 Hz, 2H). 1.44 (s, 9H), 1.20 (t, J = 7.0 Hz, 12H). '"C NMR (CD2CI2, 125 MHz) 

ppm: 156.4, 151.8, 148.0, 128.2, 127.2, 126.9, 125.6. 118.2. 112.1. 112.0. 110.4. 108.6. 

79.3. 67.9, 56.7, 44.9. 38.7, 30.5. 28.6. 13.0. HRMS (FAB): calculated for C39H55O3N3 

(M^), 628.4114; found. 628.4115. 

Synthesis of £',£'-l,4-bis(4-diethylamino-phenyl-vinyl)-2-(2-aminoethoxy)-5-

mcthoxy-benzene (2.6). A solution of BOC-arninopropy 1 bis(styryl)benzene (2.5) (0.40 

g, 0.64 mmol) in methylene cMoride/trifluoroacetic acid (TFA) (1:1) (4 mL) was reiluxed 

for 1 hour. The reaction was cooled to ambient temperature and concentrated. Water (10 

ml.) was added to residue and saturated sodium hydroxide was added dropwise to adjust 

to a pH of 9. The product was extracted with methylene chloride (20 mL) three times, 

dried over anhydrous magnesium sulfate and filtered. The product was removed under 

reduced pressure to give the orange product. ' H NMR (CD2CI2, 500 MHz) S ppm: 7.41 

(d, J= 8.5 Hz, 4H), 7.25 (d,./- 16.5 Hz, IH), 7.23 (d, ./= 16.5 Hz. IH), 7.13 (d, J= 14.0 

Hz, 2H), 7.06 (d. J = 16.5 Hz, IH). 7.03 (d../ = 16.5 Hz, IH). 6.89 (d, J = 8.5 Hz, 411). 

6.68 (d, J = 16.5 Hz, 2H), 4.15 (t, J = 6.0 Hz, 2H), 3.93 (s, 3H), 3.40 (q, J= 6.5 Hz, 8H), 

2.97 (m, 2H), 2.03 (p. J= 6.0 Hz. 2H), 1.19 (t, ./= 6.5 Hz, 12H). 'T NMR (CD2CI2, 125 
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MHz) ^ppm: 156.7, 151.1, 147.9, 129.1, 127.2, 126.9, 125.6, 118.4, 118.3, 112.2, 110.3, 

108.7, 67.9, 56.8. 44.9. 40.0. 34.1. 28.6, 13.0. LRMS (ESI) m/z: 513. 

Synthesis of l,4-bis(2-hydroxy-4-diethylamino-phenyl-vinyl)benzene (2.7). 

To a solution of 4-(diethylamino)salicylaldehyde (2.00 g, 10.0 mmol) and 1.4-

bis(dielhoxy-phosphorylmethyl)-2.5-dimethoxy-benzene (2.2) (1.89 g, 5.00 mmol) in dry 

telrahydrofuran (200 niL) was added 95% sodium hydride (1.01 g, 40.0 mmol) under 

argon. The mixture was heated to reflux and stirred overnight. The resulting orange 

mixture was cooled to 0 °C and saturated sodium chloride (2.00 mL) was added 

dropwise. The reaction mixture was concentrated in vacuo and purified by flash 

chromatography on silica gel using hexanes/ethyl acetate (7:3) as the eluting solvent and 

gradually increasing the polarity up to hexanes/ethyl acetate/methanol (6:3:1). The 

product (2.7) was obtained in a 53% (1.23 g) yield. 'H NMR (DMSO-d,,. 500 MHz) S 

ppm: 9.36 (s, IH), 7.38 (s, 2H), 7.33 (d. J= 9.0 Hz, IH), 7.25 (d,./ - 16.5 Hz, IH), 6.87 

(d.J= 16.5 Hz, IH), 6.19 (m, 0.5H), 6.16 (m, 1.5H), 3.29 (q, J= 7.0 Hz, 4H), 1.09 (t, J = 

7.0 Hz, 6H). NMR (DMSO-d,,, 125 MHz) Sppm: 156.2. 148.1, 136.6. 127.4. 125.8. 

123.2. 122.1, 111.7. 103.8. 98.2. 43.8, 12.7. HRMS (FAB): calculated for C30H37O2N2 

(M'). 457.2856: found, 457.2856. 

Synthesis of 1,4-bis(styryl)benzene propyl sulfate salt (2.8). l,4-bis(2 

hydroxy-4-diethylamino-phenyl-vinyl)benzene (2.7) (0.2 g. 0.44 mmol) was added to a 

mixture of 95% sodium hydride (0.032 g. 1.32 mmol) in dry tetraliydrofuran (4 mL) and 
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was healed to reflux under argon. [1, 2]oxatMolane-2,2-dioxane (0.16 g, 1.32 mmol) was 

added to the orange mixture and retluxed for 1 hour. Additional [1, 2|oxathiolane-2,2-

dioxane (0.056 g, 0.44 mmol) in dry tetrahydrofuran (4 mL) was added and the reaction 

was refluxed for a further 45 minutes. Completion of the reaction was inferred by reverse 

phase TI.C. The reaction mixture was allowed to cool to ambient temperature. The 

solvent was removed and water (5 mL) was added to the resulting orange residue. ' The 

pH was adjusted to 8.5 by the dropwise addition of dilute sodium hydroxide. The 

mixture was stirred for 15 minutes and the solvent was evaporated. Purification by 

recrystallization from a hot water/methanol mixture afforded the desired product in a 

89% (0.26 g) yield. 'H NMR (DMSO-dg, 500 MHz) Sppm: 7.39 (m. 3H). 7.24 (d. J -

16.5 Hz, IH). 6.94 (d, J= 16.5 Hz, IH), 6.26 (d,J= 7.5 Hz. IH), 6.20 (m, IH), 4.12 (t, J 

= 6.5 Hz, 2H), 3.34 (q, ./= 6.5 Hz, 4H), 2.63 (m, 2H), 2.09 (p../ = 6.5 Hz, 2H). 1.10 (t, J 

= 6.5 Hz, 6H). NMR (DMSO-d^,, 125 MHz) ^ppm: 158.2, 149.0. 137.3. 128.5, 

126.6. 123.7, 113.8. 104.9. 96.5. 67.6, 48.7, 44.5, 26.1. 13.3. HRMS (FAB): calculated 

for C36H4808N2S2Na (M-Na^+H'+H^)', 723.2755; found, 723.2750. 

Synthesis of l,4-bis(styryl)benzene sulfonate salt (2.9). Chlorosulfonic acid (88 

)iL, 1.32 mmol) was added dropwise to pyridine (4 mL) at -23 °C under argon. A 

solution of l,4-bis(2 hydroxy-4-diethylamino-phenyl-viny!)benzene (2.7.) (0.20g, 0.44 

mmol) was added in one portion. The reaction was allowed to warm to ambient 

temperature and was stirred overnight. The solvent was removed in vacuo and water was 

added. The pH was adjusted to 9 by the dropwise addition of dilute sodium hydroxide. 



The mixture was stirred for 15 minutes and the soivent was evaporated. Purification by 

recrystallization from a hot water/mcthanol afforded the desired product in a 38% (0.11 

g) yield. 'H NMR (DMSO-de, 500 MHz) ^ppm: 7.48 (d. J = 8.5 Hz, IH) 7.39 (s, 2H), 

7.33 (d, ./= 16.5 Hz, IH), 6.73 (d, J= 2.5 Hz, IH), 6.43 (dd, /= 8.5 Hz, J= 2.5 Hz, IH) 

3.31 (q. ./ = 7.0 Hz, 4H), 1.10 (t, ./ = 7.0 Hz, 6H). NMR (DMS()-d„, 125 MHz) J 

ppm; 152.2, 147.6, 136.6, 126.0, 123.5, 122.7, 116.7, 107.6, 104.9, 13.9, 12.6. HRMS 

(FAB): calculated for C30H37O8N2S2 (M^), 617.1991: found. 617.1970. 



5.3 Experimental Section for Chapter Three 

Synthesis of 2, 5-bis(broniomethyl)terephthah)nitrile (3.1). A suspension of 1, 

4-dicyano-2.5-dimethylbenzene (1.1 g, 0.007 mo I) and A'-bromosuccinimide (3.77 g, 

0.02 mol) in methylene chloride (70 mL) was irradiated with a 200 watt halogen lamp. 

The reaction was allowed to reflux for 4.5 hours from the heat of the lamp, at which time 

dissolution occurred. The reaction was cooled to ambient temperature, filtered through a 

silica plug and washed through with methylene chloride. The solution was concentrated 

and purified by column chromatography on silica gel using hexanes as the eluent. The 

desired product was attained in a 51% (1.1 g) yield. 'H NMR (CDCI3,300 MHz) S ppm; 

7.86 (s, 2H). 4.61 (s, 4H). HRMS (EI): calculated for CioHgNi^WBr (Nf ). 311.8878: 

found, 311.8893. 

Synthesis of 2,5-dieyano-4-|(diethoxyphosphoryl)niethyl]benzylphosohonate 

(3.2). 2,5-Bis(bromomethyl)terephthalonitrile (3.1) (3.45 g. 0.011 mol) was refluxed 

overnight in triethyl phosphite (30 mL). Excess triethyl phosphite was removed by 

vacuum distillation. The resulting compound was washed with hexanes for several hours 

and then stored overnight at 0 °C. The supernatant was filtered from the resulting white 

powder, which were then washed with hexanes (20 mL) three times and dried in vacuo to 

yield 91% (4.22 g) of (3.2). 'H NMR (CDCI3, 300 MHz) 6 ppm: 7.80 (s, 2H). 4.12 (q. J 

= 7.5 Hz, 2H). 3.38 (d, J =21.3 Hz, 2H). 1.29 (t, J = 6.9 Hz, 3H). HRMS (FAB): 

calculated for CigHzTNiOgPi (M ), 429.1344: found. 429.1356. 



88 

Synthesis of dibutyl-phenyl-ainine (3.3). Potassium carbonate (18.5 g. 0.134 

mol) was slowly added to a solution of aniline (5.0 g. 0.054 mol) and bromobutane (18.4 

g, 0.134 mol) in DMF (350 mL) and re fluxed overnight at 110 °C. Upon cooling to 

ambient temperature the reaction was quenched with water (500 mL), extracted with 

ether (100 mL) three times and dried over anhydrous magnesium sulfate. Purification by 

column chromatography using hexanes as the eluent resulted in the isolation of the 

desired pure product in a 50% (11.0 g) yield. 'H NMR (CDCI3, 300 MHz) Sppm: 7.26 (t. 

J - 7.8 Hz, 211). 6.68 (m, J= 9.0 Hz. 3H), 3.31 (t, J- 7.8 Hz, 411). 1.62 (m. ./= 7.2 Hz, 

4H), 1.41 (m../ = 7.8 Hz, 4H), 1.01 (t, J= 7.5 Hz, 6H). '^C NMR (CDCI3, 125 MHz) S 

ppm: 148.5, 129.5. 115.4. 112.0, 51.1. 29.8, 20.8, 14.4. HRMS (FAB): calculated for 

C,.,H24N (M*). 206.1909: found, 206.1910. 

Synthesis of 4-dibutyiamino-benzaldt>hydc (3.4). To a solution of di butyl-

phenyl-amine (3.3) (1.67 g. 8.15 mmol) in anhydrous DMF (25 mL) under N2 at 0 °C, 

phosphorous oxychloride (1.37 g, 8.96 mmol) was added dropvvise via syringe. A clear 

to green color change was observed. On completion of the phosphorous oxychloride 

addition the reaction was refluxed for 3 hours at 110 °C. Upon cooling to ambient 

temperature the reaction was quenched with water (200 mL), neutralized with saturated 

sodium hydroxide, extracted with ether (70 ml.) three times and dried over anhydrous 

magnesium sulfate. Purification by column chromatography using hexanes/ethyl acetate 

(9:1) followed by hexanes/ethyl acetate (6:4) resulted in the isolation of the desired pure 

product in a 98% (6.4 g) yield. 'H NMR (CDCI3,300 MHz) Jppm: 9.67 (s, 111). 7.67 (d. 
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./= 9.0 Hz, 2H), 6.62 (d, J= 8.7 Hz, 2H), 3.32 (t, 7.5 Hz, 4H), 1.57 (m, ./= 8.4 Hz, 

411), 1.35 (m. J - 7.8 Hz, 4H), 0.95 (t, J= 7.5 Hz, 6H). ' 'C NMR (CDCI3, 125 MHz) 5 

ppm: 190.1, 152.8, 132.4, 124.7, 110.9, 51.0. 29.5. 20.5. 14.2. HRMS (FAB): calculated 

for C15H24NO (M*), 234.1858; found, 234.1855. 

Synthesis of {2,5-dicyano-4- 12-(4-dibut\iamino-phenyl)-vinylJ -benzyl}-

phosphonic acid diethyl ester (3.5a). To a solution of 2,5-dicyano-4-

[(diethoxyphosphor\'l)methyl]benzylphosohonate (3.2) (1.18 g, 2.7 mmol) in anhydrous 

tetrahydrofuran (30 niL) at 0 °C under N2, was added potassium-/-butoxide {2.0 mL, 2.0 

mmol) dropwisc via syringe and the mixture was stirred for 20 minutes. A solution of 4-

dibulylamino-benzaldehyde (3.4) (0.4 g. 2.0 mmol) in anhydrous tetrahydrofuran (10 

mL) was added in portions via syringe. The reaction was monitored by TLC and 

additional aldehyde solution was added if needed based upon the TLC results. The 

reaction was quenched by the addition of water (30 mL) and tetrahydrofuran was 

removed in vacuo. The product was extracted with methylene chloride (60 mL) three 

times and dried over anhydrous magnesium sulfate. Purification by column 

chromatography using hexanes/ethyl acetate (9:1) and increasing the polarity up to 

hexanes/ethyl acetate (1:1) resulted in the isolation of the desired product in a 87% (0.42 

g) yield. 'H NMR (CDCI3, 300 MHz) ^Jppm: 7.99 (s, HI), 7.70 (d, J= 3.0 Hz, IH), 7.44 

(d, J= 8.7 Hz, 2H), 7.16 (q, J = 16.0 Hz, 2H), 6.63 (d. J = 8.7 Hz, 2H), 4.14 (m. J - 8.1 

Hz, 2H), 3.39 (d, J = 27.0 Hz, 2H), 3.32 (m, 6H), 1.59 (m, 4H). 1.32 (m, J - 7.5 Hz, 

14H), 0.97 (t, ./ = 7.2 Hz, 6H). NMR (CDCI3, 125 MHz) Sppm: 149.4, 141.3, 141.2, 
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136.2. 136.1, 135.2, 135.1, 132.3, 132.2, 129.4, 128.94, 128.91, 122.4, 117.6, 117.5, 

116.9, 116.82, 116.81, 115.9, 113.88, 113.38, 111.7, 63.0, 62.9, 51.3, 32.2, 31.2, 29.88, 

29.86, 29.83, 29.7. 29.5, 27.5. 27.4. 22.9. 16.6. 16.5, 14.4. Coupling constants were not 

included. HRMS (FAB): calculated for C29H39O3N3P (M ), 508.2729; found, 508.2721. 

Anal. Calcd. C29H38O3N3P: C, 68.62; H, 7.55; N, 8.28. (Found; C. 68.64; H, 7.45; N, 

8.28). 

Synthesis of of 4-piperazin-l-yl-benzaIdehyde (3.6). 4-Fluorobenzaldehyde 

(10.0 g, 0.081 mol) was added in solution in DMF (20 ml.) to a mixture of piperazine 

(20.82 g, 0.24 mol) and potassium carbonate (11.34 g, 0.081 mol) in DMF (30 mL). The 

reaction was stirred at 100 °C overnight. The reaction mixture was poured into water 

(500 mL) causing the product to precipitate and it was filtered and washed with water. 

After drying in vacuo overnight a yield of 93% (14.Og) was obtained. 'H NMR (CDCI3, 

300 MHz) Jppm: 7.80 (s, 2FI), 4.13 (m, J= 6.9 Hz. 8H), 3.38 (d../=21 Hz, 4H). 1.29 (t, 

J =7.2 Hz, 411). 

Synthesis of 4-(4-formyl-phenyl)-piperazinel- carboxylic acid lerl'-biitly ester 

(3.7). To a solution of 4-piperazin-l-yl-benzaldehyde (3.6) (4.0 g. 0.02 mol) and BOC 

(4.59 g, 0.02 mol) in methylene chloride (50 mL), triethylamine (2.78 mL, 0.02 mol) was 

added dropwise via syringe. The reaction was stirred for 3 hours at 0 °C. The reaction 

was washed with water three times to remove triethylamine and dried over anhydrous 

sodium sulfate. Purification by column chromatography on silica using hexanes,'ethyl 
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acetate (7:3) and then increasing the polarity to hexaiies/ethyl acetate (1:1) resulted in the 

isolation of the desired pure product in a 66% (4.4 g) yield. ' I I NMR (CDCI3, 300 MHz) 

()ppni: 9.79 (s, IH), 7.77 (d. J - 8.7 Hz, 211), 6.91 (d, ./= 8.7 Hz. 2H). 3.59 (m, ./=• 5.1 

Hz, 4H). 3.38 (t, 4.2 Hz, 411). 1.48 (d, J= 6.9 Hz. 9H). '^C NMR (CDCI3, 125 MHz) 

<) ppm: 190.7. 155.0. 154.9. 154.8. 132.1, 127.7. 114.0. 113.5, 80.4, 80.2, 47. 28.6. 

HRMS (FAB): calculated for C16H23O3N2 (M"), 291.1709: Ibund. 291.1715. 

Synthesis of 4-[4-(2-{2,5-dicy ano-4- [2-(4-dibutylaiiaino-phenyl)-vinyl] -

phenyl}-vinyl)-phenyll-piperazind- carboxylic acid tert-hu\y\ ester (3.8). To a 

mixture of {2,5-dicyano-4-[2-(4-dibutylamino-phenyl)-vinyl]-benzyl}-phosphonic acid 

diethyl ester (3.5a) (0.33 g, 0.65 mmol) and 4-(4-formyl-phenyl)-pipcrazine-l-carboxylic 

acid tert-hutly ester (3.7) (0.19 g, 0.65 mmol) in anhydrous tertahydrofuran (30 mL) at 0 

°C under N?, potassium-/-butoxide (0.65 mL, 0.65 mmol) was added dropwise via 

syringe and stirred for 2 hours at 0 °C. The reaction mixture was quenched with water 

(40 mL). extracted with methylene chloride (30 mL) three times and dried over 

anhydrous magnesium sulfate. Purification by column chromatography on silica using 

hexanes/ethyl acetate (9:1) as the eluting solvent afforded the product (3.8) in a 96% 

(0.40 g) yield. 'H NMR (CDCI3,300 MHz) rVppm: 7.91 (d, J= 5.4 Hz. 2H), 7.45 (q, J = 

5.1 Hz. 411). 7.13 (q. .7=21.0 Hz. 4H). 6.89 (d../= 8.7 Hz, 2H). 6.63 (d, J= 8.7 Hz, 2H). 

3.59 (t, J= 4.2 Hz, 4H), 3.31 (t, J = 7.8 Hz. 4H), 3.23 (t../ = 4.8 Hz, 4H). 1.59 (s b. 4H), 

1.49 (s, 9H). 1.38 (m. 4H), 0.98 (t, J= 6.9 Hz, 611). '^C NMR (CDCI3, 125 MHz) c^ppm: 

207.2. 154.9. 151.9. 149.3, 139.6. 138.0, 135.2. 133.9. 129.4. 129.2. 129.0, 128.8. 127.3. 



122.7, 119.2, 117.3, 116.3, 115.9, 114.6, 114.2, 111.7, 80.2, 51.0, 48.6, 31.2, 29.6, 28.7, 

20.5, 14.2. HRMS (FAB): calculated for C4iH4902N5 (M*"). 643.3886; found, 643.3895. 

Anal. Calcd. C41H48O2N5: C, 78.85; H, 9.40; N. 8.07. (Found: C, 78.64; H, 9.31; N, 

7.84). 

Synthesis of 2-|2-(4-dibut\iaraino-phenyl)-vinyl]-5-12-(4-piperazin-1 -yl-

phenyI)-vinyl|-terphthalonitriIe (3.9). Tritluoroacetic acid/methylene chloride (50%, 

10 mL) was added to 4-[4-(2-{2,5-dicyano-4-[2-(4-dibuty!amino-pheny!)-vinyl]-phenyl}-

viny!)-phenyl]-piperaziiie-l-carboxyIic acid /tv/-butyl ester (3.8) (0.3 g, 0.46 mmol) and 

stirred at ambient temperature for 30 minutes. The reaction was quenched by the 

addition of saturated sodium bicarbonate, followed by a few drops of saturated sodium 

hydroxide adjusting the pFI to 10. 2-[2-(4-dibutylamino-phenyl)-vinyl]-5-[2-(4-

piperazin-1 -yl-phenyl)-vinyl]-terphthalonitrile (3.9) was extracted with methylene 

chloride (50 mL) three times, dried over anhydrous magnesium sulfate, filtered and 

concentrated. The product was washed with hexanes and dried to afford a quantitative 

yield of product. 'H NMR (CDCI3.300 MHz) <5ppm: 7.92 (d. J= 3.9 Hz. 2H). 7.45 (q, J 

= 8.7 Hz, 4H), 7.13 (q, J= 15.9 Hz, 4H), 6.90 (d, 17.7 Hz, 2H), 6.63 (d, 8.7 Hz, 

2H), 3.28 (m, 9H). 3.05 (t, J= 5.4 Hz, 4H), 1.59 (s b. 4H), 1.36 (m. 4H), 0.97 (t, J= 7.5 

Hz. 611). "C NMR (CDCT3. 125 MHz) «5ppm: 152.3, 149.3. 139.5, 138.0, 135.1. 134.1. 

129.4. 129.3, 128.8. 126.9. 122.8. 118.9. 11 7.3. 116.4. 115.6. 114.6. 114.1. 111.7. 51.0, 

49.4. 46.0. 29.9. 29.7. 20.5, 14.3. HRMS (FAB): calculated for C36H42N5 (M"). 
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544.3440; found, 544.3448. Anal. Calcd. C36H41N5: C, 79.52; H. 7.60; N. 12.88. 

(Found: C, 77.01; H, 7.59; N, 11.65). Failed. 

Synthesis of {4-|4-(2-{2,5-dicyano-4-|2-(4-dibutylamino-phenyl)-vinyl]-

phenyl}-vinyl)-phenyl]-piperazin-l-yl}acetic acid tert-biityl ester (3.10). To a 

solution of 2-[2-(4-dibutylamino-phenyl)-vinyl]-5-[2-(4-pipcrazin-l-yl-phcnyI)-vinyl]-

terphthalonitrile (3.9) (0.25 g. 0.46 mmol) in CHCI3 (70 ml.), /-butylbromoacetate (0.1 

ml.. 0.55 mmol) was added via syringe. Potassium carbonate (0.45 g, 0.33 mmol) was 

slowly added to the reaction mixture and rcfluxed at 85 ° C overnight. The reaction was 

filtered through a Buchner funnel to remove the excess base and concentrated. The 

product was purified by column chromatography on silica using hexanes/ethyl acetate 

(9:1) as the eluting solvent and gradually increasing the polarity to hexanes/ethyl acetate 

(7:3) to afford the product (3.10) in a 86% (0.26 g) yield. 'H NMR (CDCI3,300 MHz) 

ppm: 7.95 (d, .7=3.9 Hz. 2H), 7.46 (q, J= 8.7 Hz, 4H), 7.16 (q, J = 16.2 Hz. 4H), 6.91 

(d.J- 8.7 Hz. 2H), 6.63 (d, J= 8.4 Hz. 2H). 3.33 (m. 8H). 3.18 (s, 2H), 2.74 (t. .7=4.8 

Hz, 4H). 1.59 (m. 4H). 1.48 (s, 12H). 1.37 (q, J= 7.8 Hz, 4H). 0.97 (t, J= 7.5 Hz. 6H). 

NMR (CDCI3, 125 MHz) A' ppm: 202.2. 152.3. 149.3. 139.5. 138.0, 135.1. 134.1. 

129.4, 129.3, 128.8, 126.9. 122.8. 118.9. 117.3. 116.4. 115.6. 114.6. 114.1, 111.7. 51.0. 

49.4. 46.0. 29.9. 29.7. 20.5. 14.3, 6.5. HRMS (MALDI): calculated for C42H51N5O2 

(M^), 657.4037; found. 657.4089. Anal. Calcd. C42H51N5O2: C. 76.68; H, 7.81; N. 10.65. 

(Found: C. 75.25; H. 7.68: N, 10.40). 



Synthesis of didodccyi-phenyi-amine (3.12). Potassium carbonate (11.2 g, 

0.081 mo!) was slowly added to a solution of aniline (3.0 g. 0.032 mol) and 1 -iododecane 

(23.9 g. 0.081 mol) in DMF (210 niL) and refluxed overnight at 110 °C. Upon cooling to 

ambient temperature the reaction was quenched with water (300 niL), extracted with 

ether (100 niL) three times and dried over anhydrous magnesium sulfate. Purification by 

column chromatography using hexanes as the eluting solvent resulted in the isolation of 

product (3.12) in a 51% (7.0 g) yield. 'H NMR (CDCI3,300 MHz) Sppm: 7.27 (t../= 8.1 

Hz, 2H), 6.69 (d. J - 8.7 Hz, 311), 3.32 {I, J =1.5 Hz, 4H), 1.65 (s, 411), 1.36 (s, 3611). 

0.98 (t, J= 6.9 Hz, 6H). NMR (CDCI3, 125 MHz) Sppm: 148.5, 129.5, 115.4. 111.9, 

51.4. 32.3. 30.1, 29.9, 29.8. 27.6, 23.1. 14.5. HRMS (FAB): calculated for C30H56N 

(M^). 430.4413; found, 430.4416. 

Synthesis of 4-didodecylamino-benxaidehyde (3.13). To a solution of 

didodecyl-phenyl-aminc (3.12) (1.4 g, 3.21 mmol) in anhydrous DMF (10 ml.) and 

dichloroethane (10 mL) under N2 at 0 °C, phosphorous oxychloride (0.45 g. 3.55 mmol) 

was added dropwise via syringe. On completion of the phosphorous oxychloride addition 

the reaction was refluxed for 3 hours at 110 °C. Upon cooling to ambient temperature the 

reaction was quenched with water (40 mL), neutralized with saturated sodium hydroxide, 

extracted with ether (30 ml.) three times and dried over anhydrous magnesium sulfate. 

Purification by column chromatograph) using hexanes/ethyl acetate (9:1) followed by 

hexanes/ethyl acetate (6:4) resulted in the isolation of the pure product (3.13) in a 95% 

(1.4 g) yield. 'H NMR (CDCI3. 300 MHz) Sppm: 9.69 (s, IH). 7.69 (d,J= 8.7 Hz, 2H). 



6.62 (d, J= 9.0 Hz, 2H), 3.33 (t, J= 7.2 Hz. 4H), 1.61 (br. s, 4H), 1.27 (s, 36H), 0.88 (t, J 

= 6.3 Hz, 6H). '"C NMR (CDCI3, 125 MHz) d'ppm: 190.1. 152.8, 132.4, 124.7. 110.8, 

51.3. 32.2, 31.8, 29.86. 29.82. 29.7. 29.58. 27.37, 27.28. 22.93. 22.89. 14.4. HUMS 

(FAB): calculated for C15H24NO (M'). 458.4362; found. 458.4371. 

Synthesis of 2p-dicyano-4-[2-(4-didodecylamino-phenyI)-vinyl|-benzyI}-

phosphonic acid diethyl ester (3.14a). To a solution of 2,5-dicyano-4-

[(diethoxyphosphoryl)niethyl]benzylphosohonate (3.2) (0.69 g, 1.6 mmol) in anhydrous 

tetrahydrofuran (30 ml.) at 0 °C under N2, was added polassium-/-butoxide (1.0 mL, 1.0 

mmol) dropwise via syringe and the mixture was stirred for 20 minutes. A solution of 4-

didodecylamino-benzaldehyde (3.13) (0.5 g. 1.0 mmol) in anhydrous tetrahydrofuran (10 

ml.) was added in portions via syringe. The reaction was monitored by TLC and 

additional aldehyde solution was added if needed based upon the TLC results. The 

reaction was quenched by the addition of water (20 ml.) and the tetrahydrofuran was 

removed in vacuo. The product was extracted with methylene chloride (60 ml.) three 

times and dried over anhydrous magnesium sulfate. Purification by column 

chromatography using hcxanes/ethyl acetate (9:1) and increasing the polarity up to 

hexanes/ethyl acetate (1:1) resulted in the isolation of the desired product in a 60% (0.48 

g) yield. 'H NMR (CDCI3, 300 MHz) Jppm: 7.99 (s, IH). 7.70 (d. J = 2.7 Hz, IH), 7.43 

(d, J= 8.7 Hz, 211). 7.15 (q. J =- 16.2 Hz, 2H), 6.62 (d, J= 9.0 Hz. 2H), 4.13 (m, 4H), 

3.39 (s, 2H). 3.30 (m, 4H), 1.59 (m. 411). 1.28 (m, 42H). 0.88 (t, J= 6.3 Hz, 6H). 

NMR (CDCI3, 125 MHz) S ppm: 149.4, 141.3, 141.2. 136.07. 136.05. 135.2. 135.1. 
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132.9, 132.8, 129.3, 128.95. 128.91, 122.5. 117.7. 117.6. 116.9. 116.85. 116.82. 115.9, 

113.88, 113.82, 111.7, 63.0. 62.9. 51.3. 32.9. 32.2. 31.2. 29.88, 29.86, 29.84. 29.7. 29.6. 

27.5, 27.4. 22.9. 16.6. 16.5, 14.4. Coupling constants were not included. HRMS (FAB): 

calculated for C45H7,03N3P (M"), 732.5233; found. 732.5220. Anal. Calcd. 

C45H70O3N3P: C. 73.83; H. 9.64; N, 5.74. (Found; C. 73.83; 11, 9.64; N, 5.70). 

Synthesis of 4- [4-(2-{2,5-dicyano-4-[2-(4-didodecylaiiiino-phenyl)-viiiyl] -

phenyl}-vinyI)-phenyl]-piperazine-l-carboxylic acid tert-hntyl ester (3.15). To a 

mixture of 2,5-dicyano-4-[2-(4-didodccylamino-phenyl)-vinylJ-benzyl] -phosphonic acid 

diethyl ester (3.14a) (0.36 g, 0.49 mmol) and 4-(4-formyl-phenyl)-piperazine-l-

carboxylic acid tert-hutly ester (3.7) (0.14 g, 0.49 mmol) in anhydrous tetrahydrofuran 

(25 ml.) at 0 °C under NN. potassium-/-butoxide (0.45 mL. 0.49 mmol) was added 

drop wise via syringe and stirred for 2 hours at 0 °C. The reaction mixture was quenched 

with water (40 mL). extracted with metliylene chloride (30 mL) three times and dried 

over anhydrous magnesium sulfate. Purification by column chromatography on silica 

using hexanes as the eluting solvent and gradually increasing the polarity to 

hexanes/cthyl acetate (9:1) afforded the product (3.15) in a 96% (0.41 g) yield. 'H NMR 

(CDCI3, 300 MHz) Sppm: 7.96 (d../ = 4.5 Hz, 2H). 7.47 (q. ./= 8.7 Hz, 4H), 7.16 (q, J = 

16.2 Hz. 4H). 6.92 (d../- 8.7 Hz. 2H). 6.63 (d. J = 9.3 Hz, 211). 3.59 (t,./ = 5.4 Hz. 4H), 

3.28 (m, 8H), 1.59 (b m. 4H). 1.49 (s, 911), 1.27 (m, 3611). 0.88 (t, J = 5.7 Hz, 6H). '"'C 

NMR (CDCI3, 125 MHz) (5'ppm; 207.2, 154.9, 151.9, 149.3. 139.6. 138.0. 135.2, 133.9. 

129.4, 129.3. 129.1. 128.8. 127.3. 122.7. 119.2, 1 17.3. 116.3, 116.0. 114.6, 114.2. 111.7. 



97 

80.2. 51.3. 48.6. 32.2. 31.2. 29.9. 29.7. 29.6, 28.7. 227.5. 27.3. 22.9, 14.4. HRMS (FAB); 

calculated for (M""), 867.6390; found. 867.6406. Anal. Calcd. C57H80O2N5; 

C, 78.85; H, 9.40; N, 8.07. (Found; C, 78.55; h, 9.40; N, 7.87). 

Synthesis of 2-|2-(4-didodecylaraino-phenvi)-vinyl]-5-|2-(4-pipera/.in-l-yl-

phcnyl)-vinyl]-terphthalonitriIe (3.16). Trifluoroacctic acid/methylene chloride (50%, 

10 mL) was added 4-[4-(2-{2,5-dicyano-4-[2-(4-didodecylamino-phenyl)-vinyl]-plienyl}-

\ inyl)-phenyr]-piperazine-1 -carboxylic acid tert-butyl ester (3.15) (0.22 g. 0.26 mmol) 

and stirred at ambient temperature for 30 minutes. The reaction was quenched by the 

addition of saturated sodium bicarbonate, followed by a few drops of saturated sodium 

hydroxide adjusting the pH to 10. 2-[2-(4-didodecylamino-phenyl)-vinyl]-5-[2-(4-

piperazin-l-yl-phenyl)-vinyl]-terphthalonitrile (3.16) was extracted with methylene 

chloride (50 mL) three times, dried over anhydrous magnesium sulfate, filtered and 

concentrated. The product was washed with methanol and dried to afford a quantitative 

yield of product. 'H NMR (CDCI3.300 MHz) cVppm; 7.93 (d. J= 3.6 Hz, 2H), 7.45 (q, J 

= 8.7 Hz, 4H), 7.13 (q, J = 15.6 Hz, 4H), 6.89 (d, J= 9.3 Hz, 2H), 6.61 (d, J= 8.7 Hz, 

2H). 3.30 ((t, J= 5.1 Hz. 8H). 3.05 (t, J= 4.8 Hz. 411). 2.88 (b s IH) 1.59 (b s, 4H). 1.36 

(m. 36H). 0.87 (t, J - 6.6 Hz, 6H). '^C NMR (CDCI3, 125 MHz) Sppm: 152.0. 149.3. 

139.5, 139.6, 138.0, 135.2, 133.9, 129.4, 129.3, 129.1, 128.8, 127.3, 122.7, 119.2, 117.3, 

116.3. 115.8. 114.6, 114.1. 111.7. 51.3, 48.9, 44.6. 32.2. 29.9. 29.8, 29.7. 29.6. 27.5. 27.4, 

22.9, 14.3. HRMS (FAB); calculated for C52H74N5 (M"), 768.5944; found, 768.5952. 
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Anal. Calcd. C52H74N5: C, 81.30; H, 9.12; N. 8.07. (Found: C. 79.56: H, 9.38; N, 8.43). 

Failed. 

Synthesis of {4- |4-(2-{2,5-dicyano-4-|2-(4-didodecyIamino-phenyl)-vinyl|-

phenyl}-vinyl)-phenyl]-piperazin-l-yl}acetic acid /erf-butyl ester (3.17), To a 

solution of 2-[2-(4-didodecylamino-phenyl )-vinylJ-5-[2-(4-piperazin-l-yl-phenyl)-vinyl]-

terphthalonitrile (3.16) (0.26 g, 0.34 mmol) in chlorofrom (70 mL), r-buty 1 bromoacetale 

(0.1 mL, 0.68 mmol) was added via syringe. Potassium carbonate (0.37 g. 0.27 mmol) 

was slowly added to the reaction mixture and refluxed at 85 ° C overnight. The reaction 

was filtered through a Buchner funnel to remove the excess base and conccntrated. The 

product was purified by column chromatography on silica using hexancs as the eluting 

solvent and gradually increasing the polarity to hexanes/elhyl acetate (9:1) to afford the 

product (3.17) in a 45% (0.13 g) yield. 'H NMR (CDCI3. 300 MHz) Sppm: 7.94 (d. J = 

3.6 Hz, 2H), 7.46 (q. J - 9.0 Hz, 4H). 7.14 (q, J = 16.8 Hz, 4H), 6.91 (d, J= 8.7 Hz, 211), 

6.62 (d. J = 8.7 Hz, 2H), 3.30 (m. 8H), 3.18 (s, 2H). 2.74 (t, 3.9 Hz, 411). 1.59 (s b. 

411). 1.48 (s, 12H), 1.27 (m, 36H), 0.88 (t, J= 4.8 Hz, 611). "C NMR (CDCI3, 125 MHz) 

Sppm: 204.3. 152.3. 149.3. 139.5. 138.0. 135.1, 134.1. 129.4. 129.3, 128.8. 126.9. 122.8. 

118.9. 117.3. 116.4. 115.6. 114.6. 114.1. 111.7. 51.0, 49.4. 46.0. 29.9. 29.7. 20.5. 14.3. 

6.5. HRMS (MALDI): calculated for C58H83N5O2 (M'), 881.6541; found. 881.6604. 



5.4 Experimental Section for Chapter Four 

Synthesis of methyl m-A',A'-dimethylamino benzoate (4.2)." To a solution of 

concentrated sulfuric acid (10 mL) in methyl acetate (80 mL) was added 3-

dimethyaminobenzoic acid (15.0 g. 90.8 mmol). The reaction mixture was heated to reflux 

for 24 hours. Upon cooling to ambient temperature, the mixture was poured into a solution 

of saturated sodium hydroxide at 0 °C, extracted with ether (50 mL) three times and the 

combined organic layers were dried over anhydrous magnesium sulfate. The product was 

filtered, concentrated and purified by flash chromatography on silica gel using 

hexanes/ethyl acetate (9:1) as the eluting solvent to give a 67% (12.Ig) yield of a colorless 

oil. 'H NMR (CDCI3, 300 MHz) 5 ppm: 7.22 (d, J = 7.5 Hz, IH). 6.49 (s, IH), 6.81 (t, J = 

7.0 Hz, IH), 6.64 (d, J - 8.0 Hz, IH), 2.97 (s, 6H). 1.59 (s, 6H). ''C NMR (CDCI3, 125 

MHz) 5 ppm: 151.8, 150.3, 129.2. 113.5, 111.2, 109.5, 73.7. 41.0, 32.2. LRMS (ESI): m/z 

(M^) 179.09. 

Synthesis of 2-(OT-A,i\-dimethylamino)phenyl isopropanoi (4.3).^ Methyl iodide 

(5 mL, 57.0 mmol) in solution in dry ether (15 mL) was added dropwise via an addition 

funnel to a suspension of magnesium (1.5 g, 63.0 mmol) in anhydrous ether (100 mL) 

under N:. (Iodine crystals were added to the reaction prior to the addition of methyl iodide 

so as indicate the initiation of the reaction by the disappearance of the yellow color). 

Initicition of the reaction was aided by use of a heat gun. Once all the methyl iodide was 

added, the reaction was refluxed for 1 hour. Methyl wz-A'.A-dimethylamino benzoate (4.2) 

(3.39 g. 19.1 mmol). was added dropwise to the reaction mixture, at 0 °C and stirred for 2 
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hours at ambient temperature. The reaction was quenched by the addition of water tlirough 

a dropping funnel, followed by the addition of an aqueous ice solution of hydrochloric acid 

(4 M) until most of the solid magnesium disappeared. The mixture was extracted with 

ether (50 ml,) three times and the combined organic layers were dried over anhydrous 

magnesium sulfate, filtered and concentrated. The product was purified by flash 

chromatography on silica gel using hexanes/ethyl acetate (95:5) as the eluting solvent and 

gradually increasing the polarity to hexanes/ethyl acetate (2:1) to afford an 82% (2.78 g) 

yield. 'H NMR (CDCI3, 300 MHz) 5 ppm: 7.40 (d. J = 2.5 Hz. IH), 7.38 (d. J = 8.0 Hz. 

IH), 7.29 (t, J = 8.0 Hz, IH). 6.91 (dd. J = 8.0 Hz. J = 3.0 Hz, IH). 3.82 (s, 3H). 3.01 (s, 

6H). ''C NMR (CDCI3. 125 MHz) 5 ppm: 168.2, 150.7. 131.5. 129.1. 117.9, 116.5, 113.4. 

52.1, 40.3. LRMS (ESI): m/z (M") 179.14. 

Synthesis of m-isopropenyl-AyV-dimethylaniline (4,4). A mixture of 2-(m-N,N-

dimethylamino)phenyl isopropanol (4.3) (20.0 g. 0.112 mol). freshly fused potassium 

bisulfate (50.0 g. 0.366 mol ) and catechol (1.11 g, 0.011 mol) were retluxed at 145 °C for 2 

hours. The reaction was quenched by the addition of aqueous saturated sodium hydroxide 

adjusting the pH to 12. Additional water was added until most of the solid had dissolved. 

The mixture was extracted with ether (90 mL) three times. The combined organic layers 

were dried over anhydrous magnesium sulfate, filtered and concentrated. The product was 

purified by flash chromatography on silica gel using hexanes as the eluting solvent, 

followed by hexanes/ethyl acetate (99:1) to afford a 64% (11.5 g) yield of a colorless oil. 

'H NMR (CDCI3, 300 MHz) 5 ppm: 7.23 (t, J = 7.5 Hz, IH). 6.85 (m. 2H), 6.70 (dd. J = 
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8.0 Hz, J = 2.5 Hz, IH), 5.25 (s, IH), 5.07 (s, IH,), 2.97 (s, 6H), 2.61 (s, 3H). '^C NMR 

(CDCI3, 125 MHz) 5 ppm; 151.3, 144.9, 129.5. 114.6. 112.2, 111.9, 41.1, 22.7. LRMS 

(ESI): m/z (M') 146.13. 

Synthesis of |4-(diniethylamino)phenyl| methyl acetate (4.5). Sodium 

borohydride (15.2 g, 0.4 mol) was slowly added to a solution of 4-

(dimethylamino)benzaldehyde (30.0 g. 0.2 mol) in methyl acetate (600 mL) at 0 °C. The 

reaction mixture was stirred at ambient temperature for 4 hours. The reaction was 

quenched with water (300 mL) and extracted with ether (200 mL) three times. The 

combined organic layers were dried over anhydrous magnesium sulfate, filtered and 

concentrated. No further purification was necessary. A yield 84% (25.0 g) was obtained. 

'H NMR (CDCI3, 300 MHz) 5 ppm: 7.22 (d, J= 9.0 Hz, IH), 6.77 (d. ./= 9 Hz, IH), 4.52 

(s, IH). 2.95 (s, 3H). '^C NMR (CDCI3, 125 MHz) 5 ppm: 149.5. 138.5, 114.7. 112.9. 

40.9. 24.5. HRMS (FAB): calculated for C9H13ON (M'). 151.0997; found. 151.1001. 

Synthesis of A',AvVvV,9,9-hexaraethyl-9,l()-dihydro-2,7-anthracenediamine 

(4.7). Boron trichloride. 1 M (33 ml.) was added dropwise via syringe to a solution of 4-

A'.A'-dimethylaminobenalcohol (5.24 g. 32.5 mmol) and 3-isopropenyl-A/',iV-dimethylaniline 

(4.57 g. 30.3 mmol) in anhydrous methylene chloride (160 mL) under N2 at 0 °C. Once all 

the boron trichloride was added, the ice bath was removed and the reaction was stirred 

overnight at ambient temperature. Without separation of the product N-{4-|4-

(diniethylamino)benzy!]-3-vinylphenyl}-A'.A-dimethyhiminc (4.6). the mixture was added 
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directly to concentrated sulfuric acid (150 mL) at -25 °C. The mixture was stirred until it 

was homogenous and the solvent was removed at low pressure with no heat. The residue 

was stored at 0 °C overnight. The mixture was poured into ice-water (300 mL) and the pH 

was adjusted to 8 with concentrated saturated sodium hydroxide. A color change from 

deep purple to pale blue was observed. The product was extracted with chloroform (160 

mL) three times. The combined organic layers were dried over anhydrous magnesium 

sulfate, filtered and concentrated. The product N,N,N,'N,9,9' hexamethyl-9,10-dihydro-

2.7-anthracenediamine (4.6) was purified by flash chromatography on alumina, using 

hexanes as the eluting solvent and gradually increasing the polarity to hexanes/ethyl acetate 

(8:2). The eluting solvents were basified with triethylamine (10 mL). Due to the instability 

of this product no NMR data is available. 

Synthesis of 3,6-bis(dimethylamino)-l 0,10-dimethy 1-9,10-dihydro-9-

anthraccnol (4.8). To a solution of MTV,TV,TV,9,9- hexamethyl-9,10-dihydro-2.7-

antliracenediamine (4.7) (5.61 g, 20.0 mmol) in ice-water (250 mL) was added nitric acid 

70% (10.7 mL) and the mixture was stirred vigorously. Some ice was added directly to 

the flask followed by lead dioxide (5.83 g. 24.4 mmol) in one portion and stirred for 30 

minutes. The reaction mixture was filtered and the resulting brown solid was dissolved 

in a dilute saturated sodium hydroxide. The slightly basic solution was again filtered to 

afford a light blue solid product of 76% (4.48 g) yield that was confirmed by 'H N.MR. 

'H NMR (CDCI3, 300 MHz) 5 ppm: 7.89 (s, IH). 7.51 (d, J = 7.2 Hz. 211). 7.01 (d, J -
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1.3Hz, IH), 6.84 (dd, J = 8.2 Hz, J = 2.0 Hz, 2H), 4.01 (s, HI). 3.24 (s, 12H), 1.62 (s, 

6H). 

Synthesis 3,6-bis(dimethylaniino)-10,10-diiticthyl-9(10//)-anthracenone (4.1). 

To a solution of alcohol (4.8.) (1.26 g. 4.00 mniol) in benzene (55 mL) was added 

benzophenone (9.45 g. 5.10 mmol) and potassium-r-butoxidc (0.71 g, 6.0 mmol). The 

reaction was refluxed under N2 at 100 °C for 24 hours. Upon cooling to ambient 

temperature the reaction was concentrated and purified by flash chromatography on 

alumina using hexanes (100%) as the eluting solvent and gradually increasing the polarity 

to ethyl acetate at which point the desired product (yellow) eluted. The eluting solvents 

were basified with triethylamine (10 mL). Further purification by recrystallization from 

hot methyl acetate, cooling to -78 °C and filtration afforded yellow crystals. 'H NMR 

indicated the presence of 3.6-bis(dimethylamino)-10.10-dimethyl-9( 10//)-anthracenone 

(4.1) in a 47% (0.59 g) yield. 'H NMR (CDCI3, 300 MHz) 5 ppm; 8.26 (d. J = 9.0 Hz, 

1H), 6.76 (dd. J = 2.5 Hz, J - 2.1 Hz, 2H). 3.11 (s. 1211), 1.72 (s, 6H). 'T NMR (CDCI3, 

125 MHz) 5 ppm: 180.1. 153.5, 152.4, 129.3, 120.1, 111.2, 108.2. 39.6. 38.2. 33.3. HRMS 

(FAB): calculated for C20H25O2N2 (M'), 309.1967: found, 309.1962. 

Synthesis of 3,6-bis(dimethylamino)-9-(2-methylphenyl)-9,10-dihydro-9-

anthraccnol perchloratc salt (4.10). Anhydrous tetrahydrofuran (10 mL) was added to 2-

bromotoluene (0.132 g. 0.71 mmol) under N2 at -78 °C and the mixture was stirred for 20 

minutes allowing the 2-bromotoIuenc to dissolve. Potassium-/-butoxide (0.911 mL, 1.55 



104 

mmol) was added dropwise to the reaction under N: by syringe. Once all the potassium-/-

butoxide was added the ice-bath was removed and the reaction was allowed to wann to 

ambient temperature. A solution of 3,6-bis(dimethylamino)-10, 10-dimetliyl-9(10H)-

anthracenone (4.1) (0.2 g. 0.645 mmol ) in tetrahydroluran (8 mL) was added to the reaction 

under N2 and maintained at ambient temperature for 2.5 hours. The reaction was quenched 

with water (50 ml,), extracted once with ether (30 mL) and twice with chloroform (30 mL). 

The organic layers were combined, dried anhydrous sodium sulfate, filtered and 

concentrated. The product, 3.6-bis(dimdiylamino) -9-(2-methylphenyl)-9.10-dihydro-9-

anthracenol (4,9), was purifed by flash chromatography on alumina using hexanes/ethyl 

acetate (6:4) as the eluting solvent that had been basified with triethylamine (10 mL). 

Saturated sodium perc hi orate was added to the product and stirred vigorously for 15 

minutes. The product was filtered and washed twice with water. 'H NMR indicated the 

1 2 presence of dihydroxybis(styryl)benzene in a 53% (0.17 g) yield. 'H NMR ("H.-Acetone, 

300 MHz) 5 ppm: 7.41 (dd. J = 2.4 Hz, J = 1.9 Hz. 2H). 6.91 (dd. J = 2.2 Hz. / = 2.1 Hz. 

211), 3.44 (s, 12H). 2.05 (s, 6H). 1.85 (s, 3H). NMR (^Hg-Acetone, 125 MHz) S ppm: 

164.5. 157.4. 156.9, 137.1, 135.8. 130.6. 129.5, 126.1, 120.2. 113.5, 111.5,42.1.40.5. 34.3, 

33.2. 19.5. HRMS (FAB): calculated for C27H31N2 (M^), 383.2487: found. 383.2492. 

Anal. Calcd. C27H31N2 (H2O): C. 64.73; H, 6.64: N, 5.59. (Found C. 65.44: H. 6.53: N, 

5.61). 

Synthesis of 4-bromo-A'^Y,3-triincthylaniline (4.11). Methyl iodide (5.0 mL. 

0.081 mol) was added to a solution of 3-methyl-4-bromoaniline (5.0 g. 27.0 mmol) and 



potassium carbonate (9.22 g, 67.0 mmol) in DMF (100 mL). A reaction was evident 

immediately and the solution refluxed without an external source of heat. Once the 

reaction ceased to reflux, the reaction mixture was placed in an oil-bath and refluxed at 100 

°C for 24 hours. The reaction was cooled to ambient temperature and quenched by the 

addition of water, dissolving the remaining potassium carbonate. Saturated sodium 

hydroxide was added to the reaction mixture and extracted with ether (50 mL) three times. 

The combined organic layers were washed three times with sodium chloride to remove 

traces of DMF. The orgainc phase was dried over anhydrous magnesium sulfate, filtered 

and concentrated. The product was purifed by flash chromatography on silica gel using 

hexanes/ethyl acetate (8:2) as the eluting solvent to afford 98% (5.64 g) yield. 'H NMR 

(CDCI3, 300 MHz) 5 ppm: 7.34 (d, J = 8.7 Hz, IH), 6.59 (d, J - 3 Hz, IH), 6.45 (dd, J -

3.3 Hz, J= 3.0 Hz, IH), 2.91 (s, 6H), 2.35 (s. 3H). NMR (CDCI3, 125 MHz) 5 ppm: 

150.1. 138.1, 132.6. 115.1, 112.1, 111.6, 40.9, 23.6. HRMS (FAB): calculated for 

C9H]2NBr (M^), 213.0153: found. 213.0149. 

Synthesis of 1 (l-[4-(dimethylamino)-2-methylphenyll-A\A',A' 'A 

hexamethyl-2,9-dihyclro-2,7-anthracenediamine dye molecule (4.13.). Dry 

tetrahydrofuran (10 mL) was added to 4-bromo-A'. A-3-trimethylaniline (4.11.) (0.166 g, 

0.774 mmol) under N2 at -78 °C and the mixture was stirred for 20 minutes. /-Butyl 

lithium (0.911 mL. 1.55 mmol) was added drop wise to the reaction under N2 via syringe. 

Once all the /-butyl lithium was added the ice-bath was removed and the reaction was 

allowed to warm to ambient temperature. A solution of 3,6-bis(dimethylamino)-10,10-
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dimethyl-9( ] O/O-anthracenone (4.1.) (0.2g, 0.645 mmol) in tetrahydrafuran (8 ml.) was 

added to the reaction under Ni and it was stirred at temperature for 2.5 hours. The reaction 

was quenched with water (20 ml,), extracted once with ether (30 ml.) and twice with 

chloroform (30 ml,). The organic layers were combined, dried over anhydrous sodium 

sulfate, filtered and concentrated. The product was purified by flash chromatography on 

alumina using hexanes/ethyl acetate (6:4) as the eluting solvent that had been basified with 

triethylamine (10 mL). The product (4.12.) was concentrated and washed with saturated 

sodium perchlorate yielding the salt of (4.12.). U)-|4-(dimcthylamino)-2-methylphenylJ-

N,N,N,'N,^,9- hexamethyi-2.9-dihydro-2,7-anthracenediamine perchlorate (4.13.). 'H 

NMR indicated the presence of the desired product in a 52% (0.18 g) yield. 'H NMR (i4„-

Acetone. 300 MHz) 5 ppm: 7.38 (d. J = 2.4 Hz, IH), 7.32 (d. J = 2.1 Hz, IH), 7.22 (dd, J 

= 4.2 Hz. J = 4.2 Hz 211), 6.96 (dd, J = 2.4 Hz. J = 3.0 Hz 2H), 6.81 (d, J = 1.9 Hz, IH). 

6.78 (d, J = 2.0 Hz, IH), 3.43 (s, 12H), 3.36 (s, 6H), 3.12 (s, 6H) 3.05 (s, 6H). '^C NMR 

(^Hg-Acetone, 125 MHz) 5 ppm: 176,3, 147.7, 147,2. 128.1, 120.8, 111.5, 103.7, 101.8. 

91.5. 76.9, 32.3, 30.8, 24.9, 23.5, 10.1. HRMS (FAB): calculated for C29H36N3 (M"), 

426.2909; found, 426.2891. Anal. Calcd. C29H36N3 (H.O): C. 64.02; H. 6.70; N, 7.72. 

(Found C, 63.00; H, 6.70; N, 7.24). 

Synthesis of AVV-3,5-tetramethylaniIine (4.14). To a solution of 3.5-

dimethylaniline (10 mL, 0.08 mo!) and potassium carbonate (27.7 g. 0.20 mol) in 

methylene chloride (100 mL) was added methyl iodide (37 ml,, 0.24 mol). A reaction was 



immediately evident and the solution retluxcd without an external source of heat. Once the 

reaction ceased to reflux, the reaction was placed in an oil-bath and refluxed at 100 °C for 

24 hours. The reaction mixture was cooled to ambient temperature and quenched by the 

addition of water (50 mL), dissolving the remaining potassium carbonate. The pH was 

adjusted to 10 with dilute saturated sodium hydroxide and extracted with ether (50 mL) 

three times. The combined organic layers were washed with sodium chloride (70 mL) 

three times to remove traces of methylene chloride. The orgainc phase was dried over 

anhydrous magnesium sulfate, filtered and concentrated. The product was purified by flash 

chromatography on silica using hexanes,''ethyl acetate (7:3) as the eluting solvent to alTord 

67% (8.03 g) yield. 'H NMR (CDCI3. 300 MHz) S ppm: 6.49 (s. 3H), 3.00 (s, 611). 2.38 (s, 

611). 'X NMR (CDCI3, 125 MHz) 5 ppm; 151.2. 138.9, 119.1, 111.1.41.1,22.1. HRMS 

(FAB): calculated for C10H15N (M ^). 149.1204; found. 149.1201. 

Synthesis of 2,4,4,6-tetrabromo-2,5-eytiohexadien-l-one (4.15).^ 2,4.6-

tribromophenol (15.0 g, 0.045 mol). sodium acetate trihydrate (6.12 g, 0.045 mol) and 

acetic acid (100 mL) were stirred at 70 °C until the phenol dissolved. Upon cooling to 

ambient temperature a finely divided suspension of phenol was produced. A 

homogenous solution of bromine (2.5 mL. 0.045 mol) and acetic acid (50 mL) were 

added drop wise at ambient temperature to the reaction over 1 hour. The reaction was 

maintained at ambient temperature for 20 minutes and then poured into ice-water (400 

ml ). A yellow solid was removed by vacuum filtration, dissolved in warm chloroform 

(200 mL) and stored overnight at 0 °C freezing the top aqueous layer. The ice was 
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removed, the product was filtered and washed with the mother liquor to afford an 84% 

(16.4 g) yield of a yellow solid. The product was stored at 0 °C. 

Synthesis of 4-Bromo-AvV»3,5-tetramethylaniline (4.16).'' 2.4.4.6-tetrabromo-

2.5-cyclohcxadien-1 -one (4.15) (11.0 g, 26.8 mmol) was added in portions to a solution of 

A'.A'-3.5-dimethylani 1 ine (4.14) (4.0 g, 26.8 mmol) in methylene chloride (90 mL) at -58 

°C. The pale yellow reaction was maintained for 20 minutes. The reaction mixture was 

transferred to a salt ice-bath at -10 °C for 30 minutes, at which time a color change from 

yellow to transparent was observed. The salt bath was removed and the reaction mixture 

was stirred at ambient temperature for 30 minutes. Additional methylene chloride (80 mL) 

was added to the reaction and extracted with dilute saturated sodium hydroxide (60 mL) 

three times to remove 2.4.6-tribromophenol. The organic layer was washed with water, 

dried over anhydrous magnesium sulfate and filtered. The product was purified by flash 

chromatography on silica gel using hexanes/ethyl acetate (99:1) as the eluting solvent. 

Further purification by recrystallization from hot pentanol. cooling to -78 °C and quickly 

filtering afforded white crystals in a 65% (1.65g) yield. 'H NMR (CDCI3, 200 MHz) 8 

ppm: 6.47 (s, 2LI), 2.90 (s, 611). 2.37 (s, 6H). NMR (CDCI3, 125 MHz) 6 ppm: 149.5, 

138.5. 114.7, 112.9, 40.9. 24.5. HRMS (FAB); calculated for CmHi.tNBr (M^), 227.0310; 

found. 227.0304. 

Synthesis of 3,6-bis(dimethylamino)-9-|4-(diinethylamino)-2, 6-

dimethylphenylj-lO, lO-dimethyl-9, lO-dihydro-9-anthracene perchiorate salt (4.18). 
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Anhydrous tetrahydrofuran (10 mL) was added to 4-bromo-A'.M3,5-letraniethyIaniline 

(4.16) (0.176 g, 0.774 mmol) under N: at -78 °C and the mixture was stirred for 20 

minutes. /-Butyl lithium (0.911 mL, 1.55 mmol) was added dropwise to the reaction under 

N2 via syringe. Once all the /-butyl lithium was added the ice-bath was removed and the 

reaction was allowed to warm to ambient temperature. A solution of 3.6-

bis(dimethylamino)-10,10-dimethyl-9( 10//)-anthracenone (4.1) (0.2g, 0.645mmol) in 

tetrahydrofuran (8 mL) was added to the reaction under N2 and stirred at ambient 

temperature for 2.5 hours. The reaction was quenched with of water (10 mL), e.xtracted 

once with ether (30 mL) and twice with chloroform (30 mL). The organic layers were 

combined, dried over anhydrous sodium sulfate, filtered and concentrated. The product 

was purifed by flash chromatography on alumina using hexanes/ethyl acetate (6:4) as the 

eluting solvent that had been basified with triethylamine (10 mL). Upon concentration the 

isolated product. 3.6-bis(dimethylamino)-9-|4-(dimethylamino)-2.6-dimethylphenylj-

lO.lO-dimethyl-9, O-dihydro-9-anthracenol (4.17) was washed with saturated sodium 

perchlorate. yielding the salt of (4.17). 3,6-bis(dimethylamino)-9-[4-(dimethylamino)-2,6-

dimethylphenyl10.10-dimethyl-9.10-dihydro-9-anthracene pcrchlorate salt (4.18). 'll 

NMR indicated the presence of (4.18 ) in a 51% (0.18 g) yield. 'H NMR (^He-Acetone, 300 

MHz) 5 ppm: 7.38 (d, J - 2.4 Hz, IH). 7.32 (d,./ = 2.1 Hz. IH), 7.22 (dd, J = 4.2 Hz, J = 

4.2 Hz 2H), 6.96 (dd, / = 2.4 Hz, J = 3.0 Hz, 2H), 6.81 (d, J = 1.9 Hz, IH), 6.78 (d, J = 

2.0 Hz, IH), 3.43 (s, 12H), 3.36 (s, 6H). 3.12 (s, 611) 3.05 (s, 6H). NMR (fUr,-Acetone. 

125 MHz) 5 ppm: 157.3, 157.1. 156.5, 137.9. 136.8, 136.2. 132.6, 129.9. 128.6. 115.0, 
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113.9, 112.6, 111.7, 110.4. 42.1, 40.6. 40.2. 33.6, 19.5. HRMS (FAB): calculated for 

C30H38N3 (M""), 440.3066; fouiid, 440.3078. 

Synthesis of 2-(2-broniophenyl)-2-propanol (4.19). To a suspension of 

magnesium (10.0 g, 0.05 mol) in anhydrous ether (200 mL) was added methyl iodide (11 

mL, 0.176 mol) under N2. Initiation of the reaction was aided by use of a heat gun and 

the drop wise addition of methyl iodide was controlled while the ether was slightly 

boiling. Once all the methyl iodide was added, the reaction was stirred for 1 hour at 

ambient temperature. 2-Bromoacetophenone was added dropwise to the reaction mixture 

at 0 °C and stirred for 2 hours at ambient temperature. The reaction was quenched by the 

addition of water through a dropping funnel, followed by the addition of an aqueous ice 

solution of hydrochloric acid until most of the solid magnesium disappeared. The 

mixture was extracted with ether (80 mL) three times. The combined organic layers were 

dried over anhydrous magnesium sulfate, filtered and condensed to afford a 93% (10.0 g) 

yield. 

Synthesis of l-bromo-2-isopropcnylbenzene (4.20). A mixture 2-(2-

bromophenyl )-2-propanol (4.19) (10.0 g, 0.047 mol), freshly fused potassium hi sulfate 

(21.0 g, 0.15 mol) and catechol (0.46 g, 4.18 mmol ) were refluxed at 145 °C for 2 hours. 

The reaction was quenched by the addition of aqueous saturated sodium hydroxide 

adjusting the pH to 11. Additional water was added until most of the solid had dissolved. 

The mixture was extracted with ether (80 mL) three times. The combined organic layers 
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were dried over anhydrous magnesium sulfate, filtered and concentrated. The product 

was purified by flash chromatography using hexanes, followed by hexanes/ethyl acetate 

(98:2) to afford a 54% (4.9 g) yield of a pale yellow oil. 'H NMR ("He-Acetone, 300 

MHz) 5 ppm: 7.56 (d, J = 7.8 Hz, IH), 7.27 (t, J = 6.6, IH), 7.20 (d, J = 6.0 Hz, IH), 

7.14 (t, J = 7.8, IH), 5.24 (s, IH), 4.95 (s, IH), 2.11 (s, 3H). NMR ("Hb-Acetone. 

125 MHz) 5 ppm: 146.0. 145.1. 132.9. 129.9. 128.6, 127.5. 121.7. HRMS (FAB): 

calculated for C9H,oBr (M"). 196.9966; found. 196.9977. 

Synthesis of 9-(2-isopropenylphenyl)-3,6,10,10-tetramethyl-4a,9,9a,10-

tetrahydro-9-anthracenol (4,21). To 1-bromo-2-isopropenylbenzene (4.20) (0.31 g. 

1.55 mmol) was added anhydrous tetrahydrofuran (10 mL) under N2 at -78 °C. The 

mixture was stirred for 20 minutes allowing the 1 -bromo-2-isopropenylhenzene (4.20) to 

dissolve. /-Butyl lithium (1.9 mL, 3.1 mmol) was added dropwise to the reaction under 

No by syringe. Once all the /-butyl lithium the reaction was allowed warm to ambient 

temperature. 3.6-Bis(dimethylamino)-10.10-dimethyl-9( 10/-/)-anthracenone (4.1) (0.2g. 

0.65 mmol) was dissolved in anhydrous tetrahydrofuran (5 mL). added to the reaction 

under N2 and stirred at temperature for 2.5 hours. The reaction was quenched with water 

(10 mL), extracted once with ether (30 mL) and twice with chloroform (30 mL). The 

organic layers were combined, dried over anhydrous sodium sulfate, filtered and 

concentrated. The product was purifed by flash chromatography on alumina using 

hexanes/ethyl acetate (7:3) as the eluent initially. The product eluted with methyl acetate 

and was concentrated. The product was not characterized at this point. 
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Synthesis of 9-(2-isopropciiylphenyl)-3,6,l(),10-tctranicthyl-4a,9,9a,10-

tetrahydro-9-anthracene perchloratc salt (4.22). A few drops of acetic acid were added 

to 9-(2-isopropenylphenyl)-3.6.10,10-tetramethyl-4a,9,9a, 10-tetrahydro-9-anthracenol 

(4.21) to protonate it and then saturated sodium perchloratc was added to the product and 

stirred vigorously. A blue solid precipated out was filtered, washed with water and dried 

by vacuum overnight. A yield of 71%, (0.29 g) was obtained. 'H NMR ("Hf,-Acetone. 300 

MHz) 5 ppm: 7.64 (s, IH), 7.63 (d. .7- 1.5 Hz, IH). 7.56 (m, 2H), 7.52 (d, J = 2.1 Hz, IH), 

7.37 (d, J = 2.4 Hz, IH), 7.32 (s, IH), 7.29 (s, IH), 7.24, (s, IH), 7.21 (s, IH), 6.97 (d, J = 

2.7 Hz, IH). 6.94 (d, J - 2.4 Hz, IH). 4.91 (s, IH), 4.69 (s, IH), 3.43 (s, 12H), 2.82 (s, 

2H), 1.91 (s, 3H), 1.87 (s, 3H), 1.75 (s, 3H). '^C NMR (^He-Acetone, 300 MHz) 5 ppm: 

165.7, 157.4. 156.5. 143.8, 143.3. 138.1, 133.5. 130.0, 129.7. 128.7, 127.1. 121.3, 117.2. 

112.8. 111.3, 42.2. 41.3, 36.2. 32.3. 24.2. HRMS (FAB): calculated for C29H33N2 (Nf), 

409.2644; found, 409.2643. 

Synthesis of 10-(2-isopropenylphenyl)-2,7,9,9-tetraniethyl-4a,9,9a,10-

tetrahydroanthracene (4.23). To a solution of 9-(2-isopropenylphenyi)-3.6.10.10-

tetramethyl-4a,9,9a,10-tetrahydr€i9- anthracene perchloratc salt (4.22) (0.15 g, 0.236 

mmol) in ethyl acetate (10 mL) was added sodium borohydride (0.01 g, 0.26 mmol) and 

was stirred at ambient temperature for 3 hours. A color change from blue to clear was 

noted. After stirring for 3 hours the reaction appearance had changed to a yellow emulsion. 

The reaction was quenched by pouring into ice water (100 ml.) and e.xtracted with 

mclhylene chloride (60 mL) three times. The combined organic layers were dried over 
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anhydrous sodium sulfate. Purificaion by column chromatography on alumina under N; 

using hexanes/ethyl acetate (9:1) as the eluent. The product was the first compound to 

elute. The fractions were combined and concentrated to afford an 80% (0.12 g) yield. 'H 

NMR (CDCI3, 300 MHz) 5 ppm: 7.21 (m, 4H), 6.96 (d, J = 2.4 Hz, IH), 6.86 (d, J = 7.8 

Hz, 2H), 6.67 (d, J - 8.7 Hz, 2H), 6.53 (dd, 8.7 Hz, J= 2.4 Hz, 2H), 5.42 (s, IH), 5.20 

(s, IH), 5.06 (s, IH), 2.94 (s, 12H), 2.18 (br. s, 3H), 1.94 (s, 3H), 1.53 (s, 3H). '"C NMR 

(CDCI3, 300 MHz) 5 ppm: 149.3. 145.1, 144.7. 144.1. 131.7. 130.5. 129.8. 128.5. 127.7. 

126.0. 115.5. 111.4. 109.6. 106.7. 41.2. 39.2. 33.8. 29.9. 26.1. HRMS (FAB): calculated 

for C29H35N2 {M'). 411.2800: found. 411.2800. 

Synthesis of AV\V'V'A',5,5,9,9-octamethyl-9,13b-dihydro-5//-naphtho-|3,2,l-

deJ-anthraceii-3,7-diainine (4.24). 10-(2-isopropenylphenyl)-2.7.9.9-tetramethyl-

4a.9.9a, 10-tetrahydroanthracene (4.23) was dissolved in d-methylene chloride and 

transferred to an NMR tube (the amount transferred is unknown). Tetrafluoroboric acid 

diethyl ether complex (4 drops) was added to the NMR tube at 0° C. A color change from 

pale blue to brownish was observed. The NMR tube was shaken for 1 minute and than a 

'H NMR spectra was acquired. No conclusive information could be drawn from the 

results. Extraction of the compound using methylene chloride, followed by washing with 

water was attempted. The 'll NMR of this material looked no different. Purification on an 

analytical TLC plate (compound was dissolved in methylene chloride) was also attempted, 

however based upon the messy, low intentsiy signal of NMR spectra obtained this was 

unsuccessful. HRMS (FAB): calculated for C29H35N2 (M^). 411.2800; found, 411.2804. 
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Synthesis of l-{|4-(dimethyianiino)phenyI| I4-dimethyliminio)-2,5-

cyclohexadiene-l-yl]incthyl}pyridinium (4.25). Trifluoromethanesulfonic anhydride (1.6 

niL. 5.67 mmol) in methylene chloride (25 ml.) was added dropwise at 0 °C to a solution 

of 4.4"-bis(dimethylamino)benzophenone (5.0 g, 0.0186 mol) over 25 minutes. Once the 

addition was complete, the reaction was stirred for 20 minutes. Pyridine (0.75 mL, 

9.5mmol) was added to the reaction by pipette and the reaction was stirred for a further 30 

minutes at 0 °C. Ether (50 mL) was added to the reaction mixture until crystallization 

occurred. This was evident by the formation of dark green crystals on the flask walls. 

Vacuum filtration yielded large dark green metallic like crystals. Yield 5.3 g. 92%. 'H 

NMR (^He-Acctone, 300 MHz) 5 ppm: 9.38 (dd. J -1.7 Hz, J =1.5 Hz 2H), 9.19 (t, IH), 

8.59 (dd, J = 6.9 Hz, J = 6.9 Hz 2H), 7.57 (d. J = 9.9 Hz. 2H). 7.29 (d, J = 9.6 Hz, 2H). 

3.54 (s, 12H). 2.81 (s, 2H). 2.05 (m. 5H). '^C NMR (-H^-Acetone. 300 MHz) 5 ppm: 

192.4, 159.8, 158.1. 150.9. 147.7. 142.2. 138.7, 132.0, 129.3. 128.2. 123.6. 121.5. 119.3. 

116.6. 41.2. HRMS (ESI): calculated for C31H35N2 (M"'). 165.6025; found, 166.6030. 

Synthesis of 2-{bis[4-(dimethylaniino)phenyl]methylene}malononitrile (4.26). 

Liquid malononitrile (0.55 g. 8 mmol) and pyridine (1.4 mL, 18 mmol) were added to a 

solution of pyridinium salt (4.25) (5.3 g, 16 mmol) in acetonitrilc (85 ml.) and stirred at 

ambient temperature for 1 hour. A TLC of the reaction in hexanes/ethyl acetate (3:7) 

showed the presence of product. The compound was purified by column chromatography 

on silica using hexanes/ethyl acetate/methylene chloride (6:2:2) initially, working up to 

methyl acetate. The fractions were combined and concentrated to afford a 64% (2.7 g) 
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yield. 'H NMR (CDCI3, 300 MHz) 5 ppm: 7.38 (d, J= 9.3 Hz, 4H), 7.26 (s, IH), 7.67 (d, J 

= 9.3 Hz, 4H). 3.09 (s, 12H), 1.55 (s, 2H). NMR (CDCh. 125 MHz) S ppm; 174.1, 

153.4, 134.8, 123.4. 117.4, 111.1, 106.2. 40.3. HRMS (FAB): calculated for C;oM2iN4 

(M^), 317.1766; found, 317.1770. 

Synthesis of pyridinium salt (4.27). Trifluoromethancsuifomc anhydride (0.055 

niL, 0.194 mmol) in methylene chloride (4 ml.) was added dropwise at 0 °C to a solution 

of 3,6-bis(dimethylamino)-10,10-dimethyl-9(10H)-anthracenone (4.1) (0.2 g, 0.645 

mmol) in methylene chloride (8 mL) over 25 minutes. Once the addition was complete, 

the reaction was stirred for 20 minutes. Pyridine (0.03 mL, 3.23 mmol) was added to the 

reaction by pipette and the reaction was stirred for a further 30 minutes at 0 °C. Ether (25 

mL) was added to the reaction mixture until the product precipitated out. Vacuum 

filtration yielded a sticky blue-green product. Further purification by a more gradual 

precipitation, washing with tetrahydrofuran and finally recrystalization from 

tetrahydrofuran led to the isolation of a metallic green product in a 66% (0.27 g) yield. 

'H NMR (-H(,-Acetone, 300 MHz) S ppm; 9.50 (d, J = 5.4 Hz, 2H). 9.22 (t, J = 7.8 Hz. 

IH), 8.71 (t, J - 6.9 Hz, 2H), 7.57 (d, J = 2.4 Hz. 2H). 7.05 (q, J = 9.9 Hz, 4H), 3.54 (s, 

12H), 2.81 (s, 2H), 1.92 (s, 6H). '^C NMR (^Hg-Acetone, 300 MHz) 5 ppm; 157.5, 

157.3, 151.4. 149.8, 146.4, 132.4, 129.8, 123.8, 119.6, 116.2. 115.5. 113.6, 42.9. 41.2. 

33.7. HRMS (ESI); m/z 185.6179. 
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Synthesis of 2-(3, 6-Bis-dinieth\lainino-10, 10-dimeth\i-10//-anthracene-9-

yHdene)-malononitnle (4.28). Liquid malononitrile (0.027 g, 0.40 mmol) and pyridine 

(0.45 mL, 0.48 mmol) were added to a solution of pyridinium salt (4.27) (0.14 g, 0.20 

mmol) in acetonitrile (10 mL) and stirred overnight at ambient temperature. A TLC of the 

reaction in he.xanes/ethyl acetate (3:7) revealed the formation of a product that was more 

polar than the starting materials. The compound wa^ purified by column chromatography 

on silica using hexanes/ethyl acetate/methylene chloride (7:1.5:1.5) and then recrystalized 

from tetrahydrofuraii. The product was isolated in a 57% (0.04 g). 'H NMR (CDCI3, 300 

MHz) 5 ppm: 8.02 (d, J = 8.7 Hz, 2H). 6.84 (d, J = 2.4 Hz, 2H), 6.62 (dd, J = 2.4 Hz, J = 

2.7 Hz, 2H), 3.09 (s, 12H). 1.62 (s, 6H). ' X: NMR (CDCI3, 300 MHz) 5 ppm: 152.4. 

148.9, 129.2, 119.9, 117.6, 109.3, 106.9, 41.1, 40.4, 30.8. HRMS (FAB): calculated for 

C23H25N4 (M^), 357.2074: found. 357.2075. 

Synthesis of 4,4-bis(dimethyIamino)benzyl chloride salt (4.29). 4,4-

bis(dimethylamino)benzhydrozol (5.0 g. 0.019 mol) was refluxed in hydrochloric acid 

(40 ml) at 120 °C for 14 hours. The reaction was quenched with dilute sodium 

hydroxide, extracted with ether (80 mL) three times and dried over anhydrous 

magnesium sulfate. The product was filtered and concentrated to afford a 96% (5.1 g) 

yield. 'HNMR (CDCI3, 300 MHz) ^Jppm: 7.61 (s, 8H). 5.49 (s, IH), 3.26 (s, 12H). 
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Synthesis of diethyl bis[4-(dimethylamino)phenyl]methylphosphonatc (4.30). 

Triethyl phosphite (45 ml, 0.271 mol) was added to 4,4-bis(dimethylamino)benzyl cation 

(4.29) (5g, 0.0173 mol) and was refluxed at 120 "C overnight. On the addition of the 

triethyl phosphite a color change was observed from orange to blue. Excess triethyl 

phosphite was removed by vacuum distillation. The reaction was quenched with water 

(50 mL), extracted with methylene choride (120 ml) three times, dried over anhydrous 

magnesium sulfate, filtered and concentrated. The product was purified by flash 

chromatography on silica using hexanes/ethyl acetate (7:3) as the eluent. 'H NMR 

indicated the presence of diethyl bis[4-(dimethylamino)phenyl]methylphosphonate (4.30). 

A yield of 62% (4.2 g) was obtained. 'H NMR (cdci3, 300 MHz) d'ppm: 7.36 (dd, J = 

1.5 Hz, J = 6.9 Hz, 4H), 6.67'(d, 8.7 Hz, 4H), 4.28 (d, J = 24.5 Hz, IH), 3.95 (m, 2H), 

3.84 (m, 2H), 2.89 (s, 12H), 1.39 (t, J = 7.5 Hz, 6H). HRMS (FAB); calculated for 

c21h32n2o3p (M'K 391.2151: found. 391.2150. 

Synthesis of diethylaminobenzvalcohol (4.32). To a solution of 

diethylaminobenzyaldehyde (10.0 g, 0.056 mol) in methyl acetate (200 ml) was added 

sodium borohydride (2.78 g, 0.078 mol) in small portions at room temperature. The 

reaction was stirred at room temperature for 2 hours. The reaction was quenched with 

water (60 ml) and extracted with ether three times. The combined ether layers were 

washed with aqueous sodium chloride to remove all traces of methyl acetate and dried 

over anhydrous magnesium sulfate. The solution was filtered and concentrated to afford 

a 98% (9.9 g) yield of (4.32). 
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Synthesis of 4-(chloromethvi)-A^ A'.-dimethylbenzaminiuni (4.33). 

Diethylaminobenzyalcohol (4.32), (9.9 g. 0.055 mol) was refluxed in concentrated 

hydrochloric acid at 110 °C overnight. No work-up was required for this reaction. The 

reaction mixture was concentrated in vacuo to afford the product (4.32) in a 91% (10.0 g) 

yield. 

Synthesis of 4-(dicthylainino)benzylphosphonate (4.34). 4-(chloromethyl)-A'. 

A'-dimethylbenzaniinium (4.33) (10.0 g, 0.051 mmol) was refluxed overnight with 

triethyl phosphite (100 ml) at 170 °C. All low boiling point solvents were removed by 

vacuum. Excess triethyl phosphite was removed by distillation. The product was further 

purified by flash chromatography on silica using hexanes/ethyl acetate (7:3) as the eluent. 

The product was removed form the column with methanol. Upon concentration 93% 

(14.1 g) of product was obtained. 

Synthesis of 4-{2,2-bisl4-(dimethylamino)phenyl|vinyl}-A',A'-diethylaniline 

(4.35). Potassium-/-butoxide (4 ml. 4.0 mmol) was added dropvvise via syringe to a 

solution bis(dimethylamino)benzophenone (1.00 g. 3.7 mmol) and 

diethylaminobenzaldehyde (4.34) (1.12 g. 3.7 mmol) in anhydrous tetrahydrofuran (60 

ml) at 0 °C under nitrogen. Once the addition of potassium-f-butoxide was complete the 

reaction was stirred at ambient temperature for 2 hours. A TLC of the reaction in 

hexanes/ethyl acetate (7:3) showed no signs of product. An additional equivalent of base 
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was added to the reaction and the mixture was stirred for a further 5 hours at ambient 

temperature. No reaction occurred. 

Synthesis of l-methyl-4-|l-(4-methylphenyl)-l-hetenyI| benzene (4.36). 

Potassiumbuto.xide (2 ml, 1.8 mmol) was added dropwise via syringe to a solution of 

bis[4-(dimethylamino)phenyl|methylphosphonate (0.65 g, 1.6 mmol) and hexanal (0.166 

g. 1.6 mmol) in anhydrous tetraliydrofuran (50 ml) at 0 °C under NS. Once the addition 

of potassium-/-butoxide was complete the reaction was stirred at ambient temperature for 

2 hours. A TLC of the reaction in hexanes/ethyl acetate (7:3) showed no formation of 

product. Additional base and time had no effect on the reaction. 
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