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ABSTRACT 

 

Small molecules that can selectively recognize phospholipids would likely be useful 

as tools for chemical biology and may have application as pharmaceuticals. Inspired by the 

phospholipid binding of antimicrobial peptids found in nature, we have begun to develop 

synthetic receptors for the head group of phosphatidylglycerol. Among neutral receptors, 

attention is centered to systems containing the urea subunit. This study reports the re-

synthesis of bis-phenolic-oxygen–ether-linked macrocycles and their binding studies towards 

phosphate anion and phosphatidylglycerol anion by means of 1H NMR and Isothermal 

Titration Calorimetry (ITC) experiments. Control receptor 8 binds to the inorganic H2PO4
- 

anion in 1:1 binding stoichiometry with a moderate to high binding constant while receptor 7 

bind s to PG anion with a moderate binding constant in 1:1 binding stoichiometry. Then it 

describes the synthesis and characterization of pre-organized neutral anion receptors which 

could contain a linker with four methylene unit between two aromatic rings. This link could 

be obtained by olefin ring closing metathesis utilizing Grubb’s catalyst. Finally it describes 

the study to determine the scope and the utilization of single step ureidoalkylation reaction 

using N-ethoxymethylene-N’-hexylurea 18 on different types of aromatic rings. 
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CHAPTER 1 

INTRODUCTION 

1.1 General introduction to anions and anion receptors 

 
Anions comprise a critical component of chemical entities that have a great influence 

on the world around us. The ocean which covers most of earth’s surface has large quantities 

of chloride anions while sulfate and nitrate anions can be seen in acid rain [1]. Anions such 

as carbonates, chlorides, sulfates, phosphates and nitrates also are involved in fundamental 

processes in all living beings [2]. Chloride is an important electrolyte in maintaining 

potentials across cell membranes and the misregulation of chloride transport through cell 

membranes by chloride channels is the cause of cystic fibrosis, Bartter’s syndrome, 

osteoporosis and many other diseases [1].   

 Due to their crucial roles, it is not surprising that their role, function and 

properties are at the heart of many scientific research programs within the field of 

supramolecular chemistry. Recently researchers have prepared new selective receptors which 

function under competitive conditions in aqueous environments. The formation of sensor 

arrays of non-specific receptors can  be used to sense the presence of anionic species in 

complex mixtures [2].  Also the development of highly selective anion transporters and ion-

pair receptors has the potential to become future therapeutics [3]. 
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 The study of receptor and ligand interaction is the study of non-covalent binding 

forces [4]. The host, which binds the guest molecule, is a large molecule which possesses 

convergent binding sites, while its guest has divergent binding sites. Examples of convergent 

binding sites are hydrogen bond donors or Lewis bases.  Hydrogen bond acceptors such as 

halides and Lewis acidic metal cations are divergent binding sites [5]. These host-guest 

interactions can be maximized when complementary host architecture is constrained in the 

binding conformation, thereby a host is said to be preorganized [6]. 

The design of selective receptors for anions is more demanding than the design of 

receptors for cations due to several reasons [7]. Anions have a lower charge to radius ratio, 

i.e. anions are larger than the equivalent isoelectronic cation and their charge is more diffuse.  

Therefore electrostatic binding interactions are less effective than they would be for the 

corresponding isoelectronic cation [7, 8]. Anions have a wide variety of geometries [7, 8]. 

They can be spherical (halides), linear (CN-, SCN-, N3
-), trigonal planar (CO3

-2, NO3
-), 

tetrahedral (H2PO4, HSO4
-, SO4

2-, ClO4
-) or octahedral (Fe(CN)6

4-, Co(CN)6
3-). Therefore 

difference in size and shape are important factors to account in the design of selective 

receptors for anion because the synthesis of molecules with complementary binding sites and 

with a proper three dimensional arrangement is challenging. Anions tend to be susceptible to 

protonation at low pH. Therefore the receptor has to function within the pH window of the 

target anion [7]. Also anion binding strength and selectivity depend on the nature of the 

solvent in which the anion-binding event occurs since when compared to cations of similar 

size, anions have higher free energies of solvation and hence anion hosts must compete more 

effectively with the surrounding medium [7]. 
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Positively charged or neutral synthetic anion receptors can be used to recognize 

anions in the environment [4]. The main binding force in positively charged anion receptors 

is electrostatic interactions. The selectivity can be improved in charged receptors by 

introducing additional binding elements like hydrogen bonding or  stacking [9]. Most 

recently ammonium/tetraalkylammonium fragments or metal ions are incorporated in 

positively charged receptors. Polyammonium anion receptors are the most thoroughly studied 

charged receptors followed by guanidium based receptors, porphyrins and cobalticinium 

based receptors. Neutral hosts mainly depend on hydrogen bonding for anion recognition and 

neutral receptors should contain hydrogen bond donor groups such as, amides, ureas or 

thioureas. 

Synthetic anion receptor development began with the report of katapinands by Park 

and Simmons in late 1960’s [10, 11]. This tricyclic diprotonated ammonium receptor 

exclusively binds halides through directional electrostatic attractions. After changing the 

linker size to 9 methylene groups it showed the highest affinity for Cl- anion (Figure 1) [12]. 

 

                                             

 

 

Figure 1. First positively charged anion receptor reported in late 1960’s [12]. 

 

 



4 

 

Following seminal piece of work by Park and Simmons, several macrobicyclic and 

macrotricyclic ammonium based receptors were reported by Lehn and Graf [13].  These 

positively charged receptors demonstrated complementary binding to different size and shape 

anions. Protonated cryptate in Figure 2 shows selectivity for spherical halides (F-, Br-, Cl-) 

over trigonal planar NO3
-, tetrahedral ClO4

- or CF3COO-. The small chloride anion showed a 

higher selectivity over larger iodide anion. The main attractive force in this receptor was 

coulombic interactions [14].   

 

Figure 2. Receptor showed selectivity for halides [14]. 

 

The binding pocket of the receptor is complementary to the anion shape. For example 

the cryptand in Figure 3 binds halides and N3
- but structural complementarity was achieved 

only for linear N3
- anion [12, 15]. The anion was bound to this receptor through charged H-

bonding.   

 

Figure 3. A receptor selective for linear azide anion [12] 
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Guanidinium based receptors were developed by the inspiration of natural proteins 

binding to anionic substrates like carboxylate and phosphate anions [4]. Figure 4 shows the 

binding pattern of guanidinium moiety to oxoanions in enzymes, which features two parallel 

H-bonds and electrostatic attraction [4] leading to a strong interaction with the guest. 

Guanidine is highly basic and is positively charged over a wide pH range. Also it is quite 

soluble in water. These features make guanidinium moiety an attractive host in the artificial 

receptors [16]. 

 

Figure 4. Binding pattern of guanidinium group with phosphates [4] 
 
 
 

Lehn and his co-workers reported the first synthetic macrocyclic guanidinium -based 

receptors for anion complexation (Figure 5) [17]. Due to smaller size of the macrocycle and 

high degree of solvation of the guanidinium ion, these receptors showed only weak binding 

with PO4
-3 anion [4]. 

     

Figure 5.  First synthetic macrocyclic guanidines [4]. 
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Hamilton et al [18] reported a modified bis guanidinium receptor (Figure 6) that 

selectively binds HPO4
-2 in water with a high binding constant. This receptor relies on 

charged H-bonding interactions to bind to the anion [4]. 

 
Figure 6.  A guanidinium receptor complementary binds HPO4

-2 [4]. 

 

 

A set of acyclic tripodal ligands, which consists of a metal center (positively charged 

cobaltocenium moieties or neutral ferrocene moieties) and an amide function was reported by 

Beer’s group [19]. There were two types of binding forces involved in host-guest 

interactions. The guest binds to the amide groups through H-bonding while the metal center 

contributes with electrostatic interactions. Figure 7 shows the acyclic tripodal ligand that 

selectively binds inorganic H2PO4
-1 anion [9]. 

 

 

Figure 7.  Acyclic tripodal ligand that selectively binds H2PO4
-1 anion [9]. 



7 

 

The neutral anion hosts possess several advantages over charged anion hosts. Their 

electroneutrality prevents a competition in solution of counterions for the binding sites of the 

host. The directionality of hydrogen bonds allows a well-defined arrangement of binding 

sites in the host molecular framework to translate into predictable substrate selectivity [9]. 

However hydrogen bonding interactions in these receptors are weak in polar protic solvents. 

As a result, there are only few examples of neutral anion hosts active in water. There are two 

basic classes of neutral anionic receptors [20]. Either the receptors bind anions entirely by 

hydrogen bonding or ion-dipole interactions or receptors that coordinate anions at the Lewis 

acidic centers of a neutral organometallic ligand [20]. 

 

 The first synthetic neutral anion receptor to employ H-bond interaction was 

documented by Pascal and co-workers in 1986 [21]. This receptor has three amide groups, 

linked to make a convergent binding site within the cyclophane host. A cyclophane is a 

hydrocarbon consisting of an aromatic ring (usually a benzene ring) and an aliphatic chain 

that forms a bridge between two non-adjacent positions of the aromatic ring. This receptor 

(Figure 8) was found to bind F- ions in DMSO-d6 solution [7]. 

 

Figure 8. The first synthetic neutral amide-based anion receptor [7].         

http://en.wikipedia.org/wiki/Hydrocarbon
http://en.wikipedia.org/wiki/Aromatic
http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Chain_%28sequence%29
http://en.wikipedia.org/wiki/Bridge
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A new series of neutral ligands were designed by Reinhoudt and co-workers [22] in 

1993 that mimics nature in the recognition of anions by multiple three-dimensional hydrogen 

bond formation. These receptors had hydrogen bond donating and accepting sites positioned 

in a tetrahedral orientation. The receptor molecules (Figure 9) showed selective binding for 

dihydrogen phosphate over sulfate or chloride anions [9]. In molecule iii, when the R group 

was 2-naphthyl, the strongest binding for H2PO4
-1 anion was observed. This can be attributed 

to electrophilicity of sulfonamide group and preorganization of the binding site via π–π 

stacking of the naphthyl groups [9].  

 

              

 

 

 

   

 

 

Figure 9. Acyclic tripodal receptors selective for tetrahedral H2PO4
-1 anion [9]. 

 

 

Since urea and thiourea are good H-bond donor groups, these subunits have been 

widely used in synthetic neutral receptors [23]. Following Wilcox [24] and Hamilton’s [25] 

work on urea–anion interactions, a variety of anion receptors have been reported. In these 

receptor molecules one or more urea fragments were incorporated in an acyclic, cyclic or 

polycyclic framework [26]. Figure 10 shows three different examples which recognize 

inorganic H2PO4
-1 by exclusively H-bonding [27-29]. 
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(a)                               (b)                              (c) 

Figure 10. Urea based receptors selective for tetrahedral H2PO4
-1 anion [26-29] 

 

Another group of neutral anion receptors have been developed immobilizing  a uranyl 

cation [14]. Salophen (Figure 11a) consists of both hydrogen bond accepting ether oxygens 

and hydrogen bond donating amide function. H2PO4
-1 anion binds to this receptor through 

three H-bonds and the coordination at the uranyl center. Due to these additional interactions 

it showed a high binding constant for H2PO4
-1 anion. When the R group was methoxy, 

Salophen in Figure 11b showed an increased selectivity with a high association constant for 

H2PO4
-1 anion [14].  

     

(a)                                           (b) 

Figure 11. Uranyl based receptors selective for tetrahedral H2PO4
-1 anion [14]. 
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1.2 Introduction to phospholipids 

Phospholipids are a class of lipids which are a major component of all cell 

membranes. There are two classes of phospholipids: those that have a glycerol backbone and 

those that contain sphingosine. Both classes are present in the biological membrane. 

Phospholipids that contain a glycerol backbone are called phosphoglycerides which are the 

most abundant class of phospholipid found in nature. These phosphoglycerides contain a 

diglyceride, a phosphate group, and a simple organic molecule such as choline that divide 

into two distinct structural regions: a polar hydrophilic headgroup and a hydrophobic tail 

region. The polar end of the molecule is soluble in water and water solutions (including 

cytoplasm); the other, fatty-acid end is soluble in fats [30]. In a watery environment 

phospholipids naturally combine to form a two-layer structure (lipid bilayer) with the fat-

soluble ends sandwiched in the middle and the water-soluble ends sticking out (Figure 12) 

[29]. 

 

 

 

Figure 12. Structure and assembly of Phospholipids in cell membrane. 

http://en.wikipedia.org/wiki/Lipids
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Cell_membrane
http://www.answers.com/topic/sphingosine
http://en.wikipedia.org/wiki/Diglyceride
http://en.wikipedia.org/wiki/Phosphate_group
http://en.wikipedia.org/wiki/Choline
http://www.answers.com/topic/cytoplasm
http://www.answers.com/topic/fat
http://www.answers.com/topic/lipid
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1.3 Introduction to antimicrobial cationic peptides (AMPs) 

Even though some of the bacteria may cause diseases both in animals and plants, our 

original antibiotics such as penicillin, tetracycline, and erythromycin were originated from 

bacterial source[31]. As bacteria are becoming resistant to conventional antibiotic researchers 

are looking new ways to fight these microbial infections. One possible way is the 

development of cationic peptides as commercial antimicrobial agents [32].  

Some of the naturally occurring antibiotics are referred to as cationic peptides (Figure 

13) [33]. Antimicrobial cationic peptides are small molecular weight proteins which are 

widely spread in nature. Their molecular masses are less than 10000. Though the mechanism 

of action is not completely clear, one hypothesis is that these AMP’s form channels which 

leads it to binds anionic components of the cell membrane and disrupts the inner membrane. 

Therefore AMP’s are responsible for killing of bacteria, viruses, eukaryotic parasites and 

fungi [31].  Microbial pathogens rarely develop resistance to cationic peptides even though 

they had been exposed to them for a long period of time. Therefore, these cationic peptides 

are attractive target drugs for pharmaceutical companies [32].  

There are over 600 cationic peptides that have been found in every organism from 

microbe to human [32]. These cationic peptides possess only few common features. They are 

substantially different in sequence and structure. Since these cationic peptides are very 

unlikely the same in different organisms, they could lead to a large variety of drugs [32]. 
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This diverse and extraordinary group of molecules is mainly categorized into 

subgroups depending on their amino acid composition and structure. Antimicrobial peptides 

generally possess 12-20 amino acids and have two or more positively charged residues 

provided by arginine [33].  

 

Figure 13. Cationic peptides [32] 

There are four major classes of cationic peptides (Figure 14) [32]: 

 -sheet molecules stabilized by two or three disulfide bonds 

 amphipathic α-helices  

 extended molecules  

 loops due to a single disulfide bond  
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Figure 14. Major classes of cationic peptides [34]. 

 

These cationic peptides possess both a hydrophobic region that interacts with lipids 

and a positively charged hydrophilic region that interacts with water or negatively charged 

residues [34]. This feature allows the peptides to interact well with membranes that are 

composed of amphipathic molecules, especially Phosphatidylglycerol (PG) which is a unique 

anionic phospholipid present in Bacteria’s outer leaflet of its inner membrane. 

Both eukaryotic and prokaryotic cell membranes are complicated assembly of 

proteins and lipids.Though the phospholipids are common in both types of cell membrane, 

eukaryotic cell membrane is primarily composed of Zwitterionic phospholipids like 

sphingomyelin and phosphatidylcholine (Figure 15), whereas that of the bacterial cell 

membranes contains a high fraction of negatively charged phospholipids(Figure 16) and 

amphiphiles [30]. 
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Figure 15. Common mammalian glycerophospholipid headgroups (R -/alkyl chain):  

(a) phosphatidylcholine, PC; (b) sphingomyelin, SM [30] 

 

 

 

Figure 16. An anionic phosphatidylglycerol molecule found in prokaryotic cell  
      membranes 

 

Although antimicrobial cationic peptides bind and disrupt bacterial cell wall 

components, the high cost to synthesize them, instability to endogenous proteases and host 

toxicity make them problematic to use as therapeutic agents [33]. 

 Although many receptors have been synthesized and reported for inorganic 

dihydrogen phosphate anions, only few synthetic receptors specific for the phosphate head 

groups of phospholipids were reported [35]. 
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Inspired by the phosphoglycerides binding and transport systems found in nature, 

researchers have begun to develop synthetic receptors for phosphoglyceride head groups. 

According to Bradley D. Smith et al [36], tris(2-aminoethyl)amine derivatives (Figure 17) 

with adjoined urea and sulfonamide groups facilitate the translocation of fluorescent 

phospholipid probes and endogenous phosphatidylserine across vesicle and erythrocyte cell 

membranes. These synthetic translocases perform their activity by binding to the 

phospholipid head groups and forming lipophilic supramolecular complexes which diffuse 

through the non-polar interior of the bilayer membrane [36].  

 

                                 
Figure 17. Proposed supramolecular complexes with TREN-derived receptors (R_/alkyl): 

(a) PC headgroup (b) PG headgroup [36]  
 

 

 The same group was able to synthesis a hydrophilic Zn coordination complex (Figure 

18) which selectively associates with bacterial anionic membrane. It  selectively showed high 

toxicity against the Gram-positive pathogenic bacterium Staphylococcus aureus [35]. The 

mechanism of action was due to the interaction of the zinc cation with the negatively charged 
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phosphate group of the membrane phospholipids which depolarize the bacterial membrane 

and thereby disrupt the membrane [35]. 

 

 

Figure 18. The interaction of the Zn coordination complex with the anionic phosphate head 

group of the phospholipid [35] 

 

 

The objective of our work is to construct small receptor molecule(s) which mimic 

able to selectively bind PG anion (Figure 19). Then these receptors could link with 

membrane disruptors. Thereby we could obtain potential antibiotics which will mimic the 

activity of antimicrobial cationic peptides without any host toxicity.  

 

 

 

Figure 19. The anionic phosphatidylglycerol (PG) molecule used for this study. 
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As the PG head group contains a phosphate anion portion and two glycerol hydroxyl 

groups, the proposed receptors (Figure 20) were intended to have multiple binding domains. 

While the neutral urea groups complex with the phosphate head group of PG anion, the 

secondary amide groups attach to the glycerol hydroxyl groups of the PG. An advantage to 

charged systems is that they would make an organic receptor soluble in an aqueous 

environment while making stronger charged hydrogen bonds with the oxygen(s) from the 

phosphate functionality. 

 

n = 3, 4, 5  

R=  phenyl/hexyl urea, charged / neutral amine 

Figure 20. The structure of proposed second generation receptor. 
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CHAPTER 2 

SYNTHESIS AND BINDING STUDIES OF RECEPTORS 7 AND 8 

This dissertation describes; i) An extension of a project started by a former colleague 

[37]. ii) Synthesis towards a pre-organized neutral receptor with urea functional groups and 

four methylene units linker between two phenolic rings. iii) Determination of the scope of 

our ureidomethylation methodology utilizing 1-ethoxymethyl-3-hexylurea with various 

aromatic rings. 

2.1 Synthesis of receptors 7 and 8 

The main research goal of our group is to design and synthesize a family of medium 

size receptors with different functional groups that can selectively bind the PG anion. 

Computer model studies (Figure 21) showed the receptor should be multi-functional and also 

pre-organized for a proper alignment of multi-functional groups to obtain a strong affinity 

towards the PG anion. In receptors 7 and 8 (Scheme 1) pre-organization was achieved by 

making the bis-phenol scaffold linked in two places; an ether linkage between two phenol 

oxygen atoms and alkyl link ortho to the ether link. In order to discover an ideal binding 

pocket, the number of methylene units at the ether link was varied (one, three, four or five 

methylene units) as well as the alkyl link at the ortho position (three, four or five methylene 

units). 
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Figure 21.  Semi‐empirical computer model showing the minimized energy structure of 
receptor 7 with phosphatidylglycerol with a short tail [37]. 
 
 

 As a continuation of a colleague’s project towards the synthesis of pre-organized 

neutral receptors to bind PG anion the following synthetic steps were repeated [37] and anion 

binding studies were carried out using 1H NMR and ITC experiments to determine the 

receptors’ stoichiometry of binding, Keq, as well as G, H and S of binding. 
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Scheme  1.  Repeated synthetic steps 
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2.2  1H NMR studies of receptor 7 and 8 with inorganic dihydrogen phosphate anion 

The binding stoichiometry, binding constants and the thermodynamic properties of 

these two receptors for inorganic H2PO4
-
 anion and PG anion were obtained by JOB plots 

using 
1
H NMR and anion titrations of the receptors using 

1
H NMR titration and isothermal 

titration calorimetry (ITC) respectively. All the 
1
H NMR Job plots and 

1
H NMR titrations 

were carried out in DMF-d7 at 30 
o
C. ITC studies with inorganic H2PO4

-
 were performed in 

DMF-d7 at 30 
o
C but 5% CHCl3 in DMF-d7 at 30 

o
C with PG anion was used as the solvent 

system due to solubility issues. Compound 8 was used as a control for receptor 7 as it had 

only a phosphate anion binding unit. 

 We initially performed a 1H NMR Job plot for the control receptor 8 to determine the 

binding stoichiometry between the receptor and the inorganic H2PO4
-, as our working 

hypothesis was that a receptor which showed 1 to 1 binding with inorganic H2PO4
- anion 

would also show the same binding stoichiometry with PG anion. 

 The 1H NMR Job plot for receptor 8 showed the binding stoichiometry of receptor to 

inorganic H2PO4
- anion was 1 to 1 as expected from our molecular modeling. Subsequently 

inorganic phosphate anion titrations were carried out with receptor 8 using 1H NMR and Keq 

was determined by non-linear regression analysis using EQNMR [38] as 1170 M-1 which was 

an average value of three experiments of multiple proton shifts . There were two protons 

(which are color coded in scheme 1) that could be followed to obtain the ppm values 

(Figure 22) and table1 illustrates all the binding constants with % error. Figure 23 & 24 

shows the Job plot and a binding curve of receptor 8 and inorganic H2PO4
- anion complex 

respectively. 
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Figure 22. Stack plot showing the change in  ppm of urea protons 8 
 

 
TABLE 1 

 
1H NMR titration Data for the Control Receptor 8 with inorganic H2PO4

- anion 

Proton Run 1 Run2 Run3 Average K Average Error 

1 1403 1313 1393   

% Error 26 26.6 24.6 1170.33 17.3 

2 974 960 979   

% Error 9.2 8.8 8.9   

 



23 

 

 

 
 

Figure 23.   
1
H-NMR Job plot of 8 - H2PO4

-
 complex in DMF-d7 at 30 

o
C 

 
 
 

 
 

Figure 24. 1H NMR titration curve of 8 with H2PO4
- anion in DMF-d7 at 30 oC 
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 Similarly, a 1H NMR JOB plot (Figure 25) was performed to determine the binding 

stoichiometry of receptor 7 to inorganic H2PO4
- anion and it was found to be a combination 

of 1:1 and 2:1. Therefore neither 1H NMR binding studies nor the ITC titrations were carried 

out. 

 

Figure 25.   
1
H-NMR Job plot of 7- H2PO4

-
 complex in DMF-d7 at 30 

o
C 

 

2.3  1H NMR studies of receptor 7 and 8 with PG anion. 

A 1H NMR Job plot of   8 showed (Figure 26) the binding stoichiometry of receptor 

to PG anion was not exactly 1:1; opposed as what was suggested by the molecular modeling. 

Over several experiments this inflection point varied between 0.5-0.6. Apparently it was not 

1:1 binding stoichiometry. Therefore neither 1H NMR titrations nor ITC studies were carried 

out.  
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     Figure 26. Job plot of 8 – PG anion complex in DMF-d7 at 30 oC  
 
 

Similarly, a 1H NMR JOB plot was performed to determine the binding stoichiometry 

of receptor 7 with PG lipid and it was found to be 1:1. Anion titrations were carried out and 

the binding constant was obtained by EQNMR calculations as before. The average binding 

constant was 294 M-1. Table 2 illustrates all the binding constants with % error. Figure 27 

shows the Job plot and figure 28 shows the binding isotherm of 7 and PG anion complex. 

 
TABLE 2 

 
1H NMR titration Data for the Receptor 7 with PG anion 

Proton Run 1 Run 2 Run 3 Average K Average 
% Error 

1 346 287 385   
% Error 6 5.5 5.9 294 5.3 

2 222 199 323   
% Error 4.9 5.8 4.2   
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Figure  27. Job plot of 7– PG anion complex in DMF-d7 at 30 oC  
 

 

 
 

Figure 28. 1H NMR titration curve of 7 with PG anion in DMF-d7 at 30 oC 
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2.4 Isothermal titration calorimetry studies of receptor 7 and 8 with inorganic   
dihydrogen phosphate anion and PG anion 

 

Receptors showing 1:1 binding stoichiometry with either inorganic H2PO4
- anion or 

PG anion were subjected to isothermal calorimetric studies with the respective anion in order 

to compare the Keq  results from 1H NMR spectroscopic studies as well as to determine G, 

H and S of binding. All the ITC studies were done at 30 oC using DMF-d7 or 5% CHCl3 in 

DMF as the solvent. 

 

Figure 29 shows the ITC titration curve of the receptor 8 with H2PO4
-
 using Microcal 

LLC ITC 200 software was exothermic. The Keq was obtained as an average of 3 values 1.67 

x 10
4
 M

-1
 with a 4.4% error. The average H value obtained was -2949 cal/mole with 1% 

error. The average S for the binding was 9.59 cal/ mol/
o
C. Thus, both enthalpy and entropy 

contributed to the binding of anion to receptor. These data are summarized in table 3. 
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Figure  29.   ITC titration curves of the receptor 8 with inorganic H2PO4

-  
       anion at 30oC in DMF 
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TABLE 3 

ITC data for the receptor 8 with inorganic H2PO4
- anion. 

 Run 1 Run2 Run3 Average 
 

K 16900 16100 17200 16733 
% Error 4.3 4.8 4.1 4.4 
H -2946 -2971 -2931 -2949 

% Error 0.97 1.1 0.98 1 
S 9.62 9.45 9.7 9.59 

 

ITC titration curve of the receptor 7 with PG anion using Microcal LLC ITC 200 

software was exothermic (Figure 30). The Keq was obtained as an average of 3 values 4.24 x 

10
2
 M

-1
 with a 14% error. The average H value obtained was -1388 cal/mole with 1 % 

error. The average S for the binding was 7.44 cal/ mol/
o
C. Thus, both enthalpy and entropy 

contributed to the binding of anion to receptor. These data are summarized in table 4. 

 

TABLE 4 

ITC data for the receptor 7 with PG anion 

 

 Run 1 Run2 Run3 Average 
 

K 404 430 437 424 
% Error 14.6 13.7 14.1 14.1 
H -1625 -1318 -1222 -1388 
% Error 1.2 0.98 0.96 1 
S 6.56 7.7 8.05 7.44 
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Figure  30 .   ITC titration curves of the receptor 7 with PG anion 

     in 5%  CHCl3 in DMF at 30 oC. 
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JOB Plot results of the receptor 7 showed the binding stoichiometry was a 

combination of 1:1 and 1:2 with inorganic H2PO4
- anion. This could be attributed to the 

complexation of one small H2PO4
- anion with the urea groups of the receptor and the second 

H2PO4
- anion with the primary alcohol group at the para position to the phenolic oxygen.  

Similar studies carried out with the control receptor showed it binds to inorganic H2PO4
- 

anion in 1:1 stoichiometry as suggested by molecular model studies. 

Change in chemical shift of a proton in NMR titration experiment indicates that 

proton is involved or affected by the binding process. A similar movement was observed in 

ortho, meta and para protons of the aromatic ring of the phenyl urea of receptors 7 and 8 

upon binding with PG and inorganic H2PO4
- anions respectively. In both binding events (7 

with PG anion and 8 with H2PO4
-) a downfield shift for both ortho protons and an upfield 

shift for meta and para protons was observed (see Appendix Figures 81 & 82). The 

downfield shift of ortho protons could be attributed to the interaction of the anion with the 

urea groups. This is due to the change in the electron density on the ring system after the 

binding event & since ortho protons are in close proximity of the urea group, they showed a 

downfield chemical shift. This suggested that both inorganic H2PO4
- and PG anion binds in a 

similar manner to receptors 8 and 7 respectively. 

A moderate to high binding constant was obtained for receptor 8 with inorganic 

H2PO4
- while receptor 7 with PG anion yielded a moderate binding constant. This suggested 

receptor 8 binding pocket is complementary to the small inorganic H2PO4
- anion, although it 

was not an ideal fit for the relatively large PG anion. 

Therefore in order to accommodate the PG anion, the size of the binding pocket 

should be increased. 
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CHAPTER 3 

SYNTHESIS AND CHARACTERIZATION OF PRE-ORGANIZED RECEPTORS  

The work described in the previous chapter suggested that in order to obtain a high 

affinity for the anionic PO4
– head group of PG with our receptors it would be necessary to 

increase the length of the alkyl link between the two aromatic rings. Therefore my research 

project was designed to synthesize a receptor with different length ether linkers(X) and four 

methylene units alkyl linker between the two rings and would contain different functional 

groups (urea/amide). 

The first neutral receptor design (Figure 31) contains bis-phenol rings which are 

bound together by two linkages; an ether linkage between the two phenol oxygen atoms and 

an alkyl linkage connecting the two rings ortho to the ether linkage. This rigidity points the 

two urea groups in the same direction which was designed to be the binding pocket for the 

phosphate portion of the PG anion (Figure 19). The amide functional groups attached to the 

ring at the para position to the phenolic oxygen atoms would be responsible for binding the 

two glycerol hydroxyl groups of the PG. In this receptor molecule, X could be propane, 

butane or pentane chain, or acyl group while R could be phenyl urea, hexyl urea (or charged 

amine).  

 

Figure 31. Proposed pre-organized receptor 
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The synthesis of these receptors involved several steps, starting with the construction 

of the secondary amide, and attachment of an allyl group (Scheme 2). Introduction of the 

ureidomethylenes would be a major step in the synthesis, and this was accomplished by 

developing a new methodology (Chapter 4). Once compound 9 was synthesized, the two 

could be linked via an ether linkage between the two phenol oxygen atoms.  The last step 

would be the ring closing metathesis reaction utilizing Grubb’s catalyst to furnish the desired 

receptor. A major advantage of this approach is that the Grubb’s catalyst is compatible with 

many types of functional groups. Scheme 2 outlines the retrosynthetic analysis of the 

receptor. 

 

Scheme 2. The retro-synthetic analysis of proposed receptors 
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The synthesis of pre-organized receptors involves several steps and would not be an 

easy task. Therefore we prepared compounds 15 and 17 initially, since the phenolic primary 

amide was commercially available. Once compounds 14 and 16 were synthesized using the 

methodology presented in chapter 4, two molecules of 14 or 16 could be linked as shown in 

scheme 3 to obtain the desired products. 

 

Scheme 3. Synthesis of compound 15 and 17. 

 

These compounds showed limited solubility in organic solvents due to the presence of 

the polar primary amide group. Also purification was problematic due to the formation of 

number of byproducts in both reactions.  In order to avoid these difficulties it was decided to 

utilize a secondary amide in the desired receptor. 
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Therefore the synthesis began with the commercially available 3-(4-hydroxyphenyl) 

propionic acid which was allowed to react with thionyl chloride to form an acyl chloride 

followed by adding excess (10 equivalents)  of n-propyl amine to obtained the corresponding 

secondary amide (9). The crude reaction mixture was subjected to column chromatography to 

furnish pure product in 68% yield.   

 

Scheme 4. First methodology to synthesis 9 

 

Though the reaction given in scheme 4 furnished a reasonable yield, purification of 

this compound 9 was problematic due to many byproducts in the crude reaction mixture. 

Therefore we modified the methodology as follows (Scheme 5).   
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Scheme 5. Second methodology to synthesis 9 

 

Thionyl chloride was added to the salt prepared from 3-(4-hydroxyphenyl) propanoic 

acid and n-propyl amine. Since the disappearance of the salt was distinct, the minimum 

amount of thionyl chloride could be used in this reaction. The resulting acyl chloride was 

reacted with less equivalences of n-propyl amine to furnish the secondary amide (9). This 

method allowed using the minimum equivalents of n-propyl amine (3 instead of 10) and also 

required no purification other than a simple work up to furnish pure product in 74 % yield.   

Ureidoalkylation of compound 9 using urea reagents 18 or 4 were carried out (as 

described in the next chapter) to furnish the desired products 19 and 20 in 40 and 48% yield, 

respectively. Scheme 6 shows the synthesis of compounds 19 and 20. 
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Scheme 6. Synthesis of Compounds 19 and 20. 

 

The ether linkage between the two phenols was achieved by first forming the 

corresponding phenolate ion using NaH and then reacting it with diiodomethane (Scheme 7). 

The removal of DMF furnished the crude product as a solid.  Sequential trituration with 

MeOH furnished the products as white solids 21 and 22 in 38 % and 48 % yield respectively. 
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Scheme 7. Synthesis of compound 21 and 22. 

 

Though the goal was to synthesize pre organized receptors, we thought it would be 

worth investigating any particular binding properties on the mono linked receptors. Therefore 

1H NMR titrations and JOB Plots of compounds 15, 17, 21 & 22 with inorganic H2PO4
- anion 

or the PG anion were carried out to determine the binding strength and binding 

stoichiometry. Titration studies showed all of these compounds bind to inorganic H2PO4
- 

anion but not to the PG. JOB Plots for the compounds with dihydrogen phosphate showed a 

mixed binding stoichiometry. 

The above binding studies (along with another colleague’s data) [37] showed the 

simple mono linked receptors would not exhibit well behaved binding with either inorganic 
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H2PO4
- anion or PG anion and illustrated the necessity of a more pre-organized binding 

pocket.  

Therefore a more pre-organized binding pocket was designed by introducing a second 

alkyl linkage between the two rings (Figure 30). Dr. Burns’s group has been utilizing 

different methodologies to prepare this link, using either our Cu (I) catalyst or a Grubb’s 

catalyst. My goal was to carry out the ring closing metathesis utilizing Grubb’s catalyst. 

Before performing the actual receptor synthesis it was decided to carry out the ring 

closing metathesis reaction using second generation Grubb’s catalyst on a model compound. 

Synthesis of the model compound began by converting commercially available 3-(4-

hydroxyphenyl) propanoic acid to its corresponding amide (23) using n-hexyl amine similar 

to the procedure illustrated in Scheme 5.  

 

Scheme 8. Synthesis of compound 23 
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This step was followed by a nucleophilic substitution reaction using allyl bromide to 

synthesize compound 24 as colorless crystals in 74% yield. The ortho substituted phenol was 

obtained by an aromatic Claisen rearrangement catalyzed by BCl3.CH2Cl2 and the pure 

product was furnished as a yellow oil in 70% yield (Scheme 9). 

 

Scheme 9.  Adding allyl group to 23. 

 

With ample amounts of compound 25 in hand it was decided to carry out the cross 

metathesis reaction using second generation Grubb’s catalyst (Scheme 10). After work up, 1H 

NMR of the crude product mixture showed the elimination of the allyl group of the starting 

compound instead of getting the desired product (26).  
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Scheme 10. Cross metathesis reaction of 25. 

 

In order to perform ring closing metathesis, it was decided to first carry out the 

alkylation of phenolate oxygens using 1,3-dibromopropane. 1H NMR of the crude reaction 

mixture showed only the presence of a mono alkylation product with its second bromine 

eliminated to form a terminal alkene. Since these problems originated due to a sluggish 

alkylation reaction it was decided to proceed with a more reactive acylation. The acylation of 

phenolate oxygens was carried out using succinyl chloride. The crude product mixture was 

subjected to column chromatography (silica gel) eluting with 25% EtOAc in CH2Cl2 to 

furnish the pure product 27 as white solid in 37 % yield. 
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Scheme 11. Coupling reaction of 25 using Succinyl Chloride. 

 

However, succinyl chloride was highly reactive and very difficult to work with, and a 

number of byproducts were formed in the above acylation reaction. Since the utilization of 

succinyl chloride in this reaction was problematic, it was decided to use a less reactive 

coupling reagent which also would be easy to handle.  As a result S,S-di(2-pyridyl) butane-

1,4-bis(thiocarboxylate) (28)  was synthesized  as shown in Scheme 12. Using the same 

reaction conditions the acylation of phenolate oxygens was carried out utilizing compound 28 

to furnish the desired product 27 in 52% yield.  

 
Scheme 12. Synthesis of thioester 28 
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Compound 27 was subjected to ring closing metathesis reaction utilizing second 

generation Grubb’s catalyst (Scheme 13). The crude product was subjected to column 

chromatography (silica gel) to furnish the pure product (29) as white solid in 60% yield. This 

compound (29) was then subjected to catalytic hydrogenation using Pd/C in a Parr 

hydrogenation apparatus (Scheme 13) to furnish the pure product 30 as white solid in 48% 

yield.     

 

Scheme 13. Ring closing metathesis of compound 27 

 

This model study confirmed the ring closing metathesis reaction could be achieved 

utilizing second generation Grubb’s catalyst as planned.   

Following the successful preparation of 30 it was decided to move ahead with the 

synthesis of receptor 13. The synthesis began with converting commercially available 3-(4-
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hydroxyphenyl) propanoic acid to 3-(4-hydroxyphenyl)-N-propylpropanamide (9) as 

illustrated in Scheme 5. Once compound 9 was synthesized, there were two possible 

pathways to synthesize receptor precursor 11a (shown in scheme 14), which would then be 

linked together. 

 
Scheme 14. The two approaches towards the synthesis of compound 11a. 

 

With pathway A one of the ortho positions of compound 9 was substituted with the 

ureidomethylene group (hexyl) to furnish 19 as illustrated in scheme 6. Impurities that could 

not be easily removed resulted in a moderate yield for 19. Allylation of the remaining ortho 

position of 19 was achieved by adding allyl bromide followed by Claisen rearrangement as 

shown in scheme 15. The crude product was subjected to column chromatography (silica gel) 
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to furnish the pure compound 11a as yellow oil. The overall yield for the synthesis of 11a via 

pathway A was 36 %.  

 

Scheme 15. The first approach (Pathway A) towards the synthesis of compound 11a  

 

The low yields of 11a that resulted from using pathway A suggested a second 

approach via pathway B would be a better choice to improve yields of compound 11a. Thus 

the allylation of the phenolate anion with allyl bromide was performed first to furnish 32 as 

white crystals in 75% yield. Subsequent Claisen rearrangement using BCl3.CH2Cl2 furnished 

the pure compound 10 as yellow oil in 72% yield and in 50% overall yield.  

Ureidomethylation of compound 10 utilizing 18/4 as the urea reagent furnished compound 

11a & 11b respectively (Scheme 16). 
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Scheme 16. The second approach via pathway B to synthesize compound 11a and 11b  

 

The model studies carried out using compound 25 showed the necessity of having an 

alkyl link or acyl link before carrying out the metathesis reaction. Therefore we first prepared 

the ether linkage between two phenols (11a or 11b) and then carried out the ring closing 

metathesis using Grubb’s catalyst as illustrated in schemes 10 and 12. 

 Table 5 summarizes the results of the coupling reaction of 11a or 11b carried out 

using K2CO3 and 18-Crown-6/ NaH, DMF with different linkers. When the compound 11a 

was reacted with the 1, 3-dibromopropane utilizing K2CO3/ 18-C-6, product was furnished in 

very low yield and the majority product turned out to be the alkylated with second bromine being 

eliminated as evidenced by the 1H NMR spectroscopy. The purification was never attempted due 

to the low yield and large number of byproducts. 
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TABLE 5 

ETHER LINKAGE REACTION WITH DIFFERENT LINKERS 

Starting molecule Linker Reaction 
Conditions 

 

Result 
 

 

                

11a 

 K2CO3 
18-C-6, THF 
Reflux, 24 hrs 

mainly eliminated 
product and 10 %  
desired product 
 

 K2CO3 
18-C-6, THF 
Reflux, 24 hrs 

Pure product 12a 
isolated in 54% 
yield 
 

 K2CO3 
18-C-6, THF 
Reflux, 24 hrs 

Product formed in 
low yields 
Never isolated the 
pure product 
 

 

28 

K2CO3 
18-C-6, THF 
Room 
temperature, 
24 hrs 

Product formed in 
trace amounts, 
Never isolated the 
pure product 

NaH, DMF 
70oC, 4.5 hrs 
 

Product formed in 
low yields 
Never isolated the 
pure product 
 

                    
11b 

 K2CO3 
18-C-6, THF 
Reflux, 24 hrs 

Pure product 12b 
isolated in 56% 
yield 

 K2CO3 
18-C-6, THF 
Reflux, 24 hrs 

Product formed in 
low yields 
Never isolated the 
pure product 

 

28 

NaH, DMF 
70oC, 4.5 hrs 

Pure product 12c 
isolated in 27% 
yield 
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When the same reaction was carried out with 1, 4-dibromobutane, yields were much 

better compared to the corresponding yields using 1, 3-dibromopropane. The isolation of the 

desired product (12a) was also possible with column chromatography (silica gel). When 1, 5-

dibromopentane was used as the linker the product was furnished in low yields as evidence 

by 1H NMR spectroscopy and isolation was never attempted. When 11a reacted with 28 

utilizing K2CO3/ 18 Crown-6, the desired product formed in trace amounts and isolation of 

the pure product was never attempted.  

 Phenol 11b, when reacted with 1, 4-dibromobutane utilizing K2CO3/ 18 Crown-6, 

furnished the desired product (12b) in 54 % yield. Using the same reaction conditions the 

coupling reaction of 11b with 1,5-dibromopentane was carried out. According to the 1H 

NMR spectroscopy only trace amounts of the desired product was formed and isolation of the 

pure product was never attempted. Since the coupling reaction of phenol 11a with linker 28 

using K2CO3/ 18 Crown-6 did not form the desired product in reasonable yields, it was 

decided to carry out the coupling reaction of phenol 11b with linker 28 using NaH as the 

base and DMF as the medium. Column chromatography (silica gel) furnished the pure 

product (12c) as white solid in 27 % yield. 

 Figure 32 shows the linked products (12a, 12b and 12c) that were isolated in pure 

form. With compounds 12a, 12b and 12c in hand, the next step was to perform the ring 

closing metathesis reaction utilizing Grubb’s catalyst. 
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        12a 

 

 

         12b 

 

             

          12c 

 

Figure 32. Structures of compound 12a, 12b and 12c 
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Scheme 17. Olefin ring closing metathesis followed by catalytic hydrogenation to furnish the 

desired receptors 

 

Usually the ring closing metathesis reaction is limited to solvents such as CH2Cl2, 

benzene, 1,2-dichloroethane, acetic acid acetone [39]. Though we tried to dissolve 

compounds 13a, 13b and 13c in every one of these solvents it did not dissolve and could 

never get the reaction to go.  
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The difference between the model compound (27) and compounds 13a, 13b and 13c 

is the urea group. Therefore it was thought this urea group was the cause for insolubility and 

purification problems and it was decided to synthesize a receptor without urea functionality. 

The main idea of starting a new synthetic pathway was a Pd catalyzed cyanation of an 

aromatic ring containing bromine which would ultimately allow us to make a charged or 

neutral receptor. Therefore, this new approach began with aromatic ring bromination. Table 6 

summarizes the different reaction conditions and different starting materials used to carry out 

the aromatic ring bromination reaction. 

TABLE 6. 

AROMATIC RING BROMINATION UNDER DIFFERENT REACTION CONDITIONS 

Reaction Starting material Reaction conditions Result 

1 

 

i-PrMgCl, DBDMH, THF 

-78oC, 3 hrs 

Di anion did not dissolved 

Couldn’t proceed with 

reaction 

2 

 

DBDMH, CHCl3/THF, 

r.t. 3 hrs 

Trace amounts, never 

isolated the pure product. 

3 9 DBDMH, CHCl3/THF, 

r.t. 3 hrs 

Mostly di  substituted 

product 

4 10 TBA-OH, DBDMH, 

CH2Cl2 

Trace amounts, Never 

isolated the pure product. 

5 10 DBDMH, CHCl3/THF, 

r.t. 3 hrs 

Mixture of products 
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TABLE 6 (continued) 

6 10 DBDMH, CHCl3 

r.t. 3 hrs 

84% yield 

      11c 

 

In a literature procedure [40] DBDMH  was used as a bromine source in the presence 

of i-PrMgCl in THF at -78 oC to perform aromatic ring bromination. The use of the base 

showed that the phenolic anion (among several ring systems) was the most reactive system 

and produced the best yields of product. Since a Grignard reagent would interact with the 

amide functional group it was decided to start the reaction with commercially available 3-(4-

hydroxyphenyl) propanoic acid, and prepare the corresponding amide in a later step. When 

the dianion was made at -78 oC in THF, it precipitated out of the solution (reaction 1). In 

order to facilitate solubility of the di anion, the temperature was increased to 0 oC but the di 

anion still did not dissolve.  

Therefore it was decided to perform the bromination for 3-(4-hydroxyphenyl) 

propionic acid under neutral conditions (reaction 2) using DBDMH in a CHCl3/THF solvent 

system at room temperature. It furnished the desired product in trace amounts as evidenced 

by the 1H NMR and mass spectroscopy, and isolation of the pure product was never 

attempted. Though we did not find any literature documented procedure for aromatic ring 

bromination of phenols in the presence of an amide function group it was decided to perform 

the bromination reaction for compound 9 (reaction 3) using the same reaction conditions that 
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was used in reaction 2. The mass spectrum of the crude mixture indicated only dibrominated 

product. Compound 10 has only one highly reactive ortho position (to the phenolic oxygen) 

open. Therefore to prevent di bromination it was decided to use compound 10. TBA-OH was 

used as a non- nucleophilic base to make the anion (reaction 4). 1H NMR and mass 

spectroscopy showed the product was present in trace amounts in the crude reaction mixture. 

The isolation of the desired product was never attempted. Compound 10 was brominated 

using DBDMH as the bromine source and CHCl3/THF as the solvent system at room 

temperature (reaction 5). A mixture of mono and di brominated products along with other 

impurities were formed as evidenced by the 1H NMR spectrum. The reason for getting 

dibrominated product was the presence of other activating groups on the ring ortho to these 

brominated products. Due to close Rf values of both mono and di brominated products on 

TLC (silica gel), purification of the desired product was problematic. Since the reaction 

mixture changed its color when THF was used as solvent, it was hypothesized that THF was 

reacting with DBDMH.  Therefore the same reaction was carried out with compound 10 in 

the presence of DBDMH and CHCl3 only. The desired product 11c was isolated as yellow oil 

in 84% yield. 
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      Scheme 18. Aromatic ring bromination of 10 

 

With the brominated product 11c in hand, it was decided to carry out the cyanation 

reaction at this point rather than do it at the end after linking the two phenol molecules. 

Following a literature procedure, aryl bromide was converted to aryl nitrile utilizing copper 

(I) cyanide in 1,4-dioxane in the presence of Pd2(dba)3, DPPF and Et4NCN (Scheme 19). 1H 

NMR spectrum of the crude product mixture showed the presence of isomerized starting 

material instead of the desired product (11d). This suggested that Pd2(dba)3 under the 

reaction conditions isomerizing the double bond.   
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Scheme 19. Cyannation of 11c 

 

This suggested that in the presence of an olefin functional group, it was not plausible 

to carry out the above cyanation reaction. Thus the reaction route was changed and it was 

decided to prepare the alkyl linkage between two phenol molecules varying the linkers to 

obtain a better selection of binding pockets. Since previous studies showed (Table 2) the 

alkyl linkage with four methylene units would give a moderate yields with 11a and 11b it 

was decided to synthesize the linked receptor starting with 1,4-dibromobutane. 

Compound 11c was reacted with 1,4-dibromobutane in the presence of K2CO3 and 

18-C-6 in THF. The crude reaction mixture was subjected to column chromatography to 

furnish the pure product 12d as a white solid in 62% yield (Scheme 20).  
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Scheme 20. Linkage reaction of 11c using 1,4-dibromobutane 

 

The next step was to carry out the olefin ring closing metathesis reaction utilizing 

Grubb’s catalyst. In order to confirm the metathesis reaction conditions for this system, the 

reaction was performed on a small scale. Compound 12d was dissolved in 1,2-dichloroethane 

and second generation Grubb’s catalyst was added to the reaction mixture and it was stirred 

at 60oC for 40 minutes under N2 atmosphere to furnish the pure product 33d in 78 %yield.  

This product was then subjected to catalytic hydrogenation using 10% Pd/C in a Parr 

hydrogenation apparatus and the pure product (13d) was isolated as white solid in 53 % 

yield. 
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Scheme 21. Ring closing metathesis followed by hydrogenation of compound 12d 

 

Since the metathesis reaction worked well on a small scale, it was decided to scale up 

the reaction (increasing the weight by 5 times) using the same reaction conditions. 

Compound 12d was dissolved in a 1,2-dichloroethane and Grubb’s second generation 

catalyst was added to the reaction mixture. After the work up the 1H NMR and the MS 

spectroscopy of the crude reaction mixture showed the presence of only acyclic polymeric 

material indicating that the reaction did not close the rings but underwent cross-metathesis 

instead. Since this reaction worked well on a small scale, it was decided to perform the same 

reaction changing the reaction parameters one at a time to establish the best reaction 

conditions. Table 7 summarizes the Olefin ring closing metathesis reactions carried out under 

various conditions. 
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TABLE 7.  

RING CLOSING METATHESIS REACTION UNDER DIFFERENT REACTION 

CONDITIONS 

% Grubb’s 

catalyst  

Reaction 

Concentration  

Temperature 
oC 

Time (minutes) NMR yields 

2 0.01 60 40 Mostly starting material 

   30 Mostly starting material 

   20 Mostly starting material 

   10 Mostly starting material 

  25 30 Mostly starting material 

   20 Mostly starting material 

   10 Mostly starting material 

 0.02 60 20 Little product & starting material 

   15 Little product & starting material 

   10 Mostly starting material 

   05 Mostly starting material 

10 0.01 60 20 Mostly product 

   15 Both product & starting material 

   10 Mostly starting material 

 0.02 60 20 Mostly polymeric material 

   15 Both product & starting material 

   10 Mostly starting material 

  25 20 Both product & starting material 

   15 Mostly starting material 

   10 Mostly starting material 

 0.03 60 20 Mostly polymeric material 

   15 Mostly polymeric material 

   10 Mostly polymeric material 

  25 20 Mostly polymeric material 

   15 Little product & starting material 

   10 Some product & starting material 

16 0.01 60 20 Mostly product 

   10 Both starting material & product 

  25 20 Mostly starting material 

   10 Mostly starting material 
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A majority of the reactions listed in Table 7 furnished polymeric material as 

evidenced by 1H NMR and MS spectroscopy. When the reaction was attempted using 

conditions such as 16 % Grubb’s catalyst, 0.01M concentration, 60 oC, 10 minutes, the 

desired product was formed in moderate to low yields. These ring closing metathesis 

reactions were monitored by 1H NMR spectroscopy. The time taken to work up the reaction 

and to run the 1H NMR also accounts for the reaction time. Therefore even when the 1H 

NMR spectrum indicated the presence of the desired product in the crude reaction mixture it 

was polymerized by the time it was worked up.  Because of the extreme time sensitivity of 

the reaction and the difficulty in obtaining consistent results it was decided not to proceed 

with this particular system.  

The model studies (Scheme 11) showed it was plausible to perform the ring closing 

metathesis when there’s an ester linkage between two phenol molecules. Therefore it was 

decided to link two molecules of compound 11c with the linker 28 as shown in scheme 22. 

The crude reaction mixture was subjected to column chromatography (silica gel) to furnish 

the pure product as a white solid in 45% yield.  

 

Scheme 22. Linkage reaction of 11c using thioester 
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Compound 12e was subjected to olefin ring closing metathesis utilizing first 

generation Grubb’s catalyst. Again the reaction was first carried out on a small scale (30 mg) 

to optimize the reaction conditions. After attempting several reactions changing one 

parameter at a time, the ideal conditions were set it up. Utilizing these optimized conditions 

12e was subjected to ring closing metathesis reaction with first generation Grubb’s catalyst. 

After work up the pure product 33e was obtained in 51% yield. Compound 33e was then 

subjected to catalytic hydrogenation to furnish compound 13e in 59 % yield. 

 

Scheme 23. Synthesis of compound 13e 
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When the above reaction was repeated with increased the amounts of the starting 

material, the reactions proceed futile. 1H NMR showed that instead of ring closure once again 

the product was dimerized and acyclic. Because of the difficulty with inconsistent results, 

lack of yield and difficulties in purification, this reaction path was terminated.  
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CHAPTER 4 

SCOPE AND UTILIZATION OF UREIDOALKYLATION REACTION 

 

Many researchers around the globe have utilized the urea functional group as a 

binding unit in anion receptors.  This can be attributed to its electro neutrality and the ability 

to form highly directional H-bonds with the guest. Due to our own interest in using ureas in 

anion receptors, a study was undertaken to determine whether a non prefunctionalized 

aromatic (Ar) ring could be successfully transformed into ArCH2NHCONHR in one step. 

Amidoalkylation has been extensively used to add alkylamide groups to aromatic rings via 

one-step electrophilic aromatic substitution reactions. On the other hand, an analogous 

ureidoalkylation method which would place an alkylurea group directly on an aromatic ring 

has seen few applications (Scheme 24). 

 

Scheme 24. (a) Amidoalkylation of aromatic ring and  

        (b) The few examples of ureidoalkylation of an aromatic ring. 
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One of Dr. Burns’s research interests was the preparation of neutral and/or charged 

receptors selective for the anionic phosphatidylglycerol (PG) molecule. Dr. Alex Meece 

synthesized bis-anisole (A) and bis-phenol (B) as potential intermediates in the total 

synthesis of neutral urea based receptors [37]. Use of this synthetic pathway was the driving 

force to determine whether we could carry out single step ureidomethylation reactions for 

these compounds (Figure 33).  

                                                           

Figure 33. Structure of bis-anisole and bis-phenol 

 

 Both compounds were subjected to ureidomethylation utilizing different alkoxyurea 

reagents (methyl, phenyl or hexyl) and TFA as acid catalyst. The results showed no matter 

which alkoxyurea reagent  was used or no matter how the other reaction conditions changed 

(alkoxyurea reagent equivalencies, temperature or the order in which the reagents were added 

together), no product formed when compound A was used as starting material.  Interestingly 

when bis-phenol (B) was subjected to same set of reactions, it formed the desired bis C-

ureidomethylated product in low yield along with mono, O-ureidomethylated and urea break 

down products. Due to all these byproducts, the purification of the desired product proved 

intractable. With less than 2 equivalencies of urea reagent was used very little product (mono 
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urea adduct) was formed. When more than 2 equivalencies of urea reagent was used, tri and 

tetra addition adducts were formed, as well as the other numerous byproducts already in the 

crude reaction mixture. 

It was then realized, a procedure which would utilize an excess amount of the urea 

reagent to maximize the addition at both ortho positions, followed by a method which might 

selectively cleave o-ureidomethylated adduct would be likely to increase the product yield. 

With this in mind,  ureidoalkylation was attempted on bis-phenol(B) with an excess 

amount of urea reagent followed by acidic ethanethiol treatment which was modified from a 

literature documented procedure to cleave a benzyl group from a secondary alcohol group 

using BF3O(Et)2 and ethanethiol [41]. This acidic ethanethiol solution treatment resulted in 

an impressive reduction of the number of side products in the crude reaction material as 

evidenced from the before and after 1H NMR spectra (Figure 34) while also improving the 

product yield. 
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Figure 34.  1H NMR Spectra of the crude bis-Phenol (B)  Top - preaddition of acidic          
                    Ethanethiol.    Bottom - post-addition of acidic ethanethiol. 
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Due to the success of the bis-ureidoalkylation reaction with compound B, Dr. Burns 

wanted to explore the scope and the utility of the ureidoalkylation reaction utilizing different 

alkoxyurea reagents (methyl, phenyl or hexyl) with several types of aromatic ring systems. In 

this study I utilized a phenyl and hexyl urea reagent with different aromatic ring systems and 

Dr. Meece used methyl and phenyl urea reagents. The reaction worked well with substituted 

phenols, substituted anisoles, and acetylated aniline, but just trace ureidoalkylation took place 

with the less reactive ring systems p-nitro phenol, p-xylene, or pyrrole. 

 
Synthesis of the hexylurea ureidoalkylation reagent started with the reaction of n- 

hexylamine with potassium isocyanate followed by solid-liquid extraction to obtained pure 

crystals (Scheme 25). This hexylurea reacted with commercially available paraformaldehyde 

and ethanol according to Pochini’s protocol [42] that was used to synthesize 

N‐ethoxymethylene ‐N’‐phenyl urea (Scheme 26). Purification of the desired product was 

achieved through crystallization.  

 

 

Scheme 25. Synthesis of Hexyl urea 
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Scheme 26.    Synthesis of Ureidomethylene ethers 4 and 18. 

 

A detailed study was carried out to optimize the reaction conditions for the 

ureidoalkylation reaction. It was decided to start this study with commercially available 2-(4-

hydroxyphenyl)acetamide reacting with N‐ethoxymethylene ‐N’‐phenyl urea (4)  to furnish 

the desired product as given in Scheme 27. Table-8 shows the different reaction conditions 

that we used in this reaction. 

 

 

Scheme 27. Synthesis of compound 14. 

 

 

 



68 

 

TABLE 8. 

UREIDOALKYLATION REACTION USING DIFFERENT REACTION CONDITONS. 

 Equivalencies    

Reaction 2-(4-hydroxyphenyl) 

acetamide 

Ureidomethylene 

group (EPU) 

Temperature 

 0C 

Result 

1 1 1 25 Reaction did not go 

to completion. 10% 

yield. 

2 1 1.5 25 32% mono adducts. 

Traces of di adducts 

3 1 2 25 Mixture of mono and 

di adduct. 14% mono 

adducts. 

4 1 1.5 0 - 

5 1 1.5 40 Mixture of mono and 

di adducts. 12% 

mono adducts. 

 

 

The first set of reactions (1, 2 & 3) established the number of equivalences of 

N‐ethoxymethylene‐N’‐phenylurea (referred as EPU) for optimum product yield by varying 

the equivalences from 1, 1.5 to 2, while keeping the other reaction conditions the same. The 

maximum yield was obtained when 1.5 equivalences (reaction 2) were used. Increasing the 

number of equivalences gave a mixture of mono and di substituted products (reaction 3). 

When 1equivalent of EPU was used the reaction did not go to completion. Therefore 1.5 

equivalences of EPU were chosen to use in this ureidoalkylation reaction. 
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To study the effect of reaction temperature on product yield, another set of reactions 

were carried out (2, 4 & 5). When the ureidoalkylation reaction was run at 0°C, neither mono 

nor di adduct was produced. With the ureidoalkylation reaction run at room temperature, the 

monourea adduct was produced with only a trace of di adduct, but when the reaction was 

done at reflux in CH2Cl2, di adduct was furnished in quantities of 2:1 over that of mono 

adduct. The results were similar either if urea was added all at once or over time to the 

reaction mixture. 

Based on above experimental results it was decided to use 1.5 equivalences of urea 

and run the reaction at room temperature to obtain the optimized yield. 

Utilizing the above experimental conditions 2-(4-hydroxyphenyl)acetamide was 

reacted with N‐ethoxymethylene‐N’‐hexylurea 18 to furnish the desired product 16. 

 

 

Scheme 28. Synthesis of compound 16. 

 
 
 

The data in Table 9 demonstrates that ureidoalkylation reaction yields for other ring 

systems depended greatly on the electrophilic substitution reactivity of the aromatic ring, 

which in turn determined the required reaction temperature and the acid catalyst to be used. 
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TABLE 9 

DETERMINATION OF THE SCOPE OF THR UREIDOMETHYLATION 
REACTION UTILIZING 1-ETHOXYMETHYL-3-HEXYLUREA WITH VARIOUS 

AROMATIC NUCLEOPHILES. 
 
 

Starting materials Major products Method % 
yield 

 

     +  18 

 

 
                               35              

                   

 
                            36 

 
C 
B 
 
 
 
 
 
 
 

B 
C 

 
10% 
0% 

 
 
 
 
 
 
 

66% 
52% 

     +  18 

 

 
                                 37                  
               

 
 

                                38 

 
 

C 
 
 
 
 
 

 
 

C 

 
 

40% 
 
 
 
 
 
 

 
20% 

 

 

 

 

 



71 

 

TABLE 9 (continued) 

  +  18 
 

 

 
                            16                           

 
                       39 
 
 

 
D1 
D2 

 
 
 
 
 
 

D1 
D2 

 
18% 
15% 

 
 
 
 
 
 

43% 
traces 

 

      +  18 
 

 

 
                      40 
 

 
E 

 
62% 

     +  18 
 

       
 

                          41                       
 
 

 
A 

 
77% 

 

 

     +  3 

       

 

 
                          42 

 
 

A 

 
 

0% 

 

 



72 

 

Method A:  1-2 equiv of urea were used and the reactions run at -25 oC.  

Method B:  1-2 equiv of urea were used and the reactions run at -32 oC.  

Method C:  Reaction run in 1,2-dichloroethane heated to 80 oC.  

Method D1:  Reaction run in dichloromethane at reflux; 2 equiv of urea added every 10 

min, for a total of 6 equiv. 

Method D2:  Reaction run in dichloromethane at room temperature; 2 equiv of urea 

added every 10 min, for a total of 6 equiv.  

Method E:  H2SO4 added to TFA, reaction run at room  temperature, no acid thiol 

quench.  

 

 4-Methoxyphenol was highly reactive towards ureidoalkylation reaction. Even at 

lower temperatures like -32 oC and when 1 equivalence of urea reagent, was used the bis-

urea 36 was formed, which was the major product in this reaction. Only at higher 

temperatures (80 oC) was the monoureidoalkylation product 35 obtained. This can be 

attributed to a consequence of the reactive urea reagent not being as stable at the higher 

temperature, thus making bis-urea addition less probable. 

Furthermore, the less reactive 4-bromophenol required higher temperatures (1,2-

dichloroethane was use in place of dichloromethane) even to produce the monourea adduct 

37 in moderate yield. At the same temperature bis-urea 38 adduct was formed in lower 

yields. It should be noted that when reactions were done at 80 C, byproducts of some 

phenols were formed in trace amounts (5%) containing a 6-membered ring composed of a 

methylene attached to a phenolic oxygen and urea nitrogen. Presumably the ring was made 

from the ureidoalkylation product and formaldehyde, the latter coming from a breakdown of 

the urea reagents. 
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When 2-(4-hydroxyphenyl) acetamide underwent ureidoalkylation it furnished not 

only the expected monourea adduct 16, but also a di adduct. The second urea was coupled to 

the phenol’s primary amide, furnishing amide-urea 39. The reaction of this phenol with 

reagent 18 provides a good example of how product yields can vary dramatically with 

relatively small changes in the reaction conditions employed. When the ureidoalkylation 

reaction was run at 0 C, neither 16 nor 39 were produced. With the ureidoalkylation reaction 

run at room temperature, the monourea adduct 16 was produced with only a trace of 39, but 

when the reaction was done at reflux in CH2Cl2, 39  was furnished in quantities of 2:1 over 

that of 16. The results were similar no matter the number of equivalents of 18 (1.5-6) used, or 

if 18 were added all at once or over time to the reaction mixture. 

Acetanilide and anisole primarily furnished only the para-substituted urea adducts (40 

& 41) from ureidoalkylation reaction. Ureidoalkylation of acetanilide would take place only 

when H2SO4 was used instead of TFA as the acid catalyst. When using the stronger acid, 

charred products would result if the reaction temperature was higher than room temperature. 

It was hypothesized that H2SO4 was able to keep the charged urea species (Scheme 26), 

necessary for ureidoalkylation to take place, around in solution for a longer period of time 

than could TFA. With a shift of the equilibrium to the protonated urea, the stronger acid 

created a greater probability for product formation. 

 

Scheme 29. Formation of charged urea species 
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This study proved ureidoalkylation of aromatic ring systems with alkoxyurea reagents 

R1O-CH2NHCONHR furnished the benzyl urea adduct in reasonable yield. Since 

ureidoalkylation works best with phenol, anisole, or acetylated aniline ring systems, this 

reaction was limited in scope.  In order to activate the reagent to obtain the protonated 

intermediate necessary for the reaction to take place, a Bronsted or Lewis acid catalyst was 

used. Concentrated H2SO4 was able to keep the protonated species in solution longer than 

TFA. Ureidoalkylation reaction with phenol ring systems furnished a high yields when the 

reaction was worked up with an acidic ethanethiol due to the cleavage of any O-

uriedoalkylation products. When ring systems with open ortho- and para-positions were 

used, the para-adduct was selectively formed if the ortho-position was hindered with groups 

larger than an OH. Since the product yields were very dependent on the reactivity of the 

given ring system toward electrophilic substitution the choice of temperature and acid used in 

ureidoalkylation of a given aromatic ring system was tailored to each starting material. 
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CHAPTER 5 

EXPERIMENTAL‐MATERIALS AND PROCEDURES 
 

 
All the solvents and reagents used in reactions were dried and purified in different 

methods and these procedures are described as a part of each experiment when appropriate. 

THF was freshly distilled from Na in the presence of benzophenone. All the reactions 

described were performed under a nitrogen atmosphere. 

All melting points (Mel‐Temp) are uncorrected. 1H NMR spectra were recorded at 

300 or 400 MHz in CDCl3 using the chloroform peak as the reference or in DMSO‐d6 using 

DMSO as the reference or in DMF‐d7 using DMF as the reference. ESI‐MS were obtained 

with a Varian 1200L Quadrupole MS. Purity affirmation was accomplished by HRMS or 

elemental analysis of analytical samples. HRMS were obtained by the Mass Spectrometry 

Lab at the University of Kansas and elemental analysis was carried out by Desert Analytics, 

Tucson Arizona, or M‐H‐W Laboratories, Phoenix, Arizona. Analytical samples were dried 

under vacuum in a drying pistol at either 69 oC or 112 oC (depending on melting) for 

minimum two days. Column chromatography was carried out on silica gel (Davisil 633). 

Prep thin‐layer chromatography was performed on pre‐coated 1500 mm plates from Analtech 

(silica gel F). Radial chromatography when performed was accomplished using a 

Chromatotron (Harrison Research, Palo Alto, California).  
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N-ethoxymethy-N’-phenylurea (4) 

Paraformaldehyde (2.0 g, 66.7 mmol) was added to a solution of phenylurea (2.72 g, 20 

mmol) and NaOH (0.1 g, 2.5 mmol) dissolved in ethanol (50 ml) and distilled water (6 ml). 

The resulting suspension was heated under reflux for 1.5 hours at which time the reaction 

was cooled and the solvent removed under reduced pressure. The residue was recrystallized 

from ethanol (6 ml) and distilled water (50 ml) to afford 4 (2.47 g, 12.7 mmol, 63.6 % yield) 

as fine white needle crystals: mp 109.5-111 oC (lit.15 105-107 oC); 1H NMR (400 MHz, 

CD2Cl2) δ 1.17 (t, 3H, J=7.0 Hz), 3.53 (q, 2H, J=7.0 Hz), 4.65 (d, 2H, J=6.6 Hz), 6.01 (s, 

1H), 7.04 (t, 1H, J=7.7 Hz), 7.25-7.35 (m, 5H); 13C NMR (100 MHz, DMSO-d6) δ 15.2, 62.2, 

70.1, 118.1, 121.6, 128.8, 140.1, 155.0. 

 

3-(4-hydroxyphenyl)-N-propylpropanamide (9) 

3-(4-hydroxyphenyl)propionic acid (5g, 30 mmol), which had been previously dried(in the 

drying piston) was placed in a round bottom flask and equipped with a condenser for 

refluxing. It was dissolved in dry methylene chloride (120 ml). Distilled n-propyl amine 

(2.24 ml, 30 mmol) was syringed dropwise into the above flask and the reaction mixture was 

stirred at room temperature for 20 minutes. Salt formation was observed as a white 

precipitate. Distilled thionyl chloride (2.41 ml, 33 mmol) was syringed dropwise into the 

flask. Additional amounts were syringed until the evolution of gas subsided. The reaction 

mixture was refluxed for 30 minutes then cooled to room temperature and distilled n-propyl 

amine (6.7 ml, 90 mmol) was syringed dropwise. It was refluxed for 45 minutes and cooled 

to room temperature. The reaction mixture was quenched with saturated NaHCO3 (100 ml) 

solution and the organic layer was washed with deionized water (2 x 50 ml) and dried over 
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anhydrous Na2SO4. Excess solvent was removed under reduced pressure to obtain the pure 

product 9 as a white solid (4.62 g, 22.3 mmol, 74% yield). mp 98-99  oC; 1H NMR (400 

MHz, DMSO-d6) δ 0.79 (t, 3H J=7.6 Hz), 1.31-1.39(m, 2H), 2.27 (t,2H, J=7.8Hz), 2.67 (t, 

2H, J=7.8 Hz), 2.95 (q, 2H, J=6.5 Hz); 6.64 (d, 2H, J= Hz); 6.97 (d, 2H, J=6.4 Hz) 6.96(d, 

2H, J=6.4 Hz), 7.73(t,1H, J=4.8 Hz), 9.10 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ11.4, 

22.4, 30.4, 37.6, 40.2, 115.0, 129.1,131.4,155.4, 171.4; MS (ESI) m/z (M-H)+  206.1; HRMS 

(ESI) calcd for C12H18NO2 (M+H)+ 208.1338, found 208.1341. 

 

3-(3-allyl-4-hydroxyphenyl)-N-propylpropanamide (10) 

Compound 32 (1.56 g, 6.3 mmol) which had been previously dried under vacuum, was 

dissolved in freshly distilled CH2Cl2 (25 mL) and the solution was allowed to stir 10 minutes 

at 10 oC. BCl3.CH2Cl2 (31.5 mL, 31.5 mmol) was syringed drop wise into the above solution 

over the course of 15 minutes and the reaction mixture was allowed to stir additional 1.5 hrs 

at 10 oC. The reaction was then quenched with deionized water (50 mL). The product was 

extracted into CH2Cl2 (3 x 12 mL) and the combined organic layer was dried over anhydrous 

Na2SO4. The solvent was removed under reduced pressure to obtain the pure product 10 as 

yellow oil (1.12 g, 4.53 mmol, 72 % yield). 1H NMR (300 MHz, DMSO-d6) δ 0.79 (t, 3H, 

J=7.3 Hz), 1.31-1.38 (m, 2H), 2.25 (t, 2H, J=7.6 Hz), 2.65 (t, 2H, J=7.5 Hz), 2.95 (q, 2H, 

J=6.5  Hz); 3.22 (d, 2H, J=6.9 Hz), 4.95-5.04(m, 2H), 5.86-5.97(m, 1H), 6.65-6.84(m,3H), 

7.74 (t, 1H, J=7.2 Hz), 9.09 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ11.4, 22.4, 30.5, 33.8, 

37.6, 40.2, 114.6, 115.2, 125.5, 126.6, 129.4, 131.5, 137.2, 152.9, 171.2; MS (ESI) m/z 

(M+Na)+ 270.1; HRMS (ESI) calcd for C15H22NO2 (M+H)+ 248.1651, found 248.1649 
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3-(3-allyl-5-((3-hexylureido)methyl)-4-hydroxyphenyl)-N-propylpropanamide (11a) 

Compound 10 (0.5 g, 2.02 mmol) and N-ethoxyhexylylurea (EHU) 18 (0.49 g, 2.42 mmol) 

were added into a round bottom flask and dissolved in freshly distilled CH2Cl2 (9 ml).  

Previously distilled TFA (3ml) was syringed into the flask and the reaction mixture was 

stirred for 35-40 minutes at room temperature. The reaction was then quenched with 

saturated NaHCO3 solution (10 mL) and the separated organic layer was washed with 

distilled water (10 mL), dried with anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude product (1.2g, 2.02 mmols) was dissolved in MeOH (8 ml) and to this 

solution eathanethiol (2.25 ml, 30.3 mmol) was added. The reaction mixture was chilled to 0 

oC for 5 minutes and p-TSA (5.7 g, 30.3 mmols) was added and the reaction mixture was 

stirred for 20 minutes. The solvent was removed under reduced pressure and re-dissolved in 

CH2Cl2 (15 mL). The reaction was quenched by pouring into a saturated NaHCO3 solution 

(10 ml).The organic layer was washed with deionized water (2 x 8 mL) and dried over 

anhydrous Na2SO4. Solvent was removed under reduced pressure and the crude product was 

subjected to column chromatography (1% MeOH, CHCl3) to obtain the pure product 11a as a 

white solid (0.49 g, 1.21 mmol, 60 % yield); mp 158.5-159.5 oC;  1H NMR (300 MHz, 

DMSO-d6) δ 0.79-0.95(m, 6H), 1.19-1.49(m, 8H), 2.25 (t, 2H, J=7.8 Hz), 2.61-2.75(m, 4H), 

2.95-3.15(m, 2H), 3.25(d, 2H, J=6.7 Hz),  4.05(d, 2H, J=5.5 Hz), 4.92-5.06(m, 2H), 5.82-

6.00(m, 1H), 6.31(t, 1H, J=5.4 Hz), 6.78-6.85(m, 2H), 7.79(t, 2H, J=5.1 Hz), 10.23(s, 1H);  

13C NMR (100 MHz, DMSO-d6) δ 11.3, 14.2, 22.9, 26.0, 29.1, 31.6, 35.4, 40.1, 42.3, 115.8, 

125.2, 129.7, 131.8, 136.5, 149.8, 157.6, 173.2; MS (ESI) m/z (M+Na)+ 426.2; HRMS (ESI) 

calcd for C23H38N3O3 (M+H)+ 404.2915, found 404.2917 
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3-(3-allyl-4-hydroxy-5-((3-phenylureido)methyl)phenyl)-N-propylpropanamide (11b) 

Compound 10 (0.5 g, 2.02 mmol) and N-ethoxymethyl-3-phenylurea (EPU) 4 (0.57 g, 2.94 

mmol) were added into a round bottom flask and dissolved in freshly distilled CH2Cl2 (9 ml).  

Previously distilled TFA (3ml) was syringed into the flask and the reaction mixture was 

stirred for 35-40 minutes at room temperature. The reaction was then quenched with 

saturated NaHCO3 solution (15 mL) and the separated organic layer was washed with 

distilled water (2 x 12 mL), dried with anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude product (1.3g, 2.43 mmols) was dissolved in MeOH (8 ml) and to this 

solution eathanethiol (2.3 ml, 30.3 mmol) was added. The reaction mixture was chilled to 0 

oC for 5 minutes and p-TSA (5.7 g, 30.3 mmols) was added and the reaction mixture was 

stirred for 20 minutes. The solvent was removed under reduced pressure and re-dissolved in 

CH2Cl2 (15 mL). The reaction was quenched by pouring into a saturated NaHCO3 solution 

(15 mL).The organic layer was washed with deionized water (2 x 8 mL) and dried over 

anhydrous Na2SO4. Solvent was removed under reduced pressure and the crude product was 

subjected to column chromatography (1% MeOH, CHCl3) to obtain the pure product 11b as 

white solid (0.595 g, 1.5 mmol, 62 % yield). mp 142.5-144  oC; 1H NMR (300 MHz, DMSO-

d6) δ 0.79(t, 3H, J=7.5 Hz), 1.29-1.42(m, 2H), 2.26 (t, 2H, J=7.8 Hz), 2.66 (t, 2H, J=7.7 Hz), 

2.95(q, 2H, J=6.6 Hz), 3.28(d, 2H, J=6.9 Hz),  4.19(d, 2H, J=5.7 Hz), 4.95-5.06(m, 2H), 

5.86-5.97(m, 1H), 6.75(t, 1H, J=6 Hz), 6.81-6.95(m, 3H), 7.23(t, 2H, J=7.9 Hz), 7.36(d, 2H, 

J=7.5 Hz), 7.76(t, 1H, J=5.6 Hz); 8.74(s, 1H), 9.27(s, 1H);  13C NMR (100 MHz, DMSO-d6) 

δ 11.4,22.4, 30.6, 34.1, 37.6, 38.8, 115.3, 118.1, 121.6, 126.2, 127.0, 127.8, 128.6, 128.7, 

131.8, 137.1, 139.8, 150.89, 156.6, 171.2; MS (ESI) m/z (M+Na)+ 426.2; HRMS (ESI) calcd 

for C23H30N3O3 (M+H)+ 396.2289, found 396.2290 
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3-(3-allyl-5-bromo-4-hydroxyphenyl)-N-propylpropanamide (11c) 

Compound 10 (0.91g, 3.68 mmol) was dissolved in freshly distilled chloroform (25 ml) at 

room temperature. DBDMH (0.53g, 1.8 mmol,) was added to the reaction mixture in two 

portions. Upon addition of the first portion of DBDMH, the solution became dark yellow. 

The second portion of the DBDMH was added after the disappearance of color. The progress 

of the reaction was monitored by Thin-Layer Chromatography (Silica gel) using 15% EtOAc 

in CH2Cl2. After completion of the reaction, removal of the solvent under reduced pressure 

gave the crude product as yellow oil. The pure product was furnished by column 

chromatography starting from 5% EtOAc in CH2Cl2 and gradually increasing the polarity up 

to 40% EtOAc in CH2Cl2. The pure product 11c was obtained as a light yellow oil (1.00g, 3.1 

mmol, 84 % yield); 1H NMR (300 MHz, DMSO-d6) δ 0.78 (t, 3H, J=7.5 Hz), 1.3-1.40 (m, 

2H), 2.28 (t, 2H, J=7.4 Hz),  2.67 (t, 2H, J=7.7 Hz), 2.95(q, 4H, J=6.5 Hz), 3.32(d, 2H, J=4.5 

Hz), 3.93(d, 2H, J=5.4 Hz), 4.98-5.08(m, 2H), 5.85-5.98(m, 1H), 6.87(s, 1H), 7.18(s, 1H), 

7.75(t, 1H, J=5.6 Hz), 8.79(s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 11.3, 22.3, 30.0, 33.9, 

36.7, 40.2, 116.3, 117.2, 129.7, 130.8, 132.6, 134.6, 136.7, 170.8;  MS (ESI) m/z (M+H)+ 

326.0.  

 

1,4-butanedioxybis [(2-allyl)-6-(N’-hexyl-N-ureidomethyl)-phenyl-4(-N-propyl) 

propanamide] (12a) 

Compound 11a (0.5g, 1.24 mmol) was placed in a round bottom flask along with a stir bar. 

K2CO3 (0.171g, 1.24 mmol) and 18-Crown-6 (0.049 g, 0.19 mmol) were added to the same 

round bottom flask and equipped with a condenser for refluxing. Then the mixture was 

dissolved in dry THF (6.5 mL). After refluxing for 10 minutes 1,4-dibromobutane (0.073 
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mL, 0.62 mmol) was syringed all at once into the reaction flask through the condenser and 

the reaction mixture was refluxed for 24hrs. The reaction mixture was allowed to cool to 

room temperature and quenched with 0.1M HCl solution (5 mL). The organic and aqueous 

layers were separated and the aqueous layer was extracted with CH2Cl2 (3x7 ml). The 

combined organic layer was washed with sat. NaHCO3 solution (2x6ml) and brine 

sequentially and dried over anhydrous Na2SO4. Removal of the solvent under reduced 

pressure yielded the crude product as an off white solid. Sequential trituration with MeOH 

yielded the pure product 12a as a white solid (0.293 g, 0.34 mmol, 55% yield); mp. 209-210 

oC; 1H NMR (300 MHz, DMSO-d6) 0.78-0.89(m, 12H), 1.20-1.41(m, 16H), 1.72-1.81(m, 

8H), 2.31(t, 4H, J= 6.1 Hz), 2.71(t, 4H, J=6.5 Hz), 2.91-3.10(m, 4H), 3.61(m, 8H), 3.79(br s, 

4H), 4.19(d, 4H, J=4.8 Hz), 4.98-5.16(m, 4H), 5.80-6.00(m, 4H), 6.15(t, 2H, J=5.2 Hz), 

6.85(s,2H), 6.92(s, 2H), 7.78(t, 2H, J=4.8 Hz);13C NMR (100 MHz, DMSO-d6) δ11.2, 14.3, 

22.5, 23.1, 26.0, 27.8, 29.5, 31.4, 31.7, 34.4, 35.6, 40.2, 40.5, 69.5, 115.8, 124.9, 127.0, 

128.1, 130.5, 135.4, 136.5, 149.1, 156.8, 172.9 ; MS (ESI) m/z (M+H)+ 861.4. 

 

1,4-butanedioxybis[(2-allyl)-6-(N’-phenyl-N-ureidomethyl)-phenyl-4(N-propyl) 

propanamide] (12b) 

Compound 11b (0.7g, 1.77 mmol) was placed in a round bottom flask along with a stir bar. 

K2CO3 (0.245g, 1.77 mmol) and 18-Crown-6 (0.07 g, 0.27 mmol) were added to the same 

round bottom flask and equipped with a condenser for refluxing. Then the mixture was 

dissolved in dry THF (8.5 mL). After refluxing for 10 minutes 1,4-dibromobutane (0.105 

mL, 0.89 mmol) was syringed all at once into the reaction flask through the condenser and 

the reaction mixture was refluxed for 24hrs. The reaction mixture was allowed to cool to 
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room temperature and quenched with 0.1M HCl solution (8 mL). The organic and aqueous 

layers were separated and the aqueous layer was extracted with CH2Cl2 (3x8 mL). The 

combined organic layer was washed with sat. NaHCO3 solution (2 x 8 mL) and brine 

sequentially and dried over anhydrous Na2SO4. Removal of the solvent under reduced 

pressure yielded the crude product as an off white solid. Sequential trituration with MeOH 

yielded the pure product 12b as a white solid (0.43 g, 0.51 mmol, 55% yield); mp 202.5-204 

oC; 1H NMR (300 MHz, DMSO-d6) 0.79(t,6H, J= 6.2 Hz), 1.24-1.41(m, 16H), 1.72-1.81(m, 

8H), 2.31(t, 4H, J= 6.1 Hz), 2.71(t, 4H, J=6.5 Hz), 2.91-3.10(m, 4H), 3.61(m, 8H), 3.79(br s, 

4H), 4.19(d, 4H, J=4.8 Hz), 4.98-5.16(m, 4H), 5.80-6.00(m, 4H), 6.15(t, 2H, J=5.2 Hz), 

6.85(s,2H), 6.92(s, 2H), 7.78(t, 2H, J=4.8 Hz);13C NMR (100 MHz, DMSO-d6) δ11.2, 14.3, 

22.5, 23.1, 26.0, 27.8, 29.5, 31.4, 31.7, 34.4, 35.6, 40.2, 40.5, 69.5, 115.8, 124.9, 127.0, 

128.1, 130.5, 135.4, 136.5, 149.1, 156.8, 172.9 ; MS (ESI) m/z (M+H)+ 861.4.  

 

bis(2-allyl-4-(3-oxo-3-(propylamino)propyl)-6-((3-N-phenyl-N-ureido)methyl)phenyl) 

succinate (12c) 

NaH (0.061 g, 60% w/w in mineral oil, 1.52 mmol) was placed and 2 mL of hexanes added 

under N2 atmosphere. NaH was allowed to stir in hexane for the purpose of separating the 

mineral oil for 30 minutes. The hexanes were removed by cannulating. An additional 2 mL 

of hexane was added, and the aforementioned procedure was repeated. Following this 

treatment, 2 mL of DMF (previously dried by distillation from CaH, and stored over 4A 

molecular sieves) was added to the base. Compound 11b (0.5 g, 1.27 mmol) which had been 

previously dried under vacuum with P2O5 was placed into a round bottom flask and dissolved 

in 3.5 mL of DMF. This solution was syringed drop wise into the base and allowed to stir 
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1hr. In the meantime compound 28 (0.192 g, 0.63 mmol) was dissolved in DMF (1.5 ml) in a 

separate round bottom flask under N2 atmosphere. After one hour solution of 28 was 

syringed into the anion solution and allowed to stir 4.5 hours at 70 oC  under N2 atmosphere. 

The reaction mixture was quenched by pouring on to 1M HCl (5 mL) and the crude product 

was extracted into CH2Cl2 (3 x 7 mL). The combined organic layer was washed with 

saturated NaHCO3 (10ml) followed by distilled water (10 ml) and dried over anhydrous 

Na2SO4. Excess solvent removed by rotary evaporation and column chromatography (silica 

gel) using 50% EtOAC, CH2Cl2 yielded the pure compound 12c as a white solid (0.149g, 

0.17 mmol, 27 % yield). mp 204-205  oC; 1H NMR (300 MHz, DMSO-d6) δ 0.79(t, 3H, 

J=7.5 Hz), 1.29-1.42(m, 2H), 2.26 (t, 2H, J=7.8 Hz), 2.66 (t, 2H, J=7.7 Hz), 2.95(q, 2H, 

J=6.6 Hz), 3.20(s, 4H), 3.28(d, 2H, J=6.9 Hz),  4.19(d, 2H, J=5.7 Hz), 4.95-5.06(m, 2H), 

5.86-5.97(m, 1H), 6.75(t, 1H, J=6 Hz), 6.81-6.95(m, 3H), 7.23(t, 2H, J=7.9 Hz), 7.36(d, 2H, 

J=7.5 Hz), 7.76(t, 1H, J=5.6 Hz); 8.74(s, 1H);  13C NMR (100 MHz, DMSO-d6) δ 11.4,22.4, 

30.6, 34.1, 37.6, 38.8, 115.3, 118.1, 121.6, 126.2, 127.0, 127.8, 128.6, 128.7, 131.8, 137.1, 

139.8, 150.89, 156.6, 171.2; MS (ESI) m/z (M+H)+ 873.2 

 

Bis[(2-allyl)-6-bromophenyl)-1,4-butanedioxy-4-(N-propyl)propanamide (12d) 

Compound 11c (0.6g, 1.85 mmol) was placed in a round bottom flask along with a stir bar. 

K2CO3 (0.234g, 2.0306 mmol) and 18-Crown-6 (0.073g, 20.277 mmol) were added to the 

same round bottom flask and equipped with a condenser for refluxing. The reaction mixture 

was dissolved in freshly distilled THF (7.5 mL). After refluxing the reaction mixture for 1 

hour, 1,4-dibromobutane (0.11mL, 0.923 mmol) was syringed  drop wise into the flask and 

the reaction mixture was refluxed for 24hrs. The reaction mixture was allowed to cool to 
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room temperature and quenched with 0.1M HCl solution (10 mL). The organic and aqueous 

layers were separated and the aqueous layer was extracted with CH2Cl2 (3x7 ml). The 

combined organic layer was washed with a saturated NaHCO3 solution (2x6ml) and brine 

sequentially and dried over anhydrous Na2SO4. Removal of the solvent under reduced 

pressure yielded the crude product as an off white solid. Sequential trituration with MeOH 

yielded the pure product 12d as a white solid (0.4g, 0.57mmol, 62 % yield). mp 183.6 -185 

oC; 1H NMR (300 MHz, DMSO-d6) δ 0.76 (t, 6H, J=7.4 Hz), 1.22-1.38 (m, 4H, ), 1.96(br s, 

4H), 2.73 (t, 4H, J=7.2 Hz),  2.95(q, 4H, J=6.6 Hz), 3.62(t, 4H, J=6.6 Hz), 3.83(t, 4H, J=6.1 

Hz), 3.88(br s, 4H),  5.03-5.08(m, 4H), 5.81-6.00(m, 2H), 7.01(s, 2H), 7.30(s, 2H), 7.78(t, 

2H, J=5.5  Hz); 13C NMR (100 MHz, DMSO-d6) δ 11.3, 22.3, 28.5, 30.0, 33.9, 34.8, 40.2, 

69.5, 116.2, 116.4, 129.7, 130.7, 132.6, 136.7, 151.4, 170.8;   

 

bis(2-allyl-6-bromo-4-(3-oxo-3-(propylamino)propyl)phenyl) succinate (12e) 

NaH (0.056 g, 60% w/w mineral oil, 1.4 mmol) was suspended in 4 mL of hexanes in a two 

neck flask and equipped with a condenser. The suspension was allowed to stir for 10 minutes 

following which time stirring was ceased.  The suspended base was allowed to settle to the 

bottom of the flask over fifteen minutes.  The hexanes were removed by cannulation and an 

additional 4 mL of hexanes was added.  The aforementioned procedure was repeated, 

following which time the remaining NaH was suspended in DMF (1 mL, previously distilled 

from CaH and stored under 4A molecular sieves). Compound 11c (0.38 g, 1.17 mmol, 

previously dried under vacuum with P2O5) was dissolved in DMF (2 mL) and syringed drop 

wise into the NaH suspension. The mixture turned yellow immediately and became 

homogenous after an hour. This solution was heated to 70 oC for 10 minutes. In the meantime 
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compound 28 (0.263 g, 0.87 mmol) was dissolved in DMF (2 mL) a separate round bottom 

flask and this solution was added to the 70 oC phenolate anion solution over a period of 4.5 

hours  through a syringe pump. After completion of the addition the reaction mixture was 

stirred for another 0.5 hrs and cooled to room temperature. The reaction mixture was 

quenched with 1M HCl (7 mL) and the crude product was extracted into CH2Cl2 (3 x 8 mL). 

The combined organic layer was washed with a saturated NaHCO3 solution (15 mL) 

followed by distilled water (15 mL) and dried over anhydrous Na2SO4. The solvent was 

removed under reduced pressure and the crude product was subjected to column 

chromatography (silica gel) eluting with 50% EtOAC: 50% CH2Cl2 furnished the pure 

product 12e as a white solid (0193, 0.263 mmol, 45 % yield). mp 192-194.3 oC; 1H NMR 

(400 MHz, DMSO-d6) δ 0.78 (t, 6H, J=7.4 Hz), 1.30-1.38 (m, 4H, ), 2.35 (t, 4H, J=7.4 Hz), 

2.78 (t, 4H, J=7.4 Hz), 2.97(q, 4H, J=6.5 Hz), 3.04(s, 4H), 3.20(d,4H, J=6.8 Hz), 5.00-

5.08(m,4H), 5.74-5.83(m, 2H), 7.10(s, 2H), 7.40(s, 2H), 7.81(t, 2H, J=5.4 Hz); 13C NMR 

(100 MHz, DMSO-d6) δ 9.5, 9.7, 20.7, 21.0, 21.7, 22.5, 72.4, 77.4, 125.5, 127.5, 128.1, 

130.1, 132.6, 137.9,  144.7, 145.4; MS (ESI) m/z (M+H)+ 733; HRMS (ESI) calcd for 

C34H43N2O6Br2 (M+H)+ 733.1488, found 733.1486 

 

[Z]-4,11-dibromo-1,2,3,4,5,6,9,12-octahydrodibenzo[g,m]-1,6-dioxa cyclotetradecane-2, 

13-bis(N-propylpropanamide)  (13d) 

Compound 33d (0.14 g, 0.207 mmol) was dissolved in 50% EtOAc, MeOH (25 mL) and 

10% Pd-C (0.13 g) was added to the solutions and a hydrogenation was carried out in Parr 

apparatus for 3 hrs. The reaction mixture was run through a celite plug to remove Pd-C. 

Without further purification the pure product 13d was furnished as a white solid (0.081g, 
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0.12 mmol, 58 % yield); mp 197-198.5 oC; 1H NMR (300 MHz, DMSO-d6) δ 0.76 (t, 6H, 

J=7.4 Hz), 1.22-1.38 (m, 4H, ), 1.96(br s, 4H), 2.73 (t, 4H, J=7.2 Hz),  3.95(t, 2H, J=6.6 Hz), 

3.81(t, 2H, J=6 Hz),  7.01(s, 2H), 7.29(s, 2H), 7.78(t, 2H, J=6 Hz); 13C NMR (100 MHz, 

DMSO-d6) δ 11.2, 23.1, 24.3, 27.7, 28.3, 30.7, 35.6, 42.5, 119.2, 128.1, 130.1, 134.3, 138.2, 

144.0, 172.9, 173.3 

 

[Z]-4,11-dobromo-11,14-dioxo-1,2,3,4,5,6,9,12-decahydrodibenzo[g,m]-1,6-dioxa 

cyclotetradecane-2, 13-bis(N-propylpropanamide) (13e) 

Compound 33e (0.1g, 0.14 mmol) was dissolved in 50% EtOAc: 50%MeOH (20 mL) and 

10% Pd-C(0.12 g) was added to the solutions and a hydrogenation was carried out in a Parr 

apparatus for 3 hrs. The reaction mixture was run through a celite plug to remove Pd-C. 

Without further purification the pure product 13e was furnished as a white solid (0.055g, 

0.078 mmol, 55 % yield); mp 211-212.5 oC; 1H NMR (300 MHz, DMSO-d6) δ 0.78 (t, 6H, 

J=7.4 Hz), 1.30-1.38 (m, 4H, ), 2.35 (t, 4H, J=7.4 Hz), 2.78 (t, 4H, J=7.4 Hz), 2.97(q, 4H, 

J=6.5 Hz), 3.04(s, 4H), 3.20(d,4H, J=6.8 Hz), 5.00-5.08(m,4H), 5.74-5.83(m, 2H), 7.10(s, 

2H), 7.40(s, 2H), 7.81(t, 2H, J=5.4 Hz); 13C NMR (100 MHz, DMSO-d6) δ 11.2, 23.1, 24.4, 

26.3, 28.0, 30.7, 35.6, 42.5, 71.0, 118.5, 127.1, 128.3, 130.3, 133.0, 147.7, 173.3; MS (ESI) 

m/z (M+H)+ 709.1  

 

2-(4-hydroxy-3-((3-phenylureido) methyl)phenyl)acetamide (14) 

2-(4-Hydroxyphenyl)acetamide (0.25g, 1.6 mmol) and 1-ethoxymethyl-3-phenylurea 4 

(0.48g, 2.48 mmol) were dissolved in dichloromethane (8 ml). The solution was stirred at 

room temperature and TFA (2.6 ml) was rapidly syringed into the reaction mixture and the 
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mixture was brought to reflux for 25 minutes. The reaction mixture was cooled to room 

temperature and quenched by adding a saturated NaHCO3 solution (12 ml). The separated 

organic layer was washed with deionized water (10 ml), dried with anhydrous Na2SO4, and 

the solvent removed under reduced pressure. The crude product was dissolved in methanol 

(10 ml) and ethanethiol (1.24 ml, 24 mmol) was added. The solution was brought to 0 oC in 

an ice bath and p-Toluenesulfonic acid (4.7g, 24 mmol) was added all at once to the reaction 

mixture and it was allowed to stir for an additional 15 minutes. The reaction mixture was 

then concentrated under reduced pressure, dichloromethane (15 ml) was added, and the 

reaction quenched by adding a saturated NaHCO3 solution (15 ml). The separated organic 

layer was washed with deionized water (12 ml), dried over anhydrous Na2SO4, and the 

solvent was removed under reduced pressure. The crude product was purified by silica gel 

chromatography (12% Acetone in CH3Cl) to afford the pure product 14 as white solid (0.25g, 

0.86 mmol, 52% yield); mp 119-120 oC ; 1H NMR (300 MHz, DMSO-d6) δ 3.59 (s, 2H), 

4.01 (d, 2H, J=6.2 Hz), 6.43 (t, 1H, J=5.2 Hz), 6.67-6.99 (m, 5H), 7.01 (s, 1H), 7.19-7.21(m, 

3H), 8.60 (s, 2H), 9.61(s, 1H) ; 13C NMR (100 MHz, DMSO-d6) δ 39.1, 41.3, 116.1, 121.9, 

127.3, 128.4, 129.1, 130.8, 154.5, 155.6, 172.4; MS (ESI), m/z (M+Na)+ 322.5 ; Anal. Calcd 

for C16H17N3O3: C, 64.18; H, 5.72; N, 14.04. Found: C, 64.29; H, 5.59; N, 13.92. 

 

Methylene bis oxy[(2-N’-phenyl)-N-ureidomethyl) phenyl-4-(N-propyl) acetamide] (15) 

NaH (56 mg, 60% w/w mineral oil, 1.4 mmol) was suspended in 8 ml of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 

removed by cannulation and an additional 8 ml of hexanes was added.  The aforementioned 
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procedure was repeated, following which time the remaining NaH was suspended in 2 ml 

DMF (previously distilled from CaH and stored under 4A molecular sieves). Compound 14 

(0.35 g, 1.17 mmol, previously dried under vacuum with P2O5) was dissolved in 3 ml DMF 

and syringed drop wise into the NaH suspension. The mixture turned yellow immediately and 

became homogenous after half an hour. CH2I2 (0.047 ml, 0.585 mmol) was added and the 

mixture heated to 60 0C. The reaction mixture was allowed to stir over night, following 

which time the mixture was filtered through a nylon filter, and the resultant filtrate was 

transferred to a beaker which allowed for a sizeable surface area (e.g. for 3 ml DMF, a 50 ml 

beaker was used).  Air was allowed to pass over the solution overnight, which was usually 

sufficient to remove DMF.  This furnished 0.36 g of a solid crude material.  Deionized water 

(3 ml) was carefully placed into the beaker (so as not to disrupt or remove the organic 

material from the beaker) and removed by pipette.  This was repeated for the second time and 

the beaker was dried under vacuum over P2O5 overnight. The resulting crude solid material 

was then suspended in 2 ml of methanol, which dissolved most of the impurities and some of 

the compound.  The remaining solid compound was separated by filtering. This off-white 

solid was washed with methanol (3 x 2 ml) to yield the pure product 15 (0.128 g, 0.21 mmol, 

35% yield); decomposed at 198 oC ; 1H NMR (400 MHz, DMSO-d6) δ 3.26 (s, 4H), 4.0 (d, 

4H, J=5.8 Hz), 6.82(s, 2H), 6.38(t, 4H, J=5.1 Hz), 6.79(s, 2H), 6.82(t, 4H), 7.02-7.41(m, 

10H),  8.45 (s, 4H); 13C NMR (100 MHz, DMSO-d6) δ 39.1, 41.3, 116.1, 121.9, 127.3, 128.4, 

129.1, 130.8, 154.5, 155.6, 172.4; MS (ESI), m/z (M-H)+ 609.5 ; Anal. Calcd for 

C33H34N6O6: C, 64.89; H, 5.61; N, 13.76. Found: C, 64.80; H, 5.59; N, 13.58. 
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2-(3-((3-hexylureido)methyl)-4-hydroxyphenyl)acetamide (16)  

2-(4-Hydroxyphenyl)acetamide (0.25g, 1.6 mmol) and 1-ethoxymethyl-3-hexylurea 18 (1.0g, 

4.9 mmol) were dissolved in dichloromethane (8 ml). The solution was stirred at room 

temperature and TFA (2.6 ml) was rapidly syringed into the reaction mixture and the mixture 

was brought to reflux for 25 minutes. The reaction mixture was cooled to room temperature 

and quenched by adding a saturated NaHCO3 solution (8 ml). The separated organic layer 

was washed with deionized water (2 x 8 ml), dried with anhydrous Na2SO4, and the solvent 

removed under reduced pressure. The crude product was dissolved in methanol (10 ml) and 

ethanethiol (1.24 ml, 24 mmol) was added. The solution was brought to 0 oC with an ice bath 

and p-Toluenesulfonic acid (4.7g, 24 mmol) was added all at once to the reaction mixture 

and it was allowed to stir for an additional 15 minutes. The reaction mixture was then 

concentrated under reduced pressure, dichloromethane (15 ml) was added, and the reaction 

quenched by adding a saturated NaHCO3 (15 ml) solution. The separated organic layer was 

washed with deionized water (2 x 12 ml), dried over anhydrous Na2SO4, and the solvent was 

removed under reduced pressure. The crude product was purified by silica gel 

chromatography (12% Acetone in CH3Cl) followed by silica Prep-TLC (40% Acetone in 

CH3Cl) to afford the pure compound 16 (0.31 g 0.69 mmol, 43% yield) as white solid : mp 

129-130 oC ; 1H NMR (400 MHz, DMSO-d6) δ 0.85 (t, 3H, J=6.8 Hz), 1.23-1.34 (m, 8H), 

2.96 (q, 2H, J=6.4 Hz), 3.20 (s, 2H), 4.06 (d, 2H, J=6 Hz), 6.11 (t, 1H, J=5.6 Hz), 6.33 (br s, 

1H) 6.67 (d, 1H, J=8 Hz), 6.80 (br s, 1H), 6.93-6.97 (m, 2H), 7.35 (br s, 1H), 9.84 (s, 1H) ; 

13C NMR (100.5 MHz, DMSO-d6) δ 14.6, 22.8, 26.7, 30.6, 30.7, 31.7, 31.8, 42.2, 116.1, 

126.9, 127.3, 129.4, 130.8, 154.5, 159.6, 173.4; MS (ESI), m/z (M+H)+ 307.3; Anal. Calcd 

for C16H25N3O3: C, 62.51; H, 8.19; N, 13.66. Found: C, 62.30; H, 8.50; N, 13.65. 
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Methylene bis oxy[(2-N’-hexyl)-N-ureidomethyl) phenyl-4-(N-propyl) acetamide] (17) 

NaH (11 mg, 60% w/w mineral oil, 0.275 mmol) was suspended in 8 ml of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 

removed by cannulation and an additional 8 ml of hexanes was added.  The aforementioned 

procedure was repeated, following which time the remaining NaH was suspended in 2 ml 

DMF (subsequently distilled from CaH and stored under 4A molecular sieves). 0.4 g (1.3 

mmol) of compound 16 (previously dried under vacuum with P2O5) was dissolved in 4 ml 

DMF and added to the NaH suspension. The mixture turned yellow immediately and became 

homogenous after half an hour. CH2I2 (0.052 ml, 0.65mmol) was added to the mixture and 

heated up to 60 0C under N2 atmosphere. The reaction mixture was allowed to stir over night, 

following which time the mixture was filtered and the resultant filtrate was transferred to a 

beaker which allowed for a sizeable surface area (e.g. for 1 ml DMF, a 25 ml beaker was 

used).  Air was allowed to pass over the solution overnight, which was usually sufficient to 

remove DMF.  This resulted 0.42 g of a solid crude material.  Deionized water (3 mL) was 

carefully placed into the beaker (so as not to disrupt or remove the organic material from the 

beaker) and removed by pipette.  This was repeated for the second time and the beaker was 

dried under vacuum over P2O5 overnight. The resulting crude solid material was then 

suspended in 3 ml of methanol, which dissolved most of the impurities and some of the 

compound.  The remaining solid compound was separated by filtering. This off-white solid 

was washed with methanol (3 x 3 ml) to yield the pure product 17. 0.102 g (0.128 g, 0.16 

mmol, 25% yield);  mp 201-202.5 oC; 0.85 (t, 3H, J=6.8 Hz), 1.23-1.34 (m, 8H), 2.96 (q, 2H, 

J=6.4 Hz), 3.20 (s, 2H), 4.06 (d, 2H, J=6 Hz), 5.82(s, 2H), 6.11 (t, 1H, J=5.6 Hz), 6.33 (br s, 



91 

 

1H) 6.67 (d, 1H, J=8 Hz), 6.80 (br s, 1H), 6.93-6.97 (m, 2H), 7.35 (br s, 1H); 13C NMR 

(100.5 MHz, DMSO-d6) δ 121, 22.3, 29.5, 30.6, 31.0, 37.1, 38.0, 115.8, 117.1, 129.2, 131.7, 

134.2, 135.5, 141.3, 142.2, 170.1, 171.8; MS (ESI), m/z (M-H)+ 627.6 ; Anal. Calcd for 

C33H50N6O6: C, 64.89; H, 5.61; N, 13.76. Found: C, 64.80; H, 5.59; N, 13.58. 

 

1-Ethoxymethyl-3-hexylurea (18)  

Hexylurea 34 (3 g, 20.8 mmol), paraformaldehyde (1.87 g, 62.5 mmol) and NaOH (0.104 g, 

2.6 mmol) were dissolved in a solution of ethanol (100 ml) and distilled water (2 ml). The 

reaction mixture was allowed to reflux for 1.5 hrs at 85 0C, cooled to room temperature, and 

the solvent was removed under reduced pressure. The crude product was crystallized from a 

solution of 8% ethanol in water to afford 18 (3.6 g 17.8 mmol, 86% yield): mp 65-660C; 1H 

NMR (300 MHz, DMSO-d6) δ 0.86 (t, 3H, J=6.75 Hz), 1.06 (t, 3H, J=7.05 Hz), 1.23-1.37 

(m, 8H), 2.02 (s, 3H), 2.97 (q, 2H, J=6.4 Hz), 3.36 (q, 2H, J=7 Hz), 4.44 (d, 2H, J=7.2 Hz), 

6.04 (t, 1H, J=5.55 Hz), 6.66 (t, 1H, J=6.75 Hz; 13C NMR (100.5 MHz, DMSO-d6) δ 13.9, 

15.1, 22.1, 26.1, 29.9, 31.1, 61.7, 70.3, 157.4; HRMS (ESI) calcd for C10H23N2O2 (M+H)+ 

203.3054, found 203.3052. 

 

3-(3-((3-hexylureido) methyl)-4-hydroxyphenyl)-N-propylpropanamide (19) 

Compound 9 (0.2g, 0.97 mmol) and 18 (0.25g, 1.24 mmol) were dissolved in 

dichloromethane (4 ml). The solution was stirred at room temperature and TFA (1.6 ml) was 

rapidly syringed into the reaction mixture and the mixture was refluxed for 25 minutes. The 

reaction mixture was cooled to room temperature and quenched with saturated NaHCO3 

solution (8 mL). The separated organic layer was washed with deionized water (3 mL), dried 
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with anhydrous Na2SO4, and concentrated under reduced pressure. The crude product (0.5g, 

0.966 mmol) was dissolved in methanol (5 ml) and ethanethiol (1.2 ml, 14.5 mmol). The 

solution was brought to 0 oC in an ice bath and p-Toluenesulfonic acid (2.75 g, 14.5 mmol) 

was added all at once to the reaction mixture and it was allowed to stir for an additional 20 

minutes. The reaction mixture was then concentrated under reduced pressure, re-dissolved in 

dichloromethane (15 ml) and the reaction mixture was quenched with saturated NaHCO3 (15 

ml) solution. The separated organic layer was washed with distilled water (2 x 10 ml), dried 

over anhydrous Na2SO4, and concentrated under reduced pressure. The crude product was 

purified by silica gel chromatography (25% Acetone in CH3Cl) to afford the pure compound 

19 as a yellow oil (0.15 g 0.41 mmol, 48% yield); 1H NMR (300 MHz, DMSO-d6) δ 0.8-

0.88(m, 6H), 1.14-1.45 (m, 8H, ), 2.91-3.01 (m,  4H)), 3.23(s,  H), 4.01(d, 2H, J=6.1 Hz), 

6.10(t, 1H, J= 5.2 Hz), 6.31(br s, 1H), 6.60-6.96(m, 3H), 7.80(t, 2H, J=5.1Hz), 9.78(s, 1H); 

13C NMR (100 MHz, DMSO-d6) δ 11.4, 13.9, 22.1, 22.4, 26.0, 29.9, 30.5, 31.0, 37.6, 38.8, 

38.9, 115.4, 126.3, 127.6, 129.2, 131.4, 153.4, 158.8, 171.2; MS (ESI), m/z (M-H)+ 627.6 ; 

Anal. Calcd for C20H33N3O3: C, 66.06; H, 9.51; N, 11.56. Found: C, 66.01; H, 9.20; N, 11.69. 

 

3-(3-((3-benzylureido)methyl)-4-hydroxyphenyl)-N -propylpropanamide (20) 

Compound 9 (0.3g, 1.45 mmol) and 4 (0.37 g, 1.88 mmol) were dissolved in 

dichloromethane (8 ml). The solution was stirred at room temperature and TFA (2.6 ml) was 

rapidly syringed into the reaction mixture and the mixture brought reflux for 25 minutes. The 

reaction mixture was cooled to room temperature and quenched with saturated NaHCO3 

solution (10 ml). The separated organic layer was washed with deionized water (2 x 10 ml), 

dried with anhydrous Na2SO4, and the solvent was removed under reduced pressure. The 
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crude product (0.73g, 1.45 mmol) was dissolved in methanol (10 ml) and ethanethiol (1.4 ml, 

21.7 mmol). The solution was brought to 0 oC in an ice bath and p-Toluenesulfonic acid (4.1 

g, 21.7 mmol) was added at once to the reaction mixture and it was allowed to stir for an 

additional 20 minutes. The reaction mixture was then concentrated under reduced pressure 

and re-dissolved in dichloromethane (15 ml). The reaction mixture was quenched with 

saturated NaHCO3 solution (15 ml). The separated organic layer was washed with distilled 

water (2 x 10 ml), dried over anhydrous Na2SO4, and concentrated under reduced pressure. 

The crude product was purified by silica gel chromatography (12% Acetone in CH3Cl) to 

afford the pure compound 9 as a white solid (0.27 g 0.76 mmol, 52% yield); mp. 163-164.5 

oC; 1H NMR (300 MHz, DMSO-d6) δ 0.78 (t, 3H, J=7.35 Hz), 1.30-1.39 (m, 2H), 2. (t, 2H, 

J=7.8 Hz), 2.67 (t, 2H, J=6.9 Hz), 2.96 (q, 2H, J=6.6 Hz), 3.30 (d, 2H, J=4.2 Hz), 4.17 (d, 

2H, J=5.7 Hz), 6.43 (t, 1H, J=5.85 Hz), 6.68-7.40 (m, 8H), 7.75(t, 1H, J=5.1 Hz), 8.59(s, 

1H), 9.44(s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 11.2, 23.1, 31.2, 35.7, 39.6,115.6, 121.5, 

128.1, 128.9,  153.8, 154.3, 173.2; MS (ESI) m/z 356.18 (M+1)+Anal. Calcd for 

C20H25N3O3: C, 67.56; H, 7.09; N, 11.82. Found: C, 67.53; H, 7.11; N, 11.83., 

 

Methylenebisoxy[(2-N’-hexyl-N-ureidomethyl) phenyl-4-(N-propyl) propanamide] (21) 

NaH (66 mg, 60% w/w mineral oil, 1.65 mmol) was suspended in 12 ml of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 

removed by cannulation and an additional 12 ml of hexanes was added.  The aforementioned 

procedure was repeated, following which time the remaining NaH was suspended in 2 ml 

DMF (previously distilled from CaH and stored under 4A molecular sieves). Compound 19 
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(0.3 g, 0.83 mmol) previously dried under vacuum with P2O5 was dissolved in DMF (4 ml) 

and added to the NaH suspension. The mixture turned yellow immediately and became 

homogenous after half an hour. CH2I2 (0.055 ml, 0.69 mmol) was added to the mixture and 

the reaction mixture was heated to 60 0C. The reaction mixture was allowed to stir over night, 

following which time the mixture was filtered and the resultant filtrate was transferred to a 

beaker which allowed for a sizeable surface area (e.g. for 3 ml DMF, a 50 ml beaker was 

used).  Air was allowed to pass over the solution overnight, furnishing 0.51 g of a solid crude 

material.  Distilled water (2.5 ml) was carefully placed into the beaker (so as not to disrupt or 

remove the organic material from the beaker) and removed by pipette.  This was repeated for 

the second time. The beaker was then dried under vacuum over P2O5 overnight, resulting in 

0.5 g of crude solid material.  This material was washed with methanol (3 ml), which 

dissolved most of the impurities and some of the product.  The remaining solid product was 

collected by vacuum filtration.  The filtrate, an off-white solid was washed with methanol (3 

x 3 ml) to yield the pure product as a white solid 21 (0.202 g, 0.27 mmol, 40% yield); mp. 

Decomposed at 210 oC; 1H NMR (400 MHz, DMSO-d6) δ 0.8-0.88(m, 6H), 1.14-1.45 (m, 

8H, ), 2.91-3.01 (m,  4H)), 3.23(s,  H), 4.01(d, 2H, J=6.1 Hz), 5.78(s,2H), 6.10(t, 1H, J= 5.2 

Hz), 6.31(br s, 1H), 6.60-6.96(m, 3H), 7.80(t, 2H, J=5.1Hz); 13C NMR (100 MHz, DMSO-

d6) δ 11.4, 13.9, 22.1, 22.4, 26.0, 29.9, 30.5, 31.0, 37.6, 38.8, 38.9, 115.4, 126.3, 127.6, 

129.2, 131.4, 153.4, 158.8, 171.2; MS (ESI), m/z (M-H)+ 739.5 ; Anal. Calcd for 

C41H66N6O6: C, 66.21; H, 9.00; N, 11.37. Found: C, 66.16; H, 9.09; N, 11.42. 
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Methylenebisoxy[(2-N’-phenyl-N-ureidomethyl) phenyl-4-(N-propyl) propanamide] 

(22) 

NaH (34 mg, 60% w/w mineral oil, 0.845 mmol) was suspended in 12 ml of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 

removed by cannulation and an additional 12 ml of hexanes was added.  The aforementioned 

procedure was repeated, following which time the remaining NaH was suspended in DMF (1 

ml, previously distilled from CaH and stored under 4A molecular sieves). Compound 20 

(0.25 g, 0.7 mmol) previously dried under vacuum over P2O5, was dissolved in DMF (3 ml) 

and added to the NaH suspension. The mixture turned yellow immediately and became 

homogenous after half an hour. CH2I2 (0.036 ml, 0.45mmol) was syringed into the mixture 

and the reaction mixture was heated to 60 0C. The reaction mixture was allowed to stir over 

night, following which time the mixture was filtered and the resultant filtrate was transferred 

to a beaker which allowed for a sizeable surface area (e.g. for 3 ml DMF, a 50 ml beaker was 

used).  Air was allowed to pass over the solution overnight, furnishing 0.33 g of a solid crude 

material.  Deionized water (2.5 mL) was carefully placed into the beaker (so as not to disrupt 

or remove the organic material from the beaker) and removed by pipette.  This was repeated 

for the second time and it was dried under vacuum with P2O5 overnight. The resultant 0.32 g 

of crude solid material was then suspended in methanol (3 ml). This dissolved most of the 

impurities and some of the product. The remaining product was separated by vacuum 

filtration. The filtrate, an off-white solid was washed with methanol (3 x 3 ml) to yield the 

pure product as a white solid 22 (0.124 g, 0.17 mmol, 38% yield); decomposed at 208 oC; 1H 

NMR (400 MHz, DMSO-d6) δ 0.78 (t, 3H, J=7.35 Hz), 1.30-1.39 (m, 2H), 2. (t, 2H, J=7.8 
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Hz), 2.67 (t, 2H, J=6.9 Hz), 2.96 (q, 2H, J=6.6 Hz), 3.30 (d, 2H, J=4.2 Hz), 4.17 (d, 2H, 

J=5.7 Hz), 5.81(s, 2H), 6.43 (t, 1H, J=5.85 Hz), 6.68-7.40 (m, 8H), 7.75(t, 1H, J=5.1 Hz), 

8.59(s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 11.2, 23.1, 31.2, 35.7, 39.6,115.6, 121.5, 

128.1, 128.9,  153.8, , 173.2; MS (ESI) m/z 723.1 (M+1)+Anal. Calcd for C41H50N6O6: C, 

68.10; H, 6.97; N, 11.63. Found: C, 68.15; H, 7.05; N, 11.83., 

 

N-hexyl-3-(4-hydroxyphenyl)propanamide (23) 

3-(4-hydroxyphenyl)propionic acid(5g, 30 mmol), which had been previously dried (in the 

drying pistal) was placed in a round bottom flask and equipped with a condenser for 

refluxing. It was dissolved in dry methylene chloride (120 mL). Distilled n-hexyl amine (3.94 

mL, 30 mmol) was syringed drop wise into the above flask and the reaction mixture was 

stirred at room temperature for 20 minutes. Salt formation was observed as a white 

precipitate. Distilled thionyl chloride (2.41 mL, 33 mmol) was syringed dropwise into the 

flask. Additional amounts were syringed until the evolution of gas subsided. The reaction 

mixture was refluxed for 30 minutes then cooled to room temperature and distilled n-hexyl 

amine (11.8 mL, 90 mmol) was syringed dropwise. It was refluxed for 45 minutes and cooled 

to room temperature. The reaction mixture was quenched with saturated NaHCO3 solution 

(100 ml). The organic layer was washed with deionized water (2 x 50 ml) and dried over 

anhydrous Na2SO4. The solvent was removed under reduced pressure to obtain the pure 

product as a white solid 23 (5.3 g, 21.3 mmol, 71% yield). mp 114-115 oC; 1H NMR (300 

MHz, DMSO-d6) δ 0.85 (t, 3H, J=6.9 Hz), 1.14-1.4 (m, 10H), 2.65 (t, 2H, J=7.8 Hz), 2.67 (t, 

2H, J=7.6 Hz), 2.99(q, 2H, J=6.5 Hz), 6.63(d, 2H, J=8.4 Hz), 6.96(d, 2H, J=8.4 Hz), 7.72(t, 

1H, J=5.6 Hz), 9.11(s, 1H);  13C NMR (100 MHz, DMSO-d6) δ 13.0, 17.0, 20.1, 21.5, 22.0, 
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24.8, 28.6, 29.4,105.6, 106.2, 116.5, 117.6, 120.42, 122.4, 128.2, 143.9, 162.2; MS (ESI) m/z 

250.2 (M+1)+Anal. Calcd for C15H23NO2: C, 72.23; H, 9.30; N, 5.19. Found: C, 72.08; H, 

9.42; N, 5.30. 

   

3-(4-(allyloxy)phenyl)-N-hexylpropanamide (24) 

NaH (0.193 g, 60% w/w mineral oil, 4.8 mmol) was suspended in 5 mL of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 

removed by cannulation and an additional 5 mL of hexanes was added.  The aforementioned 

procedure was repeated, following which time the remaining NaH was suspended in DMF (4 

mL, previously distilled from CaH and stored under 4A molecular sieves). Compound 23 

(1.0 g, 4 mmol) previously dried under vacuum with P2O5) was dissolved in DMF (12 ml) 

and syringed drop wise into the NaH suspension. The mixture turned yellow immediately and 

became homogenous after half an hour. Allylbromide (0.385 mL, 4.8 mmol) (previously 

distilled) was then syringed drop wise into the reaction mixture and allowed to stir overnight 

at room temperature. The reaction mixture was quenched with 3M HCl (15 mL) and the 

crude product was extracted into ether (3 x 12 mL). Organic layer was dried over anhydrous 

Na2SO4 and subjected to recrystallizing to furnish the pure compound 24 as white crystals 

(0.8 g, 2.8 mmol, 69 % yield). mp 98-99 oC; 1H NMR (400 MHz, DMSO-d6) δ 0.82 (t, 3H, 

J=6.8 Hz), 1.18-1.38 (m, 10H), 2.65 (t, 2H, J=7.6 Hz), 2.71 (t, 2H, J=7.4 Hz), 2.99(q, 2H, 

J=6.3 Hz), 4.51(d, 2H, J=4.2 Hz), 5.21- 5.41(dd, 2H), 5.96-6.15(m, 1H), 6.83(d, 2H, J=8 Hz), 

7.11(d, 2H, J=8.1 Hz), 7.79(t, 1H, J=5.3 Hz);  13C NMR (100 MHz, DMSO-d6) δ  13.9, 22.0, 

26.0, 29.1, 30.3, 31.0, 37.3, 38.4, 38.8, 39.0, 68.08 , 114.3, 117.2, 129.15, 133.3, 133.9, 
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156.4, 171.2; MS (ESI) m/z 250.2 (M+1)+Anal. Calcd for C18H27NO2: C, 74.68; H, 9.40; N, 

4.84. Found: C, 74.81; H, 9.32; N, 4.98. 

 

3-(3-allyl-4-hydroxyphenyl)-N-hexylpropanamide (25) 

Compound 24 (0.75 g, 2.6 mmol) which had been previously dried under vacuum, was 

placed into a round bottom flask and dissolved in freshly distilled CH2Cl2 (25 mL) and 

allowed to stir 10 minutes at 10 oC. BCl3.CH2Cl2 (13 mL, 13 mmol) was syringed drop wise 

into the above solution over the course of 15 minutes and the reaction mixture was allowed to 

stir 1.5 hrs at 10 oC. The reaction was then quenched with deionized water (35 mL). The 

product was extracted into CH2Cl2 (3 x 12 mL) and the combined organic layer was dried 

over anhydrous Na2SO4. The solvent was removed under reduced pressure to obtain the pure 

product 25 as light yellow oil (0.51g, 2.6 mmol, 68 % yield);  1H NMR (400 MHz, DMSO-

d6) δ 0.89 (t, 3H, J=5.8 Hz), 1.16-1.49 (m, 10H), 2.25(t, 2H, J=7.2 Hz), 2.64 (t, 2H, J=7.1Hz), 

3.00(q, 2H, J=6  Hz), 3.22(d, 2H, J=4.1 Hz), 4.94-5.09(m, 2H), 5.85-6.00(m, 1H), 6.62-

6.8(m, 3H), 7.78(br s, 1H),  9.11(s, 1H);  13C NMR (100 MHz, DMSO-d6) δ  13.08, 17.09, 

20.1, 21.5,  22.0, 24.8, 28.6, 29.4, 105.6, 106.2, 116.5, 117.6, 120.4, 122.4, 128.2, 143.9, 

162.2; MS (ESI) m/z 250.2 (M+1)+Anal. Calcd for C18H27NO2: C, 74.68; H, 9.40; N, 4.84. 

Found: C, 74.80; H, 9.32; N, 4.96. 

 

bis(2-allyl-4-(3-(hexylamino)-3-oxopropyl)phenyl) succinate  (27) 

NaH (0.083 g, 60% w/w mineral oil, 2.08 mmol) was suspended in 2.5 mL of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 
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removed by cannulation and an additional 2.5 mL of hexanes was added.  The 

aforementioned procedure was repeated, following which time the remaining NaH was 

suspended in DMF (3 mL, previously distilled from CaH and stored under 4A molecular 

sieves). Compound 25 (0.5 g, 1.73 mmol, previously dried under vacuum with P2O5) was 

dissolved in DMF (4 mL) and syringed drop wise into the NaH suspension. The mixture 

turned yellow immediately and became homogenous after an hour. This solution was heated 

to 70 oC for 10 minutes. In the meantime compound 28 (0.263 g, 0.87 mmol) was dissolved 

in DMF (3 mL) a separate round bottom flask and syringed into the anion solution over a 

period of 4.5 hours  at 70 oC. The reaction mixture was quenched with 1M HCl (5 mL) and 

the crude product was extracted into CH2Cl2 (3 x 8 mL). The combined organic layer was 

washed with a saturated NaHCO3 solution (10ml) followed by distilled water (10 ml) and 

dried over anhydrous Na2SO4. The solvent was removed under reduced pressure and the 

crude product was subjected to column chromatography (silica gel) using 50% EtOAC, 

CH2Cl2 yielded the pure compound 27 as a white solid (0.234g, 0.35 mmol, 41% yield);  mp. 

130-131 oC 1H NMR (400 MHz, DMSO-d6) δ  0.89 (t, 6H, J=5.8 Hz), 1.16-1.49 (m, 20H), 

2.25(t, 4H, J=7.1 Hz), 2.62 (t, 4H, J=7.1Hz), 3.00(q, 4H, J=5.9  Hz), 3.13(s, 4H), 3.22(d, 4H, 

J=4.1 Hz), 4.94-5.09(m, 4H), 5.86-6.00(m, 2H), 6.62-6.8(m, 6H), 7.78(br s, 2H);  13C NMR 

(100 MHz, DMSO-d6) δ  14.1, 22.7, 26.4, 29.1, 30.0, 31.4, 34.1, 35.6, 39.2, 115.9, 122.9, 

126.2, 130.0, 129.5, 136.1, 136.5, 145.7, 171.1,173.3; MS (ESI) m/z 661.4 (M+1)+Anal. 

Calcd for C40H56N2O6: C, 72.68; H, 8.54; N, 4.24. Found: C, 72.59; H, 8.50; N, 4.30. 
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S, S – di (2-pyridyl) butane-1,4- bis (thiocarboxylate) (28) 

2-Mercaptopyridine (3 g, 27 mmol) was placed in a round bottom flask and equipped with an 

addition funnel. Then it was dissolved in dry CH2Cl2 (168.75 ml). Succinyl chloride (1.52 

ml, 13.5 mmol) was dissolved in dry CH2Cl2 in another flask and the succinyl chloride 

solution was slowly syringed into the solution of 2- mercaptopyridine through the addition 

funnel over a period of one hour. The reaction mixture was stirred at room temperature for an 

additional 90 minutes, after which time the reaction was quenched with 2M NaOH (150 mL). 

The separated organic layer was washed with distilled water (2 x 50 mL) and dried over 

anhydrous Na2SO4. The solvent was removed under reduced pressure without applying heat 

to obtain the pure compound as dark purple crystals 28 (2.75g, 9.0 mmol, 67% yield); mp 79-

80.5 oC; 1H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 4H), 7.41-7.60 (m, 2H), 7.41-7.60 (m, 

2H), 7.60-7.63 (m, 2H), 7.83-7.92 (m, 2H), 8.54-8.62 (m, 2H);  13C NMR (100 MHz, 

DMSO-d6) δ  40.7, 120.1, 122.4, 138.8, 151.1, 195.4; MS (ESI) m/z 305.6 (M+1)+ 

 

[Z]-6,9-dioxo-1,2,3,4,5,6,9,12-octahydrodibenzo[g,m]-1,6-dioxacyclotetradecene-2,13-

bis(N-hexylpropanamide) (29) 

Compound 27 (0.2 g, 0.3 mmol) was dissolved in freshly distilled dichloromethane (30 mL). 

Second generation Grubb’s catalyst (0.026g, 0.03 mmol) was added to the reaction mixture 

and it was stirred for 30 minutes. The crude reaction mixture was passed through a silica gel 

plug to remove the catalyst. Column chromatography (silica gel) using 50% EtOAc, CH2Cl2, 

furnished the pure product 29 as a white solid (0.096g, 0.152 mmol, 50 % yield); mp. 136.3-

137.5 oC 1H NMR (400 MHz, DMSO-d6) δ 0.82 (t, 3H, J=6.9 Hz), δ  0.89 (t, 6H, J=5.8 Hz), 

1.16-1.49 (m, 20H), 2.25(t, 4H, J=7.1 Hz), 2.62 (t, 4H, J=7.1Hz), 3.00(q, 4H, J=5.9  Hz), 
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3.13(s, 4H), 3.22(d, 4H, J=4.1 Hz), 5.1(s, 4H), 5.43(t, 2H, J=4.1 Hz), 7.11-7.43(m, 6H), 

7.8(br s, 2H)  13C NMR (100 MHz, DMSO-d6) δ 14.1, 22.7, 27.1, 28.3, 26.4, 30.0, 31.4, 31.5, 

35.6, 39.2, 122.9, 125.3, 126.2, 129.5, 129.7, 130.0, 136.1, 145.7, 172.9, 173.3; MS (ESI) 

m/z 631.3 (M+1)+Anal. Calcd for C38H50N2O6: C, 72.33; H, 7.99; N, 4.44. Found: C, 72.42; 

H, 8.10; N, 4.33. 

 

[Z]-6,9-dioxo-1,2,3,4,5,6,9,12-octahydrodibenzo[g,m]-1,6-dioxacyclotetradecane-2,13-

bis(N-hexylpropanamide) (30) 

Compound 29 (0.1 g, 0.158 mmol) was dissolved in 50% EtOAc, MeOH solution (30 mL) 

and 10% Pd-C (0.14 g) was added to the solutions and hydrogenation was carried out in Parr 

apparatus for 3 hrs. The reaction mixture was run through a celite plug to remove Pd-C. This 

furnished the pure product 30 as a white solid (0.060g, 0.095 mmol, 60 % yield); mp. 108-

109.5 oC; 1H NMR (400 MHz, DMSO-d6) δ 0.82 (t, 3H, J=6.9 Hz), 0.82 (t, 3H, J=6.9 Hz), δ  

0.89 (t, 6H, J=5.8 Hz), 1.16-1.49 (m, 20H), 2.25(t, 4H, J=7.1 Hz), 2.62 (t, 4H, J=7.1Hz), 

3.00(q, 4H, J=5.9  Hz), 3.13(s, 4H), 3.22(d, 4H, J=4.1 Hz), 5.45(br s, 8H), 7.11-7.43(m, 6H), 

7.8(br s, 2H)  13C NMR (100 MHz, DMSO-d6) δ  14.1, 22.7, 25.0, 26.4, 27.7, 28.3, 30.0, 31.4, 

31.5, 35.6, 39.2, 122.8, 126.4, 129.1, 132.1, 136.0, 149.6, 172.9, 173.3; MS (ESI) m/z 631.3 

(M+1)+Anal. Calcd for C38H52N2O6: C, 72.10; H, 8.28; N, 4.42. Found: C, 72.22; H, 8.11; N, 

4.38. 

 

3-(4-(allyloxy)-3-((3-hexylureido)methyl)phenyl)-N-propylpropanamide (31) 

NaH (0.04 g, 60% w/w mineral oil, 1.01 mmol) was suspended in 2.5 mL of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 
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removed by cannulation and an additional 2.5 mL of hexanes was added.  The 

aforementioned procedure was repeated, following which time the remaining NaH was 

suspended in DMF (1.5 mL, previously distilled from CaH and stored under 4A molecular 

sieves). Compound 10 (0.3 g, 0.85 mmol) previously dried under vacuum with P2O5) was 

dissolved in DMF (2 ml) and syringed drop wise into the NaH suspension. The mixture 

turned yellow immediately and became homogenous after half an hour. Allylbromide (0.08 

mL, 0.93 mmol) (previously distilled) was then syringed drop wise into the reaction mixture 

and allowed to stir overnight at room temperature. The reaction mixture was quenched with 

3M HCl (6 mL) and the crude product was extracted into ether (3 x 8 mL). The organic layer 

was dried over anhydrous Na2SO4 and subjected to crystallizing to furnish the pure 

compound 31 as white crystals (0.21g, 0.52 mmol, 62 % yield). mp. 68.5-69.5 oC;  1H NMR 

(300 MHz, DMSO-d6) δ 0.76-0.89(m, 6H), 1.20-1.43(m, 8H), 2.25 (t, 2H, J=7.4 Hz), 2.65(t, 

4H, J= 6.3 Hz), 2.98(q, 2H, J= 6.6 Hz), 3.25(d, 2H, J=4.1 Hz),  4.04(d, 2H, J=5.4 Hz), 4.6(d, 

2H, J= 4.1 Hz), 5.22-5.42(dd, 2H), 5.82-6.00(m, 1H), 6.30(t, 1H, J=5.4 Hz), 6.81-6.98(m, 

3H), 7.76(t, 2H, J=5.6 Hz), 10.23(s, 1H);  13C NMR (100 MHz, DMSO-d6) δ 11.3, 14.2, 

22.9, 26.0, 29.1, 31.6, 35.4, 40.1, 42.3, 115.8, 125.2, 129.7, 131.8, 136.5, 149.8, 157.6, 

173.2; MS (ESI) m/z (M+Na)+ 426.2; HRMS (ESI) calcd for C23H38N3O3 (M+H)+ 404.2915, 

found 404.2917 

 

3-(4-(allyloxy)phenyl)-N-propylpropanamide (32) 

NaH (0.32 g, 60% w/w mineral oil, 8.11 mmol) was suspended in 10 mL of hexanes and 

allowed to stir for 10 minutes following which time stirring was ceased.  The suspended base 

was allowed to settle to the bottom of the flask over fifteen minutes.  The hexanes were 
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removed by cannulation and an additional 10 mL of hexanes was added.  The 

aforementioned procedure was repeated, following which time the remaining NaH was 

suspended in DMF (7 mL, previously distilled from CaH and stored under 4A molecular 

sieves). Compound 9 (1.4 g, 6.76 mmol) previously dried under vacuum with P2O5) was 

dissolved in DMF (20 ml) and syringed drop wise into the NaH suspension. The mixture 

turned yellow immediately and became homogenous after an hour. Allylbromide (0.64 mL, 

7.44 mmol, previously distilled) was then syringed drop wise into the reaction mixture and 

allowed to stir overnight at room temperature. The reaction mixture was quenched with 3M 

HCl (30 mL) and the crude product was extracted into ether (3 x 15 mL). The organic layer 

was dried over anhydrous Na2SO4 and subjected to crystallizing to furnish the pure 

compound 32 as white crystals (1.22 g, 4.94 mmol, 73% yield). mp 92-93  oC; 1H NMR (300 

MHz, DMSO-d6) δ 0.79 (t, 3H, J=7.5 Hz), 1.30-1.40 (m, 2H, ), 2.30 (t, 2H, J=7.2 Hz), 2.73 

(t, 2H, J=7.8 Hz), 2.97(q, 2H, J=6.6 Hz), 4.51(d, 2H, J=6.9 Hz), 5.20-5.42(m,2H), 5.96-

6.10(m, 2H), 6.83(d, 2H, J=8.7 Hz), 7.09(d, 2H, J=8.7 Hz), 7.76(t, 2H, J=5.4 Hz); 13C NMR 

(100 MHz, DMSO-d6) δ 11.3, 24.4, 30.3, 37.3, 40.2, 68.0, 114.4, 117.2, 129.1, 133.4, 133.9, 

156.3, 171.1; MS (ESI) m/z 247 (M+Na)+, 270.1 

 

[Z]-4,11-dibromo-1,2,3,4,5,6,9,12-octahydrodibenzo[g,m]-1,6-dioxa cyclotetradecene-2, 

13-bis(N-propylpropanamide) (33d) 

Compound 12d (0.15 g, 0.21 mmol) was dissolved in freshly distilled 1,2-dichloroethane (22 

mL)and heated to 60 oC. Second generation Grubb’s catalyst (0.018g, 0.021 mmol) was 

added to the reaction mixture and stirred for 40 minutes at 60 oC. The crude reaction mixture 

was cooled in an ice bath and then passed through a silica gel plug to remove the catalyst. 
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Column chromatography (silica gel) using CH2Cl2 furnished the pure product 33d as a white 

solid (0.11g, 0.164 mmol, 77 % yield). mp 171-172.5oC; 1H NMR (300 MHz, DMSO-d6) δ 

0.76 (t, 6H, J=7.4 Hz), 1.22-1.38 (m, 4H, ), 1.96(br s, 4H), 2.73 (t, 4H, J=7.2 Hz),  3.95(t, 

2H, J=6.6 Hz), 3.81(t, 2H, J=6 Hz),  5.6(br s, 2H), 7.01(s, 2H), 7.29(s, 2H), 7.78(t, 2H, J=6 

Hz); 13C NMR (100 MHz, DMSO-d6) δ 11.2, 23.1, 26.4, 28.3, 30.7, 35.6, 42.5, 119.3, 125.3, 

129.9, 137.2, 138.3, 144.9, 172.9, 173.3 

 

[Z]-4,11-dobromo-6,9-dioxo-1,2,3,4,5,6,9,12-octahydrodibenzo[g,m]-1,6-dioxa 

cyclotetradecene-2, 13-bis(N-propylpropanamide) (33e) 

Compound 12e (0.15 g, 0.205 mmol) was dissolved in freshly distilled 1,2-dichloroethane 

(21 mL) and heated to 60 oC. Second generation Grubb’s catalyst (0.051g, 0.061 mmol) was 

added to the reaction mixture and it was stirred for 15 minutes at 60 oC. The crude reaction 

mixture was cooled in an ice bath and then passed through a silica gel plug to remove the 

catalyst. Column chromatography (silica gel) eluting with EtOAc furnished the pure product 

33e as a white solid (0.061g, 0.086 mmol, 42 % yield); mp  1H NMR (300 MHz, DMSO-d6) 

δ 0.78 (t, 6H, J=7.4 Hz), 1.30-1.38 (m, 4H, ), 2.35 (t, 4H, J=7.4 Hz), 2.78 (t, 4H, J=7.4 Hz), 

2.97(q, 4H, J=6.5 Hz), 3.04(s, 4H), 3.20(d,4H, J=6.8 Hz), 5.00-5.08(m,4H), 5.74-5.83(m, 

2H), 7.10(s, 2H), 7.40(s, 2H), 7.81(t, 2H, J=5.4 Hz); 13C NMR (100 MHz, DMSO-d6) δ11.2, 

23.1, 26.4, 28.3, 30.7, 35.6, 42.5, 119.3, 125.3, 129.9, 137.2, 138.3, 144.9, 172.9, 173.3; 

HRMS (ESI) calcd for C32H38N2O6Br2 (M+H)+ 707.0889, found 707.0890 
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Hexylurea (34)  
 
Concentrated HCl (4.9 ml, 59 mmol) was added to hexylamine (5 g, 49 mmol) at 0 oC and 

the mixture dissolved in hot ethanol (50 ml). This solution was added to a solution of KOCN 

(4.87 g, 59 mmol) dissolved in distilled water (50 ml) and the reaction mixture was allowed 

to stir 15 hours at room temperature. The reaction mixture was then concentrated under 

reduced pressure and 6.6 g of hexylurea 34  (32.6 mmol, 92% yield) crystallized from the 

remaining solution: mp 106-107 oC; 1H NMR (300 MHz, DMSO-d6) δ 0.86 (t, 3H, J=6.75 

Hz), 1.23-1.33 (m, 8H), 2.92 (q, 2H, J=6.5 Hz), 5.34 (br. s,1H) 5.88 (t, 1H, J=5.4 Hz); 13C 

NMR (100.5 MHz, DMSO-d6) δ 14.6, 22.8, 26.8, 29.9, 30.7, 32.0, 159.4; HRMS (ESI) calcd 

for C7H17N2O (M+H)+ 145.2252, found 145.2250. 

 
1-(2-Hydroxy-5-methoxybenzyl)-3-hexylurea (35).  
 
4-Methoxyphenol (0.3g, 2.4 mmol) and 1-ethoxymethyl-3-hexylurea (18) (0.733g, 3.6 mmol) 

were dissolved in 1,2-dichloroethane (13 ml), and the reaction mixture brought to reflux. 

TFA (4.3 ml) was rapidly syringed into the reaction mixture and the mixture was allowed to 

reflux for an additional 15 minutes. The reaction was cooled to room temperature and 

quenched by adding a saturated NaHCO3 solution. The separated organic layer was washed 

with distilled water, dried over anhydrous Na2SO4, and the solvent was removed under 

reduced pressure. The crude product was dissolved in methanol (6 ml) and ethanethiol 

(1.5ml, 20 mmol) was added. This solution was brought to 0 oC with an ice bath and p-

toluenesulfonic acid (3.85g, 20 mmol) was added all at once to the chilled reaction mixture 

and the mixture was allowed to stir for an additional 15 minutes. The reaction mixture was 

then concentrated under reduced pressure, dichloromethane (10 ml) was added, and the 
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reaction quenched by adding a saturated NaHCO3 solution. The separated organic layer was 

washed with distilled water, dried over anhydrous Na2SO4, and the solvent was removed 

under reduced pressure. The crude product was purified by silica gel column chromatography 

(4% MeOH in CH2Cl2) to afford 0.067 g of 35 (0.36 mmol, 10% yield) as a yellow liquid 

(with this procedure 36 was also furnished in 52% yield). 1H NMR (400 MHz, CDCl3) δ 0.87 

(t, 3H, J=6.8 Hz), 1.26-1.48 (m, 8H), 3.12 (q, 2H, J=6.66 Hz), 3.75 (s, 3H), 4.10 (d, 2H, 

J=6.8 Hz), 4.41 (t, 1H, J=5.2 Hz), 4.94 (t, 1H, J= 6.3 Hz), 6.61 (s, 1H), 6.78 (d, 1H, J=7.6 

Hz), 6.88 (d, 1H, J=8.8 Hz) 9.54 (s, 1H); 13C NMR (100.5 MHz,CDCl3) δ ; 14.2, 22.7, 26.7, 

30.0, 31.6, 41.1, 41.3, 56.0, 114.8, 116.2, 118.6, 126.6, 149.9, 152.9, 159.9; MS (ESI) m/z 

280.36 (M+H)+; Anal. Calcd for C15H24N2O3: C, 64.26; H, 8.62; N, 9.99. Found: C, 64.45; 

H, 8.46; N,10.18. 

 

1,1’-(2-hydroxy-5-methoxy-1,3-xylyl)-3,3’-bis(hexylurea) (36).  
 
4-Methoxyphenol (0.3g, 2.4 mmol) and 1-ethoxymethyl-3-hexylurea (18) (0.733g, 3.6 mmol) 

were dissolved in CH2Cl2 (13 ml). The solution was brought to -32 0C with an acetone-water-

dry ice bath, and triflouroacetic acid (4.3 ml) was rapidly syringed into the reaction mixture 

and it was allowed to stir for 15 minutes. The reaction was quenched by adding a saturated 

NaHCO3 solution, and the separated organic layer was then washed with distilled water, 

dried over anhydrous Na2SO4, and the solvent was removed under reduced pressure. The 

crude product was dissolved in methanol (6 ml) and ethanethiol (1.15ml, 18.5 mmol) was 

added. The reaction mixture was brought to 0 oC with an ice bath and p-toluenesulfonic acid 

(3.53g, 18.5 mmol) was added all at once to the chilled reaction mixture and the mixture was 

allowed to stir for an additional 15 minutes. The mixture was then concentrated under 
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reduced pressure, dichloromethane (10 ml) added, and the reaction quenched by adding a 

saturated NaHCO3 solution. The separated organic layer was washed with distilled water, 

dried over anhydrous Na2SO4, and the solvent was removed under reduced pressure. The 

crude product was purified by silica gel column chromatography (4% MeOH in CH2Cl2) to 

afford 0.69 g of 36 as a white solid (1.58 mmol, 66% yield) (the formation of 35 was not 

observed under these reaction conditions): mp 123.5–125 oC; 1H NMR (300 MHz,CDCl3 ) δ 

0.76 (t, 3H, J=6.9 Hz), 1.66-1.34 (m, 16H), 3.01 (q, 4H, J=6.6 Hz), 3.61 (s, 3H), 4.13 (d, 4H, 

J=6.6 Hz), 5.21 (br s, 2H), 5.76 (br s, 2H), 6.55 (s, 2H), 10.18 (s, 1H); 13C NMR (100.5 

MHz, CDCl3) δ 14.3, 22.8, 26.8, 30.2, 31.7, 41.0, 41.3, 56.0, 115.3, 127.6, 148.1, 152.6, 

159.3; HRMS (ESI) calcd for 459.2947 (M+Na)+ C23H40N4O4Na, found 459.2918. 

 

1-(5-bromo-2-hydroxybenzyl)-3-hexylurea (37) and  
1,1’-(5-bromo-2-hydroxy-1,3-xylyl)-3,3’-bis(hexylurea) (38).  
 
4-Bromophenol (21) (0.25 g, 1.44 mmol) and 1-ethoxymethyl-3-hexylurea (18) (0.424 g, 2.1 

mmol) were dissolved in 1,2-dichloroethane (8 ml), and the solution was brought to reflux. 

After 5 minutes, TFA (2.6 ml) was rapidly syringed into the reaction mixture and the mixture 

allowed to reflux for an additional 15 minutes. The reaction was cooled to room temperature 

and quenched by adding a saturated NaCO3 solution. The separated organic layer was 

washed with distilled water, dried over Na2SO4, and the solvent was removed under reduced 

pressure. The resultant crude product was dissolved in methanol (6 ml) and ethanethiol 

(1.13ml, 15 mmol) was added. The reaction mixture was brought to 0 oC with an ice bath and 

p-toluenesulfonic acid (1.8g, 9.6 mmol) was added all at once to the chilled reaction mixture 

and the mixture was allowed to stir for an additional 15 minutes. The solvent was then 
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concentrated under reduced pressure, dichloromethane (10 ml) was added, and the reaction 

quenched by adding a saturated NaHCO3 solution. The separated organic layer was washed 

with distilled water, dried over anhydrous Na2SO4, and the solvent was removed under 

reduced pressure. The crude product was purified by silica gel column chromatography (4% 

EtOAc in CH2Cl2) to afford 0.19 g of 37 (0.58 mmol, 40% yield) and 0.093 g of 38 (0.28 

mmol, 19.6% yield) as white solids. 

Compound 37: mp 106-107 oC; 1H NMR (400 MHz, CDCl3) δ 0.87 (t, 3H, J=6.8 Hz), 1.2-

1.47 (m, 8H), 3.12 (q, 2H, J=6.53 Hz), 4.24 (d, 2H, J=6.4 Hz), 4.46 (br s, 1H), 4.98 (br s, 

1H), 6.82 (d, 1H, J=8.4 Hz), 7.15 (s, 1H), 7.29 (s, 1H), 10.20 (s, 1H); 13C NMR (100.5 MHz, 

CDCl3) δ 14.2, 22.7, 26.6, 29.9, 31.6, 40.9, 41.22, 111.1, 120.1, 127.8, 132.7, 133.2, 155.6, 

159.8; MS (ESI) m/z 331.24 (M+1)+. Anal. Calcd for C14H21N2O2Br: C, 51.07; H, 6.42; N, 

8.50. Found: C, 50.89; H, 6.19; N, 8.73. 

Compound 38: mp 139-140 oC; 1H NMR (300 MHz, CDCl3) δ 0.87(t, 6H, J=6.6 Hz), 1.28-

1.44 (m, 16H), 3.11 (q, 4H, J=6.45 Hz), 4.20 (d, 4H, J=6.3 Hz), 5.68 (t, 2H, J=5.7 Hz), 6.19 

(t, 2H, J=6.3 Hz), 7.18 (s, 2H), 10.90 (s, 1H); 13C NMR (100.5 MHz, CDCl3) δ 14.21, 22.72, 

26.71, 30.32, 31.66, 41.08, 100.27, 110.58, 129.59, 131.80, 153.70, 159.79;85.3/487.2.; MS 

(ESI), m/z 485.3 (M+1)+. Anal. Calcd for C22H37N4O3Br: C, 54.43; H, 7.68; N, 11.54. 

Found: C, 54.83; H, 7.75; N, 11.69. 
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N-((3-hexylureido)methyl)-2-(3((3-hexylureido)methyl)-4-hydroxyphenyl)acetamide 
(39).  
 
2-(4-Hydroxyphenyl)acetamide (0.25g, 1.6 mmol) and 1-ethoxymethyl-3-hexylurea (18) 

(1.0g, 4.9 mmol) were dissolved in dichloromethane (8 ml). The solution was stirred at room 

temperature and TFA (2.6 ml) was rapidly syringed into the reaction mixture and the mixture 

was brought to reflux for 25 minutes. The reaction was cooled to room temperature and 

quenched by adding a saturated NaHCO3 solution. The separated organic layer was washed 

with distilled water, dried with anhydrous Na2SO4, and the solvent removed under reduced 

pressure. The crude product was dissolved in methanol (10 ml) and ethanethiol (1.24 ml, 24 

mmol) was added. The solution was brought to 0 oC with a ice bath and p-toluenesulfonic 

acid (4.7g, 24 mmol) was added all at once to the reaction mixture and it was allowed to stir 

for an additional 15 minutes. The reaction mixture was then concentrated under reduced 

pressure, dichloromethane (15 ml) was added, and the reaction quenched by adding a 

saturated NaHCO3 solution. The separated organic layer was washed with distilled water, 

dried over anhydrous Na2SO4, and the solvent was removed under reduced pressure. The 

crude product was purified by silica gel chromatography (12% Acetone in CH3Cl) followed 

by silica Prep-TLC (40% Acetone in CH3Cl) to afford 0.31 g of 39 (0.69 mmol, 43% yield) 

as white solids; mp 166.5-168 0C; 1H NMR (300 MHz, DMSO-d6) δ 0.85 (t, 3H, J=6 Hz), 

1.22-1.33 (m, 16H), 2.96 (q, 4H, J=6.3 Hz), 3.23 (s, 2H), 4.05 (d, 4H, J=5.7 Hz), 4.27 (t, 2H, 

J= 6.15 Hz), 6.01 (br s, 1H), 6.10 (t, 1H, J=5.7 Hz), 6.31 (br s, 1H), 6.38 (t, 1H, J=6.45 Hz), 

6.65 (d, 1H, J=8.1 Hz), 6.92 (s,1H), 6.94 (d, 1H, J=8.4 Hz), 8.57 (t, 1H, J=5.7 Hz), 9.83 (s, 

1H); 13C NMR (100.5 MHz, DMSO-d6) δ 14.6, 22.8, 26.7, 30.6, 31.7, 39.3, 41.0, 41.9, 45.3, 
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116.1, 126.9, 129.4, 130.8, 154.6, 158,.2, 159.5, 172.1; HRMS (ESI) calcd for 

C24H41N5O4Na (M+Na)+ 486.3056, found 486.3041. 

 

N-(4((3-hexylureido)methyl)phenyl)acetamide (40).  
 
Acetanilide (0.3g, 2.22 mmol) and 1-ethoxymethyl-3-hexylurea (18) (0.673g, 3.3 mmol) 

were dissolved in triflouroacetic acid (3 ml). The reaction mixture was stirred at room 

temperature and concentrated sulfuric acid (3.2 ml) was rapidly syringed into the reaction 

mixture and it was allowed to stir for 3 hrs. The reaction was quenched by adding a saturated 

NaHCO3 solution, and the separated organic layer was washed with distilled water, dried 

with anhydrous Na2SO4 and the solvent was removed under reduced pressure. Pure 40 was 

precipitated from a methanol/dichloromethane solution as a white solid (0.4g, 1.38 mmol, 

62% yield): mp 185-186 0C; 1H NMR (300 MHz, DMSO-d6) δ 0.86 (t, 3H, J=6.75 Hz), 1.24-

1.37 (m, 8H), 2.02 (s, 3H), 2.98 (q, H, J=6 Hz), 4.12 (d, 2H, J=5.7 Hz), 5.87 (t, 1H, J=5.85 

Hz), 6.19 (t, 1H, J=6 Hz), 7.14 (d, 2H, J=8.4 Hz), 7.49 (d, 2H, J=8.4), 9.89 (s, 1H); 13C NMR 

(100.5 MHz, DMSO-d6) δ 13.9, 22.1, 24.0, 26.1, 30.0, 31.1, 42.5, 118.8, 127.4, 135.5, 137.9, 

158.0, 168.1; HRMS (ESI) calcd for C16H26N3O2 (M+H)+ 292.2025, found 292.2021. 

 
1-(4-methoxybenzyl)-3-hexylurea (41).  
 
Anisole (0.15g, 1.38 mmol) and 1-ethoxymethyl-3-hexylurea (6) (0.252g, 1.25 mmol) were 

dissolved in dichloromethane (6 ml). The reaction mixture was brought to -320C with a dry 

ice-acetone-isopropyl alcohol bath, and trifluoroacetic acid (2 ml) was rapidly syringed into 

the reaction mixture and the mixture allowed to and then using 25% acetone in CH2Cl2 to 

afford 0.16 g of para (0.64 mmol, 40% yield) as a white solid stir for 15 minutes. The 
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reaction was quenched by adding a saturated sodium bicarbonate solution, and the separated 

organic layer was washed with distilled water, dried over anhydrous Na2SO4, and the solvent 

was removed under reduced pressure. The resultant crude solid was washed several times 

with EtOAc to furnish 36 as a white solid (0.86 mmol, 70% yield): mp. 104.5-106 0C; 1H 

NMR (300 MHz, DMSO) δ 0.85 (t, 3H, J=6.75 Hz), 1.23-1.37 (m, 8H), 2.98 (q, 2H, J=6.4 

Hz), 3.71 (s, 3H), 4.10 (d, 2H, J=6 Hz), 5.84 (t, 1H, J=5.7 Hz), 6.16 (t, 1H, J=5.85 Hz), 6.86 

(d, 2H, J=8.7 Hz), 7.15 (d, 2H, J=8.7 Hz); 13C NMR (100.5 MHz) DMSO δ 13.9, 22.1, 26.1, 

30.0, 31.1, 42.3, 55.0, 113.6, 128.3, 132.9, 158.0; HRMS (ESI) calcd for C15H25N2O2 

(M+H) 265.1916, found 265.1919. 

 

N-(2-Hydroxyethyl)phthalimide (43)  

Phthalic anhydride (20 g, 135 mmol) was added to 2-aminoethanol (8.5 ml, 140 mmol) in a 

round bottom flask equipped with a CaCl2 drying tube. The reaction mixture was heated to 

100 oC until all the Phthalic anhydride was dissolved and thereupon heated to 125 oC for an 

additional 30 min. The reaction mixture was cooled to rt and 75 ml of hot water was added. 

The product precipitated as the reaction mixture cooled down to furnish a white solid 

(18.82g, 98.5 mmol, 73% yield).  mp: 126.5-127 oC (lit. 128.3-131.1 oC); 1H NMR (400 

MHz, CDCl3) δ 7.75-7.78 (m, 2H), 7.65-7.68(m, 2H), 3.80-3.84 (m, 4H), 2.65(s, 1H); 13C 

NMR (100 MHz, CDCl3) δ 169, 134, 132, 123, 61, 41; MS (ESI) m/z 192.03 [M+H]+. 

 

2-Phthalimidoethylbenzyl Ether(44) 

 A suspension of NaH (2.5 g, 62.5 mmol) under a nitrogen atmosphere was stirred in n-

hexane (30 ml) for 15 mins, the stirring stopped and after the suspension settled the n-hexane 
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was removed by kennulation. Another portion of n-hexane (30 ml) was added and the above 

procedure was repeated. Dry DMF (35 ml) was added to the NaH and N-(2-

Hydroxyethyl)phthalimide (10.0 g, 52.0 mmol), dissolved in dry DMF (15 ml), was syringed 

dropwise into the reaction mixture. The reaction mixture was allowed to stir at rt for 15-30 

mins upon which time benzylbromide (6.8 ml, 57.5 mmol) was added dropwise. The 

resulting reaction mixture was refluxed for 2 hrs, and then cooled and concentrated under 

vacuum. CH2Cl2 (125 ml) was added to the solution and it was washed with H2O (50 ml).The 

organic layer was dried over Na2SO4 and concentrated under vacuum. The crude residue was 

recrystallized from diethyl ether/hexane furnishing pure product (11.76 g, 42 mmol, 80% 

yield). mp. 68.5-69 oC; 1H NMR (300 MHz, CDCl3) δ 7.80-7.83 (m, 2H), 7.65-7.69 (m,2H), 

7.18-7.24 (m, 5H), 4.51 (s, 2H), 3.91 (t, 2H, J=5.8 Hz), 3.71 (t, 2H, J=5.8 Hz); 13C NMR 

(100 MHz, CDCl3) δ 168.46, 138.03, 134.09, 132.28, 128.52, 127.84, 123.44, 72.83, 66.98, 

37.63. 

 

2-O-Benzylethanolamine (45) 

2-Phthalimidoethylbenzyl Ether (11.065 g, 39.35 mmol,) was dissolved in ethanol (109 ml), 

and hydrazine monohydrate (9 ml, 185mmol) was added to the reaction mixture which was 

allowed to stir (using a mechanical stirrer) at rt under a nitrogen atmopshere for 14 hrs. The 

reaction was then diluted with dichloromethane (100 ml) and the resultant precipitate was 

filtered. The filtrate was concentrated under vacuum and extracted into 2M aq. HCl (2 x 

30ml). The combined aq. phases were washed with diethyl ether (2 x 25 ml) then were 

basified with anhydrous NaOH pellets and finally extracted into CH2Cl2 (3 x 20 ml). The 

combined organic layers were dried over Na2SO4 and concentrated under vacuum to furnish 
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the product as a yellow liquid (3.98 g, 26.36 mmol, 67% yield). 1H NMR (400 MHz, CDCl3) 

δ ; 7.80-7.83 (m, 2H), 7.20-7.25 (m, 2H), 4.42 (s, 2H), 3.39 (t, 2H, J=5.2 Hz), 2.76 (t, 2H, 

J=5.2 Hz), 1.67 (s, 1H); 13C NMR (100 MHz, CDCl3) δ; 138.14, 128.19, 127.49, 72.86, 

72.22, 41.66; MS (ESI) m/z 152.0 [M+H]+, 174.1 [M+Na]+. 
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SUPPLEMENTAL MATERIALS 

 

 

 

Figure  35. 1H NMR (top) and 13C NMR (bottom) data for compound 4 
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Figure 36. 1H NMR (top) and 13C NMR (bottom) data for compound 9 
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Figure  37. 1H NMR (top) and 13C NMR (bottom) data for compound 10 
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Figure  38. ESI-MS data for compound 10 
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Figure  39. 1H NMR (top) 13C NMR (bottom) data for compound 11a 
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Figure 40. 1H NMR (top) and 13C NMR (bottom) data for compound 11b 
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Figure 41. 1H NMR (top) and 13C NMR (bottom) data for compound 11c 
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Figure  42. 1H NMR (top) and 13C NMR (bottom) data for compound 12a 
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Figure  43. 1H NMR (top) and 13C NMR (bottom) data for compound 12d 
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Figure  44. 1H NMR (top) and 13C NMR (bottom) data for compound 12e 
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Figure  45. 1H NMR (top) and 13C NMR (bottom) data for compound 13e 
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Figure  46. 1H NMR (top) and ESI-MS (bottom) data for compound 14 
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Figure   47. 1H NMR (top) and 13C NMR (bottom) data for compound 15 
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Figure  48. ESI-MS data for compound 15 

 

 

 



134 

 

 

 

 

Figure 49. 1H NMR (top) and 13C NMR (bottom) data for compound 16 
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Figure 50. 1H NMR (top) and 13C NMR (bottom) data for compound 17 
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Figure 51. 1H NMR (top) and 13C NMR (bottom) data for compound 18 
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Figure 52. 1H NMR (top) and 13C NMR (bottom) data for compound 19 
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Figure 53. 1H NMR (top) and 13C NMR (bottom) data for compound 20 
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Figure 54. 1H NMR (top) and 13C NMR (bottom) data for compound 21 
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Figure  55. 1H NMR (top) 13C NMR (bottom) data for compound 22 
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Figure 56. ESI-MS (bottom) data for compound 22 
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Figure 57. 1H NMR (top) and 13C NMR (bottom) data for compound 23 
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Figure 58. 1H NMR (top) and 13C NMR (bottom) data for compound 24 
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Figure 59. 1H NMR (top) and 13C NMR (bottom) data for compound 25 
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Figure 60. 1H NMR (top) and13C NMR (bottom) data for compound 27 
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Figure 61. 1H NMR (top) and 13C NMR (bottom) data for compound 28 
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Figure 62. 1H NMR (top) and 13C NMR (bottom) data for compound 29 
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Figure 63. 1H NMR (top) and 13C NMR (bottom) data for compound 30 
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Figure 64. 1H NMR (top) and 13C NMR data for compound 31 
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Figure 65. 1H NMR (top) and 13C NMR (bottom) data for compound 32 
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Figure 66. ESI-MS data for compound 32 

 

 



152 

 

 

 

Figure 67. 1H NMR (top) and 13C NMR (bottom) data for compound 33d 
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Figure 68. 1H NMR (top) and 13C NMR (bottom) data for compound 33e 
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Figure 69. 1H NMR (top) and 13C NMR (bottom) data for compound 34 
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Figure 70. 1H NMR (top) and 13C NMR (bottom) data for compound 35 
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Figure 71. 1H NMR (top) and 13C NMR (bottom) data for compound 36 
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Figure 72. 1H NMR (top) and 13C NMR (bottom) data for compound 37 
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Figure 73. 1H NMR (top) and 13C NMR (bottom) data for compound 38 
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Figure 74. 1H NMR (top) and 13C NMR (bottom) data for compound 39 
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Figure 75. 1H NMR (top) and 13C NMR (bottom) data for compound 40 
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Figure 76. 1H NMR (top) and 13C NMR (bottom) data for compound 41 
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Figure 77. 1H NMR (top) and 13C NMR (bottom) data for compound 43 
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Figure  78. 1H NMR (top) and 13C NMR (bottom) data for compound 44 
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Figure  79. 1H NMR (top) and 13C NMR (bottom) data for compound 45 
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Figure 80. ESI-MS data for compound 45 
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Figure 81. Shift of ortho, meta, para protons in 8-inorganic H2PO4
- complex. 
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Figure 82. Shift of ortho, meta, para protons in 7-PG complex 
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