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ABSTRACT: 

Despite a number of reports on synthetic methods for 1,1'- binaphthyl molecules with a 

substitution in certain positions, to the best of our knowledge neither the synthesis of 

binaphthyl-based chiral dendrimers by 1,3-cycloaddition reactions, "Click" chemistry, or 

attempts to achieve the substitution in multiple potential positions on binaphthyl cores has 

been studied yet. Previously reported optically active binaphthyl-based dendrimers have shown 

application in a number of applications, such as in asymmetric catalysts, enantioselective 

fluorescent sensors and chiral molecular recognition. Therefore, this project will focus on the 

synthesis of some novel chiral multiply functionalized 1,1'-binaphthyl molecules, including 

those that contain suitable groups to enable "Click" reactions and to facilitate the synthesis of 

some symmetric and asymmetric chiral dendrimers. 
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1.       Introduction: 

1.1 Historical Background: 

Since the formation of the world, the environment has been, and will continue to be, a 

prime and steady source of inspiration to scientists. In the late 1970s, a random growth of tall, 

big-branched trees in central Michigan was a source of inspiration for Donald Tomalia, who 

used the structures as a model for the synthesis of huge-branched macromolecules now well-

known as dendrimers.1 The idea of repetitive branching increase was first reported in 1978 by 

Vögtle,2 who applied it to the building of low molecular weight amines (Figure 1), and this was 

followed by the analogous and independent synthesis of true dendrimers by Tomalia ’s group.3 

 

 
Figure 1: First synthesis of cascade molecules (according to Vögtle et al.).4 

Although dendrimer synthesis was achieved by Tomalia’s group in 1979,3,4 the first full 

paper and public presentation on dendrimers was given by Tomalia at the Winter Polymer 

Gordon Conference in 1983. The preparation of poly(amidoamine) dendrimers appeared in this 

paper and was followed by several patents between 1985-1989.3,5,6 Much scholarly attention 

was paid to dendritic polymer architecture, which continues to this day, but most of the major 

scientific journals were hesitant to accept research results for publication at the time.7,8 
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However, the amount of published materials has drastically increased since that first seminal 

paper in 1983.3 (Figure 2) 

 

Figure 2: Growth of dendrimer publications 

1.2 Definition of dendrimers: 

The name “dendrimer” is derived from the Greek (dendron = tree and meros = part), and 

dendritic macromolecules are hugely branched structures consisting of a central core linked to a 

large number of chain ends, which are three-dimensional polymers with a tree-like structure.9 

The dendritically branched molecule was described as a cascade molecule and could be 

synthesised divergently via a cascade synthesis10. It has been described as Cascade,2 Starburst,3 

Arborols,11 Silvanols,12 and Fractal structures13, which are essentially a type of polymer.14 The 

dendrimer macromolecule differentiates itself from normal polymers in two ways. Firstly, the 

dendrimer is constructed from (AB)n monomers (n is usually 2 or 3); in contrast, normal (AB) 

polymers contain a hyper-branched structure and produce linear polymers.15Secondly, 

dendrimers are synthesized in an iterative fashion.16 These constructs come together gradually 

in a non-linear, synthetic growth in which the number of monomer cores included in each 

iteration are (AB2), or (AB3) in the previous generation.17 Dendrimers are a new type of polymer, 

with a clearly molecular structure, and are produced via linking together branched monomers.18 
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1.3 Components of Dendrimers: 

Dendrimers consist of three basic components: a core unit, generations and a surface 

region (Terminal functional group). (Figure 3) 

 

Figure 3: components of dendrimer.4 

1.3.1 Core unit: 

The core unit is the main unit to which the dendron is attached or grows by convergent 

20or divergent2 methods. The core unit is the first component in the preparation of the dendron. 

In addition, during the synthesis and selection of the core unit it should consider the size, shape, 

and molecular centre from which the covalent connectivity are expressed to the generations 

that will affect the dendrimer construction.20 The functional group at the core signals a position 

reaction to growing dendrimers,21 for example a starting monomer (core unit) grows with two 

position reactions like 1, or with three position reactions like 2, or with three position reactions 

like 3; the many core units have developed as shown in (Figure 4) compounds 1, 2 and 3. 23 

Br

BrBr

OH

HO

HO

OH

BrBr

123  

Figure 4: Examples of core unit 
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The steric crowding in the monomers can be overcome via the insertion of spacer 

groups to each arm of the core. The tetra bromide compound 6 reported by Newkome et al24 is 

an example of this strategy that includes this improvement. This was adopted to raise the 

reactivity to compound 4 and its homologue compounds 5 and 6 (Figure 5).  

Br

Br Br

Br

BrBr

BrBr

BrBr

BrBr

4 5 6
 

Figure 5: Examples of core unit developed to reduce steric factor on the core. 

1.3.2 Generations: 

The second essential component in dendrimer molecules is the generation; Lehn (1988) 

said,25 “Molecules are to dendrimers what atoms are to molecules.” This clarifies how essential 

the dendrimers’ fragments. The generations are supplied to characterise the size of molecule 

within a given type of dendrimer. They are possibly linked by the surface region as the 

dendrimer grows and could also be linked with many various units. 26 

1.3.3 Terminal functional group (surface region): 

The third and final essential components in dendrimer molecules are the terminal 

functional groups, which consist of either inactive or active terminal groups that are the 

external part of the dendrimer structure. The physical properties of the dendrimer are 

dependent upon the core units. Surface groups may be aliphatic or aromatic inactive groups 

such as ester, nitro, and benzyl groups, or active groups such as halogens, amines and acids. 26 

1.4 Synthetic methods of dendrimer: 

There are three methods of dendrimer synthesis: divergent2,3 synthesis, convergent 20,23 

synthesis and click chemistry. The convergent method has been reasonably successful, so a 
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considerable amount of effort has been put in to improve its speed and synthetic efficiency. 

These attempts lead to increasingly new ways to make the convergent method faster (Figure 6). 

Divergent MethodConvergent Method

Synthesis of Dendrimers

Double Stage Convergent Growth Strategy

Double Exponential Dendrimer Growth

Orthogonal Coupling Strategy

click chemistry

 

Figure 6: Methods of dendrimers synthesis 

 

1.4.1 Divergent synthesis: 

The first known syntheses of dendritic molecules, used by the research groups of Vögtle, 

Denkewalter, Tomalia, and Newkome, were divergent. The divergent method was used for early 

dendrimer synthesis; the name comes from the method in which the dendrimers grow around 

the core, diverging into space2,3 while at the same time involving the growth of various dendron 

around a core unit. Adding these through several generations results in an increase to a wider 

three-dimensional when the final core of the dendrimer is synthesized 2,3 (Figure 7). 
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C = coupling points;     F = active, unprotected functional group; 
P = protected, inactive (protective group) functionality 

Steps:  
  a) Coupling   and; b) activation stand for a repetitive pair of steps for construction of the next 

generation.4 
 

 

Figure 7: Divergent synthesis. 

 
The divergent methods process starts from a multi-functionalised core building block. 

The first reaction step is the reactive coupling between site C and terminal functional F. 

Throughout the reaction, other functional groups of the branching unit are protected, as 

indicated by the letter P. After this step, the activation of the protection functional group P 

becomes a convenient place for a new active site to react with new branched units to increase 

generation in dendrimer molecules (Figure 7).27 

1.4.2 Convergent synthesis: 

The other major strategy for dendrimer synthesis is the convergent method; this 

methodology came about as a response to the limitations of divergent strategies. The 

convergent growth starts at what will end up being the surface of the dendrimer molecule.20 It 

operates inwardly by gradually linking surface units together with more core units, i.e. the 

branched polymeric arms are grown from the ‘outside-in’. The convergent method was first 

explained by Fréchet, Hawker, Miller and Neenan in 1989-1990.20 In this method, the formation 

starts with what will become the external surface of the dendrimer. The huge dendrimer arms 
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are synthesized by a small number - usually two or three - of smaller arms linking together to a 

dendrimer molecule (zero generation), such as one from a protected group that could be easy to 

reactivate and two from active groups. The activation and deactivation procedures are tried 

again throughout the formation until a high number of generations have been achieved. Finally, 

by this procedures method and by using appropriate chemistry, the completed dendrons are 

joined to a functional group, a core unit that includes a small number - usually three - to 

synthesise the final dendrimers compound (Figure 8).27 

 

C = coupling group; F=functional group; P=protective group 

Figure 8: Convergent synthesis.4 

1.4.2.1 Double stage convergent dendrimer method:  

The double stage convergent method was reported by Wooley et al,23 and a new 

alternative of it is a combination of the convergent and the divergent method. This method 

contributed significantly to the synthesis of huge molecular weight dendrimers. The intention of 

this method was to reduce the number of synthetic steps and time required to synthesise huge 

dendrimers by saving and raising the yield. 20 There have been many researchers interested in 

the formation of big monomeric building blocks: AB4 synthons called branched monomers or 

hypermonomers. (Figure 4).27 
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 C=coupling group, F=functional group 

Figure 9: Double stage convergent method.4 

This method’s important step consists of linking an active functional group F with a small 

dendron, formed by convergent method, to a low generation functionalities dendrimer with the 

peripheral functionalities of the sites C, the hypercore, formed by divergent method.27 

1.4.2.2 Double exponential dendrimer method: 

The double exponential dendrimer method28 begins with a protected brunching core 

and includes two protected linking places C and a protected functionality F. Selective 

deprotection is performed; for example, the functional group F was activated in one of the two 

activated linkage units and one of the branching units was in the other. As a result, a second 

generation dendron has been synthesized by allowing two branching units in active groups F 

(green color in Figure 10) to react with a group of two linkage places C (red color in Figure 10) 

and to reach to a higher generation dendron via repetition of the synthesis. The high molecular 

weight dendrimers double synthesised over just three to four steps. 27 
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 C=coupling group, F=functional group; P=protected group 

Figure 10: Double-exponential method.4 

1.4.2.3 Orthogonal coupling dendrimer method: 

The double exponential dendrimer method 28 and double stage convergent method23 

have been successful in dendrimer syntheses. However, the synthesis of dendrimers in both of 

them has needed to protect the peripheral groups, which lead to a few difficulties.20 

Consequently, the idea of the orthogonal coupling dendrimer method (figure11) was developed 

in order to overcome the difficulties involved with the double exponential dendrimer and 

double stage convergent methodology.28 In this methodology no activation step is required. Two 

different branching units with complementary coupling functions are alternated, and the 

linkage product can be activated in place of the needed following reaction or linking but it must 

be inert towards the following reaction conditions (Figure 11).27 The orthogonal coupling 

dendrimer method has found great success in the rapid synthesis of high generation numbers of 

dendrimers, but it has not been used very widely because the structural blocks have to meet 

very stringent requirements. 20  
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C=coupling group; P=protected group. 

Figure 11: Orthogonal synthesis.4 

The first application of the orthogonal coupling dendrimer method was reported by 

Zimmerman and Zeng,29 where the synthesis of higher-generation dendrimers-dendrons up to 

generation six-based on the use of alternating Sonogashira reactions and Mitsunobu esterific-

ations produced heterogeneous dendrimers possessing an alkynes and ester coupling in an 

alternating sequence. 27 

1.5 Comparison between Convergent Method and Divergent Method: 

Both the convergent and divergent method are capable of forming hyper-molecular 

weight dendrimers, and indeed dendrons. Making use of either a convergent or divergent 

method or any other previous methods could aid the synthesis of the target dendrimers. The 

convergent method has certain advantages over the divergent method, although both of them 

give the same final properties and structure (Figure 12). 

 

Figure 12: Comparison between Convergent Method and Divergent Method.30 

1.5.1 Advantage and disadvantages of the divergent method: 

The advantage of the divergent method is its capability for building hyper-generation 

dendrimers, as the amount of construction blocks that can be added is dependent upon the 

available reactive places on the surface of the dendrimer. This can lead to an exponential rise in 
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the amount of generations. 2,20 The disadvantage of the divergent approach is the fact that a big 

amount of monomer cores are needed to react both successfully and simultaneously with the 

growing dendrimer. A complete reaction is obtained easily at first, but with bigger generations 

there is a delay to react for each group on the surface.24 In the previous generation, side or 

defective synthesized products can be allowed (ending in the final dendritic structure), but 

some defects result in a discontinuation in the production. In the divergent method, excess 

numbers of equivalents of reagent are required to ensure adequate reactions. Throughout the 

formation of the hyper-generation, dendrimers are vitally needed to remove excess reagents 

after every cycle. In the divergent method it is difficult to produce different dendrimers as those 

needed through the deprotection - protection scheme.2,20 

1.5.2 Advantage and disadvantages of the Convergent method: 

The advantages of the convergent method were that a limited amount of growth 

reaction for every sequence is needed to lead the properties to carefully control molecular 

weights, and to produce material having functionalities, positions and amounts within these 

material, and to prevent the construction of side products known as one of the major problems 

consuming cost and time.  In the convergent method it is possible to put different types of 

dendrons into one dendrimer.20 The disadvantages of the convergent method are that an active 

location for putting together the dendron to the monomer units in order to obtain a bigger 

dendron becomes extremely crowded by the increasing amount of generations. These results in 

incomplete linkage reactions, and for the same reason the attachment of the dendron to the core 

in order to get the dendrimer formed becomes difficult to reach because of factors caused by the 

dendron’s arms, which at a bigger generation around the active position on the dendron 

impedes a complete reaction with the core’s active positions. A convergent method depletes 

time and uses expensive materials, as purification is needed at every step of synthesis.20,30 

1.6 Characterization of Dendrimers: 

Dendrimers are classified by the procedures usually coupled with organic chemistry, 

namely 1H, 13C NMR, IR, mass spectroscopy and chromatography.31 The crucial evidence of the 
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molecular structure is achieved by the determination of a crystal structure.32 However, this 

procedure is of little use. The polymeric nature of dendrimers generally leaves their solid-state 

structure without any long-range order. Even when some degree of structure is present, for 

example in the case of extremely crowded surface dendrimers, there is such a large degree of 

disorder in the inside generations that a crystal structure cannot be obtained.31 However, there 

are examples reported33,34 for crystalline dendrimers, single crystal X-ray studies and powder of 

dendrimers, but these are confined to low generation and rigid, inhibited molecules, like the one 

shown in (Figure 13).35 

N

Br

N N

OO

H H

NN

O

H

O
O

O

NH

N

N H

O

O

N

H

O

O

O

O

O

O

7  

Figure 13: Formation of crystals are limited to rigid dendrimers. 

Mass spectroscopy and Nuclear Magnetic Resonance (NMR) spectroscopy are both 

crucial procedures that are usually used in the classification of dendrimers. In fact, the 1H and 

13C NMR spectra of dendrimers have the ability to be surprisingly simple, and these spectra are 

able to give information about any impurities in dendrimer compounds.20,31 The mass 

spectrometry analysis of dendrimers has been widely used and helpful from the soft ionisation 

procedures originally developed for cases such as the study of large bio-molecules. Many results 

have been achieved by the mass spectrometric, Electro Spray (ES) processes and IR 

spectroscopy for interior and end groups. In addition, Electron microscopy has been utilized in 
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the idea of dendrimers and their collection, and Gel Permeation Chromatography (GPC) has 

been utilized for the calculation of radii of gyration, hydrodynamic radii and polydispersities.31 

1.7 Nomenclature of Dendrimers: 

Like other known polymers, (macro) dendritic molecules are able to be named by IUPAC 

nomenclature rules. However, they are not always all-inclusive to be able to be adequately and 

clearly named; for example, in the case of complex structures dendritic molecules. Using either 

IUPAC or chemical nomenclature was not possible for researchers to use for retrieval purposes 

because they needed long names.11,26,27 In 1992 Newkome suggested36 a new nomenclature 

system for the nomenclature dendrimer on the basis of the cascade molecules. This modular 

naming system for dendritic molecules starts with the number of outside terminal groups. After 

the class designation ‘cascade’, the individual branches are enumerated and the individual 

generations separated by punctuation starting from the core. The terminal groups are then 

characterised. Compounds named using this system have the general form: 27,36 

Z cascade: core building block, [Ncore]: (branching unit) G : end groups. 

Z: number of terminal groups, Ncore: core multiplicity 

G: number of generations with branching building blocks 

1.8 Applications of Dendrimer Compounds: 

Since the introduction of low cascade molecules by Vögtle,2 the quick development of 

dendrimers has led to their adoption and application in an interesting, still growing, range of 

research areas.31,37 Dendrimers can be formed for possible applications in a wide multiplicity of 

different areas. The different characteristics of big dendrimers compared to their classic 

polymeric correlation creates fascinating compounds for further study in these molecules in 

catalysis,38,39 biomedical anti-adhesion agents,40 host-guest chemistry,41drug delivery agents, ,43 

gene transfer vectors,43 dyes,44chromatography,8and many other fields. 
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1.8.1 Dendrimers as catalysts: 

One of the essential applications for dendrimer compounds has been in the area of 

catalysis.38,39 Heterogeneous catalysts are insoluble in reaction solvents, thus the reactions take 

place at the interface between two phases. This catalysis can result in a negative impact on 

efficiency. However, homogeneous catalysts are soluble in the reaction media and can be very 

capable but recovering these catalysts is difficult and costly. On the other hand, heterogeneous 

catalysts can be recovered which is essential with regard to costly catalysts. A homogeneous 

catalyst that can be recovered by less costly procedures like filtration is required to obtain the 

desired. In attempting to address these problems and to obtain superior catalysts, chemists 

turned their attention to dendrimers. 38,39Homogeneous and heterogeneous catalysts both easily 

become greatly influential103 as a result of their large size when compared to the product and 

because they can be removed from the reaction medium via a membrane and/or ultra-filtration 

procedure. However, catalytic sites can be included within the dendritic structure in a number 

of ways: peripheral functionalised dendrimers,45 central or focal point functionalised and 

dendritic catalysts featuring catalytic site at a branched point. 38,39 (Figure 13). 

 

Figure 14: The regions within a dendrimer where catalytic groups can be attached (a) 

Periphery (b) core (c) interior.46 

To be “chiral” means it cannot be superimposed upon its mirror image; chirality can 

occur in the three-dimensional structure of molecules. Both the symmetry and asymmetry 

present in a molecule’s objects has attracted the interest of chemists. Three-dimensional 

symmetry in macromolecules or nanosize structure is encountered within the domain of 
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dendrimers and hyper-branched polymers.46 Many studies have described the production and 

analysis of chiroptical characteristics of dendrimers aimed at comprehending the fundamental 

relationships between molecular and macroscopic chirality aimed at reaching new materials 

whose makeup and performances depend on the chirality at a macromolecular level.47 The 

addition of chirality to dendrimers’ molecules has been an important of research. Asymmetry 

within these highly “symmetrical” dendrimers, a contradiction in terms, is indeed introduced.16 

Incorporating chirality can alter the physical makeup of the dendrimer, like refractive index and 

optical rotation, which can cause reasonable effects that may be useful for applications in 

medicine and drugs synthesis.  Of course, chirality can be brought into different positions within 

a dendrimer compound. The first to classify the different possibilities of inserting chirality 

within the dendrimer compounds was Seebach et.al.48 However, the chiral dendrimers 

described so far in the literature can be classified to one of the following groups accordingly: 

1.8.1 Dendrimers with a chiral core and achiral branches: 

  Dendrimers having a chiral core and achiral branches were first reported by Seebach et 

al. 48 They studied and synthesised chiral dendrimers up to the third generation based on a 

tris(hydroxymethyl)methane core unit 8 linked to aromatic polyether dendrons (Fréchet 

type)20 9 (i-ii) with aromatic spacers 10 (i-iii) and with aliphatic spacers 11 (i-iii), as shown in 

(Figure 15). 
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Figure 15: Chiral dendrimers based on a tris(hydroxymethyl)methane core unit and  aromatic 

polyether dendrons (Fréchet type). 

Studies of the chiroptical makeup revealed that in the case of the branched system 

featuring an aliphatic spacer 11 (i-iii) between the achiral dendrons and the chiral core unit, 

both molar and optical rotations were minimal for every generation because the loss of chiral 

information was a dilution effect that has been predicted to happen when achiral branches are 

anchored to a chiral core49 and the increased flexibility of the dendrons are induced by the 

aliphatic spacer linker. When the same chiral core unit that was coupled to the aromatic 

polyether dendrons directly 9 (i-iii) or via a rigid aromatic space moiety 10 (i-iii) a different 

chiroptical makeup is measured in case 10 (i-iii) the molar rotation values were virtually 

constant as the generation number increased from the first to third. This trend indicates that 

the chirality of the core unit is maintained but does not induce chiral substructures within the 

hyperbranched macromolecules. In the same study, when the dendrons were coupled directly 

to the chiral core unit 9 (i-iii) (e.g neither aliphatic nor aromatic spacer were involved), the 

molar rotation decreased slightly from the first generation 9 (i) to 2nd generation 10 (ii) 
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dendrimers, but then almost doubled upon progression to the third generation 10 (iii).  Seebach 

also described the chiroptical properties of related dendrimers that have the same chiral 

tris(hydroxymethyl)-methane core unit 8 but were instead coupled to rigid polyamide aromatic 

dendrons 12 (i-iii) (Figure 16). However, many studies have demonstrated that these observed 

anomalies in the optical activity of dendrimers possess a chiral core that cannot always be 

attributed to induced conformational order with the dendritic architecture. Several structural 

and conformational factors have to be considered when interpreting the chiroptical makeup.50 
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Figure 16: Chiral dendrimers based on a tris(hydroxymethyl)methane core unit and  

polyamide aromatic dendrons. 

1.8.2 Dendrimers with chiral end groups: 

In 1991, the first study on dendrimers possessing a chiral peripheral surface was 

reported by Newkome et al.51 They produced polyether amide dendrimers up to the second 

generation with enantiomerically pure tryptophan moieties at the surface.11 Their study 

observed that the chiral amino acid residues are independent from each other and do not 

induce any additional chiral substructure upon the dendritic framework.51 Similar results were 

achieved by Chow and Mark52 who explained the synthesis and studies of chiral dendritic 

fragments up to the third generation featuring L-tartrate derivatives between 4-tert-
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butylphenyl end groups and the branching monomers. The molar rotation values of these 

tartrate-based dendrimers were directly proportional to the number of chiral units at the 

dendritic surface, indicating that the chiral units were independent of each other. Meijer et al. 

Reported53 very interesting chiroptical properties of PPI dendrimer that was done with a range 

of tert-butyloxycarbonyl (Boc) protected amino acids (Figure 17). The optical rotation values 

observed for this series of chiral macromolecules reduced as the generation number of the 

dendrimer increased. This phenomenon was evident for all the amino acid dendrimer 

derivatives, but was most pronounced in the case of the dendrimers bearing sterically inhibited 

amino acids like t-Boc-L-lysine, t-Boc-L-phenylalanine, and t-Boc-L-tyrosine. This unanticipated 

behaviour could not be explained by the reduction of the amount of chromophores with respect 

to the molecular weight of the dendrimer, as this ratio remains constant throughout the series 

(the number of the amino acid residues and the molecular weight double in each new 

generation). In addition, other reasons, for example temperature and concentration, did not 

affect the optical rotation values observed for these dendrimers, as identical rotations were 

observed at different temperature and concentration. However, a reasonable dependence of the 

optical activity upon the solvent was observed, and this trend mirrored the solvent dependency 

of the optical rotation of the corresponding free amino acid. The spectroscopic data indicated 

that a change of the local environment around the peripheral amino acid was occurring at 

higher generation and was related to an increased packing density at the dendrimer surface. 

This dense peripheral packing is reinforced by multiple hydrogen bondings between the amide 

and carbamate groups of the amino acid and protecting group, respectively. The maintenance of 

the optical activity for each generation dendrimer when the carbamate moieties were changed 

with acetal groups that cannot form hydrogen bonds so readily, confirmed hydrogen bond 

formation at the PPI dendrimer surface. Since the chiroptical makeup of the amino acid residues 

at the PPI dendrimer peripheral surface proved sensitive to the local surroundings, it was 

argued that numerous chiral conformers are formed under non-equilibrium conditions, forced 

by the dense packing and hydrogen bonding. The difference of the protected amino acid at the 
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dendritic surface caused an internal compensation effect within the dendrimer, thus leading to a 

decrease in the optical activity values observed. This theory was confirmed by coupling more 

rigid chiral moieties (such as camphorsulfonyl amide and camphanic amid whose chiroptical 

properties are independent of the local environment) to the peripheral surface of PPI 

dendrimer backbone. In these cases the optical rotation values observed were constant for each 

generation number of the PPI dendrimers (Figure 17). The results obtained for these modified 

PPI dendrimers do not imply that the dendrimer surfaces possessing these rigid chiral units are 

not densely packed, but that the packing does not have an effect upon the conformational 

equilibrium and thus all the chiral molecules are able to adopt the same conformation.38,53 

 

Figure 17: A chiral PPI dendrimer peripherally functionalised with 

                        tert-butyloxycarbonyl (Boc) protected amino acids.4 
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1.8.3 Dendrimers with an achiral core and different branches: 

The first report of dendrimers with an achiral core and different branches was recorded 

by Meijer et al.54who researched the chiroptical properties of racemic dendrimers. The 

production involved linking a pentaerythritol core and diverse generations of aromatic 

polyether (Fréchet type)20 dendrons. However, throughout his research the dendrimers still 

could not be isolated in their enantiomerically pure form when chiral HPLC analysis was used. 

Their incapability to achieve pure enantiomers meant that they were not capable of measuring 

the optical properties, but 1H NMR spectroscopic researches showed that the resultant 

dendrimers have a stratified structure and the ordering of that was obvious when deuterated 

chloroform was utilized as solvent. The benzylic methylene protons of every different dendron 

resonated as separate sharp singlets. The presence of resolved signals in the 1H NMR spectra for 

such similar methylene protons cannot be reasoned by the differentiation of electronic 

properties in each of the constitutionally different dendrons by the chiral core. Consequently, 

Meijer planned for these macromolecules to adopt an overall chiral shape in solution. Its 

structure depends on the solvent utilized. At the opposite of deuterated chloroform, the benzylic 

methylenes resonate as unresolved signals in both Deuterated benzene and 1-phenylazo -2-

naphthol-d5 solution (C6D5N).54Also, the Eindhoven-based group55 have prepared enantiopure 

chiral dendrimers by linking different generations (the 0th, 1st and 2nd) of Fréchet type 

dendrons20 and benzyl bromide monomer units to both enantiomers chiral glycerol derivatives 

13(R-S), respectively (Figure 18). Remarkably, the optical rotation analysis of these non-racemic 

glycerol derivatives has not shown any detectable optical activity. Molecular modeling research 

revealed that the two enantiomers depend on very similar conformations, and the chirality is in 

effect ‘hidden’.31, 54 
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Figure 18: Eindhoven et al. chiral dendimer represent the first example reported for 

cryptochirality.56 

1.8.4 Dendrimers featuring chiral branched units: 

Chow et.al. 56 argued that chiral dendritic co-polymers bear more than one kind of chiral 

unit. They prepared dendrimers up to the second generation by using tartaric acid derivatives 

chiral spacer unit in both D and L forms between phloroglucinol branching units and by 

bringing together the achieved chiral tartrate units of both heterochiral 14 (Figure 19) and 

homochiral 15 (Figure 19) dendrimers configurations. The interesting point was observed that 

the carbon and proton spectra of the diastereomeric dendrimers were almost super-imposable, 

indicating that the central and peripheral phloroglucinol ring of the diastereoisomers existed in 

nearly the same chemical microenvironment irrespective of the configuration in the branches of 
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chiral. In addition, a preliminary study of the chiroptical properties showed that each of the 

chiral dendritic units contributed and was independent of the molar rotation with the same 

absolute value. A comparison of the CD spectra for each of the synthesised diastereoisomers 

containing L- and D-  tartrate spacer units both in a reversed ratio and in different stations, 

unveiled that the ‘end impact’ was helpful when both the opposite chiral units were present in 

the same layer. The explanation for this was attributed to the idea that the external tartrate 

layers of the dendrimer were slightly different chiroptically from the internal layers.56 

Completely different results were found by Sharpless et al.57 who argued that the production of 

chiral dendrimers that used benzene-1,3,5-tricarbonyl tri-chloride as the central core and 

asymmetric diol branching units up to the fourth generation derived from styrene. In this 

example, the molar rotation was proportional to the number of chiral units present, which 

shows the lack of any chiral secondary structure.  

6L

3L

                                                   

14                                                                           15 

Figure 19:  a) Hetero-chiral dendrimer incorporating tartaric acid linker units and 

phloroglucinol branching moieties.  b) Homo-chiral dendrimer incorporating tartaric acid linker 

units and phloroglucinol branching moieties. 
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1.8.5 Chiral dendrimers with a chiral core, asymmetric branching units and optically 

active end groups: 

Many dendritic systems exist with the characteristics of a chiral core, asymmetric 

branching unit, and optically active end group, like completely chiral dendrimers. 58 The first 

case of a dendrimer of this class was shown by Denkelwalter et al.59  They produced poly(α,ε-L-

lysine) dendrimers using a divergent approach. After this, the formation of many other 

dendrimer systems that were based on optically active natural construction blocks, for example 

amino acids60 carbohydrates61 and nucleosides,62 have been reported. Notably, only a few 

extensive research efforts of the chiro-optical properties for systems of this class have been 

published in scholarly literature.60,61,62,63 Tam et al. have shown 64 that the efficient formation of 

fully chiral dendrimers were based upon a tetravalent lysinil core peptide and peptide segments 

containing twenty amino acid each. The study of the optical properties of hyper-branched 

peptides revealed that exciton linked in the CD spectra corresponding to helical peptide 

conformation were elevated, as in the example of multi-peptide arm dendrimers in comparison 

with the analogous single strand peptide sequences. These CD data specify a fascinating class of 

cooperative reactions between dendrimer branches with a resulting formation of high stable 

conformation. The production of the first bile acid-derived chiral dendrons up to the second 

generation was reported by Maitra et al.65. In contrast to the polypeptide dendrimers shown by 

Tam et al.64 chiral secondary construction was absent in these bile acid hyper-branched 

polymers as unveiled by the molar rotation values. These chiroptical properties were found to 

be proportional to the number of bile acid units present. The chiroptical studies showed that the 

molar rotation behaviour of these depsipeptide-based dendrimers linked with the amount of 

the dendrimers constituent chiral building blocks. The first case of an actuated configuration 

chiral substructure for fully chiral dendrimers was published by Seebach et al. who detailed the 

convergent construction of dendrimers incorporating derivatives of chiral tris(hydroxymethyl) 

methane units 8 (Figure 15). Seebach watched that when the chiral core with configuration 

(R,S,R) 8 (Figure 15) was joined with chiral dendrons of the first generation with either the (R) 
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or (S) configuration at the benzylic stereogenic center, the reaction proceeded in an efficient 

manner. However, when the same (R,S,R) core 8 was joined with the second generation chiral 

dendrons (Figure 15), only the branches with (S) 16 configuration at the benzylic stereogenic 

center gave the trisubstituted result; however, under the forced condition, the dendrons with 

(R) configuration 17 (figure 20) gave only the disubstituted result. Interestingly, when both the 

second generation dendrons with (R) or (S) configuration 16 and 17 (figure 20), respectively, 

were linked to the central chiral core that had the opposite conformation (S,R,S), triply branched 

dendrimers were synthesized. In addition, the combination of diastereomeric second generation 

polyether dendrons of this class and a variety of analogous chiral core systems have shown a 

degree of variability in the reaction efficiencies between the chiral core and dendrons. Some 

combinations led to the capable configuration of the fully substituted dendrimers but other 

dendrons/core combinations did not. In some of these systems, the only configuration that 

differs is that at the central core, thereby suggesting that a different macromolecular 

recognition process is in operation, giving either a fit or misfit of the chiral components. The 

itemized studies of the chiroptical properties of these hyper-branched macromolecules 

explained that the specific rotation and molecular ellipticity of all the dendrimers synthesized as 

a part of this study were comparable to the predicted values calculated by a simple summation 

of the values achieved from model compounds that were structurally related to the building 

blocks in different positions within the dendritic system. The only exception of this series of full 

chiral dendrimers was the second generation dendrimer with (R,S,R) configuration at the central 

core and dendrons having the (S)-configuration at the benzylic centers, whose special rotation 

and molecular ellipticity deviate clearly from the values expected and had a reversed sign from 

negative to positive. This result could further reveal the presence of the chosen macroscopic 

chiral conformation that contributes to the optical activity.66 
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Figure 20: Seebach et al. induced conformational chiral substructure for fully chiral 

dendrimers.67 
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1.9 Binaphthyl-based chiral dendrimers: 

In 1971, racemic 1,1-binaphthyl was discovered by Pincock et al. to undergo 

unprompted resolution to create the optically active R or S enantiomer when this R or S 

enantiomer was crystallized after melting.67 A lot of crystallization experiments of rac-1,1-

binaphthyl were studied, and the possibility to synthesise of the R or S enantiomer was 

improved about the same. The 1,1-binaphthyl-based chemistry was often used as the starting 

material to chiral compounds.69 The feature of this compound is that there is some position to 

prepare binaphthyl derivatives because the presence of selective functional (3,3; 4,4 and 6,6-

positions) and hydroxyl groups could be easily changed to other functional groups. For the 

reason of the importance of the 1,1-binaphthyl, much interest has been dedicated to preparing it 

in an optically pure yield and a lot of techniques have published. One of these ways is the 

utilization of (8S,9R)-(-)- N -benzylcinchonidinium chloride to resolve racemic BINOL into its 

optically pure (R) and (S)-enantiomers (Figure 21). There is great interest because of its 

efficiency and simplicity when utilized, and high optical purity could be had by using this 

method. The chiral configuration of BINOL is thermally stable.  70,71,72,73 

OH

OH

OH

OH

18 19

R S

 

Figure 21: optical of racemic BINOL 
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Even now the monomeric chiral binaphthyl compounds are an active research subject and 

multiple binaphthyl units has coupled with many different generations to form molecular and 

polymers of specific constructions and properties. Over a decade ago, more research was 

mounted to find a use of BINOL to build a configuration of various chiral polymers, macrocycles, 

dendrimers and functional BINOLs, which discovered applications of these materials in 

asymmetric catalysis and studied their optical and electrical properties. 74 
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2.        Results and Discussion: 

2.1 Research objective: 

The aim of the research was to contribute to synthesis of some novel chiral 

dendrimers based on 1,1’-binaphthyl derivatives. Chiral dendrimers have important 

potential uses in drug delivery, catalysis (including enantioselective catalysis), as 

catalyst supports, phase transfer catalysts, and as membrane reactors, as well as a 

variety of other applications. 

2.2 Routes of work:  

2.2.1 Summary of route for synthesis of chiral bionapthol core:  

The project work started from rac-2,2-dihydroxy-1,1-binaphthyl and required 

the complete resolution into its optically pure (R) and (S)-enantiomers by the use of a 

chiral resolving agent (Scheme 1).75 The isolated (R)-enantiomer was then reacted with 

propargyl bromide (Scheme 2).2 The resulting mono-propargyl system was then 

dimerized with 1,3-bis(bromomethyl)benzene (Scheme 3) or 1,6-dibromohexane as the 

connector between two (R)-enantiomeric binaphtols (Scheme 4)77 Finally, attempts 

were undertaken to synthesise 1,3-bis((R)-2-methoxy-2’-propagyloxy-1,1’-binaphthly) 

benzene R-5 and 1,3-bis((R)-2-oxo-2’-propagyloxy-1,1’-binaphthly)hexane R-6 with 2nd 

generation Fréchet-type dendron 5 (Scheme 5),(Scheme 6) .77 
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Scheme 1.   Resolution of rac-BINOL into its enantiomers R-1. 
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Scheme 2.  Synthesis of (R)-2-hydroxy-2'-propargyloxy-1,1'-binaphthyl R-2. 
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Scheme 3.  Synthesis of 1,3-Bis((R)-2-methoxy-2'-propargyloxy-1,1'-binaphthly)benzene R-5. 
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Scheme 4.  Synthesis of 1,3-Bis((R)-2-oxo-2'-propargyloxy-1,1'-binaphthly)hexane R-6. 
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Scheme 5.  Synthesis of  R-8 
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Scheme 6.  Synthesis of R-9 
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2.2.2 Summary of synthesis of dendron: 

Fréchet-type dendritic benzylazide was synthesized by a route starting with the 

reaction of 3,5-dihydroxybenzoic acid with methanol to obtain methyl 3.5-dihydroxy-

benzoate 10.75 The resulting product was then to be reacted with benzyl chloride to give 

ester 1178 followed by reduction with lithium aluminium hydride to obtain alcohol 12.79 

The resulting alcohol was then to be was treated with carbon tetrabromide to give 3,5-

dibenzyloxybenzylbromide 1380 and thence reacted with sodium azide to give azide as 

symmetric dendron 14 (Scheme 7). 81 
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Scheme 7.   Synthesis of Fréchet type dendron. 
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2.3    Synthesis of Core: 

2.3.1 Resolution of racemic BINOL into its optically pure enantiomers S-BINOL and R-

BINOL: 75 

There are many methods which have been reported 82,83,84,85 Racemic BINOL has 

been resolved into its optically pure (R) and (S) enantiomers according to the reported 

method by Cai et al.86 using resolving agent as of (8S,9R)-(-)-N-benzyl-cinchonidinium 

chloride to give the (S)-enantiomer from the reaction mother solvent and (R)-

enantiomer after washing the complex in hot methanol and then extraction, giving the 

enantiomers in 41 % and 37 % yields respectively (Scheme 8) 
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3
45

6

7
8

Scheme 8.  Resolution of rac-BINOL into its enantiomers. 

The structures of both (R)-BINOL and (S)-BINOL were confirmed using 1H and 13C 

NMR and H-COSY. NMR spectrum of both enantiomers showed one singlet peak for the 

hydroxyl group at 4.96 ppm and the aromatic region for the protons showed six peaks 

at 7.06-7.88 ppm. The specific optical rotation [α]22  of (R)-BINOL is +38.3 (c =0.3, DCM). 

2.3.2 Synthesis of (R)-2,2’-diethoxy-1,1’-binaphyl R-2: 87 

The first approach employed protection of both hydroxyls. To protect the 

hydroxyl groups in R-1,1’-binaphthyl-2,2’-diol R-2, the binol was reacted with two 

equivalents of bromomethane in the presence of anhydrous potassium carbonate with 

sodium iodide as catalysis. This Williamson etherification reaction afforded R-2,2’-



Page | 43  
 

diethoxy-1,1-binaphyl R-2 light yellow needles in 85 % yield after recrystallization from 

petroleum ether/dichloromethane (Scheme 9).  
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Scheme 9.  Synthesis of R-2 

Formation of R-1,1’-binaphthyl-2,2’-diol R-2 was confirmed using 1H, 13C NMR H-

COSY and HQMC and the product data are fully consistent with the literature.87 

Important peaks in the 1H NMR spectrum of R-2 are the three methyl protons of the 

(OCH2CH3) group, appearing as a very clear triplet signal at 0.96 ppm and the two 

methylene protons of the (OCH2CH3) groups giving rise to a multiplet signal at 3.94 

ppm. In addition, the 1H NMR spectrum (R-2) shows peaks in the aromatic region for six 

protons at 7.05 -7.85 ppm (Figure 22). The specific optical rotation [α]22 of R-2 is +40.3 

(c =0.3, DCM). 
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Figure 22: 1H NMR spectrum (400 MHz, CDCl3) of R-2 

2.3.3 Synthesis of (R)-6-Bromo-2,2’- diethoxy-1,1’-binaphyl R-3: 77 

R-6-Bromo-2,2’-diethoxy-1,1’-binaphyl R-3 was obtained by reaction of a 

solution of R-2,2’-diethoxy-1,1’-binaphthyl R-2 in dichloromethane at -78 °C with a 

slowly added solution of bromide in dichloromethane, with stirring under nitrogen. 

Hydrobromic acid was removed by bubbling nitrogen over five hour, after which the 

crude mixture was treated with 10 % NaHSO4, and then basified with potassium 

carbonate. The remaining solid was purified by column chromatography on silica gel 

eluting with hexane/dichloromethane to obtain pure R-3 as white solid in 92 % yield 

(Scheme 10).  
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R-3R-2  

Scheme 10.  Synthesis of R-6-Bromo-2,2'- diethoxy-1,1'-binaphyl R-3 

The product was confirmed using 1H, 13C NMR H-COSY and HQMC and the 

product data are fully consistent with the literature.77 The 1H NMR spectrum showed 

the methyl protons of the (OCH2CH3) as a triplet signal at 0.97 ppm and other one at 

0.99 ppm as triplet. The methylene protons of the (OCH2CH3) groups as a multiplet at 

3.93-4.00 ppm. However, the aromatic region for the protons showed only eleven 

protons at 6.87-7.93 ppm with disappearance of the position 6 signal, but with the 

survival of proton 6’ (Figure 23). In addition the 13C was showed at 123.5, ppm, to C (6) 

which couple with Br but in the position C (6’) was recorded at 129.7 ppm, this 

difference is due to the impact of bromyl group as electron withdrawing group. In 

addition the Mass spectra (MS) was recorded 420.1 (M+H)+. The specific optical 

rotation [α]22 of R-3 = +45.3 (c =0.4, DCM). 



Page | 46  
 

 

Figure 23: 1H NMR spectrum (400 MHz, CDCl3) of R-3 

2.3.4 Synthesis of (R)-2-hydroxy-2’-propargyloxy-1,1’-binaphthyl R-4: 88  

(R)-2-hydroxy-2’-propargyloxy-1,1’-binaphthyl R-4 was prepared using alkylat-

ion of R-BINOL (Williamson synthesis) by using one equivalent of propargyl bromide in 

the presence of one equivalent of potassium carbonate in acetone, allowed to reflux 

with stirring for 36 h. Mono-ether R-4 was obtained in 83 % yield (Scheme 11).  

O

OH

Br

+1 1 K2CO3

OH

OH
Acetone/ Reflux

2

2'

R-BINOL
R-1

R-4

 

Scheme 11.   Synthesis of (R)-2-hydroxy-2'-propargyloxy-1,1'-binaphthyl R-4. 



Page | 47  
 

The structure of (R)-2-hydroxy-2’-propargyloxy-1,1’-binaphthyl R-4 was 

confirmed using 1H, 13C NMR H-COSY and HQMC. The 1H NMR spectrum showed high 

multiplicity for the signals of the aromatic protons which is attributed to the difference 

in the chemical environment around the two naphthyl rings this arises because of the 

impact of different functional group in position 2 and 2’, in contrast to rac-BINOL. In 

addition, the characteristic signals for the acetylene proton, the methylene protons and 

the aromatic hydroxyl group were observed. The methylene protons appear as 

diastereotopic to give a quartet pattern similar to rac -BINOL as shown (Figure 24). The 

specific optical rotation [α]22 of R-4 = +43.7 (c =0.25, DCM). 

 

 

Figure 24: 1H NMR spectrum (400 MHz, CDCl3) of R-4 
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2.3.5 Synthesis of 1,3-Bis((R)-2-methoxy-2’-propargyloxy-1,1’-binaphthly) benzene        

R-5:77 

1,3-Bis((R)-2-methoxy-2’-propargyloxy-1,1’-binaphthly)benzene R-5 was 

prepared by reaction with 1,3-bis(bromomethyl)benzene, using potassium carbonate 

and 18-Crown-6 as catalysis in acetone. The reaction mixture was judged complete by 

TLC after 24 h. After work up the resulting product was purified by flash column 

chromatography using silica gel eluting with dichloromethane to obtain novel 

compound R-5 in 85 % yield (Scheme 12).  

K2CO3, 18-Crown-6

Acetone

34

5

7

8

8'

7'

6' 5'
4'

3'

6

A

B
C

B'
O

OH + O

O

O

O
2

1

BrBr

R-4 R-5  

Scheme 12. Synthesis of 1,3-Bis((R)-2-methoxy-2'-propargyloxy-1,1'-binaphthly)benzene R-5. 

1,3-Bis((R)-2-methoxy-2’-propargyloxy-1,1’binaphthly)benzene R-5 was 

confirm-ed using 1H, 13C NMR H-COSY and HQMC, with comparison to R-4. The 1H NMR 

spectrum showed the characteristic signals for the proton of (HA) in benzene ring as a 

singlet at 6.44 ppm, the protons of (HB) appeared as doublet at 6.69 whilst the protons 

of (HC) in benzene ring appeared as a triplet at 6.82 ppm. In addition, the aromatic 

region for the protons showed six peaks at 7.04-7.88 ppm. However, the aromatic 

hydroxyl group signal of proton was completely absent (Figure 25). The specific optical 

rotation [α]22 of R-5 = +73.6 (c =0.3, DCM). 
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Figure 25: 1H NMR spectrum (400 MHz, CDCl3) of R-5 

2.3.6 Synthesis of 1,3-Bis((R)-2-oxo-2’-propargyloxy-1,1’-binaphthly)hexane R-677 

1,3-Bis((R)-2-oxo-2’-propargyloxy-1,1’-binaphthly)hexane R-6 was prepared 

from R-4. To a mixture of potassium carbonate and 18-Crown-6 as catalysis was added 

acetone, and the reaction was stirred at 56 °C 15 min, when R-4 was added, and then 

after 30 min 1,6-dibromohexane was added. The mixture was allowed to reflux with 

stirring for 24 hour, till the reaction mixture was judged complete by TLC. After work 

up, the resulting product was purified by flash column chromatography using silica gel 

eluting with dichloromethane to obtain novel compound R-6 in 75 % yield (Scheme 13). 
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Scheme 13.   Synthesis of 1,3-Bis((R)-2-oxo-2'-propargyloxy-1,1'-binaphthly)hexane. 

1,3-Bis((R)-2-oxo-2’-propargyloxy-1,1’-binaphthly)hexane R-6 was confirmed 

using 1H, 13C NMR H-COSY and HQMC also compared to R-4. The 1H NMR spectrum 

showed characteristic signals for the proton of (HD) in the hexyl chain appeared as 

triplet at 1.02 ppm, the protons of (HC) appeared as a multiplet at 1.15 ppm  and the 

protons of (HB) in hexane chain appeared as a triplet at 3.63 ppm. In addition, the 

aromatic region for the protons shows six peaks at 6.97-7.87 ppm. Furthermore, the 

impact of the different functional groups in position 2 and 2’ was observed in the signals 

of the aromatic protons, due to the difference in the chemical environment around the 

naphthyl rings. However, the aromatic hydroxyl group signal of proton was completely 

absent as shown in (Figure 26). The specific optical rotation [α]22 of R-6 = +65.3 (c =0.4, 

DCM). 
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Figure 26: 1H NMR spectrum (400 MHz, CDCl3) of R-6 

2.4    Synthesis of Dendron: 

2.4.1 Synthesis of methyl-3, 5-dihydroxybenzoate 10:75,78 

Methyl-3,5-dihydroxybenzoate 10 was prepared by reaction of a solution 3,5-

dihydroxy-benzoic acid in methanol in the presence of sulphuric acid for 7 hour.  The 

product was purified by recrystallization from water to obtain compound 10 as white 

crystals in 73 % yield    (Scheme 14). 

MeOH/H2SO4

OHHO

COOH

OHHO

COOMe

10  

Scheme 14.  Synthesis Methyl-3,5-dihydroxybenzoate 
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The 3,5-dihydroxybenzoic acid 10 structure was confirmed using 1H, 13C NMR H-

COSY and HQMC, compared to starting material and the 1H NMR spectrum showed the 

characteristic signals for the proton of methyl group was appeared at 3.82 ppm.   

2.4.2 Synthesis of methyl-3,5-dibenzyloxybenzoate 11: 78,79,85 

Reaction for 72 hour of methyl 3.5-dihydroxybenzoate 11 with two equivalents 

from benzyl chloride and in the presence of anhydrous potassium carbonate as catalysis 

in acetone. The residue was purified by recrystallization from ethanol to obtain a 

methyl-3,5-dibenzyloxy-benzoate 11 as colourless needle crystals in 80 % yield  

(Scheme 15). 

OO

COOMe

K2CO3

11

HO OH

COOMe

10

Cl

2

 

Scheme 15.  Synthesis methyl 3,5-dibenzyloxybenzoate 11. 

Methyl 3,5-dibenzyloxybenzoate 11 has been confirmed using 1H, 13C NMR H-

COSY and HQMC also compared to starting material and the 1H NMR spectrum was 

observed the characteristic signals for the aromatic hydroxyl group signal of proton was 

disappeared completely and the aromatic region for the protons appears peaks at 6.89-

7.45 ppm. 

2.4.3 Synthesis of 3,5-dibenzyloxybenzyl alcohol 12: 78,79,80 

Reduction of ester 11 using lithium aluminium hydride in dry THF at 0-5 °C the 

residue was recrystallized from a mixture of petroleum ether and dichloromethane to 

obtain 3,5-dibenzyloxybenzyl alcohol 12 as pure white solid in 95 % yield (Scheme 16).   
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Scheme 16.   Synthesis 3,5-dibenzyloxybenzyl alcohol 12. 

The formation of 3,5-dibenzyloxybenzyl alcohol 12 was confirmed using 1H, 13C 

NMR H-COSY and HQMC. The 1H NMR spectrum was appeared as triplet at 1.63 ppm for 

the aliphatic hydroxyl group and the doublet signal at 4.67 ppm for the terminal 

methylene group. On the contrary, in the compound 11 which the singlet signal at 3.92 

ppm. 

2.4.4 Synthesis of 3,5-dibenzyloxybenzyl bromide 13:78 

3,5-Dibenzyloxybenzyl bromide 13 was prepared  by bromination reaction of 

alcohol 12 using carbon tetrabromide and triphenylphosphine  in dry THF for 5 hour at 

room temperature. After purification by flash column chromatography to obtain 13 as 

pure white powder in 75 % yield (Scheme 17).   

OO

CH2OH

12
13

OO

CH2Br

CB4, PPh3
THF

 

Scheme 17.   Synthesis 3,5-dibenzyloxybenzyl bromide 13. 

3,5-dibenzyloxybenzyl bromide has been confirmed using 1H, 13C NMR, H-COSY and 

HQMC also compared to starting material and the 1H NMR spectrum was observed the 

characteristic signals for the proton of methyl group was appeared at 4.44 ppm and the 

hydroxyl group was disappeared. 
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2.4.5 Synthesis of 3,5-dibenzyloxybenzyl azide 14:81  

3,5-Dibenzyloxybenzyl bromide 13 with NaN3 in dimethylsulfoxide to obtain 3,5-

dibenzyloxybenzyl azide 14 as colorless oily product in 97 % yield  (Scheme 18).  

OO

CH2Br

13 14

OO

CH2N3

NaN3
DMSO

 

Scheme 18.   Synthesis 3,5-dibenzyloxybenzyl azide 14. 

Formation of methyl 3,5-dibenzyloxybenzoate was confirmed using 1H NMR, and 

the 1H NMR spectrum was observed the characteristic signals for the methylene group 

which appears as singlet at 4.30 ppm. Also the protons p-H and o-H peaks are similar to 

2, 3 and 4, but with small differences in the chemical shifts. 

2.5 Problems and discuss reactions: 

2.5.1 Attempt to synthesis of 1,3-Bis((R)-2-methoxy-2’-propagyloxy-1,1’-binaphthly) 

benzene R5 with 2nd generation 14:  

1,3-Bis((R)-2-methoxy-2’-propargyloxy-1,1’-binaphthly) benzene R-5 in THF-

H2O (4:1)  has been added to 2 equiv 3,5-dibenzyloxybenzyl azide 14 in (ratio 1:2) in the 

present of Cu2SO4.5H2O and NaAsc and the solution was stirred at room temperature for 

72h (scheme 19). The reaction mixture was judged complete by TLC (Chloroform/ 

Petroleum ether 1:1) but has been still doubted remains the although shown for signs of 

the presence of production but not as wished. The solution which was extracted with 

DCM (2x25 ml), and the combined organic layers were dried (MgSO4) and removed and 

it was purified by flash column chromatography using silica gel by DCM then vacuo to 

obtain product. After the result was checked by using 1H, 13C NMR. The 1H NMR 

spectrum was not showed. It was a challenging target to get the product R-8. However, 
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maybe for spatial crowding and the large molecular weight was a hindrance to 

achieving the goal and certainly we need probably needs some changes to conditions. 

 

OO

CH2N3
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o
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o +

Cu2SO4.5H2O

NaAsc

o
o

o
o

o o

N

NN

o
o

N

N N

R-5

R-8

+

Scheme 19.  Synthesis of R-8 

2.5.2 Attempt to synthesis of 1,3-Bis((R)-2-oxo-2’-propargyloxy-1,1’-binaphthly)            

hexane R-6 with 2nd generation 14: 

1,3-Bis((R)-2-oxo-2’-propargyloxy-1,1’-binaphthly)hexane R-6 in THF-H2O (4:1)  

has been  added to 2 equiv 3,5-dibenzyloxybenzyl azide 10 in (ratio 1:2) in the present 

of Cu2SO4.5H2O and NaAsc and the solution was stirred at room temperature for 72h 

(scheme 20). The reaction mixture was judged complete by TLC (Chloroform/ 

Petroleum ether 1:1) but has been still doubted remains the although shown for signs of 

the presence of production but not as wished. The solution which was extracted with 

DCM (2x25 ml), and the combined organic layers were dried (MgSO4) and removed and 

it was purified by flash column chromatography using silica gel by DCM then vacuo to 

obtain product. It was a challenging target to get the product R-9. However, maybe for 
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spatial crowding and the huge molecular weight was a hindrance to achieving the goal 

and certainly we need probably needs some changes to conditions. 
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Scheme 20.  Synthesis of R-9 

2.6 Conclusion: 
 

The main of objective of this research was to synthesise some novel chiral 

dendrimers based on 1,1’-binaphthyl derivatives. The projected started from rac-BINOL 

which has often been used as the starting material to chiral compounds because the 

hydroxyl groups can be easily changed to other functional groups, plus isolation of 

optically pure (R) and (S) by the use of a chiral resolving agent is a scalable procedure. In 

the current work, the isolated (R)-enantiomer was reacted with propargyl bromide to 

generate the mono-propargyl system. The mono-propargyl system was dimerized with 

two different compounds as the connector between these two (R)-enantiomeric 

binaphtols and attempts were undertaken to synthesise both of them with a 2nd 

generation Fréchet-type dendron. Fréchet-type dendritic benzylazide was successfully 
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synthesized by a route starting with the reaction of 3,5-dihydroxybenzoic acid as 

symmetric dendron. 

The reactions of core monfunctionalization and dimerization have been achieved 

and confirmed by 1H, 13C NMR, Mass spectra, elements analysis and Infrared spectra, 

confirming these targets to be pure compounds. However, all attempts to couple the 

modified core units and have so far proved problematic. It was challenging to obtain 

these novel targets, but almost certainly some changes to conditions will in future work 

complete synthesis of these novel dendrimers.  
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3.        Expermental Section: 

The chemicals used were obtained from commercial sources and used as received 

without more purification, except for THF and DCM which were dried by distillation from 

calcium hydride. 1H NMR spectra were recorded at 400 MHz and 13C NMR spectra were 

recorded at 100 NMR on a Bruker DPX 400 spectrometer, expressed in ppm (δ) relative to 

trimethylsilane (TMS) as an internal standard. Mass spectra (MS) were recorded using a 

Micromass Platform II spectrometer using an electrospray ionization source. Infrared spectra 

were obtained by using ALPHA-P FTIR spectrometer. Aluminium-backed TLC plates (silica gel 

60 F245) were 0.2mm thickness. Normal silica gel 60(particle size 0.035-0.070mm) was made 

use of column chromatography. Melting points were determined using Stuart Scientific SMP10 

apparatus and are uncorrected. 

Resolution of 2,2’-dihydroxy-1,1’-binaphthyl into its enantiomers:75  

OH

OH

3
45

6

7
8

 

A 50 mL round-bottom flask was charged with rac-BINOL (500 mg, 1.75 mmol) and to 

this was added a chiral (8S,9R)-(-)-N-benzylcinchonidinium (450 mg, 0.964 mmol) in MeCN (20 

mL). The suspension was refluxed for 4 h then stirred at room temperature overnight, and then 

cooled in ice bath (0-5 °C) for 2 h, filtered, and the  resulting filtrate was concentrated to 

dryness, then redissolved in ethyl acetate (50 mL ) and 1N HCl (20 mL). This white solid which 

separated was washed with 1N HCl (2x10 mL) and brine (10 mL). The organic layer was 

separated, dried (MgSO4), filtered, and concentrated in vacuo to obtain (S) enantiomer (41%) as 

a light white solid. Mp: 211-214 °C (lit.89) The solid from filtration above was washed with 

MeCN (30 mL) and the solid then moved into a 250 mL flask, MeOH (50 mL) was added and the 

mixture refluxed overnight. After cooling to room temperature, the mixture was filtered and the 
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solid was washed with (30 mL) MeOH and the solid was then suspended in a mixture of ethyl 

acetate (30 mL) and 1N HCl (20 mL) and stirred till complete dissolution occured (10 mL). The 

organic layer was separated, washed with 1N HCl (20 mL), brine (10 mL) and then separated, 

dried (MgSO4), filtered, and concentrated in vacuo to obtain (R) enantiomer (37%) as white 

powder. Mp: 215-217 °C (lit.89); Both enantiomers were recorded: 1H NMR (CDCl3, 400 MHz): δ 

4.96 (s, 2H,OH), 7.06 (d, J=8.4 Hz, 2H, H8), 7.21 (t, J=6.8 Hz, 2H, H7), 7.28 (d, J=6.8 Hz, 2H, H6), 

7.28 (t, J=9.2 Hz, 2H, H3), 7.80 (d, J=7.2 Hz, 2H, H5), 7.88 (d, J=7.6 Hz, 2H, H4).  13C NMR. (100MHz, 

CDCl3): 110.8, 117.8, 124.1, 124.2, 127.5, 128.4, 129.5, 131.5, 133.4, 152.8. IR υmax cm-1: 3429, 

3507, 3056, 1617, 1594, 1510. (C20H14O2), M.W: 286.3g/mol. ES-MS m/z; 287.2 (M+H)+. [α]22 = 

+38.33 (c =0.3, DCM). 

Synthesis of R-2,2’-diethoxy-1,1’-binaphyl R-2: 90 

O

O

3
45

6

7
8

 

To a 100 mL round-bottom flask equipped with a condenser was added 1,1'-bi naphthyl-

2,2'-diol (100 mg, 0.349 mmol), bromoethane (76.14 mL, 0.698 mmol), K2CO3 (20 mg, 0.145 

mmol), NaI (10 mg, 0.0667 mmol) and acetone (20 mL). The mixture was allowed to reflux with 

stirring under N2 for 48 h, until the reaction was judged to be complete as monitored by TLC 

(Hexane/EtOAc 1:1). After cooling the reaction mixture was filtered, poured into water (10 mL) 

and extracted with DCM (2x10 mL). The solvent was removed in vacuo. The remaining yellow 

crude solid (135 mg) was recrystallisated from a mixture of petroleum ether (40-60) and DCM 

(1:1.5) to obtain R-2 (105 mg, 85 %) as light yellow needles. M.pt: 132-134 °C (lit.90); 1H NMR 

(CDCl3, 400 MHz): δ 0.96 (t, J=7.2, 6H,CH3), 3.94-4.00 (m, 4H, OCH2), 7.05 (d, J=7.2 Hz, 2H, H8), 

7.11 (t, J=6.8 Hz, 2H, H7), 7.21 (t, J=6.8 Hz, 2H, H6), 7.33 (d, J=9.2 Hz, 2H, H3), 7.77 (d, J=8.0 Hz, 

2H, H5), 7.85 (d, J=7.6 Hz, 2H, H4). 13C NMR. (100 MHz, CDCl3): 15.0, 65.2, 115.9, 120.6, 123.4, 
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125.5, 126.1, 127.8, 129.1, 129.3, 134.2, 154.3. IR υmax cm-1: 3060, 2990, 1610, 1570, 1190. 

(C24H22O2), M.W: 342.4 g/mol. ES-MS m/z; 343.18 (M+H)+. [α]22 = +40.3 (c =0.3, DCM). 

Synthesis of R-6- Bromo-2,2’-diethoxy-1,1’-binaphthyl, R-3: 88 

O

O

3
45

7
8

6'

Br

 

To a solution of R-2,2’-diethoxy-1,1’-binaphthyl R-2 (50 mg, 0.146 mmol) in DCM (20 

mL) at -78 °C was added slowly a solution of Br2 (0.15 mL, 0.146 mmol) in DCM under N2. HBr 

was removed by bubbling nitrogen over 5 h, after which the crude mixture was treated with 10 

% NaHSO4, basified with K2CO3. The organic layer was washed with H2O (2x5 mL), brine (5 mL) 

and extracted with DCM (2x10 mL), dried Mg2SO4, then chromatographed silica gel (Hexane/ 

DCM 4:1) to obtain R-3 pure (55.9 mg, 91.5 %) as white solid. Mp: 70-71. °C (lit.88); 1H NMR 

(CDCl3, 400 MHz): δ 0.97 (t, J=3.5, 3H, CH3), 0.99 (t, J=3.6, 3H, CH3), 3.93-4.00 (m, 4H, 

OCH2), 6.87 (d, J= 9.0 Hz, 1H, H8), 6.92 (d, J=9.0, 1H, H8’), 6.99 (d, J=8.6 Hz, 1H, H7), 7.12 

(d, J= 1.3, 2H, H3), 7.14 (t, J= 1.6, 1H, H7’) 7.16 (d, J=2.1, Hz, 1H, H6’), 7.24 (q, J = 8.1, 6.8, 

1.2 Hz, 1H, H3’), 7.35 (dt, J=9.0, 3.5 Hz, 1H, H5’), 7.76 (d, J=9.0 Hz, 1H, H4’), 7.86 (t, J=9.0 

Hz, 1H, H5), 7.93 (t, J=1.9 Hz, 1H, H4). 13C NMR. (100 MHz, CDCl3): 14.9, 15.0, 65.1, 115.6, 116. 

5, 116.7, 123.5, 125.2, 126.2, 127.1, 127.4, 127.9, 128.2, 128.5, 129.3, 129.4, 129.5, 129.7, 

129.82, 154.5. IR υmax cm-1: 3060, 2979, 1615, 1583, 1342, 1292, 1234. (C24H21BrO2), M.W: 

420.3 g/mol. ES-MS m/z; 420.1 (M+H)+. [α]22 = +45.3 (c =0.4, DCM). 
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Synthesis of (R)-2-hydroxy-2’-propargyloxy-1,1’-binaphthyl R-4: 77 

O

OH

3
45

7
8

8'
7'

6' 5' 4'

3'

6

 

To a 100 mL round-bottom flask equipped with a condenser was added 1,1’-binaphthyl 

R-1(100 mg, 0.349 mmol), propargyl bromide (0.0311 mL, 0.349 mmol), K2CO3 (50 mg, 0.362 

mmol) and acetone (20 mL) the mixture was allowed to reflux with stirring for 36 h, after which 

TLC (Hexane/ EtOAc 3:1) and indicated no remaining starting material. The resulting solution 

was extracted with DCM (2 x10 mL), the solvent dried (Mg2SO4) and removed in vacuo to obtain 

R-4 as white solid (83 mg, 83 %). Mp: 75-76 °C; 1H NMR (400 MHz, CDCI3): δ 2.34 (t, J=2.4 Hz, 

1H, C CH), 4.54-4.63(d,d, J=4, 2.4 Hz, 2H,OCH2) 4.85 (s, Hz, 1H, OH), 6.97 (d, J=8.5 Hz, 1H, H8), 

7.10 (d, J=9.1 Hz, 1H, H8’), 7.15 (t, J=8.4 Hz, 1H, H7), 7.17 (t, J=8.0 Hz, 1H, H6), 7.20 (t, J=8.4 Hz, 

1H, H7’), 7.25 (d, J=5.6 Hz, 1H, H3), 7.28 (d, J=8.9 Hz, 1H, H6’), 7.31 (d, J=6.9 Hz, 1H, H3’), 7.52 (d, 

J=9.1 Hz, 1H, H5’), 7.78 (d, J=8.1 Hz, 1H, H4’), 7.83 (d, J=9.0 Hz, 1H, H5), 7.98 (d, J=9.2 Hz, 1H, 

H4).13C NMR. (100 MHz, CDCl3): 75.9, 78.7, 114.6, 115.8, 117.2, 117.6, 123.3, 124.7, 124.9, 125.2, 

126.5, 127.4, 128.1, 128.2, 129.1, 130.0, 130.1, 130.8, 133.7, 134.0, 151.2, 153.8. IR υmax cm-1: 

3500, 3277, 2120, 1618, 1589, 1505, 1205, 1127. (C23H16O2), M.W:324.4 g/mol. ES-MS m/z; 

325.2 (M+H)+. [α]22 = +43.7 (c =0.3, DCM). 
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Synthesis of 1,3-Bis((R)-2-methoxy-2'-propargyloxy-1,1'-binaphthly) benzene R-5: 77 

O
O

34

5

7 8
8'

7'

6' 5'

4'

3'
O

O6

A

B

C

B'

 

To a 50 mL round-bottom flask containing a mixture of potassium carbonate (50 mg, 

0.362 mmol) and 18-Crown-6 (20 mg, 0.757 mmol), was added acetone (20 mL) in one portion. 

The reaction was stirred at 56 °C a further 15 min then R-4 (100 mg, 0.308 mmol) was added, 

and after a further 30 min was added 1,3-bis(bromomethyl)benzene (40.7 mg, 0.154 mmol). 

The mixture was allowed to reflux with stirring for 24 h, till the reaction mixture was judged 

complete by TLC (chloroform/petroleum ether 1:1). The resulting solution was extracted with 

ethyl acetate (2x15 mL), the combined organic layers were dried (Mg2SO4), solvents removed 

and the resulting product was purified by flash column chromatography using silica gel by DCM 

to obtain a compound R-5, (120 mg, 85 %) as a white solid. Mp: 86-88 °C; 1H NMR (400 MHz, 

CDCl3): δ 2.20 (t, J=2.4 Hz, 2H, C CH), 4.45 (d,d, J=3.2, 2.4 Hz, 4H,OCH2-C), 4.79 (d, J=4.8 Hz, 

4H,OCH2-Ph), 6.44 (s, 1H, HA), 6.69 (d, J=7.6, 1H, HB), 6.82 (t, J=7.6, 1H, HC), 7.04 (d, J=8.0 Hz, 2H, 

H8), 7.09 (d, J=10.2 Hz, 2H, H8’), 7.13 (t, J=7.8 Hz, 2H, H7), 7.22 (t, J=9.0 Hz, 2H, H6), 7.24 (t, J=5.2 

Hz, 2H, H7’), 7.25 (d, J=1.6 Hz, 2H, H3), 7.27 (d,d,  J=5.2 Hz, 2H, H6’), 7.47 (d, J=9.0 Hz, 2H, H3’), 

7.77 (d, J=7.6 Hz, 2H, H5’), 7.79 (d, J=8.2 Hz, 2H, H4’), 7.81 (d, J=3.2 Hz, 2H, H5), 7.88 (d, J=8.9 Hz, 

2H, H4).13C NMR (125.8 MHz, CDCl3) δ 154.0, 137.4, 134.1, 134.0, 129.4, 129.2, 127.9, 126.4, 

125.8, 125.6, 125.5, 124.0, 123.8, 116.0, 115.8, 79.3, 75.3, 71.0. IR υmax cm-1: 3279, 2119, 1620, 

1589, 1505, 1456, 1430, 1327, 1214. (C54H38O4), M.W:750.9g/mol. ES-MS m/z; 753.3 (M+H)+. 

[α]22 = +73.6 (c =0.3, DCM). 



Page | 64  
 

Synthesis of 1,3-Bis((R)-2-oxo-2'-propargyloxy-1,1'-binaphthly)hexane R-6: 77 

O
O

34
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7 8
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7'

6' 5'

4'

3'
O

O6

A

B

C

D

 

 To a 50 mL round-bottom flask containing a mixture of potassium carbonate (50 mg, 

0.362 mmol) and 18-Crown-6 (20 mg, 0.757 mmol), was added acetone (20 mL) in one portion. 

The reaction was stirred at 56 °C a further 15 min then R-4 (100 mg, 0.308 mmol) was added, 

and after a further 30 min was added 1,6-dibromohexane (37.6 mg, 0.154 mmol). The mixture 

was allowed to reflux with stirring for 24 h, untill the reaction was judged complete by TLC 

(Chloroform/Petroleum ether 1:1). The resulting solution was extracted with ethyl acetate 

(2x15 mL), and the combined organic layers were dried (Mg2SO4) and solvents removed in 

vacuo. The resulting crude product was purified by flash column chromatography using silica 

gel elating with DCM and vacuo to obtain a compound R-6 (103 mg, 74.9 %) as a yellow sticky. 

1H NMR (400 MHz, CDCl3) δ 1.02 (m, 4H, CH2D), 1.15 (m, 4H, CH2C), 2.24 (t,  J=2.4 Hz, 2H, C CH), 

3.63 (m, 4H, CH2B),  4.45 (d, J=2.4 Hz, 4H, CH2A), 6.97 (d, J=8.0 Hz, 2H, 2H8), 7.01 (d, J=6.4 Hz, 2H, 

2H8’), 7.06 (t, J=6.2 Hz, 2H, 2H7), 7.12 (t, J=7.6 Hz, 2H, H6), 7.16 (t, J=6.4 Hz, 2H, H7’), 7.23 (d, J=8.0 

Hz, 2H, H3), 7.30 (t, J=8.8 Hz, 2H, H6’), 7.42 (d, J=9.2 Hz, 2H, H3’), 7.66 (d, J=8.0 Hz, 2H, H5’), 7.76 

(d, J=8.8 Hz, 2H, H4’), 7.79 (d, J=8.4 Hz, 2H, H5), 7.87 (d, J=9.2 Hz, 2H, H4). 13C NMR (100 MHz, 

CDCl3) δ 154.4, 134.1, 129.4, 129.0, 127.8, 126.3, 126.2, 125.5, 125.5, 123.9, 123.6, 116.1, 115.8, 

79.4, 75.21, 69.5, 29.1, 25.0. 24.8; IR υmax cm-1: 3281, 2929, 2860, 1742, 1619, 1590, 1505, 

1458, 1328, 1215. C54H42O4, M.W:730.9 g/mol. ES-MS m/z; 753.3 (M+Na)+. [α]22 = +65.3 (c 

=0.4, DCM). 
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Synthesis of methyl 3,5-dihydroxybenzoate 10: 75 

OHHO

COOMe

10  

To a 100 mL round-bottom flask a solution of 3,5-dihydroxybenzoic acid  (1 g, 6.49 

mmol) in methanol (20 mL), H2SO4 (20 mL, 375.2 mmol) was added and the reaction was 

refluxed with stirring, then concentrated to obtain the crude product as a white solid. The 

residue was dissolved in water (5 mL), extracted with diethyl ether (2x5 mL), dried (Mg2SO4), 

filtered solvent removed in vacuo and the residue was recrystallized from water (10 mL) to 

obtain 10 as white crystals (800 mg, 73.3 %). M.pt 175-177 °C (Lit. 78). 1H NMR (400 MHz, 

DMSO): δ 3.82 (s, 3H, CH3), 6.45 (s, 1H, p-Ph) 6.80 (d, J=2.4, 2H, o-Ph), 9.65 (s, 2H, OH). 13C NMR 

(100 MHz, DMSO): 52.0, 107.0, 107.1, 131.2, 158.5, 166.2. IR υmax cm-1: 3353, 3228, 2994, 

1684, 1596. (C8H8O4) M.W= 168.16 g/mol. ES-MS m/z; 169.l (M+H)+.  

Synthesis of methyl 3,5-dibenzyloxybenzoate 11:78,79 

11

OO

COOMe

 

A solution of methyl 3.5-dihydroxybenzoate 10 (500 mg, 2.97 mmol), benzyl chloride 

(6.84 mL, 5.95 mmol, 2 equiv.) and K2CO3 (200 mg, 1.45 mmol) in acetone (20 mL) the mixture 

was refluxed with stirring for 72 h, after which the mixture was diluted with water (10 mL), 

extracted with DCM (10 mL), washed with water (2 x 15 mL) and brine (10 mL), and dried by 

(MgSO4). Solvents were removed in vacuo and product recrystallized from ethanol (20 mL) to 
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obtain 11 as colourless needle crystals (828 mg, 80 %). M.pt 79-81 °C (Lit.79). 1H NMR (400 

MHz, CDCl3): δ 3.92 (s, 3H, OCH3), 5.09 (s, 4H, O-CH2-Ph), 6.89 (t, J=2.4 Hz, 1H, p-H of Ar-

COOMe), 7.22 (d, J=2.4 Hz, 2H, o-H of Ar-COOMe), 7.34-7.45 (m, 10H, PhH). 13C NMR (100 MHz, 

CDCl3): 51.3, 69.9, 106.9, 108.1, 127.8, 128.1, 128.7, 131.8, 136.1, 159.8. IR υmax cm-1: 3227, 

1686, 1599, 1485, 1295, 1101. (C22H20O4) M.W = 348.40 g/mol. ES-MS m/z: 349.3 (M+H) +. 

 

Synthesis of 3,5-dibenzyloxybenzyl alcohol 12:78,7,91 

12

OO

CH2OH

 

 A solution of ester 2 (500 mg, 1.44 mmol) in dry THF (20 mL) was slowly added over 1 h 

to LiAlH4 (57.7 mg, 1.52 mmol) suspended in dry THF (20 mL) with stirring under nitrogen at 0-

5 °C. The mixture was stirred at room temperature overnight after which TLC confirmed 

completion. It was cooled to 0-5 °C and water (5 mL) was added dropwise, and pH adjusted to 7 

using 1N HCl. The mixture was filtered, diethyl ether (5 mL) was added and the organic layer 

was separated, dried (MgSO4) and the solvent removed. The product was recrystallized from a 

mixture of petroleum ether and DCM (2:1) to obtain 12 as pure white solid (438 mg, 95 %). M.pt 

83-85 °C (Lit.91). 1H NMR(400 MHz , CDCl3:): δ 1.63 (t, J=6.0 Hz, 1H, OH), 4.67 (d, J=6.0 Hz, C-OH), 

5.07 (s, 4H, PhCH2O), 6.57 (t, J=2.4 Hz, 1H, p-ArH to CH2OH), 6.65 (d, J=2.4 Hz, 2H, o-Ar-H to 

CH2OH), 7.33-7.46 (m, 10H, PhH). 13C NMR (100 MHz, CDCl3): 65.4, 70.1, 72.1, 73.8, 101.3, 105.7, 

127.6, 127.7, 128.0, 128.4, 128.5, 128.6, 129.6, 136.8, I43.4, 160.2; IR υmax cm-1: 3282, 3030, 

2904, 2864, 1590, 1442, 1284, 1146. (C21H20O3) M.W= 320.4 g/mol. ES-MS m/z: 321.0 (M+Na)+. 
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Synthesis of 3,5-dibenzyloxybenzyl bromide 13:78 

13

OO

CH2Br

 

To a solution of 3,5-dibenzyloxybenzyl alcohol 3 (300 mg, 0.94 mmol) a dry THF 30 mL, was 

added carbon tetrabromide (386 mg, 1.16 mmol) with stirring  under nitrogen. After stirring for 

15 min, triphenylphosphine (311 mg, 1.17 mmol) was added, the mixture stirred for 5 h at room 

temperature after which TLC confirmed completion. The reaction mixture was partitioned in a 

mixture of water (10 mL) and DCM (10 mL). The organic layer was washed with water (2x10 

mL) and brine (5 mL). The organic layer was separated, dried over (MgSO4), filtered, and 

concentrated in vacuo to obtain the crude product. The crude product was purified by flash 

column chromatography using silica gel (petrolum ether/ethyl acetate 4:1) to give 13 as white 

powder (270 mg, 75 %). M.pt 87-89 °C (Lit.91). 1H NMR (400 MHz, CDCl3): δ 4.44 (s, 2H, CH2Br), 

5.05 (s, 4H, PhCH2O), 6.57 (t, J=2.4 Hz, 1H, p-Ar-H), 6.67 (d, J=2.4 Hz, 2H, o-Ar-H), 7.34-7.46 (m, 

10H, Ph-H). 13C NMR (100 MHz, CDCI3): 33.6, 70.2, 101.7, 108.1, 127.6, 128.1, 128.7, 136.8, 

143.7, 160.1. IR υmax cm-1: 3280, 3030, 2925, 2871, 1592, 1497, 1372, 1295, 1151. 

(C21H19O2Br), M.W= 383.28 g/mol. ES-MS m/z: 385 (M+H)+. 
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Synthesis of 3,5-dibenzyloxybenzyl azide 14: 81 

OO

CH2N3

 

A solution of 3,5-dibenzyloxybenzyl bromide 13 (150 mg, 0.39 mmol) and NaN3 (38 mg, 

0.58 mmol) in DMSO (10 mL)  was heated to reflux 130 °C for 24 h with stirring, after which TLC 

confirmed completion. The reaction mixture was poured on to water (15ml) to give a suspended 

white solution which was extracted with ethyl acetate (2x15 mL), dried (MgSO4) and then 

solvent removed in vacuo to obtain 14 as colourless oil (130 mg, 96.5 %). 1H NMR (400 MHz, 

CDCI3): δ 4.30 (s, 2H, CH2N), 5.07 (s, 4H, PhCH2O), 6.59 (d, J=2.4, 2.0Hz, 2H, o-ArH), 6.61 (t, J=2.4 

Hz, 1H, p-ArH ), 7.34-7.46 (m, 10H, PhH). 13C NMR (100 MHz, CDCl3): 54.9, 70.2, 101.8, 107.2, 

127.6, 128.1, 128.7, 136.6, 137.7, 160.3. IR υmax cm-1: 3032, 2872, 2094, 1593, 1448, 1374, 

1345, 1292, 1147 (C21H19N3O2), M.W=345.4 g/mol. ES-MS m/z: 368.0 (M+Na)+. 
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