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INTRODUCTION 

A. Objective 

This research was undertaken in an attempt to produce and 

characterize four new monomers which may be useful as dentin 

bonding agents. Each monomer contains a vinyl functional 

group which is intended to polymerize via a free-radical 

mechanism and a carbamate functional group, or blocked iso-

cyanate, which is intended to deblock at the polymerization 

temperature. The deblocked isocyanate is then available for 

further reaction with functional groups contained in the 

chemical constituents of teeth. Due to the chemical similar-

ities of teeth and bone, these monomers may also be useful 

for bonding bone tissue. 

The use of chemical bonding agents for dentin is desired 

as a more permanent means of attaching bridgework, crowns, 

and other dental devices, thereby eliminating such devices as 

wire hooks and loops. The use of adhesives is also desired 

for purposes of comfort and esthetics for the recipient of 

the restorative device. 

In order to gain a more complete understanding of the ob-

jective of this research, it is useful to discuss the histor-

ical aspect of dental restorative materials, the nature of 

adhesion and bioadhesion, the biochemistry of the tooth, and 
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the reaction mechanisms of the desired products of this re-

search. 

B. A Brief History of the Development of Synthetic Resins 

For Use in Dental Applications 

Humankind has long been interested in dental restora- 

tion. Restorative materials historically parallels the de-

velopment of the creative arts as evidenced by archeological 

findings. Etruscans and Phoenicians prepared restorative 

fixtures by holding human or animal teeth in place by metal 

wires or bands
1
. Similar techniques are still being util-

ized today. Circa 1700, skillfully carved dental structures 

of wood, bone, and ivory were developed2. This was the be-

ginning of attempts to match restorative materials to the 

con- figuration of the individual mouth. 

Dubois deChemant of Paris received a patent in 17893 

for fused porcelain restorative devices, and this became the 

state of the art until the development of Vulcanite (hard 

rubber) in 1839 by Charles Goodyear. Nelson Goodyear, 

Charles' brother, received a patent for the dental applica-

tions of Vulcanite, and in 1853 Charles published "Gum Elas-

tic and Its Varieties," wherein he described its dental ap-

plications in detail4'5. 

2 
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Two other synthetic resins were developed shortly there-

after. In 1868, John Wesley Hyatt described molding applica-

tions of cellulose nitrate (celluloid) for dental applica-

tions, and in 1870, the Albany Dental Company was formed
6
. 

In 1924, Doctor Stryker described dental applications of 

Bakelite, which is a phenol-formaldehyde resin developed by 

Leo Baekeland, in 1919
6
. 

Since 1930, various synthetic resins have been produced, 

and most have been applied to dental restoration. Some of 

these are: glycene, a reaction product of glycerine and 

phthalic anhydride, polyvinyl chloride, cellulose acetates, 

polystyrene, and acrylic resins4'6.  

In 1901, Doctor Otto Rohm invented polymethyl methacry-

late. It was not until 1937 that it was used by Dr. Walter 

Wright as a dental restorative material7 . He cited its use 

as a casting resin for dental fixtures, as well as a filling 

material for dental caries. A major advantage of using the 

monomer as a filling material is that it eliminates the need 

for first placing a cement into the cary, and then applying 

the filling material. It was superior to Vulcanite in ap-

pearance, and left no taste or odor associated with rubber 

process chemicals (sulfur, amine accelerators, plasticiz-

ers). A major drawback was a lack of dimensional stability. 

When polymerized, the filling material exhibits shrinkage, 

eventually allowing decay-causing material to work in-between 

the filling and the tooth material. 



Various approaches have been attempted since then to 

alleviate the problem of shrinkage. These include using 

inorganic fillers such as silica (SiO2) and alumina 

(A1203), and using pastes made of methyl methacrylate 

monomer blended with powdered polymethyl methacrylate8,9 

A new approach (circa 1960) was to devise co-monomers 

which were of a high molecular weight which would reduce 

shrinkage on polymerization, and which contained structures 

within the molecule which, when polymerized, would impart 

physical property enhancement such as compression strength, 

tensile strength, and flexural strength10. 

The following are considered to be the essential require-

ments for any material which is to be used as a dental fill-

ing material, or as a cement for bonding tooth attach- 

ments
4,8,9,11,12

: 

1. It must have esthetic qualities of color, taste, 

odor, and cleanliness. 

2. It must have high compatibility with oral tissues. 

3. It must possess the strength to resist functional 

stress, i.e., transverse, impact, tensile, and flexure. 

4. It must possess dimensional stability during, and 

subsequent to, processing, i.e., warpage and shrinkage. 

5. It must possess low water sorbtion either by imbiba-

tion or surface adsorption. 

6. It should possess good hardness. 

4 
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7. It should possess resistance to flow. 

8. It must possess adaptability to a simple technique 

of processing and successful repair. 

9. It should possess resistance to the oral environment 

as well as aqueous and non-aqueous solvents. 

10. It should possess the relative weight and density of 

the natural material. 

11. It must have compatible coefficients of thermal ex-

pansion and thermal conductivity. 

12. It should possess resistance to porosity during and 

after processing. 

13. It should provide successful cementation to itself 

after processing. 

14. It should resist breakage during adjacent restora-

tive work. 

Acrylic resins have been demonstrated to have the flexi-

bility to be formulated into products which satisfy these 

requirements. 

C. Theories of Adhesion 

There are several ways in which an adhesive or sealant 

holds two substrates together. These are as follows: 

1. Mechanical Interlocking is not truly a property of 

adhesion, but is rather a result of proper joint design on 
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the microscopic scale, or surface pits and fissures on the 

macroscopic scale. Dental amalgams stay in place within a 

tooth only when a properly designed inverted "V" shape is 

created by the dentist prior to filling the cavity. 

2. Molecular Diffusion is said to occur by the inter-

mingling of molecules from adhesive and adherend. This is 

primarily applicable when both the adhesive and adherend are 

polymers with long chains capable of movement. Solvent 

cementing, heat welding, and sonic welding of polymeric 

substrates are believed to affect adhesions via molecular 

diffusion. 

3. Adsorption: adhesion results from molecular contact 

between two materials and the surface forces that develop. 

The process of establishing continuous contact between the 

adhesive and the adherend is called "wetting." For an adhe-

sive to wet a solid surface, the adhesive should have a lower 

surface tension than the critical surface tension of the 

solid. Good wetting results when the adhesive flows into the 

valleys and crevices on the substrate surface. Poor wetting 

results when the adhesive bridges over the valleys and crev-

ices, and results in a reduction of the actual contact area 

between the adhesive and adherend, giving rise to a lower 

over-all joint strength. 

Wettability is most often determined by measuring the 

contact angle between the adherend surface and the candidate 
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adhesive. A small contact angle indicates that the liquid is 

wetting the adherend effectively, while a large contact angle 

shows that the wetting is poor. Every surface has a critical 

surface tension, yc  of wetting. Liquids with surface free 

energies below yc  will have zero contact angles, and will 

wet the surface completely, while liquids with surface-free 

energies greater than yc  will have finite contact angles. 

Comprehensive discussions of surface wetting phenomena 

can be found in works by Zisman15 and Patrick16. Newman, 

Snyder, and Wilson17,18,19 have investigated the wetting 

phenomena of various adhesives on tooth surfaces which lays 

the groundwork for this thesis. 

After initial contact is achieved between adhesive and 

adherend through wetting, it is believed that permanent ad-

hesion results primarily through forces of molecular attrac-

tion. Two types of chemical bonds are thought to be involved 

in adhesion and cohesion: primary electrovalent and co-

valent, metallic, and secondary (Van der Waal's forces). 

Electrovalent bonds involve an actual transfer of elec-

trons from one atom to another. The two substances are held 

together by the electrostatic forces which occur due to each 

being oppositely charged-ions. 

Covalent bonds involve a sharing of electrons between two 

atoms. Such bonds are usually unidirectional bonds and may 

be considered to be partly ionic and partly covalent. They 
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apply to metals and alloys, and will not be considered 

further as they do not apply to the body of this work. 

Van der Waal's Forces consist of: 

1. Debye forces which are due to the existence of 

induced dipoles. 

2. Keesom forces which are due to the existence of 

permanent dipoles. 

3. London dispersion forces which are the result of a 

non-polar dispersion effect which results from interaction 

between the random motions of internal electrons, molecules, 

atoms, and ions. These are by far the strongest of the Van 

der Waal's forces, with the exception of: 

4. Hydrogen Bonding, which is a special case of dipole 

interaction. Hydrogen bonds are stronger than any of the 

first three types of electrostatic forces, although weaker 

than any of the chemical bonds to be discussed. Hydrogen 

bonding occurs when the electropositive hydrogen atom en-

counters a strongly electronegative species such as carboxyl 

or hydroxyl groups. 

Hydrogen bonding is responsible for the high boiling 

point of water as compared to compounds of similar molecular 

weight (e.g., hydrogen sulfide or ammonia) which are gases at 

standard temperature and pressure. Only fluorine surpasses 

oxygen in the strength of its hydrogen bond. Hydrogen fluor-

ide molecules remain in association even in the gaseous 
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state. A further example is that while water boils at 100 

degrees Centigrade, and hydrogen fluoride boils at 19.54 de-

grees Centigrade, 35.5% (w/w) hydrogen fluoride in water 

boils at 120 degrees Centigrade. 

Hydrogen bonding may not only link two or more molecules 

together, but may form rings (chelates) internal to a chemi-

cal substance, such as in the case of ethyl acetoacetate9,20 

CH C=CH-COC H 4HIP.CH C=CH-COC 
H5 

OH 

2 5 31 2 5 

D. Biochemistry of the Tooth 

In order to gain a more complete understanding of the in-

tended manner in which the monomers may function as adhesives 

for dental restoratives, it is useful to discuss the struc-

ture and chemical constituents of the human tooth. Most 

important to orthodontics are the enamel and dentin (See 

Figure 1). 

The enamel is the outermost portion of the tooth, and is 

96 per cent inorganic in nature. The mineral content is 

primarily of the formula Ca10(PO4)6X2, where X is 

usually hydroxyl (hydroxyapatite) and, to a lesser degree, 

Fluoride (fluoroapatite). Approximately 3 per cent of enamel 

is water, and 0.6 per cent is organic matter. The remainder 
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varies from person to person, and consists of compounds con-

taining sodium, magnesium, lead, zinc, tin, and other ele-

ments. Bonding to enamel, therefore, occurs primarily 

through mechanical interlocking and secondary (Van der 

Waal's) bonds with the hydroxyl function of the inorganic 

constituent as the major site for covalent bonding. 

Dentin is more complex in nature than the enamel in that 

it is approximately 75 per cent inorganic and 20 per cent or-

ganic matrix, with 5 per cent of various other constituents, 

including 2-3 per cent water and the remainder being similar 

compounds as found in the enamel. 
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FIGURE 1 55 
ANATOMICAL STRUCTURES OF AN ERUPTED TOOTH 
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The Mineral Content of Dentin 

The mineral content of dentin is primarily hydroxyapatite 

Ca
10(PO4)6 

(OH)
2 

often isomorphous substitution occurs in hydroxyapatites, 

particularly F or Cl" for OH and Sr2+ for Ca2+. 

The specific surface area of chemically-deproteinated bone 

and dentin is within the range of 100 to 200 m2/g. For 

comparison, synthetically precipitated silica (SiO2) has a 

specific surface area of 200 to 400 m2/g. 

Surface absorption studies have shown that water mole- 

cules were strongly absorbed for only two monolayers. A 

study of the uptake of stearic acid from cyclohexane solution 

showed that the long chain molecules lined up in parallel 

bundles perpendicular to the solid surface. Similar studies 

on the uptake of biological macromolecules in aqueous solu-

tions indicate the same type of orientation. Strong interac-

tion was found with the (Ca2+) and (OH) of hydroxyapa- 

tite. This infers that collagen in bone and dentin is bonded 

in some way to the mineral, at least partially accounting for 

the biomechanical properties of these hard tissues. Addi-

tionally, it has been found that biological hydroxyapatite 

are about 10 per cent deficient in calcium (from stoichiom-

etry). Also present is up to 4 weight per cent of CO3 2'. 

Infrared studies of synthetically-precipitated hydroxyapatite 
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suggest that, in some way, CO3 2 - substitutes for PO4 
3 

One study has shown that approximately 50 per cent of the CO3 

can be washed out into solution inferring that it was present 

on the surface while the remainder was located at PO4 
3- 

positions of hydroxyapatite. 

Organic Material in Dentin  

Approximately 90 per cent of the organic matrix of dentin 

is collagen. The other 10 per cent consists of phos-

phoproteins, proteoglycans, glycosaminoglycans, gamma-

carboxyglutamate-containing proteins, glycoproteins, and 

plasma proteins. These are all biological macromolecules. 

All of the non-collagenous proteins in dentin are anionic in 

nature. About 1 to 3 per cent of the non-collagenous pro-

teins are non-separable from collagen and there is evidence 

that they are covalently bound. It has been suggested, but 

not conclusively proven, that these glycoproteins serve some 

function as an accelerator for the mineralization of the 

major matrix constituent, collagen. 

The primary constituent of the organic matrix, collagen, 

consists of a highly insoluble, fibrillar material that is 

constructed of many elongated threadlike molecules which are 

cross-linked together. Microscopically, collagen fibers are 

layered and arranged in different ways within different 
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tissues, for example, in the cornea the fibers are arranged 

in orthogonally stacked sheets while in bone and dentin these 

fibers are swirled into a seemingly disordered array. 

About 95% of an individual collagen molecule has an amino 

acid sequence with glycine in every third position. The 

structure could be represented as (Gly-x-y)n and in the case 

of interstitial collagen there are 338 to 342 of these repeat 

units. Also occuring are many proline and hydroxyproline 

units distributed throughout the alpha chain. The sum of 

proline and hydroxyproline is about one fourth of all the 

amino acids present. The alpha chain also contains short 

sequences at both the NH2 and COOH-terminal ends that do 

not have this type of Gly-x-y sequence. 

Collagen molecules consist of three alpha chains which 

are arranged in a coiled-coil fashion. Individual chains are 

twisted into a left handed minor helix with three amino acids 

per repeat. In turn, the three polypeptide chains are 

twisted about each other right-handedly composing the major 

helix. The triple helical array is stabilized by numerous 

hydrogen bonds formed between the peptide bond, amide and 

carbonyl groups of adjacent chains. Another significant 

stabilizing factor for the collagen triple helix is the 

presence of regularly spaced proline and hydroxyproline 

units. These imino acids contain five membered rings which 

prevent free rotation of the polypeptide chains within the 

major helix. 



Table 1 

Amino Acid Composition of Human Dentin57 

Amino Acid Residues/1000 

Lysine 23 

Hydroxylysine 8.4 

Histidine 5.3 

Arginine 47 

Glutamic Acid 73 

Aspartic Acid 55 

Threonine 19 

Serine 38 

Hydroxyproline 101 

Proline 115 

Glycine 319 

Alanine 112 

Valine 25 

Methionine 5.2 

Leucine 26 

Isoleucine 10 

Tyrosine 2.3 

Phenylalanine 14 

15 



16 

E. The Use of Acrylics in Restorative Dentistry 

There are currently many products commercially available 

as dental restorative resins which have been synthesized and 

subsequently formulated for ease of use by the dental profes-

sional. The use of methacrylates have gained wide acceptance 

due to their low toxicity and high color retentiveness. The 

color retentiveness is because the absence of an alpha hydro-

gen atom adjacent to the caybonyl group prevents oxidative 

free radical reactions which would form conjugated double 

bonds and consequent differential light absorption and dis-

coloration.24 

Early products were simple blends of methylmethacrylate 

monomers with pulverized polymethyl methacrylate, (and/or) 

glass beads, benzoyl peroxide initiator and a liquid diamine 

activator. This type of product, however, is not completely 

satisfactory due to its high coefficient of expansion in re-

lation to tooth material and poor compressive strength. 

Many efforts have been made to improve on the drawbacks 

of methyl methacrylate and Mao and Reegen 25  have studied 

the effects of various substituents on the side chain of 

methacrylates. They concluded that increases of polarity or 

introduction of aromatic ring structures greatly improved the 

peel strength and compressive strength of methacrylate poly-

mers. In the former case decreased crystallinity was 
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postulated and in the latter case interaction of the pi elec-

trons was postulated as a contributing factor to improved 

performance. 

Recent advances in commercial products include Bisphenol-A 

glycidyl methacrylate (BIS-GMA)9 and urethane dimethacry-

late (Fotofil)26 where high structure and the presence of 

difunctionality lead to higher strength in the polymerized 

resin. Polyacrylic acids have been shown to bond to dentin, 

however, moisture absorption by the monomer weakens the bond 

strength.26 The use of methacrylate functional silanes 

have also been investigated as coupling agents for the fil-

lers of various resin systems where the methacrylate func-

tionality reacts with the monomer during the polymerization 

and the hydrolyzable group reacts with glass fillers and hy-

droxyl groups associated with the mineral content of the 

tooth. Bond strengths of BIS-GMA were increased almost 

threefold using this additive.27 

In recent years there has been increasing interest in the 

use of thermosetting polyurethanes for dental applications.14 

Advantageous properties of polyurethanes are better prepoly-

merization wetting of the surface than acrylics and increased 

toughness versus acrylics due to the fact that they form 

strong intra- and inter-molecular bonds.28'29 

Polyurethanes are characterized by the linkage -NH-C(0)0 

and are most commonly prepared by the reaction of di- or 
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polyfunctional isocyanates with hydroxyl or amine terminated 

polyesters or polyethers.
30 

The most widely used commer-

cial isocyanates are toluene diisocyanate (TDI) and 

4,4-diphenyl methane diisocyanate (MDI). TDI is generally 

used commercially as an 80/20 blend of the 2, 4- and 2, 6-

isomers respectively. The isocyanate (NCO) group in the 4 

position of TDI is 8 to 10 times as reactive as that in the 2 

position at 25°C. The 2 position increases in reactivity 

with increasing temperature until about 100°C where the 

reactivity of both positions is about the same. This allows 

synthesis of derivatives with predictable arrangement. Many 

excellent references discuss this chemistry.
30,31,32 

Several types of polymeric materials having urethane 

functionality have been reported as being useful for dental 

adhesives.33'34'35 These include the moisture cure type 

consisting of a di- or polyisocyanate functional prepolymer; 

the two component type consisting of a di- or polyisocyanate 

functional adduct as a prepolymer and a di- or polyol func-

tional prepolymer; and an adduct of a di- or polyfunctional 

isocyanate and a methacryloxy functional alcohol. 

The first type has the drawback that it must be used in a 

thin film so that the carbon dioxide produced in the reaction 

with surface moisture is allowed to escape thereby preventing 

bubbles from forming in the film. 
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Many dental adhesives have been reported which are of the 

methacryloxy functional alcohol adduct type.34,36 Buonocore 

and Casciani34 reported the reaction products of various 

mono- and diisocyanates with 2-hydroxyethyl methacrylate as 

showing good adhesion to tooth surfaces and good physical 

properties. The isocyanates however were completely reacted 

and incapable of further reacting with tooth material. In 

effect these monomers are urethane containing acrylic mono-

mers. Their advantages are that they exhibit lower shrinkage 

than unmodified acrylics and methacrylics and have some of 

the advantages of polyurethanes (toughness, wetting). 

Antonucci, Brauer, and Termini36  reported mono-adducts 

of 2-hydroxyethyl methacrylate with several diisocyanates. 

By using the mono-adduct they hoped to achieve reactivity 

between the free isocyanate function and the polar functional 

groups of collagen (OH,NH2) and hydroxyapatite. They pre-

sent physical evidence that indeed these monomers were able 

to bond to hard dental tissue, which is promising. 

Isocyanate functional monomers and prepolymers have major 

drawbacks as can be seen from studying the isocyanate-water 

35 37 38 reaction. ' 
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As can be seen the unstable carbamic acid can either immedi-

ately react with an additional NCO to form a substituted 

anhydride or lose CO2 (which most often is the case) to 

form an amine. This amine group can further react with NCO 

to form a substituted urea (most often the case) or react 

with an unstable carbamic acid to form an ammonium salt which 

in turn may lose CO2 to form a substituted urea. Addi-

tionally the anhydride may lose CO2 to form a substituted 

urea. The end result for all possibilities in the reaction 

scheme is that one molecule of water consumes 2 molecules of 

NCO which are no longer available to react with the polar 

groups of dental tissue. 
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As an added concern, most aliphatic and aromatic isocya-

nates are irritating to the soft tissues and if the NCO 

groups are not fully consumed at the tooth surface the poten-

tial for patient discomfort may be significant. Any residual 

unreacted TDI or MDI will certainly be toxic.39 

F. Blocked Isocyanate Adhesives 

A possible solution to the difficulties encountered in 

attempting to design a molecule which will bond to dentin is 

the use of blocked isocyanates. This is especially benefi-

cial toward solving the problem encountered by the isocyanate-

water reaction. Blocked isocyanates are reported to be less 

reactive towards water and alcohols than the parent isocya-

nate compounds, and phenol blocked aromatic diisocyanates are 

reported to be unreactive toward hydroxyl containing mate-

rials but are very reactive to aliphatic primary and second-

ary amines at room temperature.40 Various patents and 

books are available which discuss the chemistry of blocked 

isocyanates.41-47 

The reaction which forms blocked isocyanates is revers-

ible and can be represented as: 

R-NH-COOR' R-NCO + R'-OH 



At elevated temperatures this equilibrium is disturbed 

and the reaction proceeds to the right hand side; this is 

commonly called "de-blocking." Thermal dissociation or 

de-blocking temperature have been reported for various 

blocked systems.48 

Table II 

De-blocking Temperatures of Isocyanates 

R R' 

A)  Aryl-NHCOO-Aryl 120°C 

B)  Alkyl-NHCOO-Aryl 180°C 

C)  Aryl-NHCOO-Alkyl 200°C 

D)  Alkyl-NHCOO-Alkyl 250°C 

These temperatures are for illustrative purposes and 

substituent effects will cause some overlap. Generally, 

electron withdrawing groups on aromatic rings decrease 

stability while electron donating groups on the aromatic 

rings increase stability.49 Therefore, it is essential 

that the proper choice of blocking agent is made in order to 

assure successful bonding to dentin. If the deblocking 

temperature is too low, the isocyanate may still react with 

water and, if the deblocking temperature is too high it may 

be unrealistic to be useful in an oral environment. 

22 
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W.H. Snyder50 believed that by using various sub- 

stituted phenols as blocking agents for aromatic diisocya-

nates as well as co-reacting the diisocyanate with vinyl 

functional alcohols a suitable monomer could be synthesized 

which would bond to dentin as well as cross-link via free 

radical mechanisms which are typical of methacrylic and 

acrylic functional monomers. 

These bifunctional monomers would be expected to deblock 

at the polymerization temperatures of the vinyl functional 

group and react with several of the amino acid units of the 

collagen present in dentin. The most likely amino acids to be 

reacted with the now free isocyanate are listed in Table III. 

Table III 

Amino Acids From Collagen Which May React 

With Free Isocyanate 

Amino Acid  Functional Groups Present  

Arginine Primary amine, secondary amine 

Cysteine Thiol 

Histidine Imidazole NH 

5-Hydroxylysine Primary amine, secondary alcohol 

3-Hydroxyproline Secondary alcohol 

Lysine Primary amine 

Serine Primary alcohol 

Threonine Primary alcohol 

Tyrosine Phenolic OH 
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It is also expected that some limited amounts of isocya-

nate will react with the inorganic hydroxyapatite portion of 

the dentinal matrix. 

Toward achieving this goal several masters theses have 

been directed.
51.52,53 

The object of this thesis, however represents a departure 

from previous attempts at the synthesis of blocked isocyanate 

monomers in that it is an attempt at creating the blocked 

isocyanate structure in the absence of an isocyanate as a 

part of the reaction scheme. 

G. Preparation of Monomers 

The objective of this thesis was to prepare four new 

monomers containing carbamate and vinyl functional groups. 

This research, however, represents a departure from previous 

work in this area in that it seeks to synthesize the carba-

mate functional group (or blocked isocyanate) by reacting a 

substituted aromatic amine (SAA) with diphenyl carbonate 

(DPC). 

Specifically meta- and para- aminophenol were to be re-

acted with diphenyl carbonate to derive the carbamate func-

tional group and with methacrylyl chloride in order to derive 

the methacryloxy or vinyl containing functional group and 

meta- and para- aminobenzoic acid were to be reacted with 
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diphenyl carbonate followed by reaction with 2-hydroxyethyl 

methacrylate (HEMA) in order to derive the desired functional 

groups. 

All are two stage reactions and can be envisioned as hav- 

ing both a forward and reverse reaction scheme. 

Thus, for the forward scheme: 

First stage: 

Where: 

SAA X Y 

#1 H OH 

#2 OH H 

#3 H C(0)0H 

#4 C(0)0H H 



Where: 

Intermediate 
Product X Y 

#5 H OH 

#6 OH H 

#7 H C(O)OH 

#8 C(O)OH H 

Second stage: 



Where: 

Forward 
Monomer X Y 

# 9 H CH2C( CH3 )C(O)O 

#10 CH
2C (CH3 )C(O)O H 

And 

Where: 

Forward 
Monomer X Y 

#11 H CH2C(CH3 )C(O)OC2 H4OC(O)

#12 CH2 C(CH3 )C(O)OC2 H4OC(O) H 

27 
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The reverse scheme first reacts the vinyl containing func-

tional group with the SAA followed by the reaction with DPC. 

Thus, for the reverse scheme: 

First stage: 

Where: 

Intermediate 
Product X Y 

#13 H CH2C(CH3)C(O)O 

#14 CH2C(CH3)C(O)O H 
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Second stage: 

Where: X and Y of #15 and #16 are the same as for #13 and #14 

and 

First stage: 
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Where: 

Intermediate 
Product X Y 

#17 H CH2C(CH3)C(O)OC2H4OC(O) 

#18 CH2C(CH3)C(O)OC2H4OC(O) H 

Second stage: 

Where: X and Y of #19 and #20 are the same as for #17 and #18 
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The forward scheme of preparation is preferred due to the 

fact that DPC and SAA reaction takes place at temperatures in 

excess of 120°C while it is desirable to prepare methacrylic 

esters at 70°C or below in order to prevent polymerization or 

the necessity of excessive amounts of inhibitors. 

The DPC and SAA reaction was catalyzed by the use of zinc 

acetate (anhydrous) which is based upon a patent by Gurgiolo.54 

He states that no satisfactory mechanism has been found which 

fully accounts for the manner in which divalent zinc salts 

are able to catalyze this reaction. It is possible to envi-

sion a situation in which the acetate carbonyl oxygens form a 

chelate type structure with the amine hydrogens perhaps al-

lowing the zinc central atom in turn to become sufficiently 

electropositive to weaken the carbonyl of the diphenyl car-

bonate allowing for the abstraction of a phenoxide ion from 

the diphenyl carbonate, followed by subsequent joining of the 

carbonyl with the amine nitrogen and elimination of phenol. 

The reaction of m- and p- aminophenol with methacrylyl 

chloride was found to be extremely difficult and was modified 

by first reacting the aminophenols with sodium methoxide in 

an attempt to prevent formation of an amine hydrochloride 

without the necessity of using a protecting group on the 

amine. The reaction of meta- and para- aminobenzoic acid with 

HEMA was also found to be extremely difficult and several 

catalysts were utilized for this esterification reaction (for 

details see Experimental, Results, and Discussion Sections). 



RESULTS AND DISCUSSION 

During the course of this research several different ap-

proaches were attempted in an effort to synthesize the de-

sired products. For the purpose of clarity they will be 

discussed in three discrete sections: Reactions of diphenyl 

carbonate with substituted aromatic amines, reactions of 

methacrylyl chloride with meta- and para-aminophenol, and 

reactions of 2-hydroxyethylmethacrylate with meta- and para-

aminobenzoic acid. 

A. Reactions of Diphenyl Carbonate with Substituted 

Aromatic Amines 

The reaction of diphenyl carbonate (DPC) with the four 

substituted aromatic amines (SAA) was carried out utilizing a 

method described by Gurgiolo in his patent.
54 

Method 1 was 

an attempt at utilizing the described process of the patent. 

The reactants were all soluble in the reaction mixture at 

the reaction temperature as expected. The difficulty which 

arose in this research is that as the reaction proceeded and 

product was formed, a slurry resulted, the viscosity of which 

was high enough to prevent the mechanical stirrer from 

rotating. Gurgiolo states that the desired products were 

readily precipitated from the reaction mixture and upon 

examination of his examples it can be seen that he utilized 
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reactants which are liquids at room temperature. All of the 

reactants employed by this author are solids at room tempera-

ture and the products which were formed were not soluble at 

the reaction temperature. 

Several attempts were made at recrystallization of the 

products formed by this reaction method, however, no suitable 

solvent was found. Many non-solvents were identified, how-

ever, which gave rise to the attempts using diethylene glycol 

dimethyl ether (diglyme) as a reaction medium. 

Diphenyl carbonate is an excellent "solvent" for the 

aromatic amines used in this research and also acts as a 

co-solvent with diglyme to hold the aromatic amines in solu-

tion at room temperature. The boiling point of diglyme 

(162.2°C) is sufficiently high so that the desired reaction 

temperature (120°C) could be achieved. A sufficient quantity 

of diglyme was used so that as product precipitated out of 

the reaction mixture it would not prevent mechanical stir-

ring. Additionally, at room temperature the products were 

readily collected via suction filtration and the reaction 

liquors were analyzed by gas chromatography for the presence 

of by-product phenol. 

The reaction of DPC with meta-aminophenol (MAP) yielded a 

cream-colored platey precipitate, with para-aminophenol (PAP) 

a light brown platey precipitate, with meta-aminobenzoic acid 

(MABA) a faint purple powdery precipitate, and with 
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para-aminobenzoic acid (PABA) a cream-colored granular pre-

cipitate. The theoretical and actual yields are listed in 

Table IV. 

TABLE IV 

Yield Data From DPC + SAA Reactions 

Theoretical Actual 

SAA(g)  DPC(g)  Yield (g)  Yield (g)  % Yield  

(MAP) 46.23 453.77 114.62 37.42 32.65 

(PAP) 46.23 453.77 114.62 28.54 24.90 

(MABA) 56.75 443.25 128.63 97.13 75.51 

(PABA) 56.75 443.25 128.63 12.36 9.61 

By-product phenol was found in all four reaction liquors. 

The percentage of the reaction liquor which is phenol is sig-

nificantly higher than would be predicted by the theoretical 

yield in all cases except for the reaction with PABA. In all 

cases the percent phenol present is significantly higher than 

the actual yields would allow for. (See Appendix C, G.C. 

1-4.) Table V lists the theoretical maximum percent phenol 

(adjusted for yield) which should be present in the reaction 

liquor, the percent found, and the percent found after 

adjusting for the relative ratios of a 10% (w/w) phenol in 

diglyme standard. 


