
MOLECULAR DESIGNS AND DEVELOPMENT OF 
MONO-SUBSTITUTED PHENOL-BASED BENZOXAZINES: 
A CONTROLLED STRUCTURE AT MOLECULAR LEVEL 
AND THEIR UNIQUE SUPRAMOLECULAR CHEMISTRY

Mr. Apirat Laobuthee

A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of Doctor of Philosophy 

The Petroleum and Petrochemical College, Chulalongkorn University 
in Academic Partnership with 

The University of Michigan, The University of Oklahoma, 
and Case Western Reserve University 

2002
ISBN 974-03-1556-9

I 20f>9 4015



Thesis Title: Molecular Designs and Development of Mono-Substituted 
Phenol-Based Benzoxazines: A Controlled Structure at
Molecular Level and Their Unique Supramolecular Chemistry 

By: Mr. Apirat Laobuthee
Program: Polymer Science
Thesis Advisors: Asst. Prof. Suwabun Chirachanchai

Prof. Hatsuo Ishida

Accepted by the Petroleum and Petrochemical College, Chulalongkom 
University, in partial fulfillment of the requirements for the Degree of Doctor of 
Philosophy.

...........^ . ' . ^ . ' * * ? * ! .......College Director
(Assoc. Prof. Kunchana Bunyakiat)

Thesis Committee:

...........A -  £ ^ ^ ^ -  (Chairman)
(Assoc. Prof. Kunchana Bunyakiat)

1wJbwiJU&au___^

(Asst. Prof. Suwabun Chirachanchai)

N .■ . . ^ ( ^ : ..............
(Asst. Prof. Nantaya Yanumet)

\ J .

(Asst. Prof. Vanida Bhavakul)



Ill

ABSTRACT

4092001063 : POLYMER SCIENCE PROGRAM
Apirat Laobuthee: Molecular Designs and Development of Mono- 
Substituted Phenol-Based Benzoxazines: A Controlled Structure at 
Molecular Level and Their Unique Supramolecular Chemistry.
Thesis Advisors: Asst. Prof. Suwabun Chirachanchai,
Prof. Hatsuo Ishida, 119 pp. ISBN 974-03-1556-9 

Keywords : /^-Substituted phenol based benzoxazines / Ring opening
polymerization/ Self termination / Obstructive effect / Inter- and 
intramolecular hydrogen bonds / Asymmetric reaction / Mono- 
oxazine / Difunctional 30-membered macrocyclic esters / 
Difunctional 30-membered macrocyclic ethers / Inclusion properties 
Metal ion extraction / Host-guest compound

A series of molecular designs and syntheses of the open ring /(-substituted 
phenol based benzoxazines as well as their structures of aza-methylene linkage 
calixarene-like and the induced inclusion phenomena have been studied. Against the 
theoretical ring opening mechanism, /(-substituted phenol-based benzoxazines self- 
terminate their polymerization to give neither polymer nor macrocyclic compounds 
but only dimer products. The networks of inter- and intramolecular hydrogen bonds 
are the key factors to give an obstructive effect on the polymerization as clarified by 
X-ray structural analyses. The intramolecular hydrogen bond of o —H—N further 
affects the reactivity of hydroxyl groups on the phenol units and controls the 
Mannich reaction of the dimers to produce an asymmetric mono-oxazine. The 
reaction of the /(-substituted phenol-based benzoxazine dimers with diacid chloride 
or ditosylated glycol is simple, effective, and highly selective, without using any 
specific catalyst to quantitatively produce a series of oligo linear or difunctional 30- 
membered macrocyclic ester and ether compounds. The /(-substituted phenol based 
benzoxazine dimers reacts with monoacid chloride to obtain a series of diester 
benzoxazine dimers. The studies on inclusion phenomena clarify that /(-substituted
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phenol-based benzoxazine dimers and their derivatives including macrocyclic 
compounds are a novel type of host compound interacting with metal ions. In the 
case of /^-substituted phenol-based dimers and their derivatives, the metal interaction 
is formed in an assembly type. The efficiency is dependent on (i) ester group on 
phenol ring, (ii) bulky group at aza group, and (iii) bulky group at para and ortho 
positions of phenol unit. Meanwhile, in the case of difunctional 30-membered 
macrocyclic, especially ether compounds, the host-guest interaction is under the 
stoichiometric ratios implying the interaction between cyclic compounds and metal 
ions at individual molecular level.
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