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ABSTRACT

The individual stages of the interaction of amines with halogens - 

in particular, iodine - have been studied.

'In the course of this investigation, it has been shown that amines 

and iodine interact initially via the nitrogen lone pair to form 

molecular complexes (CHARGE-TRANSFER COMPLEXES). Several of these 

have been isolated and some of their properties studied in detail. 

It was thus determined that these complexes can undergo further chemical 

change during which the hydrogen iodide which is generated converts any 

unreacted amine to the corresponding hydroiodide salt. The latter is 

inert to oxidation by iodine under the conditions employed. It has 

been shown that this mode of reaction is dependent upon the availability 

of a-aliphatic hydrogen in the amine molecule.

The initial oxidation product derived from the amine is the 

corresponding IMMONIUM SALT. This intermediate may, according to 

reaction conditions, undergo hydrolysis to secondary amine and carbonyl 

compound or conversion to ENAMINE; the latter may then undergo further 

transformation by inter- or intramolecular reaction.

The nature of the products isolated from the oxidation of several 

amines by iodine in isopropanol solution has been rationalised in terms 

of this generalised reaction pathway, which is analogous to those 

proposed by other workers for the oxidation of amines by other two- 

electron oxidants.

This reaction pathway also applies to the formation of an 

industrial disinfectant by the action of solid iodine on a commercially 

available tertiary amine mixture. It was thus demonstrated that most 

of the amine used is recovered from the reaction mixture as the base 

hydroiodide and that the hydrogen iodide needed for this conversion is



formed during the degradative oxidation of a minor proportion of the 

starting material.

Furthermore, it has been established that the biocidal principle 

of the commercial disinfectant formulation is the N-alkyldiethanolamine 

hydriodide. A concurrent study of the effect of structure on 

biological activity has confirmed the dependence of disinfectant 

activity on detergent properties in this class of disinfectants.
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CHAPTER ONE

ISOLATION AND IDENTIFICATION OF THE ACTIVE PRINCIPLE IN A COMMERCIAL 

DISINFECTANT FORMULATION BASED ON THE N-ALKYLDIETHANOLAMINE - 

IODINE SYSTEM.
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CHAPTER ONE: A. INTRODUCTION

THE HALOGENS AND HALOGEN DERIVATIVES AS DISINFECTANTS
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THE HALOGENS AND HALOGEN DERIVATIVES AS DISINFECTANTS

The halogens have been known since the early days of chemistry ' ; 

thus chlorine was recognised as an element by Sir Humphrey Davy in 1809 

and iodine by Courtois in 1811, whilst bromine was discovered by 

Balard in 1826. In contrast, mainly because of its exceptionally high 

reactivity, fluorine was not isolated until 1886. Fluorine is often 

considered separately from the other halogens and as it has not been 

used as a disinfectant it will not be discussed further here.

The utility of halogens and their simple compounds as disinfectants 

was recognised at an early stage. According to Mellor , chlorine must 

have been known to the alchemists for many centuries prior to Davy's 

work, and, in fact, one of the earliest records^ of the use of chlorine 

as a disinfectant dates back to 1791 when the gas was employed as a 

fumigant in hospitals* Chlorine was known to destroy and prevent 

foul odours and, prior to the establishment of the germ theory of 

human disease, the belief that foul odours and diseases are 

interrelated, was probably the principal reason for its use in this 

connection.

In 1825, Labarraque used chlorinated soda solution for the treatment

4 of infected wounds and recommended it for general disinfection . This

was followed by Semmelweiss 1 work on the use of calcium hypochlorite

as a skin disinfectant to combat puerperal fever which is described in

4 his famous book entitled 'Aetiologie 1 which was published in 1861 .

The biocidal properties of hypochlorites under controlled laboratory

conditions were demonstrated by Koch in 1881^ and, following the work
c; 

of Traube in 1894 , hypochlorites rapidly became the standard reagent

used in water purification. But the widespread use of hypochlorites 

did not begin until World War I when Dakin , in 1915» introduced the
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use of a 0«5$ hypochlorite solution for the disinfection of open and 

infected wounds. The usefulness of this contribution to disinfection 

is evidenced by the fact that 'Dakin's Solution' was one of the 

standard products described in the British Pharmacopoeia until 1963* 

However, the war was also indirectly responsible for the use of 

chlorine gas itself, instead of hypochlorites, in water and sewage 

treatment, because the need for vast quantities of chlorine for use 

as a poison gas provided the impetus for the technical advances which

led to the large scale production of liquid chlorine*

y Andrewes and Orton, in 1904 , were the first to suggest that

undissociated hypochlorous acid, formed by the action of water on 

elemental chlorine or hypochlorites, respectively, according to the 

following equations, is the true biocidal agent, because the 

biological activity of the resulting solution decreases with a rise 

in pH.

C12 + H20      > HOC1 + i + Cl

Ca(OCl) 2 + 2H20      ^ Ca(OH) 2 4- 2HOC1

In water treatment by chlorination> some of the chlorine combines 

with ammonia, amino acids and proteins present in natural waters, to 

form chloramines and other N-chloro compounds. The course of the 

reaction between chlorine and ammonia is somewhat complex and varies 

according to (a) the initial proportions of the two reactants, and
o

(b) the pH of the solution, and according to Alan and Brookes it 

proceeds as follows:-
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observation indicates that, although a ranGe of solid complexes 

of iodine monochloride with a given amine can be isolated, only 

one such combination can exist in solution in the donor solvent, 

dimethylsulphoxide. Simi larly, the value of 6 observed for 

hexamine: iodine, 1:3 in acetone, is almost identical to that for 

the corresponding 1:2 complex in the same so1vent. The result 

is in agreement with the reported formation of the 1:2 complex 

(p. 121 ) on dissolving- hexamine: 12s 1:3 in a suitable solvent. 

The tJ. values in Table 27 are the observed changes in 

chemical shifts of the protons ex to the nitrogen. As explained 

above it is necessary to double the value of for the hexamine 

1:1 complexes in order to obtain a value equivalent to all 

complexation occurring at one nitrogen. Clearly the same also 

applies to the corresponding triethylenediamine complexes. The 

'corrected' values and the 6 values for the 1:2 complexes may 

be compared with the results of the quinuclidine and trimethyla":".ine 

complexes. This comparison shov.'s that hexamine is the weakest 

of the donors used, with trimethylamine next whilst quinuclidine 

and triethylenediamine are the strongest donors. 

6. role of charge-transfer complexes during the oxidisation of 

amines by halogens 

The overall conclusion drawn from the spectroscopic study of 

solid amine-halogen adducts is that, at room temperature these 

are charge-transfer complexes containing a N-X-Y grouping. 

This conclusion also applies to the initial interaction 

between any tertiary anine and iodine. Thus, the brown colour 

of a solution obtained by mixing iodine with an amine is a clear 

indication that complexation occurs. Furthermore, the TT.easured 

ultraviolet absorption of systems such as trimethylamine-iodine 
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