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FOREWORD 

These studies have been carried out over the 

period, November 1950 - May, 1953, in the Biochemistry 

Department of ot. Mary's Hospital Medical 6choo1, with 

the assistance of a Qtudentship from the Medical Research 

Council. 

In Part I, the results of an investigation of the 

metabolite* of 3:5-dinitro-o-cresol, in the rabbit, have 

been described. This compound is used in agriculture, 

as a pesticide and herbicide, and its toxicity to man 

has caused concern. It is intended that a contribution 

be made to an understanding of the metabolism of the 

compound and of nitrophenols in general. 

The mechanism of biological oxidation of alkyl- 

benzenes, described in Part II, is an extension of 

studies in the detoxication of aromatic subt;tances, 

which have bean made in this Department. A knowledge 

of the means whereby aliphatic side chains, in a molecule, 

are eliminated, is of practical application to the devel- 

opment of drug chemistry. 

Preliminary discussions of the results have been 

read as papers to the Biochemical oociety (Proc. of 



Biochem. Soc., Biochem.j. (1952) 50, xxxvii and (1953) 

53, iv), and a fuller account of the urinary products 

rf dinitrc-o-cresol metabolism has been published 

(Biochem.j. (1953) 4, 225), 

I _1m deeply grateful to Professor R.1. Ailiams, 

director of this research, for his encouragement and 

constant supervision, for making available the crystalline 

Faucuronides employed in the studies desoribea in 

Appendix II and IV, and for permission to include the 

results of an investigation of cumene metaholi 	prior 

to .t8 publication elso.'here. Dr. J.N. smith has, by 

his patience and advice, greatly contributed to the 

understanding of the methods employed and of the results 

of the work, Dr. smith prepared the resolved forms of 

methylphenylcarbinol used in animal experiments. 

The figures for -911ouronide and ethereal sulphate 

excretion of tmylbenzenes tcre :::ontributed by 

rise F. nalley. 

June, 19b3. 
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CHAPTER I. 

Introduction 

%he use of the letters DRO3 to denote 4:6-dinitro-o-

cresol (in the usage of the American Chemical society), 

3:5-dinitro-o-cresol (in the usage of the Chemical :society), 

or systematically, 2-methyl-4:6-dinitrophenol, has become 

acceptable in the industrial and academic fields and will 

be adhered to in this thesis. 

The purposes for which this substance has been applied, 

during the time of its ready availability to medicine and 

industry, have varied as the potential value of aromatic 

nitro-compounds has been realized. 

The properties as a dye were first exploited. The 

potassium or ammonium salts of DNOC and 2:6-dinitro-2-cresol, 

together were named Victoria Orange, Saffron Airrogate, 

Aniline Orange or gold yellow, and used Is colouring agents 

for foods, but the toxic qualities led to their being 

forbidden and the next use for the mixture was as an 

insecticide under the name of Antinonnin (Rosenthaler, 

1923). Alone, or with E.cresol, it was found more effective 

against cockroaches than sodium fluoride or pyrethrum 

(Graham, 1942), and it is employed with great efficiency 

against all insects and their larvae. As a spray of 2 
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DNOC in oil or as a dust, vast quantities of MCC have 

helped to control the locust menace in Afrioa,(Gunn, 1945). 

It is an effective fungicide and ovicide, being sprayed on 

fruit trees in the dormant season to remove scale and scab. 

In the last few years, DNeC has assumed importance in 

British agriculture owing to its selective herbicidal 

properties. The weak aqueous solution of the salt is 

sprayed on fruit trees in the spring to thin out blossom, 

and in the early summer a stronger solution is applied to 

rid cornfields of mayweed, poppies and other weeds. 

-Ath its recognition as a stimulator of metabolism 

(Dodds & Pope, 1933) DNOC became a slimming agent and 

caused several fatal poisonings before its use therapeutic-

ally was abandoned, 

The Toxicity of DNOC. 

The selection of DNOC from amongst the many related 

aromatic substances available, cresols, nitrobenzenes and 

nitrophenols, has depended in part on the peculiar toxicity 

to so many forms of life, of its particular arrangement of 

substituted groups. In Table I the toxioities to laboratory 

animals of some of these substances are compared. The facts 

concerning phenolic. compounds were taken from von Oettingen 

(1949). 



TABLE I 

The Toxicitie'z of some Aromatic Substances  

Substance Fatal Dose 
./k 

Animal Uethed of 
administration 

Reference 

Benzene 636 guinea pig intraperit. from El1inger (1923) 

Toluene 441 guinea pig intraperit. Hefner 1 (37) 

(420-620 rabbit oral Deichmann & aitherup (1944) 

Phenol 620 rabbit submit. ,, 	* 

( 	266 dog subout. Duplay & Cazin (1891) 

o-Cresol  
( 	940 rabbit oral Deichmann & 4itherup (1944) 

(450-500 rabbit subout. Voili (1891) 

m-Cresol  
( 1400 rabbit oral Deichmann & ditherup (1944) 

(500-600 rabbit submit. Neill (1891) 

( 	6X rabbit oral Deichmann & ditherup (1944) 
2-Cresol ( 

(300-400 rabbit subaut. heili (1891) 

Nitroben,ene 

allabilkilmobillimmaus 

750-1000 dog oral Gibbs: & Reichert (1894) 

0411itrophenol 100 dog intray. Gibbs & Hare (1889, 1894) 

mAitrophenol 83 dog intray. a 	0 	ii 

24itrophenol 

2:4 -DNP 

DNOC 

4:6-Dinitro-2 seo-
butylphebol 

	

10 	dog 	intray. 	* 

	

200 	rabbit 	oral 	kagne e al (1932 a) 

	

( 80 	rabbit 	subcut. 	- ialko (1901) 

	

15 	dog 	subaut. 	Heymans & Casier (1935) 

	

20 	rabbit 	eubcut. 	A 

	

60 	rat 	oral 	Spencer et al (1948) 

180 	rat 	oral 
hexylpheno1 

Dinitrote1uene 

2:4:6-1rinitro-
phenol 

500 	cat 	 dhiteft al (190) 

( 700 -1000 	rabbit 	oral 	Charon (1E80) 

400-500 	rabbit 	subout. 	N 	H 
( 
(40G-300 	rabbit 	subaut. 	Ilzhofcr (1918) 
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From this table, may be deduced several facts concerning 

the effect on toxicity to animals of substitution 	the 

alkyl radicals and nitro- and phenolic groupings into the 

benzene nucleus. 

(i) The introduction of a methyl radical brings about 

various changes. Toluene is more toxic than benzene, although 

here the effect is reversed in cumulative poisoning, and 

DIM is more toxic than 2:4-dinitrophenol. On the other hand, 

all the cresols are less toxic than phenol, and nitrotoluenes 

less toxic than nitrobenzenes. An increase in the molecular 

weight of the alkyl side chain decreases the toxicity to 

animals but, as will be shown later, this effect does not 

always parallel their effectiveness as insecticides and 

fungicides. 

(ii) A phenolic grouping in the molecule increases the 

toxicity. Dinitrophenol ie ten times as poisonous as 

m-dinitrobenzene and an even greater change is obvious 

when a hydroxyl adjacent to the alkyl radical is introduced 

into dinitrotoluene. 

(iii) A second nitro group increases toxicity. Both 

nitrobenzene and the nitrophenols illustrate this effect. 

Dinitrophenols are lethal at oral doses of 40-80 mg./kg. 

which is between one-half and one-third of the amount of 
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mononitrophenol required. A third nitre grouping may cause 

the toxicity to fall again. 

(iv) The toxic properties of these substances depend on 

the mode of administration. An oral dose appears always to 

have less effect than a subcutaneous, intravenous or intra-

peritoneal injection. 

Ho work on the actual metabolic pathway of DNO0 has 

been conducted using invertebrates but numerous toxicological 

studies have been made on all forms of insect life, with 

DNOC and related compounds. A summary of the insects which 

have been shown susceptible to DNOC has been riven by 

Graham (194). The extent of ionization in the molecule 

appears to affect the lethal dose. Brian (1945) demonstrated 

that the fungicidal properties were decreased by as much as 

three-quarters by changes in pH. The tcxicities of various 

dinitrophenates were compared (Kagy, 1936) using various 

species of insects, corn ear worms, army worms, cabbage worms 

and red-legged grasshoppers (American terminology). It was 

found that 2:4-dinitro.67cyo1ohexy1pheno1 and its calcium, 

magnesium, lead and copper salts (particularly the calcium 

salt) were extremely toxic. The 2:6.4initro.4-phenylphenates, 

calcium 2:6-dinitro-4-cyolohexylphenate and the lead salt of 

.1)NC had little or no toxicity although the parent compounds 

had strong effects. In the pyclohexyl derivatives the 
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position A' the hydroxyl group greatly determined the 

toxicity of the substance. 

In another communication, Kagy (1941) compared the 

relative efficiencies of some 2:4-dinitro.C.A.phenols where 

R was a hydrogen atom, alkyl or alicyclia group. aith silk 

worms he found an increase in length of the chain up to 

six 3r seven carbons decreased the lethal dosage. Thus, 

hexyl and heptyl derivatives possessed twelve times the 

toxicity of DNOC. The alicyclic phenols were slightly less 

poisonous than their straight chain analogues. Thus, 2:4. 

dinitro-6-oyolehexylphenol possessed seven times the 

toxicity of DNOC. 

Tainter, Bergstrom & Cutting (1935) found the effect. 

iveness of the cyclohexyl derivatives greatly varied in 

different animals but agreed that they had not been shown to 

stimulate human metabolism. 

oimilarly, 4:6.dinitru-2-sec-butylphenol, effective as 

a dust against chinch bugs (Decker, 1943) reuired a lethal 

doaate of 60 mg./kg. in rata (spencer, Rowe, Adams & Irish, 

1948). 

The herbicidal properties declined in the order 2.sec. 

butyl, 2-isopropyl, 2-ethyl, 2.methyl (Crafts, 1945) that is, 

with shortening of the side chains. 
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Kagy (1941) came to the opinion that the order c 

toxicity of these phenols in insects and mites is reversed 

in man. 

An aromatic ring inserted into the 6-position produced 

a substance of Inferior metabolic effect in rats and pigeons 

(Heyman s & Cagier, 1945; lainter et al, 1935). 

The toxicity on codling moth larv,te, after replacing 

the phenolic hyeregen of D14(0 by an acetyl or methyl .rcup, 

was L. dered somewhat (emith, iegier & ::unger, 1935. 4:6-

Dinitrocreeoi acetate and ,;..1)thyi-e:o-dinitruanieeic 

posseesed 90 and 75,f; respectieely of tLe power of the 

uncombined material. 

The Metabolic Fate of Related Substances  

hile the metabolism, in the animal body, of the 

particular combination of alkyl, phenolic and nitro-groupings 

such au occurs in niN.0 has nut been investigated before, 

the fate of aromatic eubete.nces containing these subotituente 

alone or in simpler combinations hau been frequently studied. 

wince 1677 (Banmam & Herter) it has been known that 

creeole are excreted as their ethereal Eulehatee and in 

1911 (Veuberg & Kretscher) the cenjuee.tion of 2-cresol with 

f,lucuronic acid in the dog as eemonstitted. Oxidation of 
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the methyl radical of 2-cresol Was found by Preusse (1881) 

uo also isolated 2:5-dihydroxytoluene from the urine of 

doge fed o-cresol. Bray, Thorpe & White (1950) prepared a 

balance sheet of the products of o, m- and ..cresol 

metabolism in the rabbit. The results for Q»Cre.,01 were 

as follows :- 

1% excreted free 

as the ethereal sulphate 

	

72% 	as an ether glucuronide 

	

lees than 3% 	as 2:5.dihydroxytoluene. 

Nitro groupings may be excreted unohanged or be 

reduced to amino groups in the animal body and the pathway 

by which nitrobenzene, as the simplest member of the series, 

is reduced has been a point of controversy for forty years. 

Meyer (1905) found 2-arainophenol, probably eohjugated as the 

ethereal sulphate or glucuronide, a major metabolite and 

although aniline itself was not isolated from animals, after 

dosing, its place as an intermediate had been postulated by 

Letheby (1863). In fermentin yeast nitrobenzene, nitroso-

benzene and phelylhydroxylamine were reduced to aniline 

(Reuberg & ilde, 1914). Heubner (1914) postulated nitroso-

phenol as an intermediate, which would rearrange to form 

the quinoneimine before further reduction to 2.aminophenol 
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took place. ifl the latest :;tudy on nitrobenzen metabolism 

in rabbits, Robinson, smith & 	(19,5l) confirmed 

the presence of free nitrebenzen• in urine and showed that 

the excretion occurred of all three nitrophenols and 4-nitro- 

catechol. Aniline and 0-, mi. and E-e.minophenols were 

present. 35;4 of the dose 7Jas estimated as 2.arrinophenol. 

In their scheme of the metabolic pathways they did not find 

it necessary to postulate the formation ofR.nitrosophen01 

or quinoneimine. 

.A.11 three isomeric.: dinitrabenzenes vvere reduced by 

frog muscle; in the order of d.ccreasing eaee, o 

(Lipschitz & Osterroth, lV,...)4). Their ability to cause 

methaemoglobinaemia was in the sequence 2 > 	o, in the 

order of decreasing efficiency (lieubner & 	l938). 

The nitrotcluenes were studied by Jaffe (1874., 1e73). 

The 14-erapound produced R-nitrobenzoic acid, eJ,oreted as 

the hippurate; o..nitrotoluene in dog3 produced a mixture 

of the glueuronides of0«nitrobenzyl alcohol and-flitro-

benio acid in the propc,rtiun 9:1. 

The probaoility that a methyl radical adjacent to a 

ni tro.grouping might be oxidiset', in dinitro and trinitro 

compounde, vies sugr;ested by Channon et al (19•4; when the 

detoxioation ofz:ii:6-trin:Ltrotoluene by rabbitb was under 
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investigation. In this case an oxidation to the alcohol, 

excreted as the glucurcnide, was postulated. Ihese workers 

also showed that a 2-nitro group Was more easily oxidised 

than the o-nitro group (by comparison of the relative 

amounts of the reduction products in the urine) and they 

isolated 2:6-dinitro-4-hydroxylaminotoluene from the urine. 

In rate the methyl group may be completely removed (Lemberg 

& Callaghan, 1944). 

rase of reduction of nitrophenols has been proved by 

Gibbs & Hare (1889, 1894) to increase in the order o m 

(compare with 2:4:6•trinitrotoluene above) and the .1). 

compound possessed ten times the toxicity of the 0-nitrophenol. 

They postulated thut, as the trxicities of these substances 

are in the order of ease of reduction, the metaoolio 

products of nitruphencl metaboli,..m are themselves 

responsible for the toxic effect; for example, by the 

production of methaemoglobinaemia. Ibis suggestion cannot 

be correlated with the previously discussed metaLolism of 

dinitrobenzenes and certainly cannot explain the pronounced 

effects of DNOC and 2:4-dinitrophenol. 

The substance closest to DNCC in both chomical and 

physiological properties is 2:4-dinitrophenol (DNP). It 

has been used in the dye and explosive industry and, like 
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MCC, was employed therapeutically as a reducing agent (von 

Cettingen, 1949). It was first sug7ested (Lutz & Baume, 

1917) that DNP was excreted unchanged,but in a more 

intensive study Mame, Mayer & Plantefol (1932) and Guerbet 

& Mayer (1932) showed that after administration to men and 

dogs, DNP was excreted unohanged,as 2-amino-4-nitro--phenol 

and 4-amino.-nitro--phenol, and there was a probability 

that the 2:4-diamino-o-phenol was formed. Conjugated 

substances were detected. The main product was 2.ardno-4.. 

nitro-o-phenol. DNP and reduced forma were identified in 

the brain, blood and cerebrospinal fluid of doge after death 

(Guerbet & Mayer, 1932). Georgesou (1932) working with dogs, 

precipitated metabolites of DNP with basic lead acetate and 

digested the solid with 20 sulphuric acid. The solution 

gave a strong naphthoresercinol reaction, showing the pres-

ence of a glucurenide. 

In a bacterial succinic dehydrogenase system, 2-amino.. 

4-nitro-o-phenol was the main reduction product from DAP 

(Grenville & stern, 1935). 

Results of examination of urine and tissuee of patients 

suffering from tixic symptoms, following the therapeutic use 

of DNP, have been less definite (Perkins, 1919; Lutz & 

Baum°, 1917; aoodward, 1946). There was no significant 
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increaee in ethereal sulphate excretion (Tainter, Cutting 

et Hines, 1935). 

Parker (1952) demonstrAce that there eas a very 

great dissimilarity beteeen the products of reduction 

formed in vitro with rat tissue homogenates, and the 

substances appearing in urine. His experiments proved that 

D!P is affected by an enzymic process. The possible amino 

derivatives were 4-am1no-2-nitro, 2-amino-4-nitro-o-phenol 

(both ether soluble) and 2:4-diamino-e-phenol ehich is 

water eeluble. The products ,.ere separated into ether 

ecluble and aqueous fractions and after chromatography of 

the firnier traction, using an alumina column followed by 

development on a paper strip of the bands, were finally 

identified spectresc(eically. He demonstrated that 90/  

of the total ether-eoluble amine was 4-amino-2-nitro-o-phenol. 

This amine was more rap4dly deetreyed in Iv megenates than 

its isomer, and during the time of its destruction, there 

was only a elight increase in the water-s luble amine 

concentration. On whole rats, by paper chromatograjay of 

urine extracts, he demonstrated the exaretion of ,.;-amino-

4-nitro.c.Thenol only and concluded that the excretion 

products represent the balance of production and destruction 

of both amineenitlephenols. 
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Parker showed that the product of =00 reduction in 

rat tissue homogenates was a diazotisable amine which he 

did not identify. 

Absor.tiofl and Elimination of DNOC and DNP. 

DV00 may enter the body by absorption through the 

akin, lungs and gut. 6pencer et al (1948) demonstrated 

ready absorption through the skin of guinea pigs and rabbits 

and it has been confirmed on man (Harvey, Bidstrup & Bonnell, 

1951). These workers showed that application of heat 

increased the concentration of DNOC in the blood after the 

skin had been painted with a solution, but not after oral 

administration. 6ohwartz (1936) proved that absorption via 

the lungs could lead to severe toxic effects. 

The rapidity with which the removal of DNOC can be 

effected depends on the species. King & Harvey (1953 a) 

suggested the efficiency in eliminating DNOC is in the 

order rabbit >rat> man, Parker, Barnes & Denz (1951) have 

shown that DNOC disappears rapidly from the blood stream of 

the rabbit. Man can accumulate it (Harvey et al, 1951)0  

blood levels of 15-20g./g. resulting from daily doses of 

1 mg./kg. Man excretes 0.8,Z of the dose within ;A hours 

after a dose of 1 mg./kg. The rabbit, after administration 

of 25 mg./kg. excretes 5.9% within the same period of time. 
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Excretion of DNOC may be continuing in man 4-5 weeks after 

dosing. Storage in the tissues seems to be of a temporary 

nature, despite the evidence for cumulative poisoning in 

man. The liver, spleen, kidney, intrascapular fat, muscle 

and brain of the rat rapidly destroyed DNP and MCC in vitro 

(Parker, 1952). The tissues of a man after a fatal case of 

poisoning contained less than 5, ./g. DNOC except for the 

synovial fluid where a concentration of 44)1-Lg./go was 

estimated (Meer, I9-51)=.461ter addition of DNCC to human 

blood plasma 95L of the material was located in the albumin 

fraction (King & Harvey, 1953). Therefore such storage as 

may exist seemed likely to be in the exAracellular fluids 

of the body. 

In these studies DNOC was estimated by Parker's method 

(1949), the limitations of which will be discussed later. 

Effect of DNOC and DNP on the Body Tissues, 

The two substances are considered together because, 

qualitatively, their activities are almost identical. 

Di'rg C can replace DNP in in vitro experiments with tissue 

slices and homogenates, although the latter substance has, 

more often, been used and DNP was replaced by DNOC as a 

reducing agent only because, as a side action, it may cause 

agranuleCktosis and bilateral cataract (Dodds & Pope, 1933). 
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The two compounds are amon7 the aromatic nitro-compounds 

ihich do not give rise to methaemoglobin and Heinz bodies 

(kagne et al, 1932 d) but possess at certain concentrations 

a stimulating action on cell metabolism. The relative 

activities of some nitrophenols were measured by Heymans & 

Casier (1934). 

2-cyclohexy1-4:6-dinitrophenol 455.1 

DNOC 207.5 

Dinitrothymol 178.2 

2:4-DNP 100 

2:4.Dinitronaphthol 99.3 

2:4-Dinitro-6-aminophenol 16.4 

On whole animals this was revealed by a hyperthermic 

action, demonstrated on dogs, cats, pigeons; weak or 

absent in guinea pigs, rabbits, rats and mice (Heymans & 

Casier, 1935). The validity of these findings has been 

questioned by Tainter et A_ (1935). 

In man, the onset of poisoning by DNOC is marked by 

fatigue, sweating, thirst, loss of weight and an 44anxiety 

complex". soon there is hyperpnoea, tachycardia and hyper-

thermia and a relapse into coma precedes death (Bidstrup & 

Payne, 1951). 

The inhibition of the Pasteur effect by DNOC was shown 

(Dickens, 1939) in brain preparations where it increased 
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respiration 4ne aerobic plycolysis. DNP inhibited the 

Pasteur effect in bull spermatozoa (Melrose, 1951). 

resume of the result:, of experiments in vitro by other 

lorkers, V4*;46 published, by Loomis & Lipman (1948) the effects 

including blocking of synthetic processes and nitrogen 

assimilzAion, inhibition of grewth differentiation, and the 

t• rnution of adaptive enzymes and they Proved that DNP was 

a reversible inhibitor of the coupling between phosphoryl-

ation and oxidation of rabbit kidney homogenates. 

DNP did not affect certain enzyme systems, e.g. 

respiration if x..kete.glutarate, suceinate and e.hydroxy. 

butyrate (Judah & Yilliams.Ashman, 1951) unless they were 

deficient in Inorganic phosphate or adeninenuele( tide, in 

which case, oxidation as stimuleted. The apparent liber. 

ation of inorganic phosphate hes been explained by 1.epley 

(1949) as a discharge from unstable esters in the gel of 

the system. .w:erg cf tiee gel (with dicharp7e of gel phos-

phate) led to a reduction in the :Tr effect, l',ut this 

postulate has been disproved by Judah (1953), who replaced 

it by the more acceptable hypothesis that, since DINTP 

inhibited phosphate uptake in respiratory systems from 

pyridine nucleotide upwards, the substance prevents a 

tranophospherylation betf,een unstable esters and adenosine. 
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5-phosphate, at the three successive steps from pyridine 

nucleotide, through flavoprotein, to the eytnchrome system. 

Termer (19:1) holds the same opinion, bl4eed on work 

concerning the stimulation by DIM of lactating mammary 

tissue. al.v-J effect on brain tissue slices was quantitat-

ively eealivalent to maximal electrical stimulation and the 

response was additive except nhen each vas near maximal 

(Peisd & Field, 1948; MoIlwain & Gore, 1951). 

This elucidation of the highly s-eecifie action of eNP 

on ti,,qies has been of value for the diagnosis of the mode 

of ,Action of certain enzyme systems. Shue :Lerner (1951) 

sugested that a common meohaniom for the Pasteur effect and 

oxidative phosphorylation wao likely, since affP inhibited 

them both. 

The roe of assimilation of glutamic acid ,by 

;taphylecaccuo aurou  ha' beel studied using DNP (Gale & 

1g50) as, in its presence, the accumniatinn of free 

acid and protein synthesis can be separated from ferLientatiun, 

in the cell. 

Yantl, Lincoln & Neleon (1951) found that IANP increased 

reepiratien of rat liver slices metabolising octanoate and 

pyruvatc at a concentration when phosphorylation of fructose 

was inhibited, and therefore ooneluded that oxidative 

phosphorylation is not involved in the intracellular 

breakdown of these substrates. 
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pi ,I, „IvL 2hyEicle,eieelly A,gnificant ;:,xbetancee. 

T'le obvious peeetble connection between DNCC acttv4ety 

and that of thyroxine was discounted by Dodds & Robertson 

(1933) who, while determining the optimum therapeutic dosage 

of :Oca, noted that the increased metabolism occurred without 

proportional stimulation of the cardio-vascular systeri. 

They found that DNCC voui4 not alleviate the symptoms of 

myxodoema. However, rabbits and rats fed thyrpil extract:, 

had a lowered resistance to both JNP and WOO (G1aubach 

& Pick, 1934; Barker, 1946 b). Thiouraoile.treceted rats 

shoed a decreased response to DROC and Cradner & Siedek 

(1949) recommended 1() u'. of _.5e; sodium methyl thieuraeil 

by intravenous injectiee as art antidote to 1E00 poisoning. 

They claimed that it reduced the rise in metabolic rate, 

The common action of MOO and of the antimalarial drug 

.mepacrine in reversibly uncoupling nhosphorylation from 

oxidatf,en has bean noted by loomis & Lipman (1948). 

17epacrine inhibite choline esterase and enzymes containing 

riboflavin 	a prosthetic .roup, e.g. cytochrome reductese, 

')amino-acid oxidace (Sexton, 1949). It has been eugeested 

that, in this eeee, t112-20 is a competition for the protein 

moiety of the eneyele, beteneen inhibitor and prosthetic group. 

Uo reference to a connection bet:,cen DNCC effect and 

Vitamin B deficiency has been encountered, although The 
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aggraraIion .)r rc. toxieity in alcohelice (Kocejeman, 1937) 

nay be relevant. 

hixe Vitenin U defioiancy has been very inconalueively 

shoen to affeet the toxicity of benzene a definite linkage 

has been established between the toxicity of aromatic nitro 

compeunds and Vitamin C levels While & Goldwater, 1949). 

Therapeutic doses of 1):100 and;ti P diainish the reducing 

constituents of urtne and ))NP ray oause oataract in the 

lens of the eye, Allah centaina comparatively strong 

eencentratiene of Vitamin 	(von Cettingen, 1949). 

The Present ork 

Uhe toxicity of DNO0 rendered its use as a elime_ing 

agent ine.dvisable, but the large ecale use of tLe oheelioal 

as a herbicide, insecticide, larvicide and fungieide has 

resulted, despite prcceutions, in the death of eeveral 

workers. Thum, during the years 1045-1951 nine persons 

in England, of whom eight here agriceeturel worker:: were 

fatally injured (Biaistrup & Payne, 1951). lreatment ellh 

nun-specific methods - intramuscular sedatives, rest, 

oxygen, cold spraying and fluids - have failed in cases 

where the poisoning was sufficiently advanced to cause 

obvious syrptems. Anti-thyroid drugs (Barker, 1946; 
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Crecoaer & Siedek, 1949) have been of doubtful efficaoy 

and it has therefore been desirable to obtain :Jone under-

6tandinp: of the metabolic processes which the oubstatice 

aff,Jat, and by whioh its own fate in the animal body is 

determinea. Usin -  the clok)ely related substance LEP, the 

enzyne systems affeoteA have been identified (Judah, 1951), 

but the ebtimation of DNOtil tn the tissues or urine of 

,orkers and animals has always been by a method which did 

not allod for certain structural changes in the "WC 

molecule (Parker, 1949), This present work was designed 

to lead to an identification and estimation of the metaoclic 

products occurring in the urine after the administration of 

DNOC to rabbitb. 



CH3PVJi2 II  

Materials and Methods 

Mile no comprehensive ..;t11,ty f the products of fig0C 

metabolism in animals bas bon reported, certain pr,bable 

pathways of detoxication were deduced from the results 

obtained when the fate of simpler aromatic substances, 

containing uubstituente in the same relative positicno as 

ITICJ itself, had been investigated. Compounds contLdninp 

aro.tic nitro groups are eliminated free and as their 

reduced derivatives. It was likely further that an amino 

group formed in the body Irv,1;10 be partially acetyl-tted 

before excretion (7i1liams, 1C)17). 

:1, methyl radical may be partially xidi..icd 1( the 

alcohol and carboxylic acid and conjugation of the oxidation 

product is prcbabl. 

Detoxication of the phenolio group occurs by conjuliation 

as the glucuronic acid or ethereal sulphate 	 1947). 

Interest lay in the ,,uestion of whether one or b. th of 

the nitro groups of DNOC would be reduced, The ease of 

reduction (judged from the relative proportions of i,ol.cted 

products) of mononitrophenolt-; had been shom by Gibbs & Hale 

(1889, 1894) to increase in the order 0.< 4E <Ja. But picric 

acid (2:4:6-trinitrophenoll wts partially reduced to picraric 
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acid (4:6-diniLro-nophenol) (dalko, 1901). 

hich is so clo,ely related to itT(C principally 

underwent reduction of the ov.amino group in the intact animal 

(Uagne et al, 1934; Parker, 195) but in rat tissue, Parker 

(1954 identified 4..,,mine•z-nitro,phenol as the main product 

although he observed that its rapid destruction followed. 

In this investigation, it Nas thought necessary to 

prepare as reference compounds for the identification ( l' the 

metabolites of DNO3, 4:G- and 6:4..aminonitrJ-u.cresol and 

4:C.diamino-o*oresol. 3:5*Dinitro-, 3-amin0.5-nitro- and 

3:5-diandnosalL-ylic acids were alL, made. Corresponding 

substances in which amino groups have been aoetylatsd were 

prepared. 

The efficiency of elimination of DNCC by various animals 

had been detertained by King & Harvey (1953 a) to follow the 

order rubbito>rats -.7-rcian (in the sequence of decreasing 

ease). Rabbits were, therefore, mo9t suitable animals on 

whioh to perform detoxication experiments, excreting about 

7,4 of a dose of 40 mg. in the 24 hours after feeding. 

Reference  Compounds  

The reference compcunds were characterised by m.p.'s 

(uncorrected), colour reactions and their U.V. absorption 

spectra. They were chromatographically uniform. 



DNOC (Pest Control Ltd..) after reorystallis:Aion from 95% 

ethanol possessed n.p. 860; in 0.IN-Na0H, AA
1 cm• 

max 	

wax 265, 370 "u. 

el cm. 5000, 12800 and inflexion A408410 r9m4 € 	OA 10000; 

in 0.3a.41C1, Azax 268 ma, E 	1260e. 

6-Amino-4-nitro-o-cresol (Cazaneuve, 1897). Reerystallieation 

was from aqueous ethanol as orange needles, m.p. 1780; in 

0.11141a0H Amax 272, 460 mu, F "n" 6100, 14600; in 0.4-HC1, max 
A 225 mµ 	°la max 	8600. 

6-Acetamido-4-nitro,o-eresol (Friedlander, 1931). Purific-

ation was by c1tarcoalin:7 in aqueous ethan(1 and the very pale 

yellow crystals, frori. ethanol, possessed m.p. 2090; in oaig. 
?tA x 285, 425 mw, el "" 6700, 13900; in 0.111.HC1, • / 	MAX 

Amax 280 mu, 1 cmo 6400. MAX 	 max 

4-Acetamido-6-nitro-o-cresol (ffietzki & Ruppert, 1890). 

Orange needles crystallised from ethanol with m.p. 2230; 

in 0.214-Na0R,A ATi~a  x 252, 445 11!vJ4 €!Zc" 14400, 3900. 

4-Amino..6.nitro..o-cresel (1ffietzki & Ruppert, 1890) prepared 

as dark red nedles, m.p. 	in 0.1N41a0H, AA. 237.5, 
415 mu, El am° 14000, 4450. 

max 

4:6-Diamino-o-cresol dihydrochloride. An equivalent of tin 

max 
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in HC1 accomplished the reduction of both nitro groups of 

DI4CC (Cazaneuve, 1897). For isolation of the product the 

reaction mixture was neutralized with'sodium acetate and 

acetylated. After dilution and acidification a slow 

precipitation of 2-acetcxy.3:5.diacetamidotoluene occurred. 

Hydrolysis Was effected by refluxing a suspension of the 

reprecipitated crystals in concentrated H7:1 for :3 hours when 

an off white solid separated out *. the dihydrochloride of 

the base. 

	

(Neldola, Foster 	Brightman, 1917). 

After 	 tallisatii fri chloroform the pale yello4 

pry. duct possessed m. < . 1720. 

3 Amino..b.nitrosalisylic acid (Leldola et al, 1C717). 

orange crystals, from ethanol, had ra.p. 2290; in C.IN.6a014, 

AAmax  292.5, 457.5 wiv e' 	573c), 16000. max 

3-Acetamido-5-nitrosaliGzlio acid (Meldola et a1, 1917), 

Mops 2460 , 

;$:5..Diaminosalicylic acid dihydrochloride was prepared by 

the saale method as was used for the G rresponding cresol. 

White crystals were obtained with no m.p. 
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OoLur  

The following reagents were used as aids in the 

characterisation of the reference cempounda and for he 

location of substances developed on paper chromatogram, 

rihe individual reactions are given in Table .4. 

2 -1 aCM and 2N -H1 solutions. 

Ammoniacal 	'A)3 was prepared from 10 ml. calq-iign3  and 

1 drop 4001 Nall{ with enuugh dilute ammonia to clear the 

s:lution. 

Diaz° reagents (i) A spray of 	NO2  in dilute acetic acid 

was followed a few ;Anutes later by a spray of 1,. ?-naphthol 

in N-Na(di. 

(ii) With urine the test was carried out by 

acidifying Ath dilute H01, adding a drop of 0.1.;Na1102, 

follo1;4ed by l, amonium suipharnate, then coupling Jith 

ethanolic 

10,:,  LAM. 
•warrommenurom•••••• 

in a test 

m-Dinitro 

gave pink 

FeC13, 

test tube  

dime thyl '-naphthylamine. 

,dter treatin lith this solution, the sclution 

tube or on paper w,is heated to 1100  for 10 mins. 

c, me undo, i.e. D,(%; and 3:b-dinitrosalicylic acid 

colouri. 

a phenol reagent, gave undecisive results in both 

and paper tests using ores,  ls. 



Telephone No.: 
PADDINGTON 3612 

Department of Biochemistry, 
St. Mary's Hospital Medical School 

(University of London), 
Paddington, W.2. 

April 1953. 

"Studies tn. the Tetabolisi of Dinitre-o-cresol and alkylbenzenes". 

An abstract of the thesis being presented for the degree of 
Doctor of Philosophy in the tniversity of London. 

4:C-Dinitro-o-cresol (DNOC) has assumed an importance in 
agriculture as a selective weed killer and pestioide. These 
properties, outlined in the introduction to Part I of the thesis 
are peculiar to the particular arrangement of substituted groups 
in the molecule. Compounds containing phenolic and nitro groups 
or alleyl radicals attached to the benzene ring in simpler comb-
inations are toxic and have similar metabolic behaviour in the 
animal body. 

The experiments, in the present work, were conducted on 
rabbits. after feeding, the urinary products of DNUC breakdown 
were identified by sper chromatography and their excretion, in 
most cases, was estimated by U.V. spectroscopy. The extreme 
toxicity of DNOC and the low recovery of metabolitee from the 
urine, less than 2O; of the dose, made normal isolatory procedures 
impracticable. 

The interpretation of results gained by Iess specific eothods 
of study has been aided. 

The introduction to Fart II of the thesis is concerned with 
the chemical and biological mechanisms by which anyl radicals 
attached to benzenoid and other structures are oxidised. The 
stereochemloal relationships of the carbinols derived from alkyl-
benzenes are outlined. The products in rabbit urine of methyl-, 
ethyl-, propyl-, butyl- and two amylbenzenes have been investigated 
and of some ketone e and carbinols related to them. caucuronide 
and ethereal sulphate conjugation was estimated Ind the glucuron-
ides of the earbinol2i, formed by oxidation of the all'yA chain, 
were isolated as the diastereoisomers of the triaoetyl methyl 
esters. 

Stereochemical evidence discounts the placine of styrene and 
acetophenone as intermediates in ethylbenzene metabolism. .alkyl-
aryl ketones form only one diastereoisomer of the carbinols, which 
can be related to D-glyceraldehyde. 

R.H. Smithies. 



TABLE 2 

Reactions of plioc and related Compounds  

Colour given in aqueous solution with 
4-HCl 	2N.4NaOH 	amtn•=0-.5 Diazo reagents 	l FeCl3 

Colour 

Compound 

DNOC 	 decolourized 	yellow 	OP 
	

ON 

6-Aoetamido-4-nitro-
o-cresol 

6-Amino-4-nitro °-
cresol 

4-Amino-6-nitro..-
cresol 

decolourized 

pale pink 

pale pink 

yellow with HNO2  darkening 
no coupling 

red 	slow 	yellow ',7ith 1NO2  
reduction 	no coupling 

pink 	reduction slow red-violet 

orange- 
yellow 

4-Acetamido-6-nitro- 
o-cresol 

4:6-Diamino-o-cresol 	elk 

dihydrochloride 

3:5-Dinitrosalicylic decolourized 
acid 

3-Amino-5-nitrosalic- decolourized 
ylic acid 

3-Acetamido-5-nitro- 
salic lic acid 

3 :5 -Diaminosali cyli c 
acid dihydrochloride 

orange 

slow dscomp. reduction 
to pink 
subs t. 

yellow 

orange -red 

orange 

orange with HNO2  scarlet 
violet coupling 

red 

yellow with HNO0  red-brown 
violet coupling 

red-brown 

410 reduction (range 	TO dark red 
red-purple 
coupling . denotes no change on adding reagent 
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5he B3tiution  of DNOC. 

In the simplest procedure DNe-fC is extracted from the 

material (tree bark) in petrl ether and the yellow ccleur.. 

atin in 0.1%;NaHCO3 solution is determined oolorimetrically 

against a standard (,vens, Chapman & Pearce, 1946). 

Among toxicoloE-ists, the method widely used tcdAy 

and designed for routine estimation of 240C in blood, tislAteu 

and urine i3 the salting out of the crewel into methylethyi  

ketone in which it possesses an intense yellow colour. 

solutions of 5 "al. methylethylketone containing 1*10 mg. 

DNC aro employed as standards and the optical densities 

are measured at 430 m/i (Parker, 1949). It 71,10 inferred 

that the aminonit2ocres:11::. 4ovid prlduce a negaiible 

effect since the eorrespondin deriNatives of DIT posse 

no Absorption in the solvent at thi wavelength. 

Preliminary separation from washes bL,  stea, diotill- 

aticn ham been employed (Batt, Martin & 	L044) ; D'acc 

is slightly volatile in steam (Gibs,n, 19;. 

It has been estimated, when in relatively large 

quantities, by An iodine titration (of the acidic phenolic 

group) or gravimetrical.Ly oy the formation of molecular 

compounds with hydrocarbons and aromatic bases (Wain, 194). 

After reduction under certain conditions in acid and 



alkaline solution a rose colouration occurs and this 

observation has been adapted for quantitative estimations 

(Hovorka, 1943). The colouration oX the reduction compound 

of DWO with aciueous ferric chloride hau been used for 

solutions containing 5.20 mg. DNCC/40 ml. (No:van & 

Kenyon, 1948). 

A specific reagent fr m-dinitro compounds is cyanide 

with which hydroxylamines or purpurates are formed. 

013  
e.g. 	OH 

N O. 
NHOH 

As employed by 'isuhex' (1938) this method was capable of 

estimating 0..1.5 mg. DNOC in an alkaline extract of 

a plant insectioide. 

It was important for our purpose that very small 

amounts of unoonjugated DNOC and its metabolites should be 

satisfactorily identified and estimated and thus non-

specific methods . by iodine titration an vi a the 

redvotion products were inadequate. However, the use 

of mild agents, e.g. reducing sugars was investigated as a 

basis for the oolorimetrio estimation zf* DNOC, since m-di. 

nitrobenzene has been employed for the estimation of ,Algare 

(Poe & Ndson, 1931). Glucose reduced the amino and acet- 
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ewidonitre-oecreeole but the colour wae unstable. Hodgeen 

& Ward (1946) found that eodium sulphide in boiling aIleeLine 

oulutien roduced DNGO with the J:ermation of 4enitroe6-

amino-u-creaol in a quantitative yield. This eubetanee 

poeseedee a rich red eoleur in alkali and it dae shown that 

the colour intensity, measured in a Spekker photoelectric 

colorimeter with an Ilford 603 filter (blueegreen) wao 

directly proportional to the initial ceneentratien of DNOC 

over a range of 0-30 iug.i.el. e oulution containing 1, Nu 

and 5e; Naulf was used and the tubes were hEated in a boiling 

water bath for 45 mind. This scheme aeemed to have some 

potential value aa the 6eamino- and 6-acetamidoe4enitreeo-

creeol were unaifeeted by the reageaL. It eae not, however, 

leether Lnvestigated. 

eolerimetric methods based on the f‘re,ation ef the 

deeply coloured purpurate (Piaeher, 1936) or -E the 

molecular compounds formed pith aromatic bases (eain, 

1944 weee specific to DNOC but ineufficiontly sensitive. 

Parker (149) had produced evidenoe suggestive that the 

aminonitreereeole did not interfere with the determination of 

LINcv; by it colour in methylethylketone. This was oonfir=d 

but ehen the U.V. spectra of DNCC and 6-aeletamidoe4enitroe 

o-orescl in methylethylketone were plotted the two aubstancee 
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vere obverted to possess approximately the same absorption 

at 43C ryl, the ievelength at fhich the measurements are 

taken and the aoetateido compound was suited evt from 

aqueous solutions under the conditions advised. Thus, 

this method of estimation was of reduced value where 

both substantles occurred together and this must be allowed 

for in the results obtained by those workers who used 

Parker's method. 

To suit the conditions of this etudy, it was found 

necessary to prepare ethereal extracts of urine after 

feeding Dl C to rabbits. separation of the detoxice.ticn 

products was achieved by paper chr' metegraphy i ihe 

extracts. Colour tests identified the spots developed and 

confirmation of the identity of substances and their 

estimation, was by U.V. spectroscopy of solutions obtained 

by slutinE the spots (cf. Robinson, et al, 1951). 

Paper Ohrematography. 

Downward paper chromatograms were run in the usual 

way at room teeperature, in rectangular glass tanks 

x 	x 14", ciosed at the top with plate glass sheet. 

No special precautions oere taken to make the tanks 

completely airtight or to ecuilibrate paper with the 

solvent. Under these conditions, the ratio RF  between 



29. 

the di5telce moved by the spot and the distance moved by 

the front Jae not exactly constant in different tanks or 

over a eeried of time in any one tank, but the general 

pattern nd order f separation were repr, ,Iveible. All 

identification of compeunds by their Ry values was by 

coreflrison iu1th an authentic sample run on the same paper 

at the s me time. 

Ter most purpose9 hatman No. 3. or 4 paper was used. 

Barcham Green No. 401 paper produced -1 cloudy soleltion 

after eleti n which caused increased absorption at all 

3veienrithe of the ultraviolet. Alatnun No. 3 YM paper 

Was found to be more suitable than the thinner grades 

when larger amounts of  substances were being chromatographed. 

Solvents were prepared by shaking the components in 

the proportions by volume shown in Gable 3. The tor ] yer 

was used for development and the bottom layer was poured 

into the base of the tanks. Values of R1 ,btainod with 

the different solvents are quoted in Table 3, to illust- 

rate the degree of separation Achieved. 



TABIZ 3 

Paper chromatography of DNOC  and its ossible metabolites; 

1.3,E.  values with hatplan No. 1 paper. 

Benzene/acetic 
acid/water 

1:1:2 

n-Butano liace t lc 
at:adj./Liter 

4:1:5 
Be nzene/n-butanol 
arm, ni a ( 	.g .0 .88 )  

2:b:2 411••• 

ii, .tt- lip lip 
DNOC 0.96 0 .95 0.50 
6-Ace tamido -4 -ni trc. -o-creso 1 0.84 0 .95 0.44 
6-Amino-4-ni tro.o -ores° I 0.80 0.95 0.38 
4 -Ace tamido -6-ni tro-o-cresol 0.56 0.95 0.20 
4-Amino-6.ni tro-o-cresol 0.88 0.95 0.22 

4 ;6-Diamino -o-creeol 0 0 0 

3-Amino-5-nitro: alicylic acid 0 0.64 0.13 

3,-.Acetamido-5-ni trosalicylio acid 0 0.56 0.07 
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U.V. 22. etrosooper. 

To eoLplete the identification of the eubstanoee obtained 

by chrometography ef he urine extracts it 1$.3 neceeeary to 

elute spots and then meaeure their ultraviolet absorption 

in acid or alkaline eelution. 

The spectra of reference compounds were determined in 

the Unto= (6.13 . 500 tfrpeetrophotometer over the range 215-

600 r9A-. 

hen however, strips of chromatography paper centaining 

spots of these substances were eluted, and the U.V. abserption 

measured, there was distortion of the curve at zuvelength6 

below about 35C rw-• At firet, C.04.NaOH was emi-loyed as the 

eluting agent but the elution was slow and, despite the 

precautions taken to exclude the atmosphere from the. apparatus 

in 	the operation was carried out, there Via...3 for-atien of 

carbonete in the sclution and consequent interference in the 

absorpticn. Ethanol was substituted ab the eluting agent and 

later methanol in which DNOC is almost twice as soluble 

(damn, l94-). 

Irrelevant absorption perkeeeted and it was not apprec-

iably reduced by washing the paper either in ohromatographic 

solvents or ethanol. It was, therefore, due to the slow 
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release from the paper in both alkaline and alcoholic 

solution, of some eubetance with absorption below 350 nyLL 

and examination of eluates of paper confirmed this. 

The effect of this irreaevant material on the absorption 

curves in alkali was to accentuate the peak in the lower wave-

lengths, making its extinction comparable with that of the 

other peak. This was minimised by using larger uantitieo 

of material in the spot (which made the volume greater in 

which the absorption was measured) and by eluting with the 

same volume of eluent a strip cut from the paper alongside 

the spot under investigation, nd of the came size as that 

containing the spot, and using this in the compensating cell 

in the spectrophotometer. 

Amounts of the order of 100..400 pig. in a epot were 

found necessary to give eatisfactery spectra after elution. 

From the extinction of the peak at the higher wavelengths, 

the amounts of compounds present on a spot were estimated. 

Recovery experiments showed that DNOJ and 6.aelino-4-nitro-o-

creool were recovered with an accuracy of 1U,. The 

recovery of 6oeaoetamide-4-eitoe-o-cresol 4gA more than 70 

of the amount deposited en the chromatogram. 
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CliPT-IR III  

Aninal 

The VetabGlites of DNO0  

The rabbits used in this study were Chinchilla des 

cf beteen 2.5 ad 3.5 kg. =,eight. During the period of 

excretion, a diet of 7() g. rat cubes ksscciated L ndon 

Flour Millers, Diet 41) and 10C ml. wlter was allo,ied per 

day. This diet had been found to be more suitable during 

detoxication experiments than green stufru. The doses were, 

unless otherwise stated, administered orally, as a suspension 

in water, by stomach tube. In all, some 40 rabbits were 

given 20-30 mg./1<g. DNOC and survived. Two rabbits which 

had received 31 and 32 mg./kg, Dl\WO died within 24 hours 

of dosinl„. Heymans & Casier (1935) reported that rabbits 

tolerated subcutaneous injections of 10-20 mg./kg. Harvey 

& King (1953) fed daily doses of 25 ml./kg. Y'TO C orally 

to rabbits. 

ixamination of Urine. 

The urine excreted in the first 24 hours was fund to 

possess the following reactions. In subsequent periods of 

time these reactions were very much reduced. The appearance 

if the urine mts nornal and the pH neutral r slightly acid. 



In alkali a slight inteilsification of the yellow colour. 

On acid hydrelysis, there was darkening and no obvious 

change in co..ftur when the hydrolysate was made alkaline. 

(3) Ath sodium nitrite in acid solution, an intensification 

of the yellow colour resulted and there was a slew, 

faint, purple, diazo oolouration on coupling with 

dimethyl-—naphthyiamine. This reaoUon Was still 

positive with. third and fourth day urines. 

The naphthoreuorcinol reaction for gluouronides was 

uncharged frLm n,rmal. 

(u) The urine did not possess reducing properties with 

either Benedict's or ammoniacal silver nitrate solutions. 

The ethereal extracts of the urine were made usinr, 

peroxide-free ether in a continuous extractor. :'our 

extracts were commonly eiliployed, each taken to completion, 

viz. A Normal urine, neutralized when necessary. 

B Urine acidified to aproximately pH 3 with a few 

drops dilute H2604. 

0 The residual urine from one er b,.., th these extractins, 

made 4 with H2604 , boiled for 3 hours, and then 

cooled. This extract contained compounds liberated 

from conjugates by hyrolysis and extractable from 

acid solution. 
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D The neutralized residual hydrolysate, containing 

compounds liberated fro conjueatee on hydrolysis 

and extraetablo at neutrel pH. 

Each extract was reduced to small volume on a water bath, 

taken up in ethanol end (unless otherwise stated) small. 

quantities ef this solution were evaporated on to the 

paper as spote, 15..210 mm. in diameter, for investigation 

by cleromatography and U.V. epectrescoey. 

Deteetion end Determination of Yetabolites. 

pNoc 

Unchanged. DNOC in 1st day urine was separated by 

c'hrematography of extracts A er B in benzene/acetic acid/ 

7ater, nebetarol/acetic aciljaemeeia and beneene/n-butanol/ 

ammnia (Table 3) and identified with e reference spot of the 

authentic compeund. Its nresence was confirmed by the 

reaction with raCN, by the intensification of the yelloe 

colour with -NaOHaff 	end by the abeoretton eneetrum after 

elution eith ethanol (c:if. Fig. 1 and Table 4). 

By calculetion from the extinotion ef the abserptien 

bard in 0.INeNaOH at 370 	it wee found, in two feeding 

experiments that 3.5 and 4% of the dose was eliminated on 

the first day. 

A further 1.5% of the dose was excreted unchanged on 



35. 

the second day. 

DNCC was also fund to be present, by the same method, in 

extract A, that is, it existed in the urine as a conjugate. 

In a quantitative experiment O.'7 of the dose was accounted 

for, presumably as glucuronide or ethereal sulphate. 

6-Aoetamido.4-nitro-o-cresol  
Spots corresponding in reaction to 441ak:R and with 

the same RF  value as this substance were developed in 

chromatogram of extracts A or B, using all three solvents 

but the first eluates taken from papers run in benzene/ 

n..butanol/ammonia gave a very distorted spectrum in which 

a large band of absorption ocaarred with a peak at 335 my. 

'Then the spot was eluted in methanol, hydrolyoed in 114110H 

and the concentration of alkali made 0.1N before the absorption 

was measured, a maximum at 460 lay),, i.e. at the absorption 

peak of 6-amino.4.nitro-o-cresol, was obtained. The 

authentic 6-acetamido.4.nitro-o-cresol applied to paper 

was found to behave similarly and it was first thought that 

some substance closely related to the acetamido compound in 

structure was present in the extract. 

Jaffe & Hilbert (1.88) isolated 4.methyl-benzoxaz01-2- 

one as a metabolite of acetanilide in the dog. Williams 
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(1947) and Bray, James & Thorpe (1949) have suggested that 

it was formed as an artefact from the o-aminophenol, itself 

a product of deacetylation, during evaporation (f the urine. 

2:7-Dimethy1-5-nitrobenzoxazole and 7-methy1.5-nitro-

benzoxazol-2-one were the likely substances to be present 

as artefacts in this extract and they were synthesized 

(see Appendix I). `their chromatographic behaviour was 

similar to that of 6-acetamido-4-nitro-o-.cresol in all 

solvents. The alkaline colouration was poor. 

C"3 C143 

O 
C 

c—C143 	 =0 
I 

2:7-dimethy1-5.. 	7.methy1-5.-nitro- 
nitrobenzoxazole 
	benzoxazol..2-one 

Ultraviolet absorption data :- 

1 7.401thyl-5..nitrobenzoxazol-2-one : in 0.2144 a0H,AAm~t  x  

255, 315 3u, 6max 20000, 5800; in 0.1a.ml,AA max 237, 

300 mu, emax 15100, 7000. 

2:743imethy1-5-nitrobenzoxazole : in 0.1W44a0H,E l nicix"i• at 

285 IlyA-and 430 np-, and a high peak between 240-260 11.,x.L. 

This peak gradually declined in the alkaline solution while 

the absorption of the peak at 430 mp_increased. Thus there 

Was gradual decomposition into 6 cetamido-4-nitro-o-cresoi. 

It was presumed unlikely that these substances were 

present and were contributing to the absorption cf the 
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yellow spot with RE  similar to that of 6-acetamido-4-nitro- 

o cresol. 

.hen spate of the urinary material taken from papers 

run in benzene/acetio acid/water were eluted, the absorption 

curve was observed to be closely similar to that of the 

authentic substance. Consequently, the anomalous behaviour 

of the corresponding- spot in benzene/n-butanol/ammonia was 

due to some colourless material present in the extract with 

an Rp equal to that of 6-acetamido-4-nitroeoecresol and ---777 

eluted under the same conditions. 

To obtain the curve illustrated in Fig. 4, 5 ml. of 

the ethereal extract was evaporated to dryness under 

reduced pressure and again from ethanol. The gum was 

repeatedly digested with hot benzene and the benzene extract 

evaporated down to about 5 ml. This solution was passed 

through an alumina column (10  x 0.50 ) and the column washed 

with more benzene. A separation of a yellow band from the 

irrelevant material occurred and the eluate was evaporated 

to 3 ml. volume and chromatographed on paper in benzene/ 

acetic acid/water. From the extinction at 425 zu it was 

calculated that 1.5/, of the dose was eliminated in 2 days 

after feeding. 

6-Acetamidoa4enitro 0-cresol, conjugated at the HO 
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group, could not be estimated as the acetyl group was 

removed during tho hydrolysis of the urine. 

6-Amino-4-nitro  o-cresol 

In extract A, of neutral urine, a very small amount 

of 6-amino..4.nitro-o.ucreeol appeared to be present, 

identified by it e Rp in benzene/acetic acid/rater and 

benzene/n-butanol/ammonia. The spot gave an orange colour 

with N-NaCH and a brown colouration with acid NO2. 

Attempts to obtain an estimation of the amount of this 

metabolite, existing free in the urine, were unsuccessful 

as the effects of irrelevant absorption obscured the U.V. 

spectrum. 

In extract D, this compound was the main metabolite, 

identified by the RFoolour reaottons and the U.V. absorption 

spectrum in 0.IN4Ta0H and O.]-HCl  after elution with ethanol. 

9.0 and 10.6% of the dose was calculated to be present, from 

the extinction of the peak at 400 mim, in alkali in two 

feed:.ng experiments during the two days after cLaing (of. 

Fig. 3 and Table 4). 

4-ienino-6-nitio.o-oresol  

This metabolite in idlich the nitro group rara  to the 

HO has been reduced was present in chromatograms of extract 



D oith an R identical with that of the authentic material 

in benzene/n-butanol/ammonia and benzene/acetic acid/water. 

The spot gave e violet colour with ZE-NaCH, reduced ammonia-

cal Agslozi and gave a red-violet colour in the diazo reaotion. 

There vias not sufficient of the material present fer ite 

identification to be confirmed by spectreecony. 

lie acid 

The use of the solvents benzene/acetic acid/water and 

n-butanol/acetic acid/water, by which substituted cresols and 

salicylic acids could be separated and distinguished, showed 

the presence ef 3-amino-5-nitrosalicylic acid in extracts C 

and D. The spot obtained, chromatographically identical with 

the authentic material, gave a deep orange colour with 

2ff-NarH, a purple -brown FeC13  reectien, a pink colour eith 

acidified YaNO, and an acid reaeti n to a spray of 

ac,ueouz 1=1=0c:rebel purple. 

Two dimensional chrolaatograme in n-but knol/ucetic acid/ 

water and benzene/acetic acid/water led to a clear separation 

of this substance from the crest 1, which give some similar 

colour reactions. 

In a chrceatograpi using benzeno/n-butenol/aelmnia its 

presence was masked by the relatively large propertin of 

6-amino-4-nitro-o-cresol in the extract having a similar Rp. 
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Absorption spectra of metabolite. of MOO in urine oi rabbits, 

and those of authentic compounds. 

compound or extract 
Amax 
mid' 

Absorption spectra 
6max 	Amax 
or 	13?-/u- 
1 cut. 

igmax 

6  max 
or 
1 cm. 

x .6ma 

DNOC authentic 265 5000 ( 370 12E00 
(-406-410 ca 10000 

extract A 265 0.36 370 
',0408.410 

0.61 
0.48 

extract C 370 0.26 

6-Acetamido-4-nitro-o-cresol authentic 285 6700 425 13900 

extract A 285 0.35 425 0.39 

6-Amino-4-nitro-o-cresol authentic (272 6100 460 14600 
(225x 8600 310 8500 

extract a (272 0.31 460 0.64 
(225X 0.37 310 0.35 

3-Amino-5- nitrosalicylic acid 	authentic 292.5 5750 457. 5 16000 

extract C -,290 455 

--denotes an inflexion in the curve 
31  in o.-HCl; all other determinations in 0.3114TaoH. 



wavelength ;2o rop 38U  4 o 

Extinction 

0 2.  

0 

Fig. 1. Absorption spectra of authentic DNOC in 0.211MaOH (broken 
line; ordinate scale 6) and of DNOC in extract A (free line; 
ordinate scale El am.) 
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Ixtinction 

Fig. 2. Absorption spectra of authentic 6-acetamido-4-nitro-o-cresol 
in 0.l NaOH (broken line; ordinate scale) and of compound 
in extract A (free line; ordinate scale El  cm.) 



	  0 
300 	 38o 	4 00 VA, wavelength 

C to 

Extinction 

ti L 

2ig. 3. Absorption spectra of authentic 6-amino-4-nitro-o-cresol in 
0.1N -NaOH (broken line; ordinate scale e) and of compound 
in extract D (free line; ordinate scale E1 	) cm• 
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Generally, there was insufficient material present for 

speotrescopio examination to be possible, but in one case a 

spot of extract C from a two dimensional chromatogram was 

eluted in methanol and the spectrum in 0.111.41a0H determined. 

The curve had a maximum at 455 mp and an inflexion at 295 nu. 

This compared fairly closely to that of the authentic 

material (of. Table 4) but the amount of substance present 

was small and the spectrum was considerably distorted by 

irrelevant absorption, which made any quantitative calcul-

ations impossible. 

Examination of ,finial liseues. 

One rabbit (2.8 kg.) which appeared to possess 

resistance to the effects of WOG was injected with a total 

of 120 mg. over two days. At each injection, 20 mg. DNOC 

was dissolved in the least amount of saturated liaHCO3 and 

introduced into one of the veins of the ears. The 48 hr. 

urine (330 m).) contained 9;i; of the dose as WPC estimated 

by the method of Parker (1949). On the following day 40 mg. 

DNC was injected and the animal died one day later, four 

hours after 100 mg. DNOC had been administered by stomach 

tube. On dissection, only the stomach was found to be 

stained and samples of perinephrio and peritoneal fat, 
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lumbar muscle, liver and brain, the entire duodenum and 

lower gut and the kidneys were removed. .iter grinding up 

the tissues they were steam distilled. The distillates and 

ether extracts of the distillates ',ere colourless and gave 

no reaction with 2N4ia0H. Thus there was nc,  evidence for 

storage of Di:J)C in these tissues. 

Ihe Metabolites of 6-acetatnid,..-4' -3resol ---------- 	WINWOINIMIMNIP. 

chinclhilla rabbit (3.1 kg.) was kept under the same 

conditions as have been previously described. After feeding 

2 g. 6-acetamidc.4.nitro-o.cresol, the 24 hr. urine was 

normal in appearance and pH and gave a strong naphthoresor-

cinol reaction. Benedict and diazo reactions were negative. 

Piper chromatography of 0.0140X5 at. urine showed only tdo 

spots, one corresponding to the unchanged compound and the 

other with the following Ity values :- 

Benzene/acetic acidjwater 	RI. C 

Ivautanol/acetic Exid/water 	C.68 

Berrhenein-butanol/ammonia 	C.C./ 

This spot was detected by its strong quenching of the 

fluorescence of U.V. light. It gave no immediate reaction 

vilth 2U-NaOH but a yellow colour developed several hours 

after spraying the paper. 
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The glucuronic acid fraction of the urine was prepared 

through the basic lead salt and was obtained as a yellow 

syrup. This was neutralized with solid NaHCO3, a little 

absolute ethanol was added and the mixture warmed. On 

cooling, the hydrated sodium salt of 6-acetamido-4-nitro-

o.cresylglucuronide crystallised. It was recrystallised 

from ethanol/water to give 300 mg. of pale yellow needles 

decomposing at 160-1700  and showing K20-29.20 
 
(0 :2 in 

Analysis: 

Found : C, 38.4 01017016KNa.3.5H20 requires C, 38.2 

H, 5.8 	 5.94 

N, 5.8 	 5.9 

Na, 4.9 	 4.9 

Light absorption : in 0.211-HC1 Amax  240 	max 8900 and 

max 290 9V, 	5500 ; in 0.1N-NaOH, max245 
	

max 
9200 and max 290  13,  max 5500. 

The chromatographic behaviour of the glucuronide was 

found to be identical with that 	the spot found in 

chromatograms of urine, and the same response to alkali. 

The Metabolites of 6-amino-4-nitro-o-cresol 

6-Amino.4-nitro-o.cresol was fed by stomach tube as a 

solution in dilute 11aliCO3  on six occasions to rabbits of 

) • 
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3-4 kg. weight. Two doses of 400 mg./kg. produced no after 

effects, three doses of 650-700 mg./kg. caused loss of 

appetite and of weight and one dose of 680 mg./kg. proved 

fatal. Examination of the rabbit after death showed that 

extensive haemorrhage was present in the lungs. The stomach 

and lower gut were heavily stained red but there was no 

staining of perinephric and peritoneal fat. 

Examination of Url ne  

The urine of the first 24 hours after a dose of 

400 mg./kg. was clouded and of a strong red colour. The 

Following reactions were observed :- 

(1) Acidification caused the urine to become coloured yellow.  

(2) Acidified N4NO2  gave a more intense yellow colouration 

and on coupling, a blue diazo reaction. 

(3) Jith reducing agents, Benedict's solution and ammoniacal 

,L4No3, the results were negative. 

(4) The naphtheresoreinol reaction was strong. 

(5) The urine was hydrolysed with _-R2042 	and extracted 

with ether. No FeCI3 reaction wls obtained with this 

ether extract. 

In the next 24 hours the urine possessed the same 

properties but the diazo peiouration was more pronounced. 

The colour reactions declined in the following 48 hours. 
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Suitable small volumes (0.01-40.05 ml.) of the daily 

urines of two rabbits were ohromatographed directly on 

paper without any previous extraction. In benzene/acetic 

acid/water, n-butanol/acetic acid/water and benzene/n-butanol/ 

ammonia separation of three substances occurred. 

Unconjugated 6..amino-4-nitro-o-cresol was identified 

in the urine of thE,  first three days after dosing by its 

chromatographic behaviour, its reaction to alkali and by 

its spectrum after elution in ( .1N-NaOH. From the extinction 

at 460 mpit was calculated that in the two rabbits 7 and 18,Z 

of the dose was excreted unchanged in this time (cf. Table 5). 

6-11.cetamido..4-nitro-o-cresol was identified in the 

first day urine by its chromatographic behaviour, reaction 

to alkali and its spectrum in O.1-NaOH after elution with 

methanol from benzene/acetic acid/water chromatograms. In 

the two experiments 1.1 and 6.7/9  of the dose were excreted as 

6-acetamido-4-nitro-2-cresol on the first day (cf. Table 5). 

There was insufficient material in the urine for spectroscopic 

examination , f the spot in the succeeding days' urine. 



T'ABLE 5  

The daily excretion of unchanged and acetylated material 

after feeding 6-amino-4-nitro-o-cresol.  
-! ;.obit 	eight 	Dose 	A Dose excreted 	Tot .1 

No. ___ kg. 	mg./kg. 1st day 2nd day 3rd day  --- 

	

( 81 	6.2 	655 
( 

	

( 5 	3.0 	700 

	

( 81 	6.2 	€55 

	

1, 5 	3.0 	700 

- denotes that insufficient raterial was on 
chromatograms for quantitative estimation 
spectroscopy to be isible. 

Metabolite 

6-A.mino-4-nitro-o-crezi,1 

6-Acetamido-4-nitro-o-creso 

6.1 0.7 0.3 7.1 

10.3 5.9 1.7 17.9 

1.1 1.1 

6.7 6.7 

the 
by 
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The papers also showed a large spot giving an immediate 

yellow colouration with 414Ta0H. The chromatographic 

behaviour of the substance was related te that of 6.acet-

amido-4-nitro-o-oresylglubtronide, which however does not 

give an immediate yellow colouration with NaCH. This spot 

was assumed to be 6..amino-4-nitro-o-cresylglucuronide. It 

Was eluted with 0.11I-44a0H from a paper run in benzene/n.,  

butanol/ammonia and the absorption curves determined. In 

0.11N4Ta0H there was E-°I" 'at 295 m4; in 0.IN.,HC1 there 

Wag; El w" same value at 260 m/A. 
max 
Since direct application of the urine to chromatography 

paper was employed, the presence of 4:6..diamino.o-cresol or 

diaminoealicylic acid would have been detected if they were 

present, since although these substances are not developed 

by the solvents employed, their reactions to ieCl3  and diazo 

reagents would have been obvious on the residual spot. 

Moreover, the authentic 4:6-diaminocresol tended to 

decompose in the alkaline mixture, benzene/n-butanol/ammonia 

and two pink spots with small 31,  separated. These became 

yellow in alkali and possessed a red-violet fluorescence in 

U.V. light. Fresh urine of animals uoeed with 6.amino-4-

nitro-o-cresol when ohromatographed in benzene/n-butanol/ 

ammonia, did not give these spots. 
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CH4.PTER IV 

Discussion 

Detection and:Cstimation of DNOC Metabolites. 

A method has been-developed for identi rication of Ai0C 

and related compounds in ether extracts of uri.ne. -eparation 

is by paper chromatography and the spots zl.re detected by 

spraying with :-.N-NaOH and by their specific 	reactier 

Quantitative studies of metabolites can, where sufficient 

material is present in the extract, be made by elution of the 

spot and measurement ,f the extinction of the main peaks 

of the s lution in c.IN-NW-H using the tnicam S.P. 5C0 

spectrophotometerover the ultraviolet range. Precautions 

are taken t eJimin_te thy; effects of irrelevant absorption. 

This method of estimation is nit inteede ,1 to replace 

the customary procedure in to -Acological studies (Parker, 

1949; but h-vo been of value in dem ,nstrating that 6-acetamido-

4.nitio-o-cresel is excreted by the rabbit. wince this 

eubst_ince h,s bcet, ,roved to interfere with the e,  timation 

of DNCC by its colour in methyiethylketone, allweanee for 

the presence of this detxleation pr duct must be made in 

the interpretation of results btained using Parker's method. 



Absorption and Elimination of D6 0 and '-etabolites. 

Rabbits were found to survive up to 30 ing./kg. 1)1:00 

given by stomach tube: Hcyrnans & easier (1965) found that 

subcutaneous injections of 10-a) mg./kg. wero tolerated 

and King Harvey (1953 a) have fed 25 mg./kg. oral daily 

doses to rabbits over a period of eight days .;ithout fatal 

injury resulting. zAnce repetitive dosing can be maintained 

at a level so near to that of the fatal dose, it indicates 

that accumulation of DI= does not OCJUr in the rabbit. The 

observations of King :k Harvey (1953 b), th 	no significant 

storage of D1100 occurs in fat, muscle or the upper gut have 

been confirmed_ by steam. distillation of 	tissues of rabbit 

which had been heavily dosed ,A.th it. 

m the results obt:Linsd in animal ei)eriments it has 

been established. that the aromatic compounds identified and 

estimated in urine after feeding 	forra only 17.2;;-; of 

the dose administered (of. Table 6). 



TABLE 6 

Average amounts of maior metabniites 

estimated in urine after feedinaDVOC.LEaLa222  as dose). 

1st day 	2nd day 
free coujr7;ated frea conjugated 

6-Acetamido-4-nitr,)-o-cresca 0+3 

6-Amino-4-ntro-o-uresol 

3.75 

1.15 

0.71  

9.81  

1.5 

3i denotes that the substance was rresent in insufficient 
amounts for a quantitative estilattien to be possible. 

1 denotes that th extracts of 1st and 2nd dayul urine 
were pooled before chromatography. 

:Albstanee 
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The formation of the excretion products of DFOC in 
the rabbit may be represented by the following scheme 

I. MOO. 
II. DNOC, 0-conjugated. 

III. 6-Amino-4-nitro -o-cresol. 

IV. 6-Amino-4-nitro -o-cresol, 0-c(njugated, 

V. 6-Acetamido-4-nitro-o-cresol. 

VI. 4-Amino-6-nitro-o-cresol. 

VII. 3-Amino-5-nitrosalicylic acid,0-conjugated. 
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The amount of free phenolic material excreted in the 

first 48 hours has been found to be 6.7-% of the dose. After 

this time insufficient material was present in the extracts 

for exact identification, by chromatography and spectroscopy, 

to be made. King & Harvey (1953 b) in measurements of the 

DNOC concentration in the blood have demonstrated that in the 

rabbit the values decline to zero in two days and have 

estimated 5-8'/; of the intake in the urine during the first 

5 hours after feeding with a further 1a excreted over the 

following days. Parker et al (1951) measured 4-10 of the 

dose excreted in rabbits and dogs. 

By separation of IWO from its acetylated reduction 

product it has been shown that, of the free substances 

excreted, MCC forms 5.45,.; of the dose and 6-acetamido-4. 

nitro-a-cresol is present and accounts for 1,5 of the dose 

in two days' urine. 

DNOC is also conjugated at the phenolic group before 

excretion and O.V of the dose was accounted for in two days' 

urine. Thus, DNUO itself is not readily 0-conjugated. 

Presumably, excretion takes place as the glucuronide and 

ethereal sulphate. 

9.8 of the dose was excreted as a derivative of 

6-amino-4-nitro-o-cresol. This substance may have been 



50. 

acetylated in the amino grup before 0-conjugation. In 

deciding this, the results of the feeding experiments using 

8..amino.4-nitro-o-cresol may be relevant and will be 

discussed. 

3-amino.5-nitrosalicylic acid has been identified on 

the chromatograms in insufficient quantity for definite 

spectroscopic identification. No trace of spots correspond-

ing to other salicylic acids have been observed. Oxidation 

of the methyl radical is a feature of 2-cresol metabolism 

(Preusse, 1881; confirmed by Bray et al, 1950) and of the 

and R..nitrotoluenes (Jaff6, 1874, 1878). 

The presence of only a small amount of 4-amino-6-nitro-

o-cresol is a significant finding. The violet colour with 

alkali on paper is quite distinot from that of the other 

cresols but confirmation of its identity by determination of 

the spectrum was not achieved. This failure can be attributed 

t(.. insufficient material and to the actual absorption spectrum 

itself. In 0.1U-NaOH there are AA x  237.5, 495 mu; Emax  

14000, 4450, which willows for gross distortion by irrelevant 

material obscuring the peak at the lower wavelength by which 

identification might have been made. Certainly the results 

proved that very little of this compound was excreted. Parker 

(1952) has confirmed that the excretion of reduction products 
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of DNP is almost entirely as 2-amino-4-nitrophenol, although 

he demonstrated that tissues rapidly reduced the nitro group 

in the 4-podation. With DNOC his preliminary experiments 

showed that a diazotleable amine was produced in vitro 

probably, therefore, 4-amino-6-nitro-o-cresol, since 6-amino-

4-nitro-o-cresol does not couple. The product of DNP 

metabolism in tissues, reduced R- to the phenolic group, 

was rapidly destroyed and thus the experiments recorded 

in the present study, whereby the very low percentage of 

DNOC metabolites in rabbit urine has been established, are 

best explained by the hypothesis that DNCC is rapidly 

reduced at the 4-nitro- position and this compound is itself 

destroyed in the tissues. A small percentage of the 

reduction occurs in the 6-nitro- group and, as w'4th EINP, 

this stable compound is excreted and in fact, forms the 

main urinary detoxication product. 

Parker observed that water-soluble amine (i.e. 2:4-

diaminophenol) did not appear to be the main end product of 

DNP metabolism in tissues. No suggestion of the fate of the 

83% of a dose of DNOC unaccounted for in the present study 

can be made. The results of feeding 6-amino-4-nitro-o-cresol 

and 6-acetamido-4-nitro-o-cresol do not suggest that the 

destruction of the molecule is preceded by reduction of the 



6.nitro group. 

6-;.cetamidi:-4.nitre-o-cres(1 was present i ti!t: urine 

of rabbits after dosing with this ,vust,nce, b‘th free and 

conjugated as the glucuronide in amounts sufficient for their 

identity to lie established by 01-ror.tt graphy of the urine 

direct on puller. The glucurcnide has been isolated as the 

s(dium salt. 

1etabolites of 6-amino.4-nitro-o-crcsol were present in 

thenrine fcr threedayeafterfecOin5 in sufficient quantity 

for their identification and estimation to be made by direct 

paper chromatography of urine. Ci the phenolic compounds the 
A 

acetylated derivative vi 	present in only 1/3 tt 1/6 of the 

amount of unchanged substance and no spot exactly correspond-

ing in chromatographic behaviiur in ben:ene „tcetic acid/water, 

benzene/n-butanol/ummonia and n-butanol/acetio acid/water 

or in alkaline colour to the C.acetumidc-4-nitro-o.oresyl-

glucurc'nide was observed. However, a spot of soltewhat 

chrom. tograrhic behavi(ur was present, rapidly 

becirdnr.  yellow in alkali, and the spectrun of this substrice 

after elution has suggested that it might be the glucuronide 

of 6-aminc-4-nitro-o-cre5ol. Therefore, when 6-amino-4-nitro-

o-creFto1 is fed;  acetylation of the amino crouo is not 

general before e--cretion. If the same ornditi , la applied 
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to the metabolism of MCC, then of the 0-conjugated material 

excreted, the greater part is unacetylated. 

No evidence for the production of 4:6-diamino 	esol 

as a reduction product of the mononitrophenol has been 

secure. The urine gave an intense diazo colour,ttion tut 

this may have been by the presence of 6-emtno-4-nitro-o. 

crosylglucuronide. Bray, Lake, Neale, Thorpe & Wood (1948) 

noted that o.-aml.nopheny1071u-lurnide readily diazotisos and 

couples Ahile the unconjuated phenol does not. 

The v -finry products of DUOC metabolism 1-1 	been shown 

to consist largely of derivatives of 6-amin-4-nitro-o-cresc.i. 

This is a true detoxication process. The 6-aminn- and 6-

acetamido-4-nitro.00-cresol both poesees less than 1/20th of 

the toxicity of DNOC itself. 
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CHAPTER I. 

Introduction 

The chemistry of drug action has been elabor ted in 

the last ten years and the need arisen to adapt known 

drugs to suit particular requirements. Detoxication of 

these compounds depends on the readiness with which they 

can be transformed into easily eliminated products. The 

time of duration of action, the efficiency and the toxicity 

to the animal body are therefore determined by the nature 

and position in the molecule of reactive groupings. Thus, 

there have been various pharmacological studies of phys-

iologically significant compounds, in which alkyl chains 

have been substituted. N-Alkyl sulphonamides and sulph-

ones have been synthesized but were found to lack bacter-

iostatio activity. (from Northey, 1948). 

The substitution of aliphatic groups into barbituric 

acid and the antimalarial drugs, 2-hydroxy 1:4-naphtho-

quinones, produced active derivatives. Thus, 1-)andberg 

(1952) has shown the introduction of various types of 

radicals in the 1-position had a dominant influence on 

the pharmacological properties of the. barbiturate molecule. 

However, the selection of compounds to be synthesized 
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with a view to testing their physiological activity has 

been based on very tenuous considerations. The present 

work was commenced with the intention of making a contrie 

bution to the knowledge of the mechanisms by which alkyl 

side chains are oxidised in vivo and eliminated from the 

animal body. 

chile there is no doubt that the mode of oxidation is 

influenced by the total structural configuration of the 

molecule, the study has been restricted to substituted 

benzenes. 

Chemioal Oxidation of alk lbenzenes and Rel zted Corr pounds 

The oxidation of alkyl side chains has been assumed 

to follow the course of successive hydroxylation at the 

terminal C atom, by the evidence of isolation of inter-

mediates - alcohols and aldehydes. 

The presence in the molecule of a centre such as a 

phenyl group or unsaturated bond enhances the activity of 

the /-methylenic group. This is often, therefore, a 

preferential point of free radical attack resulting in 

hydrogen abstraction. The reactivity of X-methylenic 

groups towards free radicals has been studied by Kooyman 
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(1951), on the 'OtSi9 of their retarding action on the 

chain reaction, initiated by benzoyl peroxide, for 

addition of carbon tetrachloride to olefines. Compounds 

containing no ouche;rot in: mire inactive, e,g. benzene 

and tert-butylbenzone, and the activity of other compounds 

was clearly dependent on the presence of the group. %hue, 

mesitylene and the xylone possessed res ,ectively 3 x and 

x the activity of toluene. ,,ubstitution at the 466-neth. 

yleniu group increased the efficien;y of retardation. All 

the compounds, ethylbenzerie, aumene, diphanyialethane and 

triphenylmethane J9re more active than toluenes 

She ease of formation of the free radical, with 

abstracti, 1 of a proton, can he related to the dissoc-

iation enerlea of a C-H bond. D(CH4-H) = 103 kealshmole 

(as in toluen) and D(OH-11) 	80 kcalsiraole (cv,, ir tri- 

phenylmathane) (Szwarc, 1951;. 

&-ctivation ay be responsible fr) 	ho io1oica1 

-oxidtion of f---,tty auida.[-Oxidation can Le reibrod. 

uoed in vitro in a strongly alkaline Llediun. 	osher (1949) 

has postulated that enolization, as a first Ltae, :ith 

production of an unsaturated linkage, activate - the 

atom to tie double bond but at the -oositio- in regard 



the carboxyl ;;reup, i.e. 

R.CH,  apt,. 4 -4 
NCH 

Naar,. 
CNa 
+ 

  

The capacity 	cat4pounds of the type 

to autoxidise has been studied by Hock and Lang (1(243). 

Free radicals formed by lose of a proton, were stabilised 

by conjugation 	maleic anhydride. ii;thylbenzene was 

more readily attacked than toluene, xylenes and cymenes 

(in agreement 4ith Kooyman's results). Tert-butylbenzene 

v4ns unaffeoted. 	vtoxidation was promoted by U.V. irrad-

iation and 3.3'diphenyibutane (a dieter) was isolated from 

the reaction mixture. Only those compounds 7lith a free H 

atom on the' -C group were aItacked by 10,4n04, suggestive 

of a free radical mechanism and ,aters (1946) has reached 

the same conclusion, concerning the oxidation of alkyl.. 

benzenes with Cr0 ,/. 

The liquid phase air oxid=ation of ethylbenzene at 

14000 and under prcsure proceeds by a free radical 

mechanism. :0;merson, Hey, Lueas, 30oks  ...yness & btev-

enson (1tAE) isolated 3.31 diphenylbutane from the reaction 

and have postulated the formation of oc Phenylothylhydro- 

57. 

CSI 



peroxide, Ph.r.J1131  andOL-ohenylethoxy radicals)  

00H 

Ph.OH.CH3  as intermediates. By wiling so they account 

0 4  

for the proportion of methylphenY1 carbinol and aceto-

phenone in the final product. 

4hen ethylbenzene was oxidised by air in the presence 

of HBr (Rust & Vaughan, 1946) the products of oxidation 

of the side chain were acetophenone (6/;) and phenylacetic 

acid (12). Hydrogen peroxide oxidation of ethylbenzene 

yielded some styrene (Iwai, 1945). 

The C atom of styrene Was found susceptible ii 

oxidation by 1MO3  in the presence of acetic acid, methyl-

phenyIcarbinyl acetate, C6H5(0H3)CHOOO.CH3, being the 

end product (A.lkinson, 190;). Methylphenylcarbinol was 

formed from atyrene epoxide by reduction with LIA1H4 and 

this reaction has been considered to be ionic (Trevoy & 

Brown, 1949). 

Uethylphenylearbinol aria acetophenone are easily 

interoonvertible, carbinols and ketones having intrinsic 

energies of the same order (of. Parke & Huffman, 1932). 

/3.Phenyiethanol, the primary alcohol, may also be oon- 



verted to aoetcOenono, by oxidation with NaOBr and 

Grignard reagents (raifray, Motayer & Panouse, 1947). 

The course of this reaotinn has been represented as, 

C6H5CH,21HOH ---> C6H5CH2OH2Br -43> CORCH:C% -->C6H5C:CH2 k/  
0 	On 

Cases of koxidation of a side chain exist in the photoø 

chemical oxidation of hydroxynarhthoquinone (1Atlinger, 

1950). 	
0 

( o4 
CAI-I.-CAI-L. 

a .........> 
1 
0 

where R r. CH3, C0H5, CH(H)2, 

0 

(1611b• °11246H11- 

A free radical mechanism involving the formation 

of hydroperoxides has beer. suggested. 

This mechanism must be quite distinot from the 

r.oxidation of hydrolapaohol (R 	:011(CH3)2) by chromic: 

acid for which hydroxyleolapaohol (11 • COB(c)2) has 

been isolated (Fiese, 194 	It might be more correct 

to refer to this reaction as penultimate oxidation. 

Maynert (1952) ha e oxidised an alkyl derivative 01 
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barbituric acid 	CrC in 	nt2.2 aaid at the permit. 

late, and terticry, C atom, i.e. 

(CH3) CH2CH2CH2CH2\  

CH3  CH2  

5.ethy1.5(iso. 
amyl)barbilliTia 
acrid (amyt.11) 

00—EH 

CO 

CO- EH 

OH 

	

(CH3)2C.CH4CH2 	00— EF 

	

CH3CH24 	CO— NH 

5-ethy1-5(3.. 
hydroxAIL12- 
Amyl) Darbtturia 

said 



Letabelieel of soiee e.14ylbenzenee and Aelated Jempounds  

Toluene  

In rabbite up to 70>1 of the dose of inected toluene 

has been accounted for ae benzoic acid (epetein & Braun-

stein • 1931); in dogs 80.90% of the dose as hippuric 

aid (noop Gehrke, 1925). It has appeared probable 

that the toluene unaccounted for in these experiments 

was eliminated from the lunge, Srbovi‘, Teiainger (1952) 

exposed per-ens to toluene in gas chambers and aftereerds 

during the desaturation time, measured an average excretion 

of 16.3,' of the dose in the expired air. No ethereal sulph-

ate excretion has been observed (Baumann & Herter, 1877) 

or glucuronide aonjugation (Bray:  Thorpe & White, 1951). 

eth Ibenzene and its oxidetien xreducts 

The metabolism of ethylbeneene has been quite 

extensively studied by various workers. Nenoki & Giacosa 

(1680) fed ethylbenzene to dogs and ieolated 1/6 of the 

dose as hippuric acid. They showed there _was no excretion 

of ethereal sulphate. As ethylbenzene was oxidised with 

CrC3  to aeetophenone and this substence also formed hipp-

uric acid in the body they postulated that acetophenone was 

an intermediate in the metabolism of ethylbenzene, i.e. 
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initial oxidation occtrrd at theoe...0 atom of the chain. 

Neubauer (1901) found evidence for the presi,nao of glue

uronio acid conjugates in ethylbenzene urine by colour 

reactions and observed a laevorotation oi the urine. 

.,:etophenone gave similar results, styrene did not, and 

he postulateu that both ethylbenzene and auetophenone 

were eliminated as methylphanyluarhinyiglucuronic acid, 

and that styrene wai, not an intermediate. 

Shierfelder & Daiber (192:5) fed ethylbenzene and 

acetoDhenone by subcutaneous injection to rabbits and 

observed a similarity in their metabolism. 

Acetophenone 	Rthylbenzene 

Cldcurnifie 	35.744p-124.27° 	6-122037°  

Ben2,oic acid 	 24.3;4 

Landelio acid 	1..8a,  Inactive 	l.9/; laevorotatory 

Lthereal sulphate 	slight iise 

free ae,Ite.)hent ,ne 	trace 

The glucuronide was isolated as the monohydrate 

of the potassium. salt and mandelic acid as the cadmium 

salt. Optical rotations were measured in aqueous soluticn. 

The free crbinol obtained by acid hydrolysi of the 
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gluouronide was sligh.44 Usxtrorotatory. 

di-methylphenylcarbino was injeot into 

rabbits (Thierfeider & Ken:, 1S4'44), 35.6;. of the dose 

was obtained as benzoic! Reid, 0.4% as mandelic acid and 

2r.,  as the s,luouronide,0(1)  .117.4°. They suggested tht, 

the gluoulonide wam presumably ()mathylphanyloarbinyl-

gluourunide, the metabolisms of ethylbenzene and acteto-

ihenone proouti.lk:d by ,lio,yntraetrio oxidation :Ind reduction, 

respectively. 

It has bean 	unliksly that hiand aic acid is 

an intermediate in the formation of benzoic acid from 

ethylbenzene, aoetophenone or methylphenylcArbinol, as 

IA is mainly excreted unchanged when administered to an 

animal (Williams, 1947) . The small laevoroUtion, obser. 

ve0 by Thierfelder & Daiber (1923) of the cakA=lium mandel-

ate isolated from ethylbenzene urine may be accounted for 

by the greater ease with which the Olisomeride is oxid-

ised to benzoylfqrmic acid (Williams, 1947). 

otyrene fed by stomach tune cause4 a rise in the 

neutral sulphur excretion of rabbits and rats ;  aceountin 

for -15, of IA doee 1z4i kerobtpturio atjld (pencer, Irish, 

Adams e.e Row% 1942). 50-90,,; was excreted as hippuric acid 
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(isolated as benzoic acid). Neubauer's experiments (1901) 

suggested that only a small fraction of the styrene 

administered to dogs was excreted as glucuronide. 

No evidence has been reported for the presence of 

phenylacetic acid as a metabolite of ethylbenzene and its 

oxidation products. 
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Compounds containing long aliphatic chains 

Normal propyl-, butyl and amylbenzenes were fed to 

rabbits by Thierfelder and Klenk (1924) and the nature of 

the acidic products (benzoic or phenylacetic acid) sugg-

ested that 3-oxidation of the alkyl chain was occurring, 

corresponding to the (-oxidation of the corresponding 

acid, observed by Knoop (1905) (cf. Breusch, 1946). 

Snoop fed the corresponding acids to dogs and 

isolated benzoic or phenylacetic acid, free and as the 

glyoine conjugate with the following results. 

C05 .CH2CH2CH2C112COOH 	00000H 

w ..phenylvalerio acid 
H, A  

C6H5CH2CH2C/L2C00H .""'">C6H14CMH 

-phenylbutanoic acid 

C6115CH2CIVOOH >CO5C0011 

W.:Phenylpropionic acid 

5CH2COOH 	C6H5CIVOOH 

These results Iere confirmed by Raper & 'Jayne (1928) 

and extended to the higher homologues. 6chpenheimer & 
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Rittenberg (1937) ueing deuterium labelled stearic aoid. 

demonstrated its conversion into palmitic acid in the 

animal body. 

From the 2C fragment liberated by r.oxidatpan,HXetone 

bodies are produced and DaRin (193) showed that acetone 

was produced in amounts of the same order by liver per-

fusion experiments using eaproic acid and its oxidative 

products, i.e. 

CH3CH2CH2CH2CH2COOH 

CH3  CH2112 4"  CH'CH.COOH 

CH3CH2CH2CH-CH,,COOH 
i 
OH 

bi ot J  CH3 CH2 CH2  CO • CH2 COCH 

Mazza (1935) (from Breusah, 1948) isolated phenyl. 

crotonic acid (C6H5CH2CH:CH.COOH) from liver extracts 

incubated with :"-phenylbutanoic acid. 

More evidence that (:.-unsaturated acids are inter-

mediates in -.oxidation has been furnished by q:uick (1928) 

who measured the proportion of benzoic and phenylacetic 

acids excreted as glucuronides and glycine conjugates 
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after feeding saturated and unsaturated aoide to dogs. 

Thus for both oinnamio and 0.Thenylpropionic acid the 

ratio glucuronide/glyoine conjugate was 3:1; for - 

phenylbutyric acid and Wl..phenylisocrotonio acid the 

ratio was 2:1. 

Dakin provided chemical confirmation of the theory 

by demonstrating that protons located at the /8.,C atom 

can be easily replaced by oxygen, e.g. with H202. cls. 
Unsaturated acids behaved similarly (dieland, 1924, 1925) 

and H202  reacted with palmitic acid to form/3,y and S 

keto acids (Clutterbuck & Raper, 1925). A close relation-

ship between a biological process and a free radical 

reaction has therefore been established. 

In a study of branched chain fatty acids, Wick (1941) 

demonstrated that an =substituted oc-C atom and one free 

H on the (3..0 atom are required for ketogenic activity. 

If the interpretation of results gained by the study 

of free and substituted fatty acids can be applied to 

alkylbenzene oxidation, ae the work of Thierfelder & 

Xlenk might support, theirs)-oxidation of the chain 

occurs as an initial reaction and this is followed by 

-7. 13nsaturated,:e:)-hydroxy, and ;possibly 

-keto acids are intermediates. 

:-Oxidation has been established as a minor pathway 



66. 

for fatty acids of edium chain length, although of no 

significance in the normal metabolic 'breakdown of fatty 

acids in the body (Breusch, 1948). Other cases of 

oxidation h-ve been reviewed by Linoke (1945). 

Recent work on the iate in the body of compounds 

containing alkyl side chains attached to a ureide or 

na jAithoquinone moiety has demonstrated the occurrence 

of other forms of oxidation. 

Maynert (19b2) identifiedthe major metabolite, in 

dogs, of amytal, with the penultimate oxidation products 

already considered in the preceding section. 

Oxidation of the sec-amyl chain in pentob‘abital 

occurred at the penultimate or -C atom. 

CH3 	 CH 	01 
I 	 I 	I 13  

	

CH3  CH,,CH2  CH 	CO--NH 	CH3CH.CH2CH 	CO--NH A.  
N 

C 	C 	 C :0 	_> 	 CO 
/ i 	/ 	/ 	/ 

CO--NH 	C- H • 	CO—NH 

	

A, b 	 '2 5 

That it was, indeed, penultimate oxidation, has been 

proved by the investigation of the metabolites of ortal, 

(5n-hexy1,5-ethylbarbituric acid). Two of the compounds 

were acids. One of these was the -oxidation product; 
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the other, the corresonding '..oxidation product. The 

third metabolite identified was the methyl ketone formed 

by penulti)Late oxidation, i.e. 

0 
4 

7_7  R.-CH2CH2CH2CH20.0H3  

R.CH2OH2CHOH2CH2C% ----> R.CHOHOH2CH.CE20001i 

RCH2CH,.CH2r'00H 2 ' 

CO—NH 
N 	N co 

Brodie, Uark, Papper, Lief, Bernstein & Rovenstein 

(1950) demonstrated that the (.:.carboxylic lcid derivative 

of thiopental (in which an 0 of the rinr., of oentobarbital 

has been replaced by ...)) was excreted in amounts of 10.,:a:*; 

of the dose in man. n-ynert has concluded that penult-

imate oxidation i9 less ,eneral thant,.oxidation. 

Results, obtain- by Fiesers  Chang, Dauber, Heidel- 

beizer, Heymann 	t'ligyan with 2-hydroxy-3-alky1.1:4. 

naohthoquinones, support thisview. ,ome of the compounds 

investigated had the general formula 

H 
///N‘ 	/ 

C2  H5 	CONH 



0 

7C. 

occurred, 'with for 	of a carboxylic 

acid for the subl--.3tances 6 	2. But hydrolapachol 

(n 	2) produced a tertiary oarbinol 

/-YN  2- 2 - C-(0  141 •  c 14 
3 

0 	 c_14 3  
identical 	the compoua ,1 formed by chromic acid 

oxidJtion (Fieser et al, 1948). 



COCH 

NH2  d H NH2 

CH3 

1(+)alanine 

I 
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The Stereochomical Re1ationshis of 1kyl..ary1 carbinols 

(-)Methylphenylcarbinol has been related, configur-

atively, to (-)p-phenylethylamine (Brewster, Hiron, Rughe 

Ingold & Rao, 195(1 by kinetic studies of the deamination 

of the latter compound. And (-)(-phenylethylamine,hhe been 

oxidised to L( )alanine, therefore (-)methylphenyloarbinol 

has been shown to be of the L(-) structure. 

06H5 CH3 	C111.3 
1 	i 

-11 =-, H-C-F112  
I 	i 
C6H5 	C6115 

()j-phenylethylamine 	(-)methylphenyl- 
carbinol 

CH3 

Homologues of irethylphenylcarbinol have the same 

oonfiguration, although reduction with hydrogen in the 

presence of platinum oxide of methylphenyloarbinol and 

the higher alkylphenylcarbinols yields alkyloyclohexyl-

carbinols of opposite rotations, (+) and (-) respectively 

(Levene & Stevens, 1930). The cyolohexyl compounds have 

been shown to be related to each other in the same manner 

as alkyllupropylcarbinols. The configuration of these 

aliphatic carbinols has been established (Freudenberg, 1933). 
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The steps in the argument, for methTlphenylcarbinol 

and ethylphenylcaroinol, are as follows :. 

CH3 	 OH3 	 CH3  
1 	I 	1 

H - C OH —> H ... C -, OH (1) H - q - OH 
I 	 I 	I 
C6H5 	

, 
C6H11 	150-C3H7 

( -) 
	

(f) 	 L(f) 

C2H5 	02H5 	C2H5  
1 

H 	C - OH 	H 	- OH M.)  H - C si OH 
1 

isow C6H5 	C6H11 	C3H1  

The sign m) denotes that the substances are configur.. 

atively similar. 

Benzylmethylcarbinol has been chemically correlated 

with aliphatic carbinols which can be oxidised to lactic 

acid (Levene & alti, 1931). Thus (-)benzylphenylcarbinol 

was found to be of the same configuration as (-)lactic 

acid, i.e. possesses a D(-) structure. 

COOH 	 9H2C6H5 I 	 I 
H - C - OH 	n) 	H . C - OH 

1 	1 
CH3 	CH 3 

D(-)lactic acid 	(-)benzylmethylcarbinol 
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The molecular rotations have been recorded by 

Freudenberg (1933) and are as follows, for the structure 

R 

H - C - OH * 

005 

R s methyl MD  -52 

ethyl t -75.5 

propyl 	-85.8 

For benzylmethylcarbinol 	CH3 
H - C - OH 

CH2CH5 

5!)D 2+38'5 
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CRAFTER II  

C/xlaatien uf ..!;thyIeenzene and Relat-d Comdounas 

Materials  

All the compounds, except styrene epoxide, were. 

purchased and purified by distillation (of. Table 1). 

6tyrene epoxide was prepared by the method of Hibbert & 

Burt (1925) (from Organic bynthesee, 1925). 

TABL3 A 

b.p. (°c) 

Ethylbenzene 	 L. Light & Co. Ltd. 	135 

(t)Methylphenylcarbinol 	B.D.H. Ltd. 	205 

xteetophenone 	 Hopkin & Williams, Ltd. 	202 

6tyrene 	 Hopkin & Williams, Ltd. 	146 

6tyrene epoxide 	 188-192 

/3..Phenylethano1 	L. Light & Co. Ltd. 	220 

They were administered with water by stomach tube to 

Chinchilla doe rabbits of 2-4 k. weight at a dose level 

(unless otherwise Etated) of 3.8 mg.;:lolee/kg, Pro11rinary 

to and during experimental periods, the rabbits were kept 

on a constant diet of 70 g. rat cubes (Diet 41, A45800• 

London Ilour killers) and 100 ml. water per day. 
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Reactions of Urine 

Goiour tests were carried out on the urine excreted 

during the days suooeeding dosing. The reactions given 

in Table 2 far first day's urine were very emok reduced 

in intensity on the second day after feeding. 

Reactions 

She urine possessed a slightly cid reaction. 

Conjugation with elncurenic acid was detected by 

the naehthoreeoreinol reaction. A few drops of the 

urine reected on boiline. ith 0.5 ml. conc. H01 and 5 mg. 

of the solid reagent to form a blue precipitate, soluble 

in ether. 

Reducing properties were investigated using Benedict's 

and Yehiingla reagebte. No reducing substances were detected 

in the urines. 

The absence of phenolic derivatives of the substances 

in th, urine was demonstrated in tests with aqueous 

FeC13  and alcoholic diohlor'quinone chioilimide solutions. 

No colours resulted when the solutions were made alkaline 

vithlTaliCO3 or Na2CO3. The test was re Bated on ether 

extracts of slightly acidified urine with the same negative 

results. Ketones were tested for with aqueous and alcoholic 

Brody's reagent (:e:4-dinitroehenylhverazine). 



Substance 

Ethylbenzene 

(Wethy1phervicarbino1 

(-)Iethylphenyloarbinol 

(4-)Methylphenylcarbinol 

Acetophenone 

:ityrene 

Styrene c!oxide 

..Phenylethanol 

TABU 2  

Excretion of metabolites after dosing wi h etnjlbenzene an0 related (lit:wounds 

..4ualitative reactions 
on ether extract of 
acidified urine 

Glucuronides 	Ketones 

quantitative results expresse6 
a5 average excretion (> 	dose) 
No. fed 	Glucuronidee 	Ethereal 

sill. hates ---- 

+ - 3 32 0.4 

+ - 3 50 nil 

+ - 3. 47 nil 

+ - 2 54 . 

+ alight 3 47 2 	.') 404iS. 

+ 1 16 1.0 

- +-1- 2 15 nil 

- 3 7 nil 
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Glucuronide and  'thereal Bulphate Formation. 

The increases in excretion of glucuronides and 

ethereal sulphates after dosing were measured, respectively, 

by the method of Paul (l951;, of. .4spendix II) and Sperber 

(1948, cf. Appendix III). Protocols of the animal 

experiments are included in hppendix 

The results of these quantitative 'experiments are 

recorded in Table 2. 

Isolator y Procedures  

Details of experiments in this sction are iven 

in aable 3 at the end of the chapter. 

Measurement of the optical rotatory power of glue- 

uronide derivatives was made on a l,. solution in chloro- 

form using a Bellinghuro &Otanle2ry polarimeter, yodel A,. 

Melting points are corrected. 

thylbenzene  

1 L, eidibei.:one was fed to each of two xabl)its 

and the 	hr. urine and washings (300 ml.) were acidified 

to pH 3 with H2604  and extracted with ether in a contin-

uous extractor for 6 hour. The rcuidue from the ether 

was ettneted with petrol ether (to remove an trace of 

ketone) and then with a few ml. water (to remove the 
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taucnronide) and hippuric acid crystal3 re.Lained with 

fl.p. 1890  after one recrystallisation from water; mixed 

m.p. 1890  (yield 2CC r.), 

Ten rabbits wore ieca tulal oZ le g. ethylbenzene 

and the 24 hr. urine (17GO mi..) treated In the lead acet. 

ate procedure for the isolation 	gluou2onide (Kamil, 

nn.ith & 	1.951). The acid non.reducini, •,lucuronide 

gum (soluol in ethanol) mas dissolvec in the least amount 

of methanol and methylated with ethreal diazomethane, 

and thin uoriv:ttive Va3 acetylated overnight in solution 

with 5 equivalents acetic anhydride and of pyridine. 

Dilution 01 the reaction mixture with water gave the 

triacetyl methyl ester of the gluouronide (10.6 g.) as 

an amorphous solid which was well washed and powdered; 

20 

even recrystallisations from ethanol and 95/,  

ethanol, in the course of which the meltin range and 

rotation steadily rose, produced .74 g. white needles, 

mp. 117°, H 19  .830. This substanoe proved to possess, 

on further recrystallisations, a constant m.p. and optical 

rotation. 

Analysis : 

Found 	d, 57.8 	021H26010  requires C, 57.51% 

H, 5.98, 
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Later work identified this compound with the triacetyl 

methyl ester of ( )methylphenylcarbinylglucuronide. There 

was no depression of m.p. with the ester obtained when (-) 

methylphenylcarbinol was fed to rabbits. 

From the liquors, material with Hig .36°  was 

recovered and this was recrystallised from methanol. A 

small amount of crystals with a sharper and a higher 

melting range separated and after six recrystallisations, 

0.11 g. of white needles Was obtained, m.p. above 130°, 

Cod e2  -10°. p  

Analysis : 

	

Found : C, 57.8 	C21H26010  requires 0, 57.51 

	

H, 6.45 	 H, 5.98/s  

Only one spot developed on a paper chromatogram of 

the glucuronic acid gum in butanol/acetio acid/water 

(4:1:5 by vol.). 

(4gethylphenylcarbino1 

At the dose level of 0.5 g./kg., at which these 

experiments were carried out, the rabbit lost conscious-

ness within a few minutes of feeding. There was a pro-

nounced reduction in the reflexive response to stimuli. 

The coma continued for periods up to one hour. 
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A total of 24 g. was fed to 12 rabbits Laid the 24 hr. 

urine as treated by the lead acetate technique to obtain 

an aoid glucuronide gum, soluble in ether/ethanol. 	fter 

methylation and acetylation, 16.84 g. of the crude triacetyl 
lid D20 methyl ester Was produced, 	.510 

This material was a mixture of equal parts of the dia- 

stereoisors, 	and - triacetylriethyl esters of methy10. 

phenylcarbinylglucuroniUe as was shown by separation of the 

substance., by fractionll crystallisation using methanol 

and ethanol according, to Fig. 1. 

The diastereolsomers possessed the folloainr char- 

acteristics :- 

(-) ester, m.p. 117°, bipeat  .830  

Found : C, 57.31121 H26 010 requires c, 57.514 

H, b.62 	 H, 5.98,‘ 

(f) ester, , ,p. 1290, L]t9 -15o  

analysis : 

Found : .#$ 57.53 1 2i.) ' H -010  reouires v, 57.51 

H, 5.83 	 H, 5.98/; 

No change in the melting point or rotation of these 

two substances occurred when they were crystiiised from 

pure and aqueous methanol and ethanol, dilute acetic acid 

or n-hexane. 



18.84 g 
from 90 ml 

. (-51) 

. methanol 

  

I 

 

4/ 
boil down filtrate 

to 40 ml. 
crystals 10.9 g. 
(-66) in 40 ml. 

methanol 

 

crystals 8.4 g. 
(-72) in 30 ml. 

90/2Et0H 

boil down filtrate 
crystals 1.4 g.(-30) 

crystals 3.3 g. 
(-27) 

Fig. 1. The separation of the diastersoisomers of the triacetylmethyl ester  
of methylpherlylcarbinylF:lucuronc acid by fract= crystallisation 

crystals 7.0 g. 
(-77) in 25 ml. 

boil down filtrate 
charcoal in methanol 
crystals 1.5 g.(.35) 

NI/ 90,4 NeOli 
combine fractions 
in 20 ml. methanol 

crystals 6.2 g. 
(-83.5) m.p. 117°  •1 

liquor 	crystals 
rejected 	0.8 g. (-26) 

combine fractions 
in 30 ml. methanol 

crystals 2.1 g. 
(-20) in 15 ml. 

methanol 

crystals 1.54 g. 
(-16) in 15 ml. 

methanol 

1 
boil down filtrate 	crystals (-16) 

to 3 nil. 
crystals (-16) 

1/ 

crystals (.15) 
in 10 acetic acid 

crystals (-17) 
collect all crystals and residues of 
material and recryst. from methanol. 

crystals 1.54 g. 
(-15) m.p. 1290. 

The figures in brackets refer to the 
specific rotation of the material. 

unite crystals 
in 20 ml. methanol 
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(.)Methylphenylcarbinol  

The pure isomer, b.p. 204°(, 104
'  
I C  -47°  (c 	1 in 
D 

ethanol) was fed to a single rabbit, 2.8 kg. weight. 

From a 2 g. dose, 4C0 mg. acict glucuronide gum was 

obtained and by ,lethy. lation nd acetylation, 160 mg. 

of the crude ester as formed as an off-white material 

rod
D  
lb .82.  One crystallisation fro the least amount u J 

of 90d aoueous ethanol (2 ml.) gave 90 ffg. white crystals, 

m.p. 117°, k115  82.50. 

An 	: 

FounJ 	57.88 	C21
H
26
01
0 

requires Sd, 57.51 

H, 6.13 

A mixed m.p. determination proved that this material 

was identical with the pure (-)diastereoisomer obtained 

from (t)methylphenylcarbinol urine, and from ethylbenzene 

urine (see above). 

(-qMethylphe ylcarbinol 

In one experiment a rabbit (3.5 kg. weight) was fed 

1.83 	material, I-01,1 f)  40.14°  (of. Houssa & Kenyon, 1930, 

obtained Hcarbinol with kip 42.88°). 

3y the customary procedure, 65 mg. crude triacetyl 
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nethyl ester of the glucuronide was obtained as a white 

powder with kx_119  -30°. ,hen crystal3ised from 707 

aqueous methanol, the crystals possessed [A19  -21°. 

Thus there was a nixture , f the two diastereoisoners 

(90, )f 	form) in the product but insufficient rflterial 

was vailable for either one to be prepared pure. 

In other experiments corresponding; results were 

obtained, I.e. 

Material fed 	 Material isolated 

(c 	in 'EACH) 

3.0 g. 	36°  (90% (4)) 	0.9 g. Lod D  -37°  (70:: ( ) 

1.1 g. L«J D 3b., (88 (+)) 0.103 g. 	D  -29°  (79/i (-1)) 

Acetuphenone 

In one experiment a total of 	g. acetophenone was 

fed to six rabbits and the 24 hr. urine was treated by the 

lead acetate precipitation method for the isolation of the 

glucuronide. 4.0 g. gum was obtained, soluble in ethanol, 

and small amounts were used in attempts to form. the 2-
toluidine, benzylamine'and potassium salts but no satis-

factory substance wa isolated. 

Four rabbits were fed a total of 8.0 g. acetoohenone 
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and the crude triacetyl methyl ester of the glucuronide 

vas obtained as amorphous orange material (5.0 g.) with 

P-32Q  .79.2°. One crystallisation from the minimum 

amount of ethanol gave 4.4 g. white needles, m.p. 1170  
G120 	g0 • 

Analysis : 

Found 	C, 57.58 	C21112610 requires C, 57.81 

	

6.11 	 H, 5.98 

There was no depression in a mixed m.p. with the 

ester of (-)methylphenylcarbinylglucuronide already 

oharaoterised. 

otyrene and styrene epoxide  

sixteen rabbits were fed a total of 3C g. styrene 

and from the 24 hr. urine, 6.8 g. acid glucuronide gum 

was obtained. The triacetyl methyl ester of the gluour-

onide would not solidify, but a measurement of the spec-

ific rotation of the gum was made; [40] t9  41.5°  (c 7. 1 

in CHC13). The gum would not orystallise from ethanol, 

methanol or a-lie:cane. 

The excretion of ether soluble act; NMI.; followed 

over the experimental period on the urine of one rabbit, 
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fed 1.68 g., using the method of Bray, Neale & Thorpe 

(1946). A doubling of the normal values occurred on the 

day after feeding, equivalent to an excretion of 39, of 

the dose. This result may have been affected by the loss 

in appetite for feed and water, which occurred in rabbits 

after feeding styrene at this dose level (3.8 mg.moles/kg.). 

60.90% of styrene fed to rats, rabbits and guinea pigs has 

been accounted for as hippurio- acid in the urine (Spencer, 

Irish, Adams & Rowe, 1942). 

2.9 g. styrene epoxide was fed to two rabbits (4 mg. 

moles/kg.) and a measurement of the opticalactivity of 

the first 24 hr. urine was made on one of the urines 

(250 m1.) after a few drops HCl had been added and the 

urine charcoaled; 0L(at 22°C) 0.26° (2 deo. tube). This 

positive rotation would suggest that both styrene and its 

epoxide are excreted as the same gluouronide, which is 

distinct from the gluouronide occurring in urine when the 

saturated compounds, ethylbenzene, the methylphenylcarbinols 

and acetophenone are fed. 

The amount of ketone in styrene epoxide urine was 

estimated gravimetrically on each rabbit. 

The ketone, in 2b ml. urine, (total volume, 250 ml.) 
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was precipitated by adding 50 ml. aq. Brady's reagent. 

After 24 hours standing the material Was collected in a 

sint:Jred glass crucible and dried. 

For the purpose of the calculation, the ketone was 

assumed tu be acetophonone, but insufficient material 

was isolated for this to be confirmed. 

Rabbit No. 30 25 

Dose 	(g.) 1.54 1.33 

Dinitre,he-ylhydraione 
isolated (mg.) 

dose excreted as ketone 
(for acetophenone) 

34.3 

8.46 

34.4 

9.77 

Average excreti n 	9.1/ of dose 

Nercapturie acid excretion vas also estimated on 

the urines of rabbits fed styrene epoxide since Spencer 

et al (194) have observed a rise in neutral sulphur 

excretion after dosing rats and rabbits with styrene. 

lercapturie acids were estimated by the iodine titration 

method of dtekol (Parke &I Williams, 1951). The excretion 

was doubled on the experimental day, equivalent to an 

elimination of C.9 and C.7 of the dose (average excretion, 

(...C). 
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P-Phenylethanal  
The 24 hr. urine of three. rabbit 	e0 ;=6 total of 

..phcnylothanel was lido acid, pH 3, with H,SO4  

and extruet.)d aontirwucly with ether for l hours. 3n 

evaporation, the ether extract deposited crystals and gum. 

The material was r,lory.3tallieed from 80% ethanol as purple 

tinted needies,(0.5 g.), 	hippuric acid tn form, 

m.p. 143°, 

Mixed m.p. with phenaceturic acid, 1430. 

ti.u,.:Aion of ether 3o1uble acid excretion (Bray, 

Neale &r4her.L',e, 1946; by two rubbitb (ica 1.3 and 1.6 g.) 

over the e7,-eri,aental periods demonstrated a doubling 

iii the urinary ,Acidc during the to days after feeding, 

equivalent to an excretion of 6C.5 and 76 	f the dose 

(average excretion 69). 



TABU 3 
Isolation of Glucuronides 

Substance 
Amt. fed 	AS 	As ester 

(g.) 	Glucuronide 	(g.) 
gum (g.) 

[A ester isomers 
(crude) 	isolated 

-83°  
Ethylbenzene 17 18.5 10 .6 -50.2°  

( -10°  
-83.5°  

hylphe[lylcarbinol 12 14.6 8.6 .0* (  -15.0°  

(-)Methylphenylcarbinol 2.0 0.4 0.16 -82.0°  -82.5°  
95;; (t)Methylphenylc rbinol 1.83 0.9 0.65 -30 - 

Acetophenone 8 7.5 5.0 -79.2°  -83°  

Styrene 27 6.8 1.7 .. 41.5°  - 
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CHAPTI.,R III  

Oxidation of Proz nil4..."arlallfIzenes  

and Related Compounds  

Materials  

When available, substances required were marchased 

and purified by distillation before use (table 4). 

TABLE 4 

b.p.(°C) 

n-Propylbenzene 	Eastman Organic Chemicals 159 

Propiophenone 	 B.D.H.: 	Ltd. 	218 

Benzylmethylketone 	 B.D.H. Ltd. 	216 

Isopropylbenzene (cumene) 	B.D.H. Ltd. 	1.52 

n-Botylbenzene 	 B.D.H. Ltd. 	180 

Butyrophenone 	Eastman Organic Chemicals 232 

sec-Butylbenzene 	 B.D.H. Ltd. 	173 
C6H6CH(CH3)C2H5  

tert-Butylbenzene 	 B.D.H. Ltd. 	167 
175C(C113)3  

sec-Amylbenzene 	Eastman Organic Chemicals 189 
7H5CH(CH3 )C3H7 

tert-Amylbenzene 	 B.D.H. Ltd. 	189 
—775C(Cli3)2C2H5 
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All the carbinols required and methylphenethylketone 

were prepared in the laboratory according to the following 

procedures :... 

EthylRhenylcarbinol, 06H5CHOH.C2H5, was prepared by the 

reduction of propiophenone with tiA1H4 according, to 

Brown (1951). An ethereal solution of the carbinol was 

dried over anhydrous Na2SO4  and then MgSO4. The material 

distilling at 107°0 (15 mm.Hg) was collected in 85/) yield. 

Benvlmethylcarbinol, C6H5CH2CHOH.CH3, was prepared by an 

identical method, collecting the distillate at 105°C 

(15 mm.Hg) in 8O> yield; b.p. 228°  at 779.3 mm.Hg. 

Phenyl.,2ropylcarbinol, C6H5CHOH.C3H7, was prepared from 

butyrophenune by reduction with an excess of sodium in 

ethanol solution. The reactants were heated on a water 

bath to complete the reduction and after addition of water, 

the carbinol (free from ketone) separated as an oil. This 

was washed with water, dried over Na0SO4 and distilled under 

reduced pressure, 20 mm.Hg, at 120-145°C in a yield of 25. 

Methylphenethylcarbinol, C6H5CH'2CH2CHOH.CH3, by the 

reduction of benzal acetone (C6H5CH:0H.CO.CH3) with 

111A1H4 (cf. Brown, 1951), was distilled under reduced 

pressure in a 70 yield. 
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Meth lohene  171ketone, ClH5CH2CIL 0.0113 , was also prepared 

from benzal acetone, using sodium amalgam (made by the 

method f Vogel 1948) a the reducing agent. The ketone 

was separated from starting material and the carbinol by 

forming a bisuiphite compound. After decomposition of 

this derivative in 1O 11.2804, the oil was washed with 

water, dried over Na2604  and distilled. The fraction 

distilling at 236°0 was collected in a yield of 8O;. 

The detoxication of certain o'Z the oompounda, chosen 

for study in this section has .been investigated before, 

with the folloing results. 

ollylbenzene (Thierfelder & Klenk, 1924) . Benzoic acid 

was the only acid Isolated from the urine of dogs after 

dosing and it was not found possible to isolate the 

glucuronide. 

Propiophenone (Thierfelder Dalier, 1926) - 6uboutaneous 

in,jections into rabbits of daily doses of 2 g. produced 

:niy hippuria acid and a gluouronide, ohich analysed as 

the potassium salt of ethylphenylcarbin11luluronide; 

.146.1°. 
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22aulmlhl1kttlal  (Dakln, 1908/9) - In the dog, hippuric 
acid was forried after subcutaneous injection of the ketone. 

Cumene (Thierfelder & Klenk, 1924) - In dogs and rabbits, 

cumene produced no hippuric acid or any other avid. It 

caused an increase in the excretion of ethereal sulphate 

(Nenoki 	Giacosa, 1880). 

Butylbenzenea (Thierfelder Klenk, 1924) - These compounds 

gave no rise in the hippuric acid excretions of dogs and 

no other organic acid was detected but in rabbits phenacet-

uric acid was isolated after feecOng n-butylbenzene. 

There was no discernible rise in ethereal sulphate excretion 

after injection into dogs of n- and sec-butylbenzenes. 

Butyrophenone (Thierfelder & Daiber, 1921) - From rabbit 

urine, after subcutaneous injection of the ketone, propyl. 

phenylcarbinylglucuronio acid Was isolated as its cadmium 

salt; VP-3  -108.7°. Hippuric acid was the only organic 

acid isolated. 

The c,impounds were administered under the conditions 

described in Chapter II. 
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actions o Urine 

lodoform and iothera tests, when applicable, were 

made on urines after acid hydrolyeis, in addition to the 

tests defined in Chapter 11. 

Hothera reaction - .Dres of freshly prepared ac_ueous 

sodium nitroorusdado and of .880 ammonia added to 

test solution L,-tu-2:_„ted with (NH4)SO4  gave a violet 

ctlour4tion ahen substances cotaining a ,;Tli ;0.  grotAnrY, 

were present. 

Iodoform reaction - The reaction of penultinite keto and 

carbinol groups witb hypoiodite in dioxane solution was 

conducted aocording to the directions of Fusen &Tullock 

(1934) (from Higginbottom, 1948). 

No colour reactions with phenolic reagents and 

Brady's reagent Jer:.., observed in the urines .1ne the 

ether extracts of slightly hydrolysed urines. Glucur-

onides were present in all oases n,  these were ether 

soluble. Further reactions of the urines and the quant-

itative figures for glucuronid-, ethereal sulphate and 

raercapturic acid excretion are givc,n in Tables 5 and 6. 
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Reaction of urinee 	feecUry; Pr& •171- But71-

and 2,nyl-Ben7mne2  

Teete 
1.)bstance 	Reducing Io4oform dothera 

Owe./ mg* 	.4111.M. 	 4.0.• 	*MOO 

n-Propylbenzene 

Ethylphenylcarbinol 

Propiophenone 

BenzylmethyloarT)inel 

Benzylmethylketone 

Cumne 

n-Butylben..,:ene 

Butyrophenone 

Methylphenethylketone 

eae•Butylbenzene 

tart-Butylbenzene 

seo-...:ixiyibenzene 

tert-lotylbenzene 

a 

4- 



TABLE 6 

Exoretion of metabo3ites ,J.1.'te.  feeding Proyyl.k  riutal...4-and 	Alkyl-benzenes  ' 	 Rea, 
	ad 

Substance 

-elAtea Comounds 

excretion (> 
Ethereal 
sulhate 

dose) 
Aercapturio 

acids 

No* 	f.-d 

111•1* 

Average 
Glueuronidee 

11.00A 

n-Prcylbenzene 3 21 2.0  

'.;thviphenylcurbinol 3 54 nil - 

Benzylmethylcarbinol 3 43 1.7 - 

Cumene 2 69 1.1R  - 

n-Butylbenzene 3 43 5.1 1.3 

seo*Butylbmzene 3 66 11.331  nil 

tert-43utylbenzene 2 67 3.3 nil 

sec-Amylbenzene 3 51 nilie  

tert-Amylb,Inzenel 3 48 2.8 

x deni:tes an oil fored io the hydrlysate 

e from the results of lass E. Smalley 
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Isolatosy Procedures 

The speciXic rotations of glucuronide esters were 

meamred uaing 1,h solutions in chloroform. 'Melting 

points are corrected. 

n.asultenzene 

The urine of two rabbits fed a total of 3.0 g. 

n.propylbenzene was acidified to pH 3 with LC.);-  H2SO4 

and extracted continuously with ether for 10 hours. 

On evaporation of the. extract, 0.5 g. hippuric acid 

crystallised out and after one recrystaiiisation from 

water possessed m.p. 1840  (mixed m.p. 184°). The liquor 

was further evaporated to a ,um containin a non-reducing 

zlucuronids which, failed to crystallise free or as the 

potassium, benzylamlne or toluidine derivative. 

i.thylpheny1carb  

In an attempt to isolate the glucuronidc, 510 ml. 

urine, excreted within 24 hour of feeding a total dose 

of 4.3 g. to three rabbits was treated by the lead acetate 

precipitation method. 2 g. acid, gum (soluble in ethanol/ 

ether) was obtained, from which 1.4 g. triecetvi methyl 

ester was prepared as a liquid gum, which would not cryst. 

allise from ethanol, methanol or n.hexane. 



92. 

Esultula=aa 
From a total feed of 8 g. propiophenone to four 

rabbits, the 24 hr. urine (500 ml.) yielded a glucuronide 

gum which w:le neutral. Inorganic material ':as removed by 

precipitation with ethanol/ether and the gum acidified with 

a few drops 20, H2604 . 	he excess of inorganic acid .;as 

precipitated by titration with Ba(OH),, using sodium rhodi- ,,, 
.4,onate as an indicator for Ba ions. 1.0 g. acid gum was 

obtained. ahis was methylated and acetylateds  yielding 

0.36 g..amorphous ester, H 8  .69.5°. Two crystallisations 

from the least amount of 80;; aqueous ethanol produced the 

pure compound; 0.16 g., m.p. 126° ki 1"  "W°. 

iayeI 

Found : Cs  58.47 	022H28030  requires C, 58.34> 

H, 6.258 H, 6.232% 

Further crystallisations from aqueous ethanol and methanol 

did not affect the physical constants and thus propiophenone 
A 

vas excreted as a single diastereoisomer of ethylphenyl- 

c.,a.binylglucuronide. 

Benzylmethylcarbinol 

4.5 g. Benzylmethylcarhinol \NL; fed to three rabbits 
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and the 24 hr. urine (540 ml.) was worked up to 2 g. 

hon.reducing 	iãip;lucuronide gum, soluble in ethanol/ 

ether. Attempts to Isolate the potassium, barium, - -toluidine 

and benzylamine derivatives failed and the t .iacetyl methyl 

ester of the glucoroaide was obtained as a liquid gum 

which did not crystallise from the usual solvents. 

Benzylmethylketone  

T'Ao rabbits were fed a total of 4 g. benzylmethyl- 

etone and from the 4 hrt  urine (250 ml.) 1.0 g. clear, 

non-reduoing aoidio gluouronide gum was prepared. 0.5 g* 
wao used in attempts to prepare salts without any satis-

factory products being isolated and the. remainder was 

methylated and acetylatedi The triaoetyImethyl ester 

(0.35 c.), kir .23°, was unaffected in specific rotation 

by crystallisations from 70 aqueous ethanol and 60 

aqueous methanol. The final product as isolated as 

long white needles, m.p. 1240, L&j 18 •*24°  • 
Analysis : 

Found : C o  5-6-351, 022H28010 requires 0, 58.34$ 

H, 6-4-370 	 H, 6.232% 

Thus, a sngle diastereoisomer of benzylmethylcarbinyl. 

glucuronide had been excreted by rabbits fed the ketone. 



94. 

ne7ertylb17:nzene 

On two 000atiens, the erines of rabbite fed n-butyl-

beneene (total dos ee 1e. and 5 g.) were treated by the 

baeic lead acetate precipitation method for lee iseletion 

of the glucurenide* email amounts of gluouronide gum (1.5 

and 0.6 g.) were obtained but the triacetylmethyl ester 

remained liquid and did not crystallise from the usual 

solvents. Attempts to Isneate the agiyoonee were hampered 

by ihe rapid dehydrogenation of the alcohols in acid solu-

tion during hydrolysis. This wee observed even when the 

concentration of acid (H2SO4) was reduced to 0.5N and the 

acidified material steam distilled without preliminary 

relaxing. The instability of these cerbinols has been 

referred to by heland (194e) and their tendency to 

rearrange to form branched chain compounds noted. The 

unsaturated derivatives isolated by eetrection -Ath ether, 

or by steam distillation of the hydrelyeate, were isolated 

in two fractions. 

Thus from e feed :el 10 g. (four rabbits) there was 

collected 0.6 m1. oil; b.p. 90e1CO00 at 14 mm,lig (201°C 

at 759.7 mm.Hg); 	e 1.5330; A max  250 54,. • Ell%tora.  55 

in ethanol; slowly reducing a eolution of YMn04 in acetone; 
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nrd C. ml oll: t.-. :1 20-1'30 fa at 14 mm.Hg (247°C at 

A  751.7 mm.Hg); rte l.517:; mux  28C mitx., 	Gm C0 in 

ethanol; posse sine R rapid reducing P,ction. 

Neither of these compounas oan be identified by 

bsp, or refractive index with the characterised unsatur.. 

ated buty3benzene derivatives. 

BIlIzronheLone 

The 4 hr. rrine from a feed of 	g. butyropbenone 

to six rzill-,)its was treated by the lead acetate precipit- 

ation method and 12.2 g. non-redueing acid c::.uouronide gum 

was obtained soluble in ether/ethanol mixtutees From 7 g. 

the triacetylmethyl ester of the gluouronide was prepared 

as a solid gum, 5.75 g., E9d . °  ..63$1. It failed to form 

well defined crystals from. ethanol or methanol )111: from 

150 ml. I50-  acetic acid solution, by slow evaporation, 

1.84 g. needles were deposited, m.p. 98-100°, k] 2°  

The rotation remained constant with further crystallizations 

from ethanoliwater mixtures. Final mop, Mee 

Analysis : 
6 

Found : c, :.13•99%. 	 3H30( 1002 	requires C o  59.2% 

H, 6.68-61 	H, 6.482% 

No crystalline material wtiL ir,7olted from the residues 
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and it hao therefore been concluded t}ut butyrophenone 

formed. only one diastereoisomer of phenylpropylcarbinol 

which is e:i:oreted ae the glucaronide. 

rethvlolienetIvrlketone 

8.0 g. acid glucuronide gull, isolated from the urine 

of ,ix 2abbit', fed a total of La g. methylphenetllykketone 

was nho-al 40) 1)ntAir, -1Iy one gluour)nide by paper cLrom-

atogra-)by in a butanol/aoetia acid/water mixture (4:1:5 by 

vol.). A spray of naphthoresoroinol di olvod in aqueous 

tri4hloroacetic acid gave a blue colour 'aiih the gluouron-

iee spot after heatinx the paper at 110°  for mine. 

5 g. of the gutD  was methylated and aoetylated but 

the ester gum remained liquid and did not crystallise 

from ethanol, methanol or 50,': acetic acid. 
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CHAPTER IV 

The Excretion of Alkylbenzenes in the expired air 

of rabbits. 

Introduction 

A balance sheet for the metabolism of benzene in 

the rabbit has been prepared by Parke & ailliams (1952). 

39„/J of a dose of benzene administered orally was recovered 

from the expired air. Various halogenobenzenes have been 

investigated by Azouz, Parke & dilliams (1952). Unchanged 

material has been identified and estimated in the expired 

air. 

The average amount of toluene exhaled by nine persons 

in twelve experiments exposed in gas chambers to doses of 

271-1177y/1. was found to be 16.3 of the dose (SrbovIlt & 

Teisinger, 1952). 

Method 

Rowe, Atchison, Luce & Adams (1943) have determined 

mixtures of styrene and alkylbenzene in air spectrophoto-

metrically by passing the vapour through bead-packed 

absorbers containing tit0H, cooled in solid CO2. 

The apparatus employed in the followin -  experiments 

has been described by Pakke & Nilliams (1950) (of. Azouz, 
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Parke & Williams, 1952). The rabbit was placed immediately 

after oral feeding in a perspex tank, 24" x 13" x 10". The 

absorption train generally consisted, in order, of a 

bottle containing anhydrous CaCl2, two bottles containing 

anhydrous magnesium berchlorate (Anhydrone) and then two 

bottles containing glass beads and 12 ml. absolute ethanol 

to absorb the vapours. The last two bottles were immersed 

in a freezing solution at -700C. 

The first ethanol bottle was renewed periodically 

throughout the time of the experiment. The concentration 

of hydrocarbon in the ethanol solution was det-rmined 

spectrophotometrically. During each estimation, the 

whole absorption curve was determined. 

U.V. absorption data :- 

Toluene, b.p. 1100 ; A max  262 Inu- ; 	max 228.  
Ethylbenzene, b.p. 1350; A 	261 my- ; € max 217. 

n-Propylbenzene, b.p, 1570 ; A max  261 m ; E max  197. 

(kagat & Maier (1943) record log € s 2.32 at 461 my-). 

The recovery of the vapour from the tank was checked by 

exposing known amounts of toluene and ethylbenzene in it. 

Thus when 266 mg. freshly distilled toluene was exposed, 

257.6 mg. was recovered in the first bottle and 10.2 mg. 
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in the seoond (total, 267.8 mg. or 100.6M after drawing 

a curtest of air from outside the laboratory through the 

tank for 7.75 hours. Then 441 mg. ethylbenzene was exposed 

in the tank, a recovery of 82.2 was achieved in 6 hours and 

of l03.8> in 17 hours, Each experiment was continued for 

further periods of time but insufficient amounts of material 

were collected for quantitative measurements to be made. 

Experimental 

Toluene 

Rabbit No. 70, 3.6 kg., was fed 1.5 ml. toluene (3.8 

mg.moles/kg.) and placed immediately in the metabolism tank. 

A bottle containing 150 ml. Brady's reagent (a saturated 

solution of 2:4-dinitrophenylhydrazine in dilute HC1) was 

inserted between the absorption train and the tank. In the 

first 12 hours after feeding, 15.8;i; of the dose was accounted 

for and a further 1.6 was measured in the first ethanol 

bottle in the 8 hours following. No hydrazone formed in the 

Brady's reagent shpwing that if benzaldehyde was formed 

from toluene, it did not appear in the expired air. 

In another experiment, rabbit No. 79 (3.6 kg.) was fed 

1.45 ml. toluene (3.8 mg.moles/kg.) and the rate of excretion, 

followed by regular estimation of the absorption in the 

ethanol bottles. The experiment was continued for 14; hours 

and the results are recorded graphically in Fig. 3. 
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Fig. 3. Excretion of toluene in the expired  

Histogram - Dose excreted/hour. 

Curve - Total X, dose excreted at time of measurement. 
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The total exsretion of toluene was 18.75 of the dose. 

No urine was passed by the rabbit during the time of the 

experiment. 

For these two animal exp ,riments, the average 

elimination of toluene via the lunge equalled 18.1/.; 

of the dose. 

Ethylbenzene  

A preliminary 6 hr. experiment in which 1.5 g. 

ethylbenzene was fed to a rabbit, showed that the excreted 

vapour did not have a simple composition. The absorption 

spectra in ethanol of styrene and dl-methylphenylcarbinol 

were determined since they were possible constituents of 

a mixture. 

U.V. absorption data :- 

Styrene, dried over CaC12 and distilled at reduced pressure, 
A 	245 17 1t4_ ,e 	14100 in ethanol, log e 4.15 max 

(agat & Maier (1943) record log 6 r. 4.0 at 246 fly),  ) 

dl4lethylphenylcarbinol, b.p. 2050C, 

247 179,L, E•max  356 in ethanol. max 
The curves for ethylbenzene, styrene and dl-methylphenyl-

carbinol are compared in Fig. 4. 

1.5 g. ethylbenzene was fed to a rabbit (2.85 kg. 

weight) (5.2 g.moles/kg.) and the expired air passed 
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through a bottle containing 150 ml. 80.,:eeoue Brady's eolution 

between the tank end the absorption train. .curing the time 

of the experiment, no hydrazone crystalliseC, from this solu-

tion. At the first change, 3 hr. after feedin;, the 

spectrum of the ethanol solution 'Was a smooth curve with 

two teaks at 250 and 260 rep-. 	the experiment continued, 

the peak at the lower wavelength assumed prominence and 

moved down the spectrum until in the period of 20-27 hours 

after feeding, there was a single peak, flattened like 

styrene and with maximal absorption at 245 m).1-. In this 

period of time, only 0.3 mr:. styrene (0.0002,, of the dose) 

was required to produce the extinction observed. 

In another experiment, 1.5 g. ethylbenzene ,Jas fed 

(5 mg.raolee/kg.) and the expired air passed through a T 

tube immersed in the freezing mixture before being led 

directly to the battles containing ethanol. Thus Anhydrone, 

„hich absorbs alcohols, Was excluded from the bsorption 

train. 	peak at 26C mn 	due to ethylbenzene) 

remained prominent au the experiment continued. A mixture 

of oil and ice collected in the 11 tube, from which 60 mg. 

of the oil was separated, eith maximal absorption between 

260.270 ra),L. Nethylphenylc,lrbin4 (m.s. 2000 and E max   at 

;47 m},e) did not therefore, appear to be present in the 

expired vapour. 
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n-Propylbenzene  

A rabbit, 3.4 kg. -weight, was fed 1.7 ml. n-propyl-

benzene (3.8 mg.moles/kg.) and placed impediately in the tank. 

A bottle containing 150 ml. aqueous Brady's solution was 

inserted between the tank and the absorption train. No 

formation of hydrazone was observed during the time of the 

experiment. The total spectrum was measured at each 

estimation and only in the first curve obtained 2 hours after 

feeding was there evidence that the amount determined from 

the extinction at 261 mrdiffered grossly from the propyl-

benzene present. In the 13 hours of the lxperiment, 7.2/; of 

the dose was collected in the first absorbing bottle. The 

Second bottle contained too small an amount for it to be 

estimated. 

The interfering substance excreted in the first 2 hours 

appeared to have a maximal extinction at 258-9 m1.4- • This 

value compared well with the maximal peaks of the spectra of 

ethylphenylcarbinol and of benzylmethylcLrbinol, illustrated 

in Fig. 5. 

U.V. absorption data :- 

Ethylphenylcarbinol (b.p. 1079  at 15 mm.W) 
A 	258 mp ; e'max  173. 

Benzylmethylcarbinol (b.p. at 779.3 mm.Hg) 

A max  258.5 IyA ; 	192. 

At least one of these subtancee is an intermediate in 
the metabolism of n-propylbenzcne (cf. Chapter III). 
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Discussion  

lf,easuroments of the amount of unchanged anyibenzene 

present in the expired air oT rabbits after dosirw, by the 

, ethods detailed in chapter Iv, has 'roved that 18.1,u of 

toluene and 7.2,, of n-propylbenzene are lost in this way. 

small amount of n-propylbenzene wa exhaled in a 

metabolised form - probably au ethylphenyl- or benzyl-

I.ethylriarhinol, during the iirst two hours. 

No ficures *ere obtained frm ethylLenzene feoGing 

experiments because of the co1,14ex nature of the expired 

va2our. 

Ketones were *got eliminated via the lungs. 

It is unlikely tlat hiher alkylbenzenes are lost 

from the animal, by respiration, in sirnificant amounts. 

'thus, 81.9: of toluene ingested, an indefinite 

proportion of ethylbenzene and 92.8,, of n-propyibenzene 

were metabolised. The fate in the body of alkyibenzenes, 

and their oxidation products, is considered in this 

discussion of results. 
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T110 Metabolism of Ethylbenzene and its Oxidation ProdUots 

Formation if glucuronides 

Results of previous workers, which demonstrated that 

a major pathway for ethylbenzene metabolism Was via 

oxidation of the 40(-C atom of the side chain have been 

confirmed. (t)Methylphenylcarbinol has been shown to 

yield the (t)methylphenylearbinylgluouronide in rabbits, 

by isolation of the separate diastereoisomers of the 

triacetylmethyl esters of the glucuronides fror the urine. 

Confirmation of this fact 1.-s been obtained by feeding 

the resolved carbinolo. '11-jerfelder & Xlenk 

assumed that the (t)methylphenylcarbinol produced a mixture 

of thc diasterecisoleere, but their experimental results 

are in conflict with the findinge of the present stuuy. 

They suggested (in accordance with the earlier wore of 

Thierfelder & Daiber, l9e;3) that the material they 

isolated was the potassium salt of (t)methylphenylcarbinyl. 

gluouronide, but the high rotation quoted (EI 1)  .127°  in 

water) is more supgestive of a resolved form, not a pseudo

racemic mixture. The potassium salts of the glucuronides 

from ethylbenzene and acetophenone possessed rotations of 

the same order, (HI) .122°  end -1;4o respectively). 
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qydroly.,is of the material obtained from aeetophei-lone 

urine led to isolaLion of the carbinol as a *lightly 

dextrorotatury compound. But the conditions of isolation 

of the gluouronide as a potassiuff, salt, which Is a diffi-

cult procedure, not aocoi4,11shed with any of the compounds 

in this stuy, made it very possible that selective oryst-

allisation of one isomer shoulk, occur and raoeniization of 

the glucuronide from acetouhenone may have happened during 

the avid hydrolysiu. In the present experiments, these 

faults ILAve been avoided by measuring rotations on the 

crude amorphous triacetylmethyl esters of the gluouronides. 

The isolation of the separate diastereuisomers of these 

derivatives by fractional crystallisation, provided a 

means of estimating the relative proportions of the dia-

stereoisoners in the crude material, without hydrolysis to 

the aglyoone. Must  since the diastereoisomers of the 

triacetylmethyl esters of .ethylphenylcarbinyl ?;11touronide 

possessed rotations of HD  -150  and -WO  (average -49° , 

the material obtained from both ethylbenzene and (t)methyl-

ohenylcarbinol urine was, with Ht1=-50°, an approximately 

equimolecular mixture. .'eorystallisation of the ester 

iron ethylbcnzene urine led to the i'3olation of material 
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with a slow Telting range and very low rotation 	L #4-06),  

The evidence suggests that this vas the (+) isomer, adul.. 

terated, but the material was lost before the physidal 

properties could he checked and the work will be repeated. 

The results of paper c!Iramatography of the gluour.-

onide gum from ethylbenzene urine, suggect that only 

methylphenylcarbinylgluouronides were present. 

prom acetophenone, only one isomer was formed. 

(-)methylphenylearbinylglucuronide. The effect on the 

optical rotation of formation of a triacetylmethyl ester 

from a glueuronide has been stud cd with the menthols 

(cf. Appendix IV). The ratios 

qlucuronide (in water) 

[t]D triacetylmothyl ester of glucurunide (in CH0). ) 

given below suggest that the material isolated by Thier. 

folder & Daibor (1923) from acetophenone was in fact the 

potassium Bait of (-)methylphenylcarbinylgluouronide. 

[y],)  (-)menthylglueuronide 
e 1.11 

triacctylmethyl ester 

[]D (+)i'7.rtenthylgiuouronido 
1.02 

triacetylmethyl ester 

5.flp glueuronide from acetophenone 
	  s 1.01 

(-)triacetylmethyl ester 

(56D  : molecular rotation) 



Ueasureent Of glucuronide output of rabbits fel 

styrene, styrene epoxide and p.pl.,enylethanol, sw.;gest, 

because of the small percentase of the dose excreted 

in this way, that these substances are not oblatory 

intermediates in the oxidation of ethylbenzene to aiethyl. 

phenyicarbinol. loreover, the gluouronides from styrene 

and styrene epoxide are dextrorotatory. 

Formation of ,eids  

Hippuric acid. was isolated from ethylbenzene urine 

on the first day after feedin, in a yield of k:C; of the 

dose. There was no indication of the presence of phen-

acetaric acid as a metabolite. Ethylbenzene is not, 

therefore, detoxicated via terminal oxidation products. 

70'i; of a dose of e.phenylethanol was accounted for 

as ether soluble acid in the two days after feeding. 

Only phenacetvric acid was isolated (1.5 	 f the dose). 

Excretion as ethereal sulphate 

lAhylbenzene and its oxidation products produced 

no very significant rises in ethereal sulphate excretion 

(i.e. excretion as phenols). 

On the other hand, some tiO of a dose of benzene 
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administered to rabbits can be accounted for by oxidation 

to phenols (Porteous & iiiiwns, i949 a and b). 6ubstit-

uteJ benzenes - nitro- amino-, halogen°. and cyano-

benzenes -,re all partially detoxicateo ae phenols.(0mith, 

19b0). 

The extent of hydroxylation in the rin cannot, sat-

isfaetorily, be related to the ease or difficulty of 

detoxioation by other pathways. Thus, Thierfelder & Daiber 

(1923) found ethylbenzene wau retained in the body for 

several days and acetophenone was eliminated within a 

few hours of feedino. Yet, the excretion Of acetophenone 

as ethereal ealphate is five times that of et11:ribenzene 

(Table 2). 

The enzyme syste Is concerned in hydroxylation of the 

ring are probably quite distinct from those promoting 

chain oxidation. 	-Diethyl:r.minoethyldiphenylpropyl 

acetate hydrochloride (SKF 525 A) potentiates  the action 

of various drugs, including the dialkylbarbiturates and 

the alkyl substituted 2-hydroxy 1:4-naphthoeuinenes by 
Axelrod • 

its blocking of side chain oxidation (Zleichenthall, 

cuinvM 0:z Brodie, 1953), but has no action on ring hydrox-

ylation (private communication, brodie). 
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The Yetaoliem o HLP:er AlIT.vibenzenes 

Foreation 	ejuourontdee 

No elucuronidee Tore isolated from the urines of 

rabite fed n-propyl o butylbenzenes. The oarbinols 

derived from n.propylben7enn, ethylphenylcarhinol and 

benzylmethyloarbinel were similar in that from them were 

produced gums of the triacetylmethyl ezterof  which did 

not crystallise. All attemote to ioolete a crystalline 

triaoetylmethyl ester of the eluouroni.r4e formed from the 

aryl-alkyl ketones were succeesful with. the exception of 

the gum from phenethylmethylketone urine. It would appear 

that the formation of mixtures ot the diaetereeieoceri.es 

from the :111:ylbenzenes and carhinols prevented crystallis-

ation. Ketone e produced a siniele isomer which eae therefore 

more easily crystallised from the cum. The loverine in 

m.p; of the esters, accompan2rine the tnareaee in the size 

of the elkyl croup, may be partly respeneihle - 'or the 

failure of -ixturee to crystallise. 

Thierfelder & Datbor (1923) reported the iiiolation 

of cluouronides from propiephenone and butyrophenone Lnd 

in each eese, the high optical rotatl_on of the metal salt 

err—est't 	'nly one isomer wee obtained, 
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jlalitatitre rstas 	in es  

i,t,ualttative tests on the urine of animas fed alkyl.. 

benzen and their oxidative products shoeki Ulat in a11. 

QØ s the glucuranide was soluble in ether. Vo ketones 

were detected in the urine by the lothera or dinitrophenyl* 

hydrazine reagents, but wwpropyl, mg*butyl and seo.mamyl 

radic:Ale are probaoly oxidised at the i;enuitimate 0 atom, 

as positive iodoform rctautionu wei Obtaine on hydroly• 

sates of thu urines. Methylphenethylketone gives a 

very poorly defined lodoform reaction and none was observed 

on the urines of rabbits dosed with it. 

Reducing metabolites (probably eater glueuronides) 

were dets3t t in the urinea of rabbits fed =mane and 

Isawarylben4ene. The metabolism of cumeno hao be on 

iu thor studied (Robinson, orlth c 4i11iams, unpublidhed 

results) and three gluourenidea have been idontified in 

the urine; of hydratropic aoid, hydratrupie alcohol and 

ditoethylphenyisarbinel, Los* 

ti:113  
(16H5CH. 

OH3  



The sthbility of these glucuronides to acid hydrolysis 

decreases in the order s.cid glucuronide >primary alcohol 

glucuronide 7,-;-> tertiary carbinyiglucuronide. Dimethylphenyl-

carbinylglucuronide is hydrolysed, with extreme ease, L!nd 

the free alcohol is rapidly dehydrogenated to form D6-methyl-

styrere 

H 0 	Hydratrapoylgiucuronide is b-  5 OH, 

strongly reducing to Benedict's and Fehlingts solutions. 

The proof of the formation of a tertiary carbinyl. 

glueuronide from cumene was foreshadowed by the ease with 

which hydrolysis of stamens urine occurred. Thus, oily 

droplets appeared during the hydrolysis in Oa1-HC1 during 

the estimation of ethereal sulphates (of. Table 6) 	A 

similar turbidity occurred with sec-butyl and sec-amyl-

benzene urines. It would appear probable that tertiary 

carhinylglucuronides (conjugated at the o(..0 atom) are 

formed from. these substances as well. 

The conclusions concernirr7 the products of side 

chain oxidation of alkyl chains attached to the benzene 

nucleus, rin71,ested by these qualitative reactions are 

sarmarized below. 



-OH OH 

 

-CH,CHOH.CH3  

12. 

  

CH3  

OH3 	wCHoGHOH.CH3  

H. CHOH3 	OHI 

...0(OH)4,0110H3  

0112C.H011.0% 

OKI  H2  0H3 	CM3  

..o(OH).CIVII2CH.3  

--> 

ZOOR 

00.CH2CH3  

(.4H3  

Hippuric acid was isolated from n.propylbenzene urine 

in a yield of 1/6 of the dose. The acid to the product of 

terminal oxidation followed by -oxidation. Its isolation 

11$ been reoorded by Thierfolder & Klenk (1924). 

Excretion as ethereal sulphate  

No generalisations concerning the factors affecting 

hydroxylation of the ring of higher ulkylbenzenes can be 

drawn froLl the figures for ethereal sulphate conjugation. 
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qualitative tests for phenols in hydrolysed urines were 

negative. Small rises in the ethereal sulphate excretion 

can be neglected as rises of this order can be caused by 

ingestion of water alone. n-Prooylbenzene, benzylmethyl-

carbinol, sec- and tert-butylbenzenes and tert-amylbenzene 

were excreted in significant amounts as ethereal sulphates 

(cf. Table 6). 

Mode of Oxidation of Alkylbenzenes 

homolytic fission in a molecule to form. free 

radicals requires less expenditure of energy than 

heterolytic or ionic fission. In a medium of high 

dielectric constant the position is reversed and in the 

polar systems of the animal body either type of breakdown 

is permissible (,vans, 1946). Ethylbenzene possesses a 

reactive 0..0 atom and although free radical mechanisms 

have generally been postulated for its oxidation by 

purely chemical means (Chapter I), loss of H from the 

wC atom in the body may result in the formation of an 

...phenylethyl radical, C6H5CH.CH3  or a carbonium ion, 

C6H5CH.CH3 according to the environment. In either case, 

the ease of formation of the initial oxidation product, 
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radical or ion, is determined by the energy required for 

rupture of a C-H bond. The bond dissociation energy 

decreases with substitution of the C atom by alkyl radicals 

(Swart, 1951). In conjunction with this fact, the figures 

for glucuronide conjugation suggest that formation of a 

free radical or carbonium ion is the first step in oxid-

ation. The branched alkylbenzenes of the form C6H5CH.R1R2  

(R1 and R2 alkyl groups) consistently produced higher 

figures for glucuronide conjugation than the straight 

chain analogues. The results of the study of cumene 

metabolism and the qualitative reaction to mild hydrolysis 

of sec-butyl and sec-amylbenzenes suggest tht the tert-

carbinylglucuronides form a large proportion of the total 

amount of glucuronide excreted. 

However, there does not appear to be a direct relation-

ship between the presence in a molecule of a reactive '-meth-

ylene group and the extent of glucuronide conjugation. 

Kooyman (1951) found fluorene to have a particularly high 

reactivity towards free radicals (thirtyfive times that of 

ethylbenzene) but the extent of conjugation as glucuronide 

is only moderate in the rabbit (16' of a dose; Smith, 

unpublished results) and Neish (1948) has produced evidence 
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that fluorene is excreted as 2.hydroxyfluorene, and that 

this phenol is partially conjugated as a glucuronide. 

fluorene 2-hydroxyfluorene 

Moreover, organic acids were not isolated by Thier-

felder & Klenk (1924) after feeding eumene and the 

branched butylbenzenes to rabbits. Thus, the high glucur-

onide conjugation, spread over 2.3 days, of these substances 

my be the result of the limited means by which they can be 

excreted (Appendix III).  

Ketones cannot be considered as intermediates in the 

formation of oarbinols from alkylbenzenes because of their 

asymmetric hydrogenation (Chapters I and III). 

Styrene and styrene epoxide are not obligatory 

intermediates in ethylbenzene metabolism as they produce 

only small rises in glucuronide output (equivalent to 

15-16 of the do:AO. Neubauer (1901) found stereoohemical 

evidence that styrene was not an intermediate in ethylbenzene 

metabolism. The equivalent of 39/ of a dose of styrene 

was excreted as ether soluble acid. 

Mercapturic acid excretion was raised following the 
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administration of styrene by 50.2507, (spencer et al, 1942). 

In this study, nercapturic acids were estimated after 

feedin,,  styrene epoxide. Less than 1i of the dose was 

accounted for, but this is ecjuivalent to a rise in the 

daily output of mercapturic acid of 200.250,4. styrene 

and its epcxide ,:ere the only two compounds studied which 

ilroduced detectable amounts of ''etone in the urine. 

Kawabata (1945) fed allylbertzene to dogs and showed that 

the detoxioation products were olite distinct from those 

formed from saturated alkylbenzenes. He proved that 70% 

of the dose was excreted as benzyl alcohol, a), as 2-hydroxy- 

phenylacetic acid, 5% as ciwiamic acid and a small amount 

asot-hriroxy(3-phenylpropionic acid. 

,ualitLtive reactions suggest that penultimate oxid- 

ation is , feature of alkylbenzene metabolism but no 

Products have be ,n isolated. Penultimate oxid:Aion is a 

tnajor pxthway in dialkyl-barbiturate m tabolism (kaynert, 

1952), i.e. of amytal (5-sec-amyl-5-ethylbarbituric acid) 

and of ortal h-n-hexy1-5-ethylbarbturic acid). 

The Asymmetric Hydrogenation of Aryl-alkyl Ketones  

Four ketones were fed, acetophenone, propiophenone, 



benzylmothylketone, butyrophenone and methylphenethyl-

ketone, and from all but one, the triacetylmethyl esters 

of the glucuronides were obtained, crystalline, as single 

diastereoisomerides. As the chain lengthened, it became 

inoreasingly difficult to isolate a crystalline form and 

the eater gum from ziethylphenetLyietono id not crystallise. 

The formation of a single Isomeric form need not t,  

have been entirely unexpected. The phytochemicll reduction 

of keton 	Ifays.  yields optically active carbinols (Neuberg, 

194). Ketones have been suggested as intermediates in the 

biological synthesis of L.-amino acids (from 4iilliams, 1947) 

and naturally occurring lactic ac d, formed from pyruvic 

acid, is of the L(+) configuration. 

In the case of acetophenone, the diaeterooisomer has 

been definitely identified as the ester of (-)methylphenyl-

carbinylglucuronide, it,rmed when (-)methylohenylcarbinol is 

fed. By the similarity in the specific rotations it can 

be assumed that propiophenone and butyrophenone produced 

carbfnols which were also laevorotatory* 

Ketone of (-)oarbinol 	Glucuronide ester 
HD  in CHC13 LID 

Acetophenone ,,,io -83°  -.364 

Propiophenone -7b.b°  -8C°  -362 

Butyrophenone -85.6°  -79°  -368 



Howe r, benzylmethylketone pr laced a triacetylmethyl 

ester with HD  .24°  and MD  .108. The oarbinol corres. 

ponding to benzylmethylketone has a NAD 138.5°  and the 

change in rotation of the carbinol, after conjugation, 

corresponds closely with that of (+)1 menthol (Appendix IV). 

Nisomenthol (-4 )benzyl ,, thvicarbinol 
1101,1,11111•1•111/41.111111t 

  

or.•6101111.04EIMOR 

  

r:..1 LF.AD  of alcc,hol 	+ 27o 

HD  of glucuronide 	-43°  
(in water) 

Hri  of ester 	 .29°  
(in chloroform) 

 

Therefore it is probable that benzylmethylketone is 

excreted as (+)benzylmethylcarbinylgiucuronide in the 

rabbit. 

In Chapter I, the absolute configurations of these 

crbinols were discussed and (.)meth 1phenyl., (.)ethylphenyl, 

(-)propyl-, phenyl. and (flbenzylmethylcarbinol were all 

shown to be configuratfvely btmilar, i.e. corresponded to 

L(-)glyveraldehyde. Thus, each or the aryl-alkyl carOinols 

studied is asymmetrically hydrogenated, in the rabbit, to 

the L.oarbinol. And the carbinois are of the same configur. 

ation as lactic acid formed from pyruvic acid by enzymic 

hydrogenation with the lactic clehydrogenace 01 animal tissues. 
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Iwpendix  

At one time it was considered possible that 6.actet-

amido.4-nitro-o-cresol was being transformed into the 

corresponding benzoxazolone or benzoxazole during the 

concentration of extracts of urines from DN00, and these 

derivatives were therefore prepared. 

(a)  74Methzi•5.n trobenzpxzzo1-2-one 
co 3 0 

/
L1:-0 

Ne 
10 g., 6-amino.4-nitro.o.cresol was ground up with 

3.53 g. (1.1 equiv.) urea and heated to between 150.-1600, 

until the evolution of ammonia slackened, after one hour. 

the tar was dissolved in XO ml. hot N-1101 and the solution 

filtered. On cooling, crystals separated of the benzoxszolone 

which were collected in a small yield (0.5 g,). These were 

recrystallised from absolute ethanol and from a large 

volume of water as yellow needles, m.p. 2390. 

Analysis : 

Found : C, 49.80 	CeH604N2  requires C, 49.5l% 
H, 3.056 	 H, 3.02; 
N, 14.1 	 N, 14.44% 



(b) 4:7.Dimethy1-5-nitrobenzoxa?,o1  
CH, 

0 

Nov 	" 

0.5 g. 6-waoetamido-4.nitro-o resol was melted at 

200-250°C in a metal bath. The resulting tar was dissolved 

in hot ethanol, filtered and diluted A.th n equal volume 

of water. The benzoxazole was deposited as pale buff-

yellow needles, m.p. 155°, yield 85 mg. 

Analysis 

Found : C, 56,28 	09H803N2 requires 0, 56.25/, 

H, 	4.•14 	nyy o  4.2% 

N, 14.3 	 N, 14.58/  
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iCYid x ii 

A OOM arison of two 1-ethods .lor the  eetimatin of 

22222aalde -  by the naohthoresibrcinc re 	on 

Recently Paul (1951,) has suggested a maai;ication of 

the colorimetric method for estimation o glucuronides 

devised by Haneon, Mills & iiliamo (lg44). 

The toc procedures employfid may be summarised as 

follows :... 

Method A Hanson et al,  

2 ml. glItcurontde solution (cont_inin:; )C-80 -g.) 

2 ml. C.25, aqueous naphtherescrcinol solution 

(filtered before use and made up fresh each day), 

3 ml. concentrated HC1 (Technical grade), 

are mixed by inversion in 6° x 11" pyrex tubes (washed 

before use with chromic acid and distilled water and 

dried at 1100). The solution is heAted for exactly 4 

hours in a boiling water bath, and then cooled for 10 

minutes in iced water. The precipitate is extracted with 

7 ml. amyl alcohol in a ,.;h ml. separating funnel ihich is 

washed out after the extraction with stafici -mt ethanol to 

make the l'inta volume of 10 ml. alcohol solution, in which 

the colour is estincted. 
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Estimation is carried out Jith a Lipekker Absorptio. 

meter usinr,  an Ilford No. 6,7 filter (orange) against an 

alcohol blank. 

Yethod  B (P_Aul  195,u 

4 ml. glucurunide solution (containing .Wiug.), 

2 ml. 0.35, naphthoresorcinol in 0.1E—H2b04 

(filtered before ubc ,Anu made up fresh each day), 

3 ml. 15E1410040  

0.2 ml. 1/) aqueous chloramine T o  

react under the conuitions detailed in lethou , but 

extraction is vdth 8 ml. ethyl acetate, the separatinç.  

funnels are wat,hed out with ethyl acetate wad the finJ.l 

volume made up to 10 ml. with the same solvent. ahe 

solutions are estimated vdth an cliord bio. 605 filter 

(yello4 green) against a reagent blank. 

The standard curves wore determined using 2 ml. of 

solution containing 0.80 /pg. glucurone by dilution of 

a solution of 40 1ug. glucurone/m. ',:hey are illustrated 

in Figa. 6 owdkto 

Aqueous solutions of crystalline glucuronides were 

made up, each at a concentration equivalent to about 40)&g. 

glucurone/ma., and these solution b were used in recovery 



Fig. 6.  Gluouronide Estimation 
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experimentE to compare the two methods. The reuults, each 

the average of duplicte estimationu, are recorded in 

Table 7. 

DiscuLsion  

Standarl curves 

For a glucurone solution containing 40)ug./2 ml. the 

maximal error by each method waS about the same, t4)p.g. 

but the extraction by amyl alcohol resulted, sometimes, 

in clouded o-olutions for which readinge could not be 

recorded. 

Miu occurred, principally, ;hen concentrations of 

glucurone of less than 20 r./2 ml. srlution: sere used. 

Ihue a reagent blank was not included. V'.1riations in the 

purity of the naphthoresorainol used affeQt0 the co -Iou 

intensLty l"id pure 1101 could not be subtituted /or the 

technicctl grad without substantially reducing the slope 

of the curve. Nathod A gave reliable and reproducible 

results for concentrations of t2:11)curnne between 20 And 

8( up./2 ml. Using 'gethod 13, solutions lontaining 5-70 g./ 

2 ml. could be -stimated. 
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Recovery experiments •    

hirJler recovery of the glucuronide was obtained 

using Method A than by Method B, generally between 100 and 

110;.. Ihis ',ay be owed by the more complete hydrolysis 

in the prescribe of the stronger and more concentrskted acid. 

he low values obtained, in certain cases, using 

Method B may have been due to incomplete hydrolysis, 

destruction ol th-3 pigment or to incomplete extraction or 

the pigment. Both methods gave good results with the 

aliphatic glucurunides. 

Method B, in which the ethyl acetate is a specific 

solvent for the coloured substance formed in the napbtho-

re6ercinol reaction, possesses an advantage over Method 

for the estimation of giocuronides in the presence of 

interfering substances, i.e. in bi LOp,iCul material. 

rabbits fed on 70 g. diet 41 (Assoc. Brit. Flour 

Mills) and 100 ml. water excrete 150-200 mg. giucuronide 

per day, according to estimation:, by Method A. By Method 

B only about 70 mg. giucuronide are estimated and small 

rises in the gluouronide output can be satisfactorily 

recognised and measured. 



TABL 7 
istimation of sluouronides in solution: a comparison of 

recoveries by two me thoda 

(Hans on et al, 1944) 

B (Paul, 1954 ) 
Glucuranide Amount Percentage Recovery 

A  
73.4 115 99.5 
87.8 105.8 99.0 
96.5 110.0 104.5 
69.0 101.3 94.5 
71.. . 91.0 
79.5 111.6 107.0 
79.5 101.6 98.8 
79.6 108.1 90.5 
79.5 106.3 112.0 
85.7 104.7 104.5 
94.4 90.2 78.0 

95.2 72.2 39.0 

85.5 106.2 106.0 

83.5 97.4 97.7 

E-ohlorophenyl- 

R,-bromophenyl. 

2,..iodophenyl. 

R-andnophenyl. 
R-cyan °phenyl- 
1 -men t hyl - 
d men t hyl. 
d-isomenthyl- 
d-neomenthyl- 

amm.d.. ......l-is omenthyi - ..  
R-amino-o-sulphonamido. 

o-amino -2-sulphon 031i  do. 

K 2 -e thylhe xan oyl- 
K di i s opr opylme thyl... 
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eeeeendix III 

The estimatien  of "Iuouronidee ethereal sulphates, 

ether  soluble  acids and merca tunic acids excreted 

in the  urthee of rabbits 

Glucuronides were estimated by an adaptation by 

Paul (1952) of the naphthoresercirol methee of Hanson 

t al (1944). (cf. Appendix 

The direct turbidimetric method for determining 

ethereal sulphate in urine was applied according to 

6perber (1946). In certain of the estimations with oumene, 

sedebutylbentene and secamy1benzene an cif formed in the 

acid hydrolysate of the urines. This -wax due to the 

instability of the glucuronide preeent and before 

completing the procedure the acid solutions were extracted 

with. ether. 

Ether soluble acid in the excreted materials was 

measured by the titration with 0.4eNaCH (Bray et al 

1946). For consistent results it wav found necessary 

te remove ecid aonetituente in the ether with aqueous 

Ne2003 befere conveenoing the ex-treat/on. 

Mercapturic acids were measured by titration with 

0.0ItieI2 solution (dtekol e adapted for rabbit urine by 

Parke & illiarns (1951). 

Protocols of the animal experiment* are included 

overleaf. 
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Ethylbenzene  

Excretion as giucuronide and ethereal sulphate 

Days 	Dose 	Glucuronides as 	ethereal sulphates 
go 	g1ucuronetday) 	as mg. 603/day  

Rabbit No. 80; weight 2.62 kg. 

1 	1.13 
2 
3 
4 

Rise (over 2 days) 

Excretion as 	dose 

73 
555 
127.5 

74 

322 

28.4 

16.8 
25.6 
17.6 
16.8 

11.3 (over 1 day) 

1.0 

Rabbit No. 79; 	weight 2,75 kg. 

1 	1.20 73 15.2 
2 720 21.2 
3 40 13.2 
4 63 19.6 

Rise over 1 day 397 6.9 

Excretion as 	dose 33.2 0.06 

Rabbit No. 67; 	weight 4.78 kg. 

1 	1.21 78 13.2 
2 765 20.4 
3 95 14.8 
4 97 16.0 

Rise over 1 day 406 7.81 

Excretion as „, dose 33.5 0.06 

Average excretion 32.0 0.4 
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('.)1/etav1PhenYlqarbino1  

Excretion au Riucuronide and ethereal sulphate 

Days 	Dose 	Glucuronides as 	Ethereal sulphates 
g. 	mg. gluourone/day 	as mg. $0/day  

Rabbit No. 80; weight 2.82 kg. 

1 1.30 65.0 17 
2 1112.5 22 
3 73.8 20 
4 79.0 . 

Rise over 1 day 	720 	 - 

Excretion as /, dose 	55.4 

Rabbit No. 79; 	weight 2.88 kg. 

1 	1.32 78.8 15.5 
2 110)00 23.0 
3 73.8  21 
4 66.0 - 

Rise over 1 day 712.0 - 

Excretion ae ;) dose 53.8 0 

Rabbit No. 67; 	weight 2.89 kg. 

1 	1.35 49.0 14.5 
2 837.5 15,5 
3 90.0 16.5 
4 73.0 . 

Rise over 1 day 532.0 . 

Excretion as ;;; dose 39.5 0 

Average excretion 50.0 0 
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(-)Nethylphsnylcarbinol  

Excretion as Flucuronide and ethereal sulphate 

Days 	Dose 
g. 

Glucuronides as 
Av. glucuroneiday 

Ethereal sulphates 
as mg-' 6°3LA2L-- 

Rabbit No. 94; 	weight 2.75 kg. 

1 40 16.5 
2 	1.0 74 29.9 
3 762 29.9 
4 138 29.2 
5 126 29.9 

Rise over 1 day 668 

Excretion as 24 dose 47.0 0 

(+)Methylphenylcarbinol 	D 2+36°  (c 1 in Et0H) 

Excretion of glucuronide on combined urines of two rabbits 

Days 	Dose 	Glucuronides as 
mg. glucurone/daY 

Rabbits No. 55; weight 2.6 kg. and No. 57; weight 2.6 kg. 

1 	3.0 	 162 
2 	 2522 
3 	 166 
4 	 158.5 

Rise over 1 day 	2360 

Average excretion as ,0 dose 52.0 



Acetophenone 

Excretion as faucuronide and ethereal sulphate 

Days 	Dose 
g. 

Glucuronidee as 	Ethereal sulphates 
xrg. glucurone/day_ as rng.p/day . 

Rabbit No. 80; 	weight 2.72 kg. 

3. 	1.23 81 12 
2 1019 40.5 
3 65 28.5 
4 42.5 22 

Rise over 1 day 648 20.5 

Excretion as % dose 52.7 2.5 

Rabbit No. 79; weight 2.8 kg. 

1 	1.26 71 16 
2 1044 45 
3 68.5 27 
4 42.5 22.5 

Rise over 1 day 657 22 

7acretion as 	dose 52.2 2.6 

Rabbit No. 67; 	weight 2.85 kg. 

1 	1.35 60 16 
2 894 30.5 
3 78.8 17.5 
4 67.5 20 

Rise over 1 day 495 12.7 

Excretion as % dose 36.5 1.4 

Average excretion 47.0 2.2 



Styrene  

Excretion as gluouronide, ethereal sulphate and  

ether-soluble acid 

Days Dose Glucuronides as 	I3thereaI 	Ether-sol. acids 
mg. glnourone/day 	sulphates 	7-7S111. 0.1g4a014/ 

g. 	as mg. SO /day 	day  

Rabbit No. 65; weight 4.3 kg. 

1 	1.68 142.5 15.0 36.6 
2 421 27.2 96.5 
3 281 16.0 40 .0 
4 110 14.0 20.0 

Rise 266 15.9 63.5 

Excretion as % dose 15.9 1.0 39.3 
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Styrene epoxide  

Excretion as g11:4curonidc, etherealsuiplmte and 

mercapturic acid 

Days 	Dose 	Glucuronides as 
g. 	mg. glucurone/day 

Ethereal 
sulphates 

as mp SC /day 

Yercapturio 
acids as ml. 
0.01L-L,Ldj...II 

Rabbit No . 25; 	weight 2.62 kg. 

1 	1.33 	51 11.3 4.62 
2 	 392 11.1 14.35 
3 	 61.3 16.7 6.51 
4 	 61.5 12.3 2.13 

Rise over 1 day 	327.4 . 10.0 

ixoretion as 	dose 16.9 C 0 .9 

Rabbit rio. 30; 	weight 3.0 kg. 

1 	1.54 	124.6 34.7 3.50 
2 	 413 30 12.57 
3 	 92.5 27.5 4.76 
4 	 109 21 4.52 

Rise 	 3C4.3 . 8.4 

Excretion as 	dose 13.6 0 0.71 

Average excretion 	15.3 0 0.8 



132. 

3-Phenylethanol 

13.02214211_9,2_elp our on i d e ethereal sul hate 

ether-sclub1e acid  

Days Dose Glucuronides as 	Ethereal 	Ether.sol. acids 
mg. glucurone/day 	sulphates 	a ml. 0.11-Na01-1[/ 

A. 	as mg. 6CA/day 	day  

Rabbit No. 79; weight 3.3 kg. 

1 	1.33 112 11.6 50 
2 225 12.3 110 
3 115.5 13.6 56 
4 78.8 13.0 28 

Rise over 1 day 83.5 64 

Excretion as dose 6.3 
	

0 	60.5 

Rabbit No. 2; weight 2.5 kg. 

1 1.07 	66 	7.6 
2 	88 	11 
3 	188 	14.5 
4 	96.6 	14.5 

Rise over 2 days 122.2 

Excretion as 	dose 8.0 0 

Rabbit No. 65; 	weight 4.3 kg. 

1 	1.84 	121 15.6 45 
2 	265 12.0 98 
3 	186 19.2 100 
4 	127.5 17.0 34 

Rise over 2 days 	141 . 114 

Excretion as X, dose 7.7 0 76 

Average excretion 	7.3 0 68.3 

and 



Excretion as elpouronide and ethereal  sulphate 

133. 

n-Propylbenzene 

Days 	Dose 	GlAleuronl.des as 
qt. elucurone da 

Ethereal sulphates 

Rabbit No. 41; 	weight 2.75 kg. 

94 
2 	1.33 	64 
3 	840 
4 	144 
5 	 82 

Rise over 2 days 	824 

11.0 
15.1 
37.9 
15.8 
14.1 

2.9 (over 1 
day) 

Excretion as 	dose 43.3 4.3 

Rabbit No. 63; 	weight 3.3 kg. 

1 92 6.1 
2 	1.55 68 8.9 
3 424 26.6 
4 146 20.6 
5 74 29.5 (over 1 

day) 
Rise over 2 days 414 

Excretion as .4 dose 18.2 1.3 

Rabbit No. 64; 	weight 3.15 

1 86 
2 	1.5 540 40.0 
3 104 15.8 
4 60 21.3 

Rise Oyer 2 days 571 28.3 (over 1 
day) 

Excretion as 	doe 29.3 2.5 

Average excretion 30 2.0 
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EthylPherqlcrbinol 

Excretion as glucurpnide and  ethereal ninhate 

Days 	Dose 
g.• 

 

Glucuroniaes as 	Ethereal sulphates 
_11%* glucuronse  day 	as mg. SO /day  

 

Rabbit No. 71; 	weight 3.1 kg. 

1 	1.51 106 29.9 
2 1240 46.5 
3 122 55.1 
4 94 62.3 

Rise over 1 day 1123 

Excretion as % dose 57 0 

Rabbit No. 72; weight 3.1 kg. 

1 	1.51 90 29.9 
2 1240 34.4 
3 82 21.0 
4 62 62.3 

Rise over 1 day 1160 WO 

Excretion as 	dose 59 0 

Rabbit No. 75; weight 2.6 kg. 

1 	1.31 114 29.9 
2 900 36.5 
3 176 43.0 
4 132 61.0 

Rise over 1 day 764 SIP 

Excretion as dose 	45 

Average excretion 	 53.7 	 0 
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Nenzyl.raeth,yarbinol  

Exerotion as gluellronide &Ind ethereal sult.-ohate 

Days 	Dose 	Gluouronides as 	L'thereal sulphates 
g. 	mg.luourorsalt.„....:As me. 303/da:,-- 

Rabbit No. 79; 	weight 2 .C46 kg. 

1 	1.51 110 20 .9 
,-. 1100 52.9 
3 122 51.6 
4 122 

Rise over 1 day 981 53.7 

F.;xoretion as 57'0 dose 50 6.1 

Rabbit No. 80; 	lueight kg. 

1 	1.31 54 29 .9 
9 700 40.8 
3 80  31.0 

100 29 .9 

aloe over 1 day 576 .0 

13xoretion as g dote 35 1.6 

No. 81; 	ight 3.35 kg. 

1 	1.71 148 29 .9 
2 1160 52,2 
3 192 62.4 
4 200 29.9 

Rise over 1 day 975 

Ex..3retion as '; 	dose 44 5.5 

,4verage excretion 43 4.7 



136,, 

Quxnene 

Excretion as glucuronide and ethereal sulphate  

Days 	Dose 	Gluouronides as 	T:!;thereal sulphates 
g. 	mg. gluourone/day 	as mg.t a13/day 

Rabbit No. 8; weight 3.9 kg. 

1 1.72 119 13.4  
2 1800 24 
3 165 12.5 
4 112.5 13.0 

Rise over 2 days 	1733 	11 (over 1 day) 

Excretion as , dose 	69 	1.1 

Rabbit No. 25; Aeight .8 kg. 

1 	1.29 	77.6 
2 	 1337.5 
3 	 99 
4 	 78.5 

Rise over 2 days 	1281 

Excretion as dose 	68 

Average excretion 	68.5 
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n-Butylbenzene 

Excretion as glucuronide, ethereal sulphate and 

mercapturio acid 

Days 	Dose 	Glucuronides as 
g. 	mg. glucurone/day 

Ethereal 
sulphates 

as mg. EX), 	day 

Uercapturic 
acids as ml. 
0.0IN-I2Lag1y 

Rabbit No. 8; wei-,ht 3.9 kg. 

1 	1.98. 	162.5 14.8 6.26 
2 	 1000 28.5 17.5 
3 	 350 25.5 3.5 
4 	 154.1 14.8 3.25 

Rise over 2 days 	1034 24.4 13.0 

Excretion as 	dose 39.6 2.7 0.9 
.1111••••• 

Rabbit No. 25; 	weight 2.8 kg. 

1 	1.38 	79.2 14.8 4.76 
2 	 618.8 50.5 14.0 
3 	 131.3 29.5 3.0 
4 	 133.3 14.8 3.8 

Rise over 3 days 	643.4 50.4 10.25 

Excretion as 	dose 32 6.16 1.0 (over 1 
day) 

Rabbit No. 30; weight 2.7 kg. 

1 	1.38 	56.4 16.3 4.76 
2 	 1018.;8 54.5 26.2 
3 	 164.6 31.5 3.75 
4 	 65.6 17.8 4.5 

. Rise over 2 days 	1061.4 52.0 22.0 

Excretion as 2; dose 58.5 5.36 2.1 (over 1 
day) 

Average excretion 	43.4 5.1 1.3 
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seo.tliIyibenzene  

Excretion as gjuouronidel  ethereal sulphate and 

mercapturic acid 

Days 	Dose 	Glucuronides as 
g. 	mg. glucurone/day 

Ethereal 
sulphates 

as mg.. SO 	day 

Mercapturio 
acids as ml. 
0.01N-12/day 

Rabbit No. 8; 	weight 3.9 kg. 

1 	1.98 	129 15.4  5.1 
2 	1475 50.5 6.5 
3 	250 30.5  5.0 
4 	195 36.1 5.2 
5 	162.5 16.2 

Rise over 3 days 	1462 69.7 .111,  

Exoretion as 	dose 57.2 5.9 0 

Rabbit No. 45, 	weight 2.8 kg. 

1 	1.38 	76 11.5 4.8 
2 	875 88 3.25 
3 	265 27.5 5.0 
4 	163 19.5 4.2 
5 	79.2 10.5 . 

Rise 

Excretion 

over 3 days 	1070 

as 	dose 60 

102 

12.4 

. 

C 

Rabbit No. 30; weight 2.7 kg. 

1 1.38 57.5 14.7 3.6 
2 1287.5 106.5 2.75 
3 209 34 2.5 
4 114 33.4 2.9 
5 55.4 15.2 - 

Rise over 3 days 1440 	129 

Excretion as dose 80 
	

15.7 
	

C 

Average excretion 65.7 	11.3 
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tert-Butxlbenzene 

Excretion as glucuronide an6. ethereal sulphate  

Days 	Dose 	Gluouronides as 	i!:thereal sulphates 
fis• 	mg. kallEallhaa...--.—a13 111/daY  

Rabbit No. 8; 	weight 3.9 kg. 

1 	4.0 117.5 20.25 
2 941.7 294 
3 875 44.5 
4 164 21.8 

Rise over 2 days 1535 31.0 

Excretion as 	dose 58.4 2.6 
•••••••111111111111•0111111•11•MC,  

Rabbit No. 25; 	weight 2.8 kg. 

1 	1.39 67.7 15 
2 958.3 28.5 
3 600 35 
4 119 18 

Rise over 2 days 1372 30.5 

Excretion as % dose 75.2 3.8 

Average excretion 66.8 3.3 

No significant variation was apparent in the titrations 
on daily urine of mercapturio acid excretion. 
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Appendix IV 

The preparation of triacetylmethyl esters of menthyl- 

gluouronides 

In the course of the study of the atereeohemical 

aspects of alkylbenzene metabolism, it became necessary 

to ascertain the effect of methylation and aoetylation 

on the specific rotation of a gluouronide. Of the 

crystalline glucuronides available (-)menthyl and (41 

isomenthylglucuronides were chosen since they contained 

centres of asymmetry within the aglycone moiety of 

the molecule. 

The glucuronides were methylated in ethereal 

solutions with diazomethane and after removal of the 

solvent, acetylated overnight with five molecular 

equivalents of acetic anhydride and pyridine. The 

esters crystallised out of solution on addition of 

water and after washing, they were recrystallised from 

90 - , ethanol. 

(-)Menthylsluouranide  

The ammonium salt of the gluouronide (RID -110.7°  

in WA.ter ) was dissolved in 41-1f2504 and the free gluo- 
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uronide extracted into ethereal solution before methyl- 

120°, ating. The ester was obtained in a 60;.',  yield, m.p. 
1020 .,,2,0 D  

Anaysis  

Found : C., 58.37 

H, 7.73 

Ratio 46 glucuronide 

(c 	1 in CHC13). 

023H26010 requires C, 58.46Z 

H, 7.679 

A D  triacetylmethyl 

(+)Isomenthylgluouronide 

From the free acid HD -43°  
was obtained in a yield of 80,6, 

(43 : 1 in CHC13). 

Analysis : 

Found : C, 5"8.737; 

H, S.09%; 

iJD  glucuronide 

C,43 H 0 36 10 

ester 

(inwoler) the ester 

.P. 129°, kW -290 

requires C, 58.46% 

Ho  7.679/,  

IT 1.02 
NJD  triacetylmethyl ester 

The ratio of the molecular rotations in each case 

approximated to 1. Thus, the effect on rotation of 

methylatinR: and acetylatinpp the glucuronide was determined 

solely by the change in ,I)lecular weight. 
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