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ABSTRACT.

Utilising a 1)‘LC label, the metabolic fates of two
isomeric benzimidazoles, 4,5—di§hloro— and 5,6—dichlor052-
trifluoromethyl benzimidazole, have been studied in rats and
rabblits.

Following an oral dose, the 4,5-dichloro compound is
excreted rapidly by both species, all of the eliminated 140 is
found in the urine.

The 5,6-dichloro compouné is excreted much more slowly
by both species, the excretion Ey the rabbit is slowef than
the rat. In the latter specles eliminated 140 appears in both
urine and faeces. There 1is a marked biliary excretion of both
compounds in rats, and strong evidence for the existence of
an enterohepatic circulation. Tﬁe nature and location of the
retained radlioactivity in rats and rabblts was determined
following doSage of the 5,6-dichloro compouné. Thils revealed
a marked species difference, in that in rabbits some 90% of
the cqmpound in the liver remained urmetabolised after 5 days,
while in the rat this figure was only 109 at 2 days. These
flilgures are mirrored_by the half-lives Of this compound In the
blood Which are ih hours and 70 hours for rats and rabbits
respectively.

The.metabolism of both compounds'pfoceeds via hydrokylé—
tion and conjugation, the conjﬁgating moiety being mainly |
glubosiduronic’acid. ~Evidence has been obtained for fhe

presence of E}sugar derivatives of the parent compounés, the



conjugating moiety is again glucosiduronic acid. A small
proportion of the urinary metabolites were found to be
dechlorinated or rearranged phenols and to be consisfent with
the operation of an "NIHY shift.

The results may be partially explained in terms of high
protein bincding ability, LD5O and other factors. A.computer
programme has been used to calculate electron densities and
other molecular parameters, and the findings of this work are

compared with the biological results.
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CHAPTER ONE

SECTION A

GENERAL INTRCDUCTION



The use of chlorinated hydrocarbons in agribulture and
in disease veetor control has been one of the success stories
of this century. Iand productivity has been vastly increased,
spoilagé of stored crops has been reduced and the incidence of
insect-borre diseases has heen dramatically cut, and in some
areas eliminated. Thus, the benefits to mankind have been
great,

However, it appears that many of the target pests of
- these chemicals have becoge quite resistant to them. For
example, Rudd (1964) states that over 30 épecies of major
insect pests have begun to show or are already resistant to
DDT. To combat this resistance, other insecticides have been
syntheslzed and appllied, but often the insects show signs of
tolerance after a period of time. There have also been highly
publiciséd effects of pestiéide residues or misapplications of
pesticides on non-target species often mammals or blrds..

With a rare element of timlng the issue of pesticide
_usage was placed before the Dublic by Rachel Carson, in her
book "Silent Spring." Public reaction forced government
agéncies to act, and>1n the U.S.A. fof example, a President's
Sciehce Advisory Committeé'in~l963 indicated that several areas
",pertaining to pesticldes ought to be investigated. Among these
areas, one goal that the’Committee désired was the production
.of_safer.and more speclfic pest contfol.A.To-attaih this it
was recommendéd.that the reéeardh'éffort be extended to cover

the following items:



1). The mode of action of pesticildes.

2). Comparative toxicity of new and existing products,

3). The metabolism in insects, plants and higher
animals of the compounds, aﬁd the érocesses of
chemical degrada%ion and inactivation of them in
Nature,

44}, Reproductive effects of pesticides on mammals.

5). Chronic effects on the organs of mature and immature

_ animalé. _ _

6).. Possible synergism and potentiation of the effects
of commonly used pesticldes with several types of
commonly used drugs.

Information on some of all of these points has to be

presented to the Food and Drug Authority when an application

"~ is made ﬁo market a new conmpound. By‘this process it is hoped
that knowledge will be gained to achieve the Committee's goal
of safer and more specifié pesticides.

The work reported'beloﬁ was performed in connection with

the commercial introduction of new benzimidazole pesticides
(Burton et al., 1965), an& provides essential background

information on their mammalian metabolism.
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CHAPTER OWE

SECTION B

'THE BIOCHEMISTRY AND PHARMACOLCGY
OF BENZIMIDAZOLE AND ITS DERIVATIVES
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The literature on behzimidazole ané its derivatives has
proved difficult to review. There is a large volume of
seemingly unrelated facts, and often much of the earlier
literature presents conflicting results.

In order to present an overall picture, the possible
modes of biological acﬁion of these compounds have been con-
sidered under the following headings: .

1l). Uncoupling activity

a). mitochondrial
b). chloroplasts
2). ﬁInterference" with Vitamin By,
a)., micro-organisms
b). oﬁhér systems

3). "Interference! with RNA or DNA synthesis

L), Miscellaneous

In some cases these headings may not'convey a complete
pleture and_the observedrbioiogical effects might be partially
explained by some other factor.

1l). Uncoupling activity

a). Oxidative Phosphorylation in Nitochondria
The acute mammalianvtoxicitiesbof the 2-rifluoromethyl-
vbenzimidazoles studied in’this work have been attributed to
the uncoupling ability of these compounds (Jones_and Watson,
1965,:1967;.Beechey et al., 1965; Beechey, 1966). The effects

are those assocliated with an increased metabolic rate, i.e.

panting, salivation, sweating, prostration and coma leading to
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death; rigor mortis 1s accelerated., 1In these respects they
acﬁ like 2,4-dinitrophenocl (Jones and ﬁatson, 1967;.Beechey
et al., 1965; Beechey, 1966). That is to say they stimulate
ATPase and cause respiration of mitochgndria in the absence
of a phosphate acceptor. ‘

The uncoﬁpling activity has been attributed to fhe
ionised N-H group of the 1midazole ring (see Table 1), and in
general thls activity rises with a decreaée in the K, of
this group (Jones and ¥Watson, loc. cit.; Beechey, loc. cit.).
This activity can be removed by the formation of the N—methyl
or N-ethyl derivatives (Buchel et al., 1965; Jones and latson,
1965). The uncoupling effect is most mérked in a2 series of
substituted compounds. For 1nstaﬁce, with halogenated
derivatives this activity rises to a maximum with the fully
substituﬁed compound;. Thus tetrachloro-2-trifluoromethyl-
benzimidazole (px, 5.0) is one of the most poteﬁt uncouplers

known (Jones, loc. cit.;_Beechey, loc. cit.). However; nitro

substituted derivatives of lower pK, are much less actlve than

- predicted. This effect is insufficiently explained by the

lower 1lipid tokwater partition coefficients of these compounds

- as éompared to the halogenated compounds (Jones and VWatson,

1967)., Beechey (1966) has suggested that this reduced activity

may be explained by the formation of a structure ofvthe type:




Table 1, UNCOUPLING ACTIVITIES OF SOME 2-TRIFLUOROMETHYLBENZIMIDAZOLES ON OXIDATTIVE
PHOSPHORYLATTON OF RAT-LIVER MITOCHONDRIA.

- ConcZ REQUIRED FOR

50% UNCOUPLING WITH CYCLOHEXANE~
S ' : _ - *‘ SUCCINATE AS SUBSTRATE 0.IN-HC1 PARTITION

'COMPOUND o » pKa (uh) COEFFICTENT
2-trifluoromethylbenzimidazole 8.79 305 0.11
- 5-chloro~2-trifluoromethylbenzimidazole 7.97 10.4 0.4
5-methy1—2—tr1fluoromethylbenzimidazole 8.90 ‘ 22,0 0.33

4, 5-dichloro-2-trifluoromethylbenzimidazole 6,96 0.52 2.0
5,6=dichloro-2-trifluoromethylbenzimid- S :

azole 7.40 0.80 %
4,5,6~trichloro-2- trifluoromethyl-

benzimidazole 6.18 0,29 - 3.7
b,5,6,7-tetrachloro=2- trifluoromethyl- _

benzimidazole 5,04 0.079 - 8.7

4 y5,6~trichloro-l-ethyl-2- trifluoro-

methylbenzimidazole : - Inactive at 1.0 n.d.
4-nitro—Z—trifluoromethylbenzimidazole - 6,80 9.2 ' 0.80
S5-amino-2-trifluoromethylbenzimidazole h,s Tnactive at 1000 #*
5-carboxy—z—trifluoromethylbenz1midazole 8.h Inactive at 1000 ‘ oo

¥ Too low for accurate determination. n.d. Not determined.

Data from Jones and Watson (1967).

€T
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The introduction of water soluble groups, such as
carvoxyl or anino, into the benzene ring also cdecresases un-
coupling activity, possibly because the increased water
solubility cives a decreased partition effect (Jones and
watson, 1967).

b). Chloroplasts

Herbicidal activity is also ascribeé to the ionising
. abilities of these compdunds (Buchel et al., 1965). Intver-
ference with the photosynthetic electron transport mechanism
occurs, but at Llower concentrations photophosphorylation was
inhibited in isolated spinach chloroplasts without any signifi-
cant effect on electron transport (Buchel et al., 1965; Black
and Kyers, 1967). Uncoupling activity again rises as the K
falls and the 4,5,6,7-tetraéhloro-z-trifluoromethyl derivative
is one of the most potent uncouplers of photophospnorylation
(Buchel et al., loc. cit.). However this activity is possessed only
in vitro by some of these uncouplers. The-herbicldal activity
of these compounds thus cannot be adequately explained on the
bezis of their uncoupling activity.

2). Interference with Vitamin B2

Interference with vitamin By, activity can be seen to be
of two types. Either the benzimida;ole derivative can be
incorporated into a vitamln analogue which is then inactive,
or the compound may physically revlace the vitamin at the site
of action. Whid course is taken by a given compound is un-

certain and little can be gleaned from the literature.
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THE STRUCTURE OF VITAMIN By, (CYANQCCRALANMIN)

Fig. 2

THE STRUCTURE OF 5,6~ DIMETHYLBENZINIDAZOLE

AND TITS NUMBERING SYSTEWM
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a). Micro-organisms

Vitamin By, was shown to be a benzimidazole derivative
by Brink and co-workers (Brink and Folkers, 1949; Brink gE alil.,
1950; Brink and Folkers, 1950). The structure is shown in
Fig. 1. It can be seen to contain 5,6~dimethylbenzimidazole
(Pig. 2) linked both to the central cobalt ion and to a sugar
via an < linkage. This benzimidazole portion can be replaced
by other bases, e.g. adenine, 2-methyladenine or guanine, to
give naturally occurring analogues of vitamin Bjs. . Many other
'analogues can be isolated from micro-organisms grown on the
desired base and factor B, a By, analogue not containing a
nucleotide (Barbieri et al., 1962; Ford, 1955; Goodwin, 1963).
Emerson andrhis co-ﬁbrkers (1950) showed that rats maintained
on a diet devoid of énimal protein grew suécéssfully when
supplied with 5,6-dimethylbenzimidazole at milligram levels
as a vitamin By, replacement. The ahalogue 5-methylbenzimida-~
zole showed very high ac%ivity in this respect, but 2,5-
dimethylbenzimidazole actually inhibited growth. These workers
suggested that the toxicity to vitamin Blz—dependent micro-
organisﬁs (in the gut of the treaﬁed'animals) was increased by
subsﬁituting an alkyl group onto Cs. They also showed that 2-

butylbenzimidazole was the most active compound of this series

against Lactobacillus lactls, but the activity could not be
reversed by‘supplying vitamin By, -in the culture medium.
_1Hendlin and Soars (1951) also suggested that by acting against

vitamin Blg-dependent micro-organisms, these compounds enabled
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the vitamin produced by other organisms to be released to the
host animal. This rather interesting speculation does not
avpear to have been pursued further.

McHair-Scott et 2l. (1958) working with bactérial
mutants showed that L. casel grown on either limiting folic
acid or limiting riboflevin media had growth further restricied
by the addition of Cp-zlkylbenzimidazoles. Chlorinated
benzimidazoles inhibited purine, vitamin By, or methionine
requiring mutants, but this inhibition could be partially
lifted by the provision of methionine, thymine or riboflavin
(with purine-dependent E. coli). The inhibition was intensi-
fied by the addition of folic acid. Timmis and Epstein (1959),
however, found that the compound 4,5,6—trichloro—1—p—D—ribosyl-

benzimidazole was a competitive antagonist for vitamin Byo
in E. gracllis, a vitamin Blz—dependént flagellated green alga.

Pishop et al. (1964) screened trifluoromethyl and other
perfluoroalixylbenzimidazoles for their antibacterial activity.
They found thaf Co-heptafluorovropyl derivatives were more
potent than the triflvoromethyl ones and that water soluble:
groups (e.g. -CHpOH, -CO,H or -NH,) decreased the anti-
bacterial activity of these compounds. The substitution'of
another electron-withdrawing group at C5 into a 2-trifluoro-
me thylbenzimidazole produced a large increase in activity,
the order of effectiveness being CF3>'N02> Cl. The highest
overall activity of any compound tested was given by 2,4,5-

tris-triflvoromethylbenzimidazole. The mode of action of these
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compounds was not obvious, but these workers showed that 4,5-
ﬁis-trifluoromethylbenzimidazole was not acting as an anti-
metabolite of vifamin B1o, adenine, guanine and histidine,
However, sone degreé of specificity ﬁas apparent in that the
compounds showed more activity against gram-positive organisms

(Staphylococcus aureus and Streptomyces vyogzenes). In vivo

(in mice) no activity could be obtained with either the 2,4-
or 2,5-bis-trifluoromethyl or the 2,4,5-tris-trifluoromethyl

derivatives of benzimidazole against Staph. aureus, .

b). Other systems

Some interesting findings have been obtained by workers
studying non-bacterial systems.' Thus Vijayaraghavan (1952)
showed that vitamin By, was required for the synthesis of
érythrocytes in phenylhydrazine treated mice. Neither 5,6-»
dimethylbenzimidazole nor the 5,6-dimethyl—l-P-D-ribityl
derivative could replace vitamin Bi2.. Abboftband Dodson (19545
followed up this work, and found that 2 5= dlmethyl- and 5,6-
dimethylbenzimidazole prevented incorporation of 15h-glyc1ne
into the haem of chicken erythrocytes.

3). Interference with RNA or DNA synthesis

- The necessity to control diseases caused by viruses has

meant that many benzimidazole derivatives have been among the

thousands of compounds screened for anti-viral activity.

Among the first reports of benzimidazole comppunds showing

such aqtivity were those of Thompson and his co-workers . (1947,

1950). They showed that benzimidazoie had an-inhibiﬁoty effect
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.on the mﬁltiplication of vaccinia virus in chick embryonic.
tissue, This inhibition could not be removed by adenine;
guanine or yeast RNA. FHowever, benzimidazole failed to give
any protection to mipe infected by wvaccinia.

forgan (1952) incubatéd psittacosis virus (a DNA virﬁs)
in embryonated eggs, and in cell cultures (chick embryo ‘
tissue), with benzimidazole at the maximum tolerated dosage
to the host cells. A decrease in virus titre was obtalned .
without noticeable cytotoxicity to the host cells,.

| Tamm et al. (1952) showed that 2,5-dimethylbenzimidazole
‘inhibited the multiplication of influenza A virus cultured on
chorioallantoic'membranes. Again the host tissue appeared to
be unaffected.

In a later series of papers (1953a, b), the -same authors .
showed that the inhibition appeared to be in the blosynthetlc_
processes of viral reproduction, and it prolonged the latent
period of infection. The inhibition could be removed by
washing out the inhibitor. In a further paper (1953¢), various
alkyl derivatives of benzimidazole were screened for inhibitory
activity. Methyl groups at positions 4; and 5- increased the
inhibitory effect, but methyl at 2- or 6- did not. 2,5-
Dimethylbenzimidazole éhd 2,4,6-trimethylbenzimidazole however
showed an increasé in inhibitbry éctivity and'the substitution
of methyl into all benzene ring positions plus Co gave a highly
actlve compound Substitution at-ﬁl ‘removed most of the

activity (leaving approkimétély half the activity of benzimida-
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zole itself). These workers found that the'inhibition pro-
duced by these compoﬁnds_could not be reversed by adenoslne,_
guanosine, deoxyguanosine, uridine, thymidine or mixtures of
these, However other workers, e.g. Woolley (1944), have |
claimed to reverse the inhibitory action of benzimidazole on
cell division with purines, but only with micro-organisms.
Tamm and Tyren (1955) suggested that the effect of 2,5-
dimethylbenzimidazole was to confront the virus with host
cells unable to carry out biosynthetic pathways.

.Papers by Tamm et al. (1954a énd b) investigated the more
potent halogenzated derivatives of benzimidazole. TFor instance,
5,6-dichloro-1-p-Q-ribosylbenzimidazole (DRB) was shown to
have 3-5 times more inhibitory activity than 2,5-dimethyl-
benzimidazole on the in vitro influenza virus production on
chorioallantolc membranes. It was noted that the inhibition
produced by DRB prevented the release‘of virus an¢ the authors
postulated'fhat the compounds were inhibiting thé biosynthesis
of nucleig acld, However, the inhibitory activity was not -
reversed by guanosine, adenosine,.guanjlic acid or adenylic
acld or mixtures of these. The sugar moiety was found to be
gquite specific, sinde_by changing ribofuranose to ribopyranose
the activity was reduced 6-fold when 5,6-dichlorobenzimidazole
-was the base, Substitutlon_With‘methyl_at Co reduced the
inhibitory activity considerably,'but_substitution of alkyl
.groups'into the benzené ring did not significant1y alter the

activity. This is interesting when compared with the non-
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halogenated derivatives discussed earlier. ’At viral inhibitory
concentrations, DRB had no observed effect on host cells (2,5~
dimethylbenzimiéazole had a marked restrictive effect on cell
growth at this level), but at mbre fhan 8 times the inhibitory
concentration fhere was a reduction in oxygen uptake., This
effect could be removed by washing off the compouhd, as could
the viral inhibltion af the lower concentrations. In vivo DRB

caused an inhibition of the biosynthesls of influenza B virus

in chicken.embryos and in mouse lung. No ill effects on

healthy mice were observed at a dose level of &4 mg. of DRB
per‘animal. Tamm (1956) exaﬁined 4,5,6-trichloro-l—}-g-ribosyl-
benzlinizidazole (TRB) for antiviral activity and found it to
be as active as DRB., Again the sugaf.moiety was shown to beA
qulite spedific. However, macroscopic damage to the cells of

the membrane was caused at oniy 2 times the concentration re--
quired for inhibition of virus growth.

Tamm et al. (1956a, b) reﬁiewing pfevious results con-
cluded that the chloro derivatives of benzimidazole offered a -
selective anti-viral activity coupled With.a low host cell
toxicity at the'concentrations of drug empldyed.' Specificity

was afforded_by'thé sugar molety attached to the_g} atom,

Later, Tamm and Overmann (19572 and b), found that the

chlorobenzimidazole derivatives did not have their inhibitory
activity towards vaccinia (a DNA virus) altered by conversion
into E—F—Q-ribosides. Both 2,5-dimethylbenzimidazole and DRB

appeared to .affect some stage of biosynthesis, but Tamm and
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Nemes (1957) showed that with influenza B virus (containing
RNA), the DRB inhibition of ANA blosynthesis could be re-
versed by adenine when the host was a chorioallantolic membrane.
Under these condlitions, the order of inhibitory activity
against influenza virus was shown to be benzimidazole < DEB
TRB. Tamm et al. (1960) confirmed the earlier fircings of
Tamm and Nemes (1957) and further showed that DRB while
retarding the uptake of adenosine into the RNA of uninfected
host cells did not affect alanine uptake or the level of
oxygen consumption. Adenovirus (a DNA containing virus) was
similarly affected by DRB.

A recent paper by Diwan and co-workers (1968) examined
the anti-viral activity of halogenated benzimidazoles with a
sugar derivative at position E} as before, but with 2'=
deoxyribose substituted for ribose. They showed that 5,6-
dichloro-1-(2'~deoxy- o -D-ribofuranosyl)~ and 5,6-dimethyl-1-
(2'-deoxy-p-D-ribofuranosyl)benzimidazole were cytotoxic to
green monkey and mouse kidney cells but 5,6-dichloro-1-(2'~
deoxy-p-D-ribofuranosyl)benzimidazole (GDRB) was not cytotoxic

and also inhiblted Herpes simplex and polyoma viruses. A lag

of 24 hours occurred before virus replication took place when
treatment with dDRB was given at the time of infection with

H. simplex. There was still a marked inhibition of the
replication process when the compound was administered 15 hours
after infection, i.e. the inhibition was occurring within the

cell and was not preventing the entrance of the virus into the
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host cell. This type of inhibition could not be reversed
by deoxyribonuvcleosides. The éame avthors also showed -that
dDRB inhibited the biosynthesis of RNA, DNA and protein in
green monkey kidney cells at the concentration required for
inhibition of the virus, RﬁA synthesis was found to be the
process most affected. These authors concluded that the
inhibition was caused by free-5,6-dichlorobenzimidazole
interfering in some key step of vifus replication, a conclusion
similar to that reached earlier by Tamm and Tyrell (1955).
Diwan et al, (1968) also conéluded from their findings that
the riboside was broken down durlng the period when the
inhibitory effedt was being exerted, slince the pronounced
cytotoxic effects of the free baée were not shown by elther
DRB or dDRB. The authofs give no reason why they consider
such a s;ep likely, and do not consider that either compound
might be'incorporated into some othér mblecule in the fqrm of
the glycoside._

E'arli_er Sirlin and Jacob (1964) had investigated the
mechanics of tﬁe inhibitory écti#ity’of DRB and TRB. These
workers éxémined the iﬁcprporatioh of tritiated uridine into

the RNA of the riucleoli and chromosomes of salivary glands of

“the dipteran Smittia parthehogenetica. :It was found that the
'kinetics‘of inhibition in nucleoll and chromosomes were -

different for DRB and TRB, but not for unsUbstituted benéimidazole.
TRB ‘iphibifed ‘ nucléolar synthesis most efféctively and
_Synthesis was‘invgeneralbrestofed by:removal of the inhibitor.

Cell damage became a dominant factOr'aftef prolonged periods
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of incubation (90 minutes), thus preventing_RNA synthesis.
Conversely, at shorter periods the presence of DRB often
stimulated synthesls, especially in the nucleolus; No
Interpretation of these results waé offered..

Interest in the anti-;iral properties of trifluoromethyl
derivatives of benzimidazole was initiated by Cochran and Fara
(1963), who screened several compounds for activity against
vaccinia virus in mice and'monkeys. They found that while
4,5,6-trichloro- and 4,5,6,7Ftetrachloro-Z-trifluoromethyl—
benzimidazole were potent in vitro inhibitors, only the
trichloro derivative: had any marked in zlzg activity in mice,
and even then it did not prevent lung lesions.

The high potency of benzimidazole derivatives against
viruses has led to a great deal of investigation into their
mode of éction. However, host cell cytotoxiéity and conflicting
and ill-explained resuits have 1ed Tamm and Eggers (1965) to
afflrm thaé many of the earlier results arlise from faulty
experimental technique. ILittle work is now being carried out
with these compounds. - It is interesting to note that the two
- compounds which Diwan et al. (1968) found to be cytotoxic,
'»5,6—dichloro-1~(2'-deoxy-x#eribofufanosyl)benzimidazole and
5,6Adimethy141—(Zf-deoxy-é—Qf:iﬁofuranosyl)benzimidazole,
could possibly be antimetabolites of vitamin Byo.

L4), DMiscellaneous

~Auverman (1918) reported that benzimldazole caused

anaesthesia in mice, but it waslleft to. Goodman et al., (1943)
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to characterise the effect and to extend the work to.other
specles. These,workers_reported that parasfhaesia occurred in
mice, rats, cats and monkeys at dosages of 200-300 mg/kg.l
Respiration was only affected at the toxic dosage, this being -
the cause of death. The compound was thus Eelieved te exert
a highly selective depressant action on an unkﬁown locus of
the cefebrespinal axis. Domino et al. (1951) showed that
benzimidazole acted against the convulsant actipn of strychnine
l1n mice. The same Wofkers,vin a later paper (1952), examined
the convulsant action of a number qf benzimidazole derivatives
in mice. Thus,'While'54methylbenéimidazole induces paraes-
thesia, 5-nitrobenzimidazole induces convulsions. The authors _
refrained from drawing any structure-acﬁivity correlations and
merely concluded that benzimidazole derivative-induced paralysis
was due Eo a selectivevdepression of the central nervous system.
Goodman and Hart (1944) found that oral doses of 200 mg/
kg.of.benzimidazole in rats causedApolydypsia and polyuria, by
specifically inhibiting the renal tubular absorption of water.
Despite the polyuria young rats continued to grow normally,
and there were no organ changes. Bywater and his co-workers
(1945a, b) showed that benzimidazole substitufed by sulphhydryl .
at Co was goitrogehic'inlrats. Incorporatieﬁ of a halogen at
position 5§ 1ncreasedvthiS'activity,‘the order of effectiveness
being Cl?BrfI. Methylation of the 1midazole‘nitrogen atom
destreyed’ﬁhe activity. |

Apart from the uncoupling activity and attendant mortality
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(LD50's are presented in Table 1 of the Discussion, p. 113),

no marked effects of the 2-trifluoromethylbénzimidazoles have
been observed in rats undergoing chronic dosage trials (Dr. '

K. H. Jones, personal communication).

-
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CHAPTER ONE

SECTICON C

- “POTENTIAL METABOLIC FATE OF THE

COMPOUNDS STUDIED
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Detoxication.

Foreign compounds, frequentl&.ingested with the food,
.are acted ‘upon mainly by the liver aftér absorption from thev
gastrointestinal tract. The products of metabolism are
‘eliminated from thé body, either via_the bille into the
faeces, or through the kidneys and into the urine. B

The ﬁse of 4,5-dichloro~ and 5,6—6ichloro-Z—trifluoro—
methylbenzimidazole as a herbicide and an acaricide respect-
ively, has made it-opportune‘to study the detoiication of
substituted benzimidazoles in a range of iiving organisms,
'Accordihgiy,»a joint study has been made, the work reported
here béing the mammalian metabolism (in rat and rabbit), in
which species a large differehce in toxicities was observed
(see Table 1). Other workers (Bowker and Casida,‘1969; Bond,
unpublisﬁed work ) hévé studled the metabolism for one or more
of these compounds in mice, flies and apples. Brief details
of these results are reported in the Discussion.

The first paper to report on the mammalian metabolism of
benzimidazole was by Ito et al. (1961). These workers injected
benzimidaéole-into rabbits and characterised 4- and 5-hydroxy-
‘benzimidazole in the hydrolyéed urine. No unchanged benzimid<
_azole‘éould'bevdetected and ho‘quantitative data ﬁere given.

' The same workers also studied the metabolism of injected»l,j-
dimethylbenzimidazole in the rabbit (Ito et 2l., loc. cit.)
and showed that it gave rise to the L- and 5-hydroxy derivatives
ahd:also thélbenzimidaZOIOne in hydrélyééd ﬁrine. These-resulté'

'may be summarized as follows:
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1) hetabolis
2) Fydrolys1

BENZIMIDAZOLE

1 3- DIMET&YLBENZIMIDAZOLE

1, 3-DINETHYLBENZIMIDAZOLONE
Thus 2-trifluoromethylbenzimidazoles will probably be

metaboliéed mainly by‘hydroxylation of the benzene ring
followed by conjugation reéctions (page  34). 'The following
reactions of the amino N-H group are also likely to occur:
| 1). Conjugation with éugars and éugar derivatives-
a). glucuronic acid
~ b). sugars

'2). Sulphamic.acid formation

3). Methylation

4). Acetylation _

5). N-oxide formation'

6). Cleavage of the imidazole ring
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la). Conjueation with glucuronic acid

"This reaction can occur to varying extents in all mammals
and many vertebrates., The formation of a glucuronide requires

a coenzyme donor, UDPGA, and enZymes, UDP transglucuronylases.

| H - CO,H
’ / | 0- 0- f
UDPGA CHy0-P - 0 = P=0 OH
, f T,
0 v O‘

Glucuronide formation occurs mainly iﬁ the liver, but it may
élso occur at other sites in the body, e.g. the kidney. In
liver, there appear to be many UDP—transglucuronylasés, and
indeed there may be mbre than one enzyme for different types
of acceptor (Williams, 1967b). These enzymes also often show
specles differences ih substrate specificity (Parke, 1968).
Seferal ﬁypes oflg—glucuronides are known. Those of
aromatic and aliphatic amino groups are labile and reduce
Benedict's'feagent- They appear to be artifacts formed
’Spontaneously from glucuronic aclid and. the free amine (Parke,
1968) The Nring-glucuronide of sulphlsoxazole (Uno and
Kono, 1962) and the Nl-glucuronides of sulphathiazole (Uno and
Ueda,.1963) and sulphadimethoxine (Brldges, Kibby and Ullliams,

1965) are much more stable.

- 1
Sulphiso_xazole-_g2 -glucuronide ‘sulphathiazole N1
: : glucuronide
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An ﬁl-glucuronide of aAbenzimidazole would by analogy
be stable. gl-glucuronide formation from sulphonamides has .
been demonstrated in several species including rat, rabbit,
monkey and man (Uno and Ueda, 1963; Ueda and Kuribayashi,
1964). |

b). sugars

Tﬁe imino N~H may also be conjugated with ribose. A
degradation product of histamine and histidine, namely imidazole-~
acetic acid, 1s excreted to varylng extents aé the riboside in
the urine of the rabbit, rat and mouse (Tabor and Hayaishi,

1955; Xarjala, 1955).

HOOCHajr__ﬁ\\ _
N\/ l~-Ribose

Indirect evidence for the possibility of N-glycoside
formatioh in plants éomes from the work of Kapoor and Weygood
(19652, b, ©), in which benzimidazole was incubated with the
detached first leaves of Khapli Wheat, and was found to be

incorporated into the "nucleoside" fraction.

2). Sulphamic acid formation.

Sulphate esters are formed by the transfer of sulphate
ffrom adenosine 3'-phosphate 5'-phosphosu1phate (PAPS) to the
acceptor (alpohol, phenol,or amine)vby a transferase enzyme
(a sulphokinaée). PAPS is formed in the liver from ATP,
Several sulphokinases are known, and arylsulphamate fdrmation

requires an arylamine sulphokinase.
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0~
——‘ CHE,O0 - P - 0S0O,- -
/!JH o I 3 <
> 0 3'-Phosphoadenosine-5'-
O’/// phosphosulphate (PAPS)

The formation of sulphamates from primary aromatic

amines has been demonstrated for aniline and 1- and 2-nzphthyl-
amine, rabbit and guinea pig being more effective at this than
the rat, which could not conjusate aniline in & soluble liver
preparation (Roy, 1958) There is no evidence for secondary
amines forming sulphamates.

3). Methylatlon

Methylation requires.a coenzyme, S-adenosylmethionine,
which supplies the methyl group, and an enzyme (a methyl
transferase) which stereospecifically transfers this tc an
acceptor. Several different enzymes are known which catalyse
the lN-methylation of natural and foreign amines. The acceptor
may be an amine, phenol or thiol;

N-Heterocyclic methylation has been oﬁéerved with
pyridine acetate (His,‘1887) in dogs, when‘ébout L% of the dose
was excreted as the N;methyl pyridinlum ion. N—ﬂethylatlon
also occurs W1th the secondary amine histamine, and with the
.1midazole N-Hof imidazoleacetic acid (KarJala, 1956; Schayer,
1956) Methylation of the 1mldazole N-H of a benzimidazole

A can be accomplished chemically with diazomethgne, and. so these
'derivatives might be_expccted to arise bibchemicaliy during

the metabolism of the 2-trifluoromethylbenzimida201es.
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L), Acetylation

According to Williams (1963), the acetylation of foreign
compounds only occurs with primary groups, ané no evidence
exlists for the acetylation of a ring secondary amino group.
The reaction is hence ﬁnlikély to occur. The acetyl compound
is possibly very unétable as it could not be obtained under a
variety of conditions. ‘

5). Formation of an N-oxide

The microsormal system of vertebrates is able to produce’
trimethylamine N-oxlde in the presence of NADPE and oxygen
(Baker, 1963). N-Oxide formation has been postulated in the

N-dealkylation of drugs by liver microsomes (Brodie et él.,

1958).

—by
,,\\}?4? | ﬁ\‘N’/’
| }
- -0 ‘

This 1s a reaction in which the nitrogen atom becomes
tetracovalent; for this reason alone the poésibility of §A 
OXide, and ﬂ;hydrbxide formation is remote with a heterocyclic
compound. dontaining such eléctron withdrawing‘groups as tri-
fluoromethyl and chldrihe. In support of this, all attempts

at chemical synthesis failed.

6). CleaVage of the Imidazole ring -
This reaction might be expected to occur, but mammalian
degradationboflimidaZOIe rings has not been observed. Benzox-

azole and.z-methylbenquazole ate meﬁabolised'in'the rabbit
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by scission of the oxazole ring to give o-formamidophenol

derivatives and then o-aminophenol derivatives:
2 g

,,AK\ ,/N\\ 7 o NH,
) J— CHO e l + HCO,H
Similarly indole and hydantoin (in the dog) are also subject

to ring scission, the latter probably via the diketone isatin

(King, Parke and Williams, 1966).

\\ _ Hzc NE

INDOLE H H HYDANTCIN

In the case of the 2-trifluoromethylbenzimidazole compounds,
the reported chemicalistability is such that opening of the
ring is improbable. Thevconyersion of a trifluoromethyl |
group to“a carboxyl group and then carbon dioxide has been
reported for the herbicide Trifluralin, when carrots were grown
in soill treated with the trlfluoro-{luc1—methyl compound (Golab
et al., 1967) However, the p0551bility that the reaction has
due to micro-organisms and not to the plant itself was not

excluded.

2,6-Dinitro-X,N-di-n-propyl-
b trifluoromethjlanlllne
(Trifluralin)

Reactions .of the benzene ring.

Many aromatlc comnounds are metabollsed by hydroxylation

by the llver_microsomal enzymes., Two mechanisms have been

~defined, one giving only phenels, and involving'hydrOXYIaﬁion
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by a free radical, or epoxide formation followed by intra-
molecular rearransgement to form a phenol. The other, more
complex, mechanism involves the formation of 1,2 dihydroarene -
l,2-diols, 1,2 dihydroarenemdno-ols and 8-(1,2-dihydrohydroxy-
‘aryl) - cysfeines, which prébably have an arene-1,2-epoxide as
‘a common intermediate, and which ére converted into phenols,
catechols, hydrocarbons and mercapturic acids. Further detaiis

of these reactions are included in the Discussion. The reaction

scheme for naphthalene according to Parke (1968) is shown below:

H OH
H _
.// ' \5 ‘\;‘
. 1,2-DIHYDROMNAPHTEALENE- |
microsomes - 1,2-DIOL 1-NAPHTHOL

Os, NADPH.

8
Q

GSH . E OH

enzymes . - . . - ' .
sep, SoaH H
H SCHo TNHCOCHB

OH . . 1,2-DIHYDRO-1-
, NAPETHOL

acid
=H,.0
COoH 2

| .sc:rifzcwvc:m..3

B . U, [ e metrasma e e e+ e e 1
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Conjugation reactions of the benzene ring and its derivatives.

1). Glucuronide formation

This reaction occurs with primary, secondary and tertiary
alcohols and phenols to give an ether type glucuronide. These
compounds are stable to alk;lis and do not. reduce Benedicf's
reagent. ‘

2). Sulvhate formation

 This reaction is of very widespread occurrence and 1is
believed to be a primitive method of detoxication, It was
discovered by Baumann (1876) who administered phenol to =
patient and isolated potassium phenyl.eulphate from the urine
and showed it to be less.toxic than phenol. Phenol sulpho-
kinese is the enzyme catalysing the formation of phenol
eulphate, It is relatively non—epecific, and is located in

the sqlubie fraction of mammalian liver and kidney homogenates.

3). Hethylation

Q-methylation 1s usually confined to polyhydric phenols

containing vicinal hydroxyl groups (catechol o-methyltrans-

ferase), and only one hydroxyl group is methylated. 3,5-

Diiodo-b-hydroxybenzoic acid is methyleted by man (Maclagan

and Wilkinson, 1954) but this enzyme seems specific for iodo

-phenols.

4y, »Mercabturic acid formation

Mercapturic acids can be formed by the replacement of a
lablle ha10gen atom by. L-acetylcyste1ne.~ The enzyme catalysing

the flrst step is glutathione-§-aryltransferase Whieh'is found
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in the soluble fraction of liver homogenates. The other
enzymes requlred for mercapturic acid formation, glutathionases,
peptidases and acetylases are found in liver and kidney. A
Schematic diagram of the formation of a mercapturic acid from

2 halogenated aromatic compéund is shown below:

glutathione-S~aryl
transferase
ArX + GSH — Ar - SG + HX
Ar - SG + Glutamine Glutathionase :
aryl glutathione — Ar - SCys - GLY
acceptor - © Glutamyl peptide
peptidase

Ar - SCys + Glycine
arylcysteine

Ar - SCys - GLY

P
L ond

T
N

Ap - SCH..CHNH HAC0 - SCH, CHNHCGCE
Ar - SCHp-GiWN2 + CH3CO - SCOA - ATSCE,CHNECCCE,

2 Acetyl '
coenzyme A COZH . R
arylmercapturic acid
+ COASH

coenzyme A
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CHAPTER TWO

Materials and Methods.
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The following Z2-trifluoromethylbenzimidazole derivatives
were used in the study:

Non-radloactive compounds m.p. (uncorrected)

4,5—dichloro-2—trifluorometﬁylbenzimidazole 2140 ¢
L, 5-dichloro-6-hydroxy-2-trifluoromethyl-
. benzimidazole . 232 - 233° ¢

4,5-dichloro-7-hydroxy-2-trifluoromethyl-

Q1

benzimidazole 175 - 178°
L, 5-dichloro-6,7-dioxo-2-trifluoromethyl-

benzimidazole o i._ ' ' 1ok - .196° ¢
4, 5-d1chloro-l-methyl-2-triflnoromethyl-

benzimidazolé » | 118° ¢
5,6-dichloro-2—trifluoromethylbenzimidazolé 244 - 2450 ¢
5;6—6ichioro—u-hydroﬁy-Z—trifluoromethyl-

benzimidazole _ , 199 - 201° ¢
5,6-dichlofo-u,7-d10xo-2-trif1uor¢methy1-

benzimidazole o - | , 206 - 208° ¢
5,6-dichloro—l?(F—Q—glucopyranuronic acid)-é-

: trifluoromethylbénzimidazble. o - 208° ¢ (decomp.)

5,6-dichloro—1-(p-gfglucopyfénoside)-2;
‘ trifluorbmethylbenzimidézole - 241 - 243° ¢
5,6-d1chloro-1-nethyl-2-trifluoronethyl-

benzimidazole | | — ’ - 161 - 163° ¢
4,6—6ichloro-5—hydroxyfz-trifluoromethyl—

benzimidazole , _ C 155 - 15?.O C.

g
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5-chloro-lt-hydroxy~2-trifluoromnethyl-

benzimidazole 177 - 178° ¢
6~chloro-5—hydroxy-é—trifluoromethylé |

benzimidazole 216 - 217° ¢

Radioactive comvounds (specific activities in brackets).

4,5-Dichioro—2—(trifluoromethyl-[lucl-)benzimidazole"
(3.54 HCi/ﬁg); 5,6-dichloro-2-(trifluoromethyli[lncj-)benzimid_
azole (3.50 PCi/mg); 5,6-dichloro-M-hydroxy-2-Ztrifluorqmethyl-
[1#C]-)benzimidazole (1.93 pCi/mg).

The benzimidazole derivatives were synthesised and
supplied by Fison's Agrochemicals Ltd., Chesterford Park
Research Station, Saffron Walden, Essex. |

Enzyme Preparations.

p;-Glucuronidase (Ketodase; Warner-Chilcott, Eastleigh,

Hants.) and sulvhatase (type H2 from Helix pomatia; Sigma,.

London) were purchased.

A1l other chemicals were of the purest grade available

commerclally.

ANTMALS.
Female Wistar albino rats (body Welvht 200 + 25g) and
NNew 7ealanﬁ ”hite doe rabblts (body weight 3. 5 O 5 kg.) were

used. Animals were maintained on ‘diet 41B (J. Rank Ltd.) -

ADNINISTRATION OF CONPOUNDS,
Compounds'were.administered orally by stomach tube in a

70/30 v/v‘prqpyleneglycol-water nixture. For Billary cannulated
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D THYLBENZTIIMIDAZ CLES

STRUCTURES CF SOIE 2-TRIFLUOCROHETHY

c1 N

cl T
Cl L CL , N
\>':F3 - \>CF3
N '
. H

5,6=-dichloro-2-trifluoromethyl-

L,5=dichloro-2~trifluoro-
methylbenzimidazole benzimidazole :
. o
L X]
cl Q\
| :>-CF3
cl N
n H
0

5,6=-dichloro-i,7-dioxo-2-trifluoro~
methylbenzimidazole

c1 -

- C N
P : H
5,6-dichloro-1-(-D- 4 ,5-dichloro-6,7-dioxo-
glucopyranuronic acid)- ‘ 2-trifluoromethyl-
2-trifluoromethyl- : . benzimidazole ,

benzimidazole
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rats, the dose was given by intraperitoneal injections, and for
the determination of plasma half lives it was glven by intra-
venous injectlion. The injectlions were in the ear veln for

rabbits and in the tail veln for rats.

COLLECTION OF BICLCGICAL SAWPLES.

The animals were kept in metabolism cages with free
access to food and wéter. Urine and faeces were collected
daily for periods up to 5 or 7 days after dosing. Biliary
fistulae were established in rats by the method of Abou-el-
Makarem et al. (1967), and bile was collected for 24 hours,
Rabbits dosed with 5,6-dichloro-2-trifluoro-E1”c]-methylbenzim-
idazole were kept in a metebolism cage which allowed collection
of expired COp and other volatile derivatives.

Blood samples (1 ml.rabbits, 0.2-0.5 ml. rats) were ob-
téined from animals dosed intravenously with radio-labelled
compounds, by nicking the ear vein of rabbits or from cannulas

inserted iﬁto the femoral vein of rats.

RADTOCHEMTICAL TECHNIQUZS.

4 In urine (1-2 ml), bile (0.5-1.0 ml) and faeces (1
‘ml;qf 104 w/w.aqueous homogenate) was detérminedAwith a Packard
Tri-Carb scintillation spectrometer (model 321&) as described
by Briéges, Davies and williams (1967). 140 In bl@od was
determined by digesting aliquots (0.1 ml)7in 10% NaCH (0.1-
0.2 ml) and'biéaching with eﬁcess 100 voi.'hydrogen péroxide

to a vale yellow coldur."Foaming was minimised by the addition
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of iso-octanol (1 drop). The excess peroxide was destroyed by
the addition of conc. HCl, and after neutralisation the radiq—
activity was estimated by scintillation counting in thixotropic
gel (Cab-o0-Sil, 5%). Efficiencies were as follows: urine,
60-65%; bile, 60-65%; faeceé, 50-55%; blood and most tissues,
50-55%, as determined by internal standardisation. Sub-
cellular fractions of tissue samples were treated by digestion
in 104 NaOH, neutralisation (with Dbleaching if required) and
the 140 counted after dispersioh in thixotropic gel.

In some experiments respired ailr was bubbled through 10%
aqueous NaCH, a drying tower (CaClz) and through a liquid nitro-
gen trap. Saturéted‘BaClz was added to portions (10 ml)-of
the NaCH and the precipitated BaCOB was washed with 2 x 10 ml,
portions of distilled water, dried and assayed fdr 11‘LC by
scintillation counting in thixotropic gel. The contents of thé
liquid nitrogen trap after evaporation of Np were dissolved in
 ethanol an& assayed by scintillatlon oqunting.

Thg amounts of metabolites were détérﬁined'either'by
‘scanning radlochromatograms (of paper Qr silica thin layer)
with a Packard Radiochromatogram Scanner (modél 7200), utilising
.the’disc integrator, or by'cutting outAthe defined area on the
paver and counting in SGintillafor rluid. Thisvlatter method
was employed for all low level activity work and for small
peaks.

Estimations of the metabolites in hydrolysed urine and

in tissue extracts were performned by cochromatography'with
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authentic samples on silica gel thin layers, and scraping off
the relevant area (Snyder, 1962). The radioactivity was
determined by scintillation counting in thixotropic gel.

Recoveries of 89-90% were obtained.

REVERSE ISCTOPE DILUTTONS.

a). &,5-Dichlbro-2-frifluoromethylbehzimidazole»in urine.

Aliquots (5 ml) of urine with added carrier 4,5-dichloro-
2-trifluoromethylbenzimidazole (0.5 g) were refluxed for 6 hours
with 10N-HC1 (5 ml). The hydrolysate was extracted with ether
(4 x 10 ml.) and/the bulked extracts were evaporated to dryness.
4,5-bichloro—2ftrifluoromethylbenzimidazole was recrystallised
from aqueous ethanol to conStant specific activity and m.p. .
(214°). This gave an estimate of the free and conjugated
compoundt | -

For the free compound, aliguots of urine (5 ml) and
added earrier (0.5 &) were adjusted to pH 4 with acetic acid

- and ether extracted (& x 10 ml) as before,

Ly 5-Dichloro-2 trlfluoromethylben21m1dazole in faeces,

Free 4,5-dichloro- 2= trlfluoromethylben21mldazole was
: esfimated by taklng aliquots (5 ml) of homogenlsed faeces
(usually 1 g in 10 g. water), acdlng carrier (0 5 g) and pro-
ceedlng as. for urlne samples.

Total'compound was estlmatedrby.addihgEcariier to the
homogenate and hydrolysing for 6 hours With 10 ml, 10N~ HCl the

'rest of the procedure being as before.
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4, 5-Dichloro-2-trifluorcmethylbenzimidazole in bile

The method used was that for urine, but 1 nml. samples
were employed.

b). 415—Dichloro—l—met@yl—2-trif1ﬁoromethy1benzimidazole

Carrier (0.5 g) was added to urine (5 ml), bile (1 ml)
and faeces (5 ml, of homogenate), disSolved with the minimﬁm of
ethanol and then treated as for 4,5-dichloro-2-trifluoromethyl-
benzimidazole. The resldue after evaporating off the ether was
fecrystallised from ethanol to constant specific activity, m.p.

118°,

c)e. 546—Dichloro—2—tfiflubrbmethylbenzimidazole

The procedures for urine, bile and faeces were identical
with those for 4,5—dichloro-z-trifluoromethylbenzimidazole,
the m.p. was 2U4-2050, |

5,6-Dichioro-z—trifluoromethylbenzimidazole in liver and muscle

5-10 ml.of 9:1 v/w homogenate in 0.25 li-sucrose, with
added carrier, was hydrolysed with 10 ml.lOg—Hci for 6 hours.
The hydrolysate was extracted with 4 x 20 ml, ether, and evapo-
rated to an oil. An aqueous ethanollc solution of AQNOB (5%)
~was added and the precipitated silver Salt of the benzimidazole
was washed several times with ether/ethahbl l/iv/v. The dry
residue was treated with excess dllute HNOB and ether extracted
(4 x 10 ‘ml)., The extracts were combined evaporated to dryness
and the re81due recrystallised from aqueous ethanol to constant

specific act1v1ty, m.p. 2442450,
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d). 3,6-dichloro-l-methyl-2-trifluoromethylbenzimidazole

The procedures were the same for 4,5-dichloro-l-methyl-
2-trifluoromethylbenzimidazole; the compound was recrystailised
from ethanol, m.p. 163°.

e). Trifluoroacetic acid

Trifluoracetic acid (1lg) (B.D.H., ?oole, Dorset) was
refluxed with samples of urine (5 ml) for 6 hours. The hydro-
lysate was ether extracted (4 x 10 ml) and the combined |
extracts evaporated to a syrup. The syrup was carefully
neutraTised with 10% aq. NaOH (torphenolphthalein) and excess
of S-benzylisothiouronium chloride (in 2 ml. water) was added.
The precipitated salt was recrystallised from hot water to zZero.

specific activity, m.p. 176-178°,

" CHROMATOGRAPHY,

a). Paper and Thin Layer

The Rf vaiues of the compounds used in thislwork are
shown in Table 1. Paper chromatography utilised unlined tanks.
and Whatman No. 1 paper.

The following solvent systems were employed for paper:

A. Butan—l—ol saturated with 1.5 M-ammonia/ammonium carbonate
aqueous buffer (Fewster and HFall, 1951)

B. Pyridine/pentan-l-ol/water 7:7:6 by volunme. |

The chrOMatograms were develoPed for a dlstqnce of about 35 cm.

| from the origin.

Analytlcal and quantitatlve tqin—layer chromatograbhy was

carried out on 0. 25 mm, layers of Silica Gel HF254 (E. Merck,
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The following solvent systems were employed:

A. Fewster and Eall system as for paper.
B. Isobutanol saturated with water (Bowker and Casida, 1969).
C. Chloroform - ethanol 19;1 v/v.
'D. Toluene - dioxan 25:4 v/v.
E. Dichlofomethane.
F. Benzene - acetone 10:1 v/v (Bowker and Casida, 1969).
G. Dichloromethane -~ chloroform - ethyl acetate -
~ ammonia (0.88) 120:40:10;1 by vol.

The chromatograms were developed for a distance of about
15 cm from the origin. Rf values in these systems are given
in Table 1.

Detection.

Ali of the subs%ances appeared as dark quenching spots
when paper chromatograms ﬁere viewed by U.V. light (254 mm) from
a Handvia Chromatolite lamp (Engelhard Industries Ltd., Slough,
Bucks.). MNost of the‘compounds could also be detected as
purple/black quenching spots on fluorescent thin layers, but
the phenblic compounds gave yeliowish or brown colours, and the
quinonoeid compéunds absorbed only slightly. The phenols tended
to oxidise in the atmospherevwhen_on é silica gel surface, and
the‘appearénce of;a'strong yellow bolour_over a peripd of -
several hours.sérved as an indicator’6f theif.§resenqe{

Diazotised v-nitroaniline.

p-Nitroaniline (0.25 g) was dissolved in 25 ml. of MN-HCL



Table 1,

COMPOUND
u,5-d1chloro-2-tr1fluoromethylbenzimidazole

4, 5-dichloro-6- hydroxy-Z trifluoromethyl-
benzlmidazole

'4,5-dichIOro-7-hydroxy-z-trifluoromethyl-
- benzimidazole

b, 5~ dichloro-é 7-dloxo-2- trifluoromethyl—
benzimidazole :

5,6~dichloro-2-trifluoromethylbenzimidazole

- 5,6=-dichloro-4-hydroxy-2-trifluoromethyl-
benzimldazole

5, 6-dichloro-u 7 dloxo-2- trifluoromethyl-
"benzimildazole

5-chloro-l~hydroxy-2- trifluoromethyl-
benzimidazolek

6-chloro-5- hydroxy -2~ trifluoromethyl-
benzimidazole'

4,6 dichloro-S-hydroxy-Z-trifluoromethyl-
benzimidazole

5,6- dichloro-l (P-D-glucopyranuronic acld)-2-

'trifluoromethvl enzimidazole

5, 6 dichloro-1- (R-D-glucopyranoside)-2-
trifluoromethylbenzimidazole

5

Rf VALUES OF BENZIMIDAZOLE DERIVATIVES ON PAPER AND THIN-LAYER SILICA GEIS.

A c D
0.90-0.95 0.99 0.85-0.90  0.90
0.65-0.70 0,75 }0.80-0.90 0.00-0,10
0.75-0.80 6.75 $ 0.80-0.85  0,25-0,30
0.70-0.75 0.75 0.55-0,60 -
0.90-0.95 0.99 0.85-0.90 0.90
0,70-0.80 0,75 0.80~0.85 0.50-0.55
0.85-0.90 0.75 0.60-0.65 -

- - - 0.55-0.60

- - - 0.35-0,40
0.45-0,55 0.40-0.50 0.15-0.20 -
0.4i5-0,50 - 0.35-0.46 -

See text_for detalls of solvent systems,

Continued,
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Table 1, continued,
COMPOUND
b 5-d1chloro-2-trif1uoromethy1benzim1dazole

h, 5= dichloro-6- hydroxy- 2 trifluoromethyl-
benzlmidazole

-4 ,5-dichloro-7-hydroxy~2-trifluoromethyl-

benzimidazole

4,5;dichloro-6;7-dioxo-z-trifluoromethyl-
benzimidazole

5,6-dichloro-2-trifluoromethylbenzimidazole

5,6-dichlofo—b-hydroxy-2-trif1uoromethyl-

“benzimidazole

5,6-dichloro-i,7-d1loxo-2-trifluoronethyl-
benzimidazole

5~ chloro—u hydroxy—z Trifluoromethyl-
benzimidazole

6 chloro~5- hydroxy-z trifluoromethyl—
benzimidazole- .

4 6-dichloro- 5 hydroxy-z trifluoromethyl-

benzlmiaazole
/

5,6-dichloro-4-hydroxy-l-methyl-2-trifluoro-
methylbenzimidazole

5,6=dichloro-U-methoxy-l-methyl-2-trifluoro-~
methylbenzimidazole

See text for detalls of solvent systems.

Continued,

Rf VALUES OF BENZIMIDAZOLE DERIVATIVES ON PAPER AND THIN-~LAYER SILICA GELS.

E F G H
0.50-0.55 0.10 0.50-0.55 0.55
o.15-o.zd 0.0 '0.10-0.15
0.25-0,30 0.0 0.25-0. 30
0.0 - -
0.50-0.55 - 0.48-0,52 0,65
0.20-0.25 0.0 2L20-é.25
0.05-0.15 0.0 -
0.40-0;45 - 0.40-0,45
0.25-0.30 - 0.25-0.30

- - 0.45-0,48

- - 0.83+0.67 -

- 0.85 -
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Table 1, continued. Rf VALUES OF BENZIMIDAZOLE DERIVATIVES

ON PAPER AND THIN-LAYER SILICA GELS,

COMPOUND

E

1) G H

5,6~ dlchloro-u—methoxy—z trifluoromethyl-
benzlimidazole

S-chloro-2—trifluoromethylbenzimidazole
L,6-dichloro-2-trifluoromethylbenzimidazole

L ,7-d1chloro-2-trifluoromethylbenzimidazole

. See text for detalls of solvent systems.

0.38 | - -
- - 0.7
- - 0.56
- - 0.52

(19



51

and fhe solution diluted to 50 ml. with ethanocl. To 10 ml, of
this stock solution, 0.1 g. of scodium nitrite was added and the
chromatogram was sprayed immediately with this solution; Affer_
5 minutes the chromatogram was resprayed wifh 0. 5N-ethanolic
NaQOH, Amines and phenols géve non-permanent brown coloured
spots (Wichstrom & Salverson, 1952).

Naphtharesprciﬁol Test.

The chromatogram was sprayed with naphtharesorcinel in
acetone (1% w/v) to which 10% phosphoric acid (4:1 v/v) vas
added prior to use. On heating at 120° for 5 minutes, the
glucuronides showed up as brightAblue Spots on a pink back-
ground. The method was limited to thin layers, since paper
tended to be destroyed before the spots appeared (Bridges,
Kibby and Williams, 1965).

Gibbs Reagent (Elliott, 1959).

Chromatograms were sprayed with 0.05% of 2,6-dichloro-
benzoqﬁinone—h—g-chloroimine in ethanol; after 2 minutes they
were oversprayed With saturated NaHCOB.' The phenols having

a free para position gave a blue colour.

Toennies & Xolb Chloroplatinate reagent (as modlfied‘by
Barnsley, Thomson and Young, 1964).
0.002H Chloroplatinic acid (40 mls),iN-KT (0.25 mlL) and
2N-HC1 (0.4 ml) were added to 76 ml.acetone. On spraying the

chromatograms, compounds contalning organically bound sulvhur

gave colourless or pale yellow spots on a pink background.



Table 2. GAS-LIQUID CHROMATOGRAPHY.

‘COMPOUND - ' E COLUMN

5,6-d1chloro-2-trifluoro-
Lmethylbenzimidazole

5,6-dichloro-l- hydroxy-z trifluoro-
methylbenzimidazole

5,6-dichloro-4,7—dioxo—2-tr1f1uoro—.
methylbenzimidazole

A5—chioro-uéhydroxy—z-trifluoromethyl—
. benzimidazole

6- chloro—5 hydroxy-z -trifluoromethyl=-
benzimidazole ,

o 6 -dichloro-5- hydroxy-z trifluoro-
-methylbenzimidazole

"4 ,5-dichloro-2- trifluoromethyl-
benzlmidazole

» 5- dichloro-é hydroxy-z trlfluoro—
methylbenzimldazole

4,5-d1chloro-7?-hydroxy-2- trifluoro-
methylbenzimidazole

4,5-dichloro46,7-didxo—2-trifluoro-
methylbenzimidazole

Continued,

RETENTION TIMES (in minutes)

12,0

A B C D
12,4 10.0 10.0 . 3.0
8.8 ,23.8 7.0 8.0 6.2, 7.8
1.5,22,0 6.2 5.0 1.0 ,13.3

- - - 5.2, 8.6
- - - 2.7, 5.0
- - - 6.2, 9.k
7.5 ,16.0 7.2 2.2, 3.5 2.6, 5.0
8.8 ,23.5 3.2,,17.0 - 5.6
- 5. 25 06.5. s.gd.%o.o T -
b2 - -

(49



Table 2, continued. GAS-LIQUID CHROMATOGRAPHY.

A1l samples were methylated according to the method of Vogel (1956).

Solid supports in all cases were of 100-120 mesh Chromosorb G (acld washed and treated

with dimethylchlorosilane) - B. D. H., Poole, Dorset. The carrlier gas was Argon/Methane

95/5v/v. Inlet pressure 40 1b. The flash heater and the detector were operated 20° C

above column temperature.

€S
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b). Gas-Liguid Chromatogranhy.
An F & 11 model 402 gas chromatograph was used with a
varlety of column packings, for identification of the metabo-

lites,

Columns and operating temperatures were as follows:

A bt 3.84 SE30 at 130° c.

B 5t 12% sodium dodecyl benzenesulphonate at
1850, |

C 51 3% PEGA at 1709,

D 4t 3.8% SE30 at 150°.

A tritium foil electron capture detector was employed to
detect the compounds in the effluent from the columns. In
practice guantities as low as 10~12g could be detected.
Retention times are given in Table 2.

To facilitate separation, and to réduce retention times,
the compounds were reacted with excess éiazomethane in ethereal
solution (?ogel, 1956) to convert imidazole ~NH and phenolic
~0H groups to thé methylated derivatives. On methylation, each
symmetrical benzimidazole gave one product and each unsymmetrical
benzimidazole gave two products as a result of the tautomeric
nature of the imidazole nucleus (Forsyth and Pyman, 1925;
Hofmann, 1953). This deoreased the usefulness of G.L.C. as a
quantitétive_method.

¢). 1ass Svectroscony.

This was pérformedvby Dr. B.'Millard of the School of

Pharmacy (University of London) on an AEI NS 902 mass spectro-
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meter. The aglycones all zave good cracking patterns, but iﬁ
general, the amounts and quality of material recovered from.
hydrolysed urine samples were insufficient to allow adequate
identification. The pattern obtained from h,s-dichlofo-é-hydroxy-
_ 2-trifluoromethylbenzimidazéle isolated from hydrolysed rat

urine by thin layer chromatography is shown in Fig. 2 of

Chapter 3.

TISSUE DISTRIEUTICH

OF 5,6-DICHELORC-2~TRIFLUCRONETHYLBENZIFEIDAZCLE.

Whole rats, previously treated with an oral dose of 5,6~
dichloro—2—trif1uoro—[1u0]-methylbenzimidazole, were dissolved
in 1 litre of 20% NaOH in ethanol, with the aid of gentle
warming. Aliquots (1 ml) were taken and neutralised with
LN~HC1 and counted in thixotropic gel scintillator. Rat and
rabbit organs and tlssues were dissected out, weighed andr
dissolved in 20% NaOH in ethanol (5 ml, per g. of wet tissue),
aliquots (1-2 ml,) were neutralised and counted as for whole
rats above. Liver, lung, heart and spleen samples were also
subjected to the peroxide bleaching technique descrited under
plasma ﬁalf-lives. Internal-standafds were ircluded in some éf
the more coloured samples and also in the peroxide bleached
ones, to check for colour quenching and‘chemical'effeCts. The
ﬁéroxiae_bleaching did not appear to have ahy deleterious

1“C compounds used in this study. Isotope

effect on any of the
dilutions wére.performéd on tissue samples (mainly liver).

Quantities of tissue‘(b-S g WereAhomogenised'in 9:1 v/w 0.25



56

M sucrose/tissue, 0.5 g.of éarrier 5,6-dichloro-Z-triflﬁoro-
methylbenzimidazole was added and the homogenate was theh
acidified and hydrolysed for 5-6 hours with HC1l in the manner
described for urine samples. The hydrolysate was ether |
extracted (4 x 20 ml), the extracté pooled, evaporated to
dryness and the residue recrystallised to constant activity
from ethanol-water, with charcoal decolourisation performed
where necessary. Fat samples required the procedure outlined
under Isotope Dilutions, namely preparation of the silver
sait, in order to purify the compound and free it from fatty

impurities.

SOLVEKNT EXTRACTION OF CARCASSES

The remainder of each carcase, after tissues and organs
had been removed, was repeatedly extracted with acetonitrile/
water (9/1 v/v). The extract was rendered alkaline (pH 8)
with 2N-NaOH and ether extracted to remove fatty matefial.
After remoﬁing the solvent in ZQEHQ the residue was neutralised
with 2N-HC1, dissolved in ethanol (0.5 ml.) and portions used
for analysis by TLC in the usual way. Treatment of freeze-
dried urinevsamples in this manﬁer was shown to leave con-

Jugates inﬁact.

DETERMINATION OoF 1%c v Broop
Estimations of metabolites in thé blood of ahimals dosed
with [14015,6—dichloro—2—trifluoromethylbenzimidazole was

performed by TLC co-chromatography of acid-hydrolysed aliquots
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obtalned as described under Collection of Biological

Samples.,

CENTRTFUSATION STUDTES

Sub-Cellular Fractionation was performed accordling to

the method pf Hogeboom (1953) for liver and to that of
Kitiyakara (1953) for muscle. These studles were only per=-
formed on rats and rabblits dosed with[1”0]5,6-dichloro—2—
trifluoromethylbenzimidazole.
Liver.

Quantitieé of liver (9.0-10.0 g) were rapidly sectioned
after removal from the animal and homogenised in 9 ml of 0.25
M-sucrose per g,wet weight»of tissue, in an homoéeniser having
a loose fitting Teflon pestle. The pestle'was motor driven and
2 x 1 min. periods of homogenisation were‘used, with inter-
medlate chilling in ice. |

10 ml. of homogenate were’carefully layered over 10 ml.
0.34 M~-sucrose and centrifuged for 10 min. at 2,000 r.p.m.
'(700 g) at 0-4° in an MSE 'High Speed 17f-centrifuge. The'
a’supernatant was removed with a Pasteur pipetﬁe'and the sediment
| was ré;suspended in 0.25 l-sucrose by brief homogeniéation.
This fractibn‘pontained the cell-debris, ruclel and intact
cells. The supernatant was centrifuged for 10 min. at 5,000 g
to give a pellet of crude-mitochonéria, this was re-suspendeé
ih20;25 l-sucrose by brief homégenisafion and'céntrifﬁged at

24,000 g for 10 min.
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The combined supernatants from the mitochondrial fraction
were centrifuged in an MSE 'Super Speed 40! at 105,000 g.av, for
100 min. the residue obtained beilng crude microsomes. This
was re-~suspended in 0.25 lM-sucrose and recentrifuged at 105,000
g for 2 hours. ‘ A |

All fractions were then dissolved in 10% aq. NaOH and
made up to-known volumes (5, 10 or 20 ml) with distilled water.
Aliquots (1 ml) were withdrawn, neutralised with 2N-HC1l and |
subjected to scintillation counting; In order to obtain
higher‘efficiency, i1t was necessary to treat the homogenate
to peroxide bleaching. Further aliquots (1 ml. - 2 ml) of the
fractions dissolved'in NaOH were acidified, ethef extracted (hAz
5 ml.) and the combined extracts evaporated to dryness and
subjected to TLC analysis by cochromatography. Spots
| correspoﬁding to knowﬁ ma jor metabolites (5,6—dichloro—2-tri-
fluoromethylbenzimidazole; 5,6-dichloro—h-hydroxy—z-trifluoro-
methylbenzimidazole and 5,6-dichloro-h,7-dipxo—2-trif1uoro—
methylbenzimidazole) were scraped off and the gel counted in
thixotropic gél. In 21l cases, the quantities of 14C and the
“metébolites were expreééed as a percentage‘bf the~radiOactivity
in the Weightvbf liver taken for analysis. |
Muscle. »

Tissue Was.frabtiqnated accoréing tokthe.method of
Kitiyakara aﬁd Harman (1953). 10 g. of dissédteé muscle'was:
ﬁomogeniéed:for 2 periods of 45 seéonds, with intermediate

cooling'in ice, in a precooled stainless Waring Blender in 75
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ml.of 0.25 M-sucrose which contained 0.75 ml.of 0.04 H-NaHCO,.
A further 75 ml. of sucrose solution was added and the homogenate
was strained through fine cotton gauze to remove fibrous tissue.
The fiitrate was centrifuged at 0-4° ¢ for 2 min. at 125 g .

and then for 10 min. at 500°g to remove cell debris, connective
tissue, ete. The resldue was resuspended by brief.(lo-ZO sec.)
homogenisation 1n 0.25 l-sucrose and recentrifuged at 500 g

for 10 min,; the residue so obtained contained myofibrils.

The combined supernatants were centrifuged at 500 g fot 15 min},
the residue was again myofibrils and this was added to the
previous pellet. The-supernstant ﬁas subjected to further
centrifugation at 2,250 g for 15 min; to obtain sarcosomes,
,Purification involved resuspension in 0.25 H-sucrose and
centrifugation for 15 min. at 2,250 ¢ The fractions thus

obtained were treated as for the liver fractions.

ISOLATION OF NUCLECTIDES,

The procedure used was that of Schﬁidt and Thannhauser
(1945) as modified by LePage and,ﬁeidelberger (1951). The
weighedttiSSue ﬁas homogenised ih a'wering Blender in cold 4%
HClOur(lolﬁl.per g« wet ﬁeight)»and eentrifuged; The residue
was Washed’ﬁith eold L4 HCqu_(to remove aeid-soluble.purines
and pyfimidines)'and twiee.witheethanol | Lipids were removed
by extractinv three times with ethanol / ether 3 1 v/v, at
: 35-#0O ~The dry extracted tlssue vas susnended in 1N—NaOH
(10 m1/2 g-fresh tissue) and incubaueé at’ BLO for 16 hours;

everythingy@gssglvquand:RNA-Was hydrqused to nucleotides.




60

The incubation was cooled in ice and 3.5 ml, of 65% trichlor-
acetic acld were added for every 10 ml, of NaOH used. A
protein-DNA complex precipitated and RNA nucleotides remained
in solutibn. ' The precipitate was washed with cold 5% TCA and
the combined supernatants wére ad justed to pHB with Ba(OE)é.
On the addition of 4 volumes of ethanql, barium nucleotides
were precipitatedy cooling in ice proved beneficial to the
process. The residue was filtered off and burified by acid- -
ification with EC1l and a repetition of the barium hydroxide
precipitation. The precipitate was suspended in 10 nl, of
‘distilled water and aliquots (2 ml) subjected to scintillation
counting in bhiibtropic.gel.

.The protein-DNA complex was washed with 10 volumes of
~ethanol and suspended in 10 ml,of neutral 0.3 E—BaClOu
solution: The mixtufe was heated in a boilinngater bath for
20 min., cooled to room temperature and 703 HClOu.added to glve
a final coﬁceﬁtratibn of 2%, The precipitated protein was
vremoved and the filtrate adjusted to pH8 with Ba(OH),, 4 volumes
. of ethanol Were added and barium.nucieotides were precipitated,
on codlihg in ice. The precipiﬁafe Wwas treéfed as-for thé
RNA nucleotides above. ‘

Ali@uoﬁs (2 ml) of the suspensionbof'the barium nucleo—.

_ tides wereVevapQrated to recovef the.solid, suspended in a
drop 6f»4§—HCl and‘appiied tb.thin 1ayer plateé which-werg
| chromatographéd in systemé D or -E. The spots which cochromato-
graphéd with authentic.5,6-d1chlor6;4-hydréxy-Z—triflﬁoromethyl- :

, benéimidazole and 5,6-didhloro-Z—trifluoromethylbenzimidazole
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and the péra—quinone were scraped off and counted in

thixotropic gel.

DIALYSIS EXPERIMENTS.

Aliquots (0.2-0.5 ml) of heparinised rat or rabbit blood
fogether with 0-1 ml,of 0.9% aqueous NaCl containing the radio-
labelled benzimidazole derivativé, were dialysed through
Visking tubing into 50-100 ml, of 0.1 M-phosphate buffer pH ?,45
| After 24 hours, 25 ml,portions of this ligquor were evaporated
to dryness, and the: residue was ether or alcohol e#tracted.

The extract waé'assayed for 1%0 by scintillation counting in

the usual way. The technique was also applied to human blood.

Dialysis of non-labelled metabolites

| The 6- and 7-hydroxy and 6,7-dioxo derivatives of 4,5-
vdichloro;z-trifluoromethylbenzimidazole and 5,6-éichloro-4,?-;
dioxo-z-trifluoromethylbenzimidazole were also tested for thelr
binding ab}lity with rat and rabﬁit blood. As with the labelled
compounds, the concentration used was 20-40 pem/ml. of aqueous
splution} The‘dialysisrliquorvwaé evéporated to dryness and

fhe residues were ethanol or ether.extradted'(b x 5 ml portions).
The volume of extract wasvreduced to 0.5 ml.and an ethereal

- solution of dlazomethane‘Was'introducgd (Vogel, 1956). After
'_5?10 min, the ether was evaporated off lh a streém 6f dry
hitrogen, and -the voluﬁe of the solution-Was.édjusted to 0.5 ml;
- with ethanol. One to 51P1.aliquots were'subjécted-to G.L.C. |
Vénalysis as described earlier. Because the derivatives of 4,5~

d1chloro-2-trif1uoromethy1behzimidazdlevgave multiple peaks
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(arising from their tautomeric forms), this method was

severel& limited in its accuracy. The 6- and 7-hydroxy
deriyatives of 4,5-dichloro-2-trifluoromethylbenzimidazole were
successfully assayed by the method of Folin-Cilocalteu (1927).
In this technique 5 ml.of Félin's reagent was added to the

" residue obtained by evaporating the ethanolic extract of the
dry salts to dryness (see above). Fifteen ml.of 209 Na2003
was added, the mixture was diluted to 50 ml.and incubated at
35°C for 20 min., Readings were taken at 760 nm. in a Unican

SP500 spectrophotometer.

ULTRA-FILTRATION.

The technique used was that described by Briéges et al.
(1969). 0.2 ml.samples of heparinised blood, 0.1 ml. of the .
0-9% NaCl solution containing the radiolabeiled compound and
0.1 ml.of 0.1 M-phosphate buffer pH 7.4 were mixed. The
sample was placed in Visking tubing which was tightly sealed
and laid on the surface of a sintered glass disc. This was in
turn placed in a plastic centrifuge tube and centfifuged for
2 hours in an MSE 'High Speed 17! machine at 3,000 g and 20°cC.
The}sinter_and Visking tuﬁing’were‘remOVed from the tubé, aﬁd
the flltrate was washed into scintillation fluid with ethanol

(2—3;m10; -The sample was then counted in the-ﬁsual way.
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CHAPTER THREE

THE HETABOLiSi\E OF 4,5-DICHLOROQ AND 5,6—DICHLORO-2--
TBIFLUOROMETHYLBENZIMIDAZOLE IN THE RAT AND THE RABBIT
AND
5,6-DICHLORC~4-~ HYDROXY-2-TRIFLUCRCKETHYLBENZ IMIDAZOLE

IN TEE BAT.
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. RESULTS.

4 s5-Dichloro-2-trifluoromethylbenzimidazole.

Excretion of radicactivity by the rat and the rabbit.
1. .Urine. '

| The excretion figures.(presented in Table 1) show that
most of the 5ose is excreted over a period of 3 dayskin the
urine. Chromatography of urine samples (system A on paper or
TLC,.system C on TLC) revealed the presence of‘5 peaks.
Radiochromatogram scans of 24 hour urines chromatographed in
system A on paper are presented in Fig. 1. Acld hydrolysis
of urine samples followed by chromatography of the hydrolysate
(system A or C, paper or TLC) re&ealed only one major peak.

Metabolites.

Quantitatibn of metabolites was performed by cochromato-

graphy of pooled 72 hour urines on thin layers as outlined in
Methods. The most important metabolite was 4,5-dichloro-6-
| hydroxy-z-tiifluoromethylbenzimidazole (70%.of the dose in
rats, 19% in rabbits), together with smaller amounts of the
7-hydroxy isomer (6% and 7% respectively). One rat.gaVe
vapproximatelywequal amoﬁnts of'thése two compounds, but'all
others gave these compounds in a 9/1‘ratio: (This result
could not be repeated and is unexpléiﬁed;)‘ Only minor
' ﬁuantifies,of'free phenolic compounds ¢ou1d;be detected in '
fresh urine samples, but acid hjdrolysis'or incubation with
* B-glucuronidase (as detailed in Methods) released most of the

1uC'as the 6e ahdv7-hydroxy compounds,together with 4,5~
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dichloro-6,7-dioxo-2-trifluoromethylbenzimidazole (4% for the
rat and 6% for the rabbit). However, peaks at Rf 0.0 (a

minor peak in system A on paper or TLC) and RBRf 0.5 (a large
peak in system A) were more resistant to};-glucuronidase or
sulphatase attack., Aclid hyérolysis followed by extraction and
TLC analysis showed that the Rf 0.5 peak contalned both the 6-
and 7-hydrbxy1ated derivatives and also 4,6-dichloro-5-hydroxy-
2-trifluoromethylbenzimidazole (Rf values in system G. 0,10~
0.13, 0.25-6.30, 0.45-0.48 respectively). The Rf 0.0 peak

gave a poslitlive Toennies and Xolb test, indicating the presence
of organically boﬁnd sulphﬁr. The quantlties were too small

to analyse successfully by the standard methods, but the nature
of the metabolite(s) was partially resolved as follows,

A rat was given a dosevof 10}LCi of 358042" by infraperitoneal
injectioh, together with an oral dose of 2 mg.of 4,5-dichloro-~
6-hydroxy-2-trifluoronethylbenzimidazole. A second rat
recelved the 35SOu2f by injection and an oral dose of 2 mg.

of h,5-dichloro-2-trifluoromethylbéﬁzimidazole. The 24 hour
urines were ffeed of inorganic 35804 by BaCls precipitafion
and were chromatographed as before'in»system A on paper.
BadiochromatOgrém scanning showed thé‘residual radloactivity

to be located at Rf 0.0 and Rf 0.04, The ﬁeak at BRf 0.0 was
cut out, eluted into acid and. hydrolysed. TLC ané GLC |
analysis showed 1t tb-contain h;556ichioro-6-h&drqu-2-tri-
flﬁoromethylbenzimidazole and a small amounf‘of 5—§hloro-4—

‘hydroxy-Z—trif1uoromethy1benzimidazole.



Table 1. THE EXCRETION OF 17

(TRIFLUORO—leC]—METHYL)BENZIMIDAZOLE.

C_BY THE BAT AND RABBIT DOSED WITH 4,5-DICHLORO-2-

RAT
RAT (BILIARY FISTULA) RABBIT
Dose mg/ke. 50 (oral) 52 (intraperitoneal) 6.1 (oral)
| | uel | 3.75 4,2 | 4,5
‘%'Dose in urine i Day 1 o 70,0(45-88) - 20(0-59)
' Day 2 .  11(3.5-20.0) - 45(32-58)
Day 3 1.4(0.2-0.3) - 13(6-22)
~ Day 4 and 5 - - 4 (0-11)
Fasces Day 1-5 <10 - <1.0
‘Bile  Day1 i - 21,0(16.5-26.0) -
' Total excretion . 82.4 21.0 82.0

'

Values are means for 3 animals with ranges shown’in parentheses.
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Fle. 1. RADIOCHROMATOGRAM SCANS OF 0-24 HCUR URINE OF HATS AND RABBITS DOSED CRALLY WITH

Y, 5-DICHLORO=-2=( TRIFLUORC-[ 1% ¢]-METHYT) BENZ TN IDAZOLE.
| | 0.50

RAT

‘SOLVENT SYSTEM A

. N ‘ i . v . ' ' . .
Rf ORIGIN 0.25 _ 0.5 0.75 _ FRONT .

 RABBIT

SOLVENT 0.15%

SYSTEM A

Vo SR 1 , ' | ' !
ORIGIN 0.25 - 0.5 0.75 FRONT
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AND THE RABBIT,

Table 2. METABOLITES OF U, 5- DICHLORO—E-(TRIFLUORO[flpc_]METHYL)BENZIMIDAZOLE IN THE RAT

COMPOUND

Y, 5~ chhloro-z trifluoromethyl—
benzimidazole (free)

' 4,S—D10hloro-z-trlfluordmethyl—
benzimidazole (combined)

% DOSE EXCRETED IN

4,5—Dichloro-6-hydroxy—z—trifluoro-

‘methylbenzimidazole (free)

4,5-Dichloro-6-hydroxy-z-trifiuoro-

‘methylbenzimidazole (combined).

4,54Dichloro-7-hydroxy-2¥trifluorO—

methylbenzimidazole (free)

li,5=-Dichloro-7-hydroxy-2-trifluoro-

methylbenzimidazole (combined)

4 ,6-Dlchloro-5-hydroxy-2-trifluoro-

'methylbenzimidazole

L, 5. Dichloro-é 7-diloxo=-2-triflu
methylbenzimidazole '

Unknown metabolltes

Tbtal'

% Dose excreted

* Results for 24 hour samples.
+ Results for 48 hour samples.
*##Results for 72 hour samples.

Values are means for 3 or more
Dose levels and routes are as g

RAT URINE#* RAT BILE® RABBIT URINE+
- - h,1( 2.9~ 6.4)
2,0( 0.0- 3.5)  0.9( 0.5- 1.6)  1,0( 0.4- 1.7)
68 (12.1-79.5) 8.9( 6.1-12.9)  18.0(10.3-24.1)
0.3(‘0.1- 0.8) <£0.5( 0.0~ 0.6) -
6.0( 3.1-12.1) 7.0( 5.4 7.9) 6.9( 6.0= 7.5)
1.5( 0.5- 2.8) 2,0( 1.8- 2.5) 8.0( 6.3- 9.9)
OI‘O-
4,3( 0.8~ 6.3) 2.2( 1.7- 3.1) 6.0( 4.8- 7.3)
1.4( 1.0- 2,1) <0.5( 0,1- 0.7) 7.5( 6.0- 9,5)
83.5 21.0 51.5
82 21 52

animals with ranges in parentheses,

lven in Table 1.
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Nelther animal excreted free 4,5-dichloro-2-trifluoro-
methylbenzimidazole, 4,5-dichloro-l-methyl-2-trifluoromethyl-
benzimidazole or trifluorocacetic acid, as determined by
reverse isotope dilution (see Methods). The rabblt, however,
excreted a compound (Rf 0.45) which yielded free 4,5-dichloro-
2«trifluoromethylbenzimidazole (4;1% of dose) on écid hydrolysis
or incubation with ? -glucuronidase. Comparlson with the
authentic ﬂl-glucuronide of 556-dichloro-2-triflub£gmethyl—
benzimidazole in several solvent systems‘(A, B or C) on thin
layers_suggeSteé that the compound could be the El-glucuronide‘
of 4,5—dlchloro—Z—trifluoromethylbenz1midazole. The metabolite
also gave a stitiverwmhthaiesorcinoi test on TLC plates,
tending to confirm this hypothesis.

Six female rats were each orally doséd with 1 mg. of
unlabelled 4,5-dichloro-2-trifluoromethylbenzimidazole in 1 ml.
of‘aqueous}propane-l,z-dlol and the 24 hour urines were
colleéted;f The pooled urines were refluxed for 6 hours with 1ON-HCL
(50 ml.), évaporated under vacuo-at 30-35° to small volume (15.m1.)
and applied to 1 mm.thick layers of sillca HF254. The plates
ﬁere»developed in system A and the area of Rf 0.60-0.70 was |
sqréﬁed of f. .The metabolites were eluted off the silica gel
with methanol, the eXtracts Weré evaporated to éryness and |
taken up in 1 ml50f water. 'This'solutioﬁ was applied to a 1
) mmfléyer,of silica geIIHF254’and'fhe plate was developed in
system.D. The area at Rf 0.00-O;IO was scrapéd off and eluted

with methanol. The extracts were evaporated to dryness and the
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residue was recrystallised from agueous ethanol to constant
melting point. A sample was then characterised by mass
spectroscopy and shown by cbmparison with an authentic samplé

to be 4,5-dichloro-6-hydroxy-2-trifluoromethylbenzimidazole

(Fig. 2).
2. Bile.

Some 21% of the radioactivity from an intraperitoneal‘
dose of 4,5-dichloro-2-trifluoromethylbenzimidazole appearedb
in the bile in 24 hours in biliary cannulated rats (see Table
1).

A radiochromatogram scan of bile eluted on paper in
system A is presented in Fig. 4. . Investigation of the three
metabolites as described earlier revealed them to be identical %
to the major urinary metabolites of the rat. |

| Inaubation of aliquots of bile with caecal contents at
37° for 24 hours resulted in complete degradation of the
cdnjugates/to-the phenolic and quinonoid aglycones, as
determined by TLC of ether extracts, or by methylation of
" the extracts and analysis by GLC.
3. Faeces. | N |

Iess than 1% ‘of an oral dose of 4,5~ dichloro-z trifluoro-
140 -methylbenzlmidazole appeared 1n the faeces of elther'

species over 5 days.



Fip. 2. MASS SPECTRUM OF 4,5-DICHLORO-6-HYDROXY-2-TRIFLUOROMETHYLBENZIMIDAZOLE.
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Table 3. EXCRETION OF RADIOACTIVITY BY RATS AND RABBITS DOSED WITH 5,6-DICHLORO-2-

Dose

‘(TRIFLUORO!.IACJ METHYL ) BENZIMIDAZOLE.

mg/ke
'Ay01/kg

% Dose found

In urine

‘Blle

" PFaeces .

_Total

¥ Value for 3-6 days 1nclusive.

Day 1
Day 2
Day 3
Day i

0-5 Days

| | _RAT

RAT RABBIT (BILIARY FISTULA)
33.5 (oral) 3.3 (oral) - 33.0 (intraperitoneal)
4.5 0.8 9.7
17.1(16.1-18.0)  3.7(0-7.0) ~

12.3(9.0-15.1)
3.0(2.9-4.1)

' 28.0(27.3-29.b)

5.8(5.2-6.2)
*14,7(14.3-15.4)

0.1

29.0 +

604

25.2

29.0

+ Two of the rats died during the experiment.

Results are means with rahges In parentheses.
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Table 4, METABOLITES OF 5, 6—DICHLORO—2-(TRIFLUOBO[jluC] METHYL)BENZIMIDAZOLE IN THE RAT

- AND THE RABBIT.

RAT RABBIT
‘ : ) r ‘ . )
COMFOUND o : URINE BILE FAECES + URINE +
5,6 D1chloro-z-trlfluoromethyl- |
benzimidazole (free) - 3.0 16.5(16.1-17.0) 0,1(0.0-0.2)
5,6=-Dichloro-2-trifluoromethyl- | 4
benzimidazole (total) 5.5(4.1-7.0) 8.0 16.5(16,1-17.0) 9.2(8,0-10,2)
5,6¥Dichloro—4-hydroxy—z—tri- ,
fluoromethylbenzimidazole (free) 1.0(0.8-1.3) 0.9 12,0(10.4-12.6) 0.5(0,2-0,9)
' 5,6-Dichloro-l-hydroxy-2-tri- .
fluorométhylbenz1midazole (total) 8.3(7.2-9.4) 6.1 12.0(10,.4-12.6) 2.6(2.1-2.9)
ly,6-Dichloro-5-hydroxy-2- trifluoro- .
methylbenzimidazole . 0.4(0,3-0.8) 2.1 4 1.6(1.0-2,.3)
5= Chloro—h hydroxy -2~ trlfluoro- | - : |
methylbenzimidazole : 1.8(1.1-2.2) 5.8 5.0(3.8-6,4)
o - 0.5( 0.1~ 0,7)
o 5= Chloro-6- hydroxy—Z—trifluoromethyl- : '
"benzimldazole 0.3(0,1-0.6) 2.0 1.5(0.,4-2,8)
5,6-Dichloro-4,7- ~A10%0=2- trifluoro-
methylbenzlmldazole o 1.3(0.9-2,1) 4,6 - 3.2(0.6-4,5)
Total = | 17.6 28.5  29.0 23.1
% Dose excreted 17.0(16-18) 29 (=) 28.0(27-29) 24.2(19.5-28.6)

+ Urlne for rabbits and faeces for rats collected over 5 days and pooled.
Results are the mean values for the determinations on at least 3 animals, except for rat

blle whlch is on only one sample.

€L
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5,6-Pichloro-2~trifluoromethylibenzimidazole.

Excretion of radlioactivity by the rat and the rabbilt.

1. Urine.

Tﬁe urinary excretion figures (given in'Table.B) show
that rats excreted 32% of aﬁ'oral dose in 3 days, and rabbits
excreted 209 over a 5 day period. Chromatography of urine
samples reﬁealed the presence of 5 metabolite peaks in both
cases. Badiochromatogram scans of 24 hour urine éamples
eluted in system A (on paper) are shown in Fig. 3. Quantita-
tion was pefformed on urine.voided ﬁith;n 24 hours of dosing
for rats, and for pooled 5 day samples for rabbits.

" Metabolites.

Only small amounts of unconjugéted material were present
in fresh'urine._ Incubation of urine with p glucuronidase or
reflux1ng with ION—FCI followed by TLC analysis showed the
presence of unchanged drug, 5,6—dichloro-4-hydroxy—z-trifluoro-
methylbehzimiaazole » 5,6-dichloro-k, 7-d1oxo-2-trif luoromethyl-
benzimidazole plus other phenolic compounds in small amounts,
as datermined by TLC (system A) or GLC following methylation,
The major metabolite in rat urine was shown to be the 4=
hydroxylaﬁed derivative (8.5% éf the dose). In fabbit urine,
however, the major metabolite (Rf 0.53-0.60, System A) was
the‘Y-élucﬁrOnide of 5'6-dichloro-?-trifonrométhylbénzimidazolef
(99 of the dose) as determlned by- reverse isotope dilution -
following incubation of urine sampWes with F glucuronldase or

after acid hydroly81s.' Rat urine contained some 5.5% of this
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compouné. Reverse isotope dilution experiments falled to
detect any 5,6-&ichloro-l-methyl-z—trifluoromethylbenzimid-
azole or trifluoroacetic acid in the urine,of»either Species.
Extracts of hydrolysed urine were also shown to contain 5,6-
dichloro—4,7—dioxo-2-trifluéromethylbenzimidazole (152 in fhe
rat, 3.0Z in the rabbit). Confirmation of the presence of
this compound was obtained by methylation and gas-liquid
chromatography (Et6.2, column B).

. Most of the peaks_eiuted from chromatograms were found
to contain mixtures of hydréxylated derivatives of 2-trifluoro-
}methylbenzimidazole together with glucuronic acid (as showﬁ byv
a pbsitive naphtharesorcinol test). To pinpoint the site of
glucuronic acid conjugation, the folloWing technique was
applied to severai peaks cut out from paper or thin-layer
chromatograms of rat and rabbit urine and rat‘bile. A
methanolic extract was made and reduced to small volume (1 ml,)
under vacub. Following methylation with excess diazomethéne,
the solution was évaporated to_dryness and hydrolysed by
refluxing with 2 ml.of iOE—HCI._ An ether éxtract (2 x 5 mL)
was made and sﬁbjected'to TLC in system F. The spots dorrea
sponding to the_folloﬁing compoundswefe:Scraped of f and assayed
for 1ucrin'thixptroplc gels: 5,64diéhlbro—4;hydroxy-zetrifluoro-
methylbenzimidazole, 5;6-dicﬁloro;h-methoxy—2-trifluoromethyl-AfA
Eénzimidazole, 5,6-dichloro-@-hydroxyélémethyl-z-trifluorOr»-
methylbenzimiﬁazole, énd 5,6-dichloro~-4-methoxy-l-methyl-2-

- trifluoromethylbenzimidazole., TFor example the peak at Rf 0.45



Fig. 3. RADIOCHROMATOGRAM SCANS OF 24 HOUR RAT AND RABBIT URINES AFTER AN ORAL DOSE OF

5,6-DICHLORO-2- (TRIFLUORO [ ¢ | METHYL) BENZINTDAZOLE.
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Fiz. 4. RADIOCHROMATCGRAM SCANS OF BILE SAMPLE FROM RATS DOSED INTRAPFRITONEALLY WITH

ly 5-DICHI.OR0-2~( TRIFLUORO \140], METHYT,) BENZIMIDAZOLE.
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5,6~ DICHLORO=2~ (THIFLUORO LluC] METHYL ) BENZIMIDAZOLE.
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(system A) from rat urine proved to be a mixture of 5,6=
dichloro-b-hydroxy-l-glucopyranuronic acid-2-trifluoromethyl-
benzimidazole (yielding 5,6-dichloro-4-methoxy-2-trifluoro-
methylbenzimidazole on treatment) and 5,6-dichloro-4-gluco-v
pyranuroﬁic acid-2—trifluorémethylbenzimidazole (vielding 5,6-
dichloro-&-hydroxy-l-methyl-z-tfifluoromethylbenzimidazole).
Much smaller quantities of 5,6-dichloro-li-hydroxy-2-trifluoro-
methylbénZimidaque and a possible diconjugate were also
- present, but these compounds may have resulted from degradation
and lncomplete methyiation respectively. |
2. Bile. |

Some,29%'of an intraperlitoneal dose of'[ihé}5,6~dichloro_
2-trifluoromethylbenzimidazole was obtained in the 24 hour
bile of a biliary cannulated rat., Chromatography showed 3
‘metaboliée peaks of the same Rf as urinary metabolites (in
system A). A radiochromatogram scan of bile_eluted in system
A isvpreseﬁted in éig. L, |

Incubation of bile with caecal contents as described
~earlier resulted in degradation of all the conJugates to: the
' phenols, the unchanged drug and 5,6~ dichloro-h 7-dioxo-2~
frifluofomethylbenzimidazole. Reverse’isotope dilution of .
. acid_hydrolysed-dxﬁz-glucurOnidase treated bile identified
8% of the dose as 5,6-dichlpro-Z-trifluoromethylbenzimidazole.
 chhromatography with authentic méterial (sysﬁems A and C)
-identifiéd the precursdr as the Tl-glucuronlde of 5,6~

dichloro-z—trifluoromethylbenzimldazole; Reverse lsotope
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dilutions on fresh urine gave a recovery of 3% of free 5,6-
dichloro-2-trifluoromethylbenzimidazole,
3. Faeces.

Some 28% of the oral dose appeared in rat faeces over 5
days, while less than 19 of;the dose appeared in rabbit faeces
over this period.

Metabolites.

‘Faeces were treated as described in Mefhbds and centri-
fuged. The debris were ether extracted and the pooled extracts
evaporated to dryness. The residue was taken up in 1-2 nl, of
water and added to the supernatant. Less:than 1% of the dose
remained iﬁ the aebris after this treatment. Reverse isotope
»dilutions for 5,6-dichloro-2-triflucromethylbenzimidazole were
performed on hydrolysed and non-hydrolysed extracts, but no
differenée was noted between the resulfs obtained. Some 16.5%_
of the dose was excreted as free drug in a 5 day period. .
Essentiall&Aallbof the remainder of the714C was 5,6-dichloro--
hfhydroxy-z-trifluoromethylbenzimidazole, but some traces of
ofher phenolic compounds were élso present. These were
‘bidentified by méthyiation and gas chromatography (column D)
as 4,6—dichloro;55hydroxy-; 5-chloro-l-hydroxy- and_ééchloro—
-5-hydroxy-z—trifluoromethylbenziﬁidazole.V These latter
compbunds'could»also be'found'in hydrolysed urine'samples from
' both species. | |

4, Respired air.

Thls experiment was performed with rats andbrabbits,dosed_
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orally with_[luC} 5,6=dichloro-2-trifluoromethylbenzimidazole
as described in Methods. Novactivity could be found in either
Atrap in .any of these experiments.

5. 6-Dichloro-i—-hydroxy-2-trifluoromethylbenzimidazole,

Excretion of radidactivity by the rat.
1. Urine. |

Urinary excretioﬁ'figures (presented in Table 5) show
that some 407 of an oral dose of this compdund is excreted in
2 days. A radiochromatogram scan of 24 hour urine eluted in
syétem A (paper) is presented in Fig. 5.

Metabolites.

At least hrmetabolites were present in urine. Hydrolytic
and chromatographic techﬁiques characterised and identified
these as being identical with the hydroxylated metabolites
present.in the urine of rats dosed with 5,6Qdichloro—2-tri-
fluoromethylbenzimidazole, Reverse'isbtope dilution falled to
detect aﬁy"5;6-dichloro-zftrifluoromethylbenzimidazole or
trifluOrécetic acid in the urine,> The major,peak (rf 0.10,
-systen A)’on radiochromatogram séans proved to be a mixture
of_élucurohide anjﬁgates of the hjdroxylated derivatives-of_
5,6-6ichloro-Z-trifluoromethylbenzimidazole, as shown by TLC
and GLC techniques, following enzyme hydrolysis with P -glucur-
onidase of agueous extracts of this peak.' SOme-5f6% of the |
" dose was excreteq;(in 24 hoﬁfs) as conjugateé.éf rearranged

or dechkxihated hydréxylated deriﬁativés. These phenols were

_ identified by methylation'andvgas chromatography (column D).

The quantitative results are presented in Table 6.



Table 5. THE EXCRETION OF ¢ BY RATS GIVEN 5,6-DICHLORO-!-HYDROXY-2- (TRIFLUORO {1¥¢]

METHYL)BENZIMIDAZOLE.

In urine - Day
‘Day
Day
" Day
In bile ' Day
In faebes o : . Day
- Day
- Day
Total

BEC SRV I VR

and

and

and
and

and

4 posE ¢ EXCRETED

{
INTACT RATS

32.0(30.5-35 )

8.0(
2.0¢(
0.1(

7-0(
1.0(
0.8¢(

4,5-11.5)
1.5- 2.0)
0.1)

1,0-16.5)

0.3~ 2.3)
0.8)

L i o

BILIARY FISTULAE RATS

58.0(36.

15.0(12,7-17.4)

8-60.8)

50.9

Results are mean values wlth ranges 1n parentheses.

73.0
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Fle. 5. RADTOCHROMATOGHAM SCANS OF URINE AND BILE SAM?LES FROM_RATS DOSED WITH
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Table 6. METABOLITES OF 5,6-DICHLORO=-4-HYDROXY~2~TRIFLUORO [1461 METHYLBENZIMIDAZOLE IN

BAT URINE, BILE AND FAECES.

COMPOUND S - | URINE BILE FAECES

5,6- Dichloro-h-hydroxy-Z trifluoromethyl- : o :

benzimidazole (free) . 3.1( 2.7- 3.4) k,2( 2.1- 5.6) 3.5(0.5-8.5)

5,6=Dichloro-b-hydroxy-2- -trifluoromethyl- : ' S

benzimidazole (total) g 25.,2(24.1-26.0) -46.1(40.1-51,1) - -

4,6-Dichloro-5-hydroxy-2~trifluoromethyl- “ o

benzimidazole (total) , , 0.8(-0.1- 2,1) 1.9( 0.4~ 2.9) -

G- Chloro—h-hydroxy—Z trifluoromethyl- '

benzimidazole (total) 3.5( 1.2~ 5.5) - 5.1( b.0- 6.0) -

5-Chloro-ééhydroxyeZ-triflubromethyl- . v v

benzimidazole (total) , 1.5( 0.4- 2.4) 1.7( 0.3~ 2.6) 1.5(0.5-5.0)

4,7-D10x0-5.6—d1chloro-2~trif1uord- | ' .

methylbenzimidazole (total) N 1.1¢( 0.6f 2.0) ©2.8( 2.0~ 3.3) . -
 Total o o - 32.1 57.6 5.0

For details of dosing and collection of excreta see Table 5. Metabolites were determined

in 24 hour urine and blle samples. Results are mean values with ranges in parentheses.

(@]
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2. Bile.

Some 58% of an intraperitoneal dose of 5,6-dichlor054-
‘hydroxy-2-trifluoromethylbenzimidazole was excreted in the
bile of cannulated rats over 24 hours. A radiochromatogram
scan of bile eluted in system A (paper) is shown in Fig. 5.

Metabolites.

Aliquots of bile (0.1-0.5 ml) were refluxed with 10 N-HC1
and ether extracts chromatographed in systems A or C on silica
thin layers. Cochromatography in these systems allowed the
identification of the administeréd compound, 6-chloro-5-
hydroxy-, 4,6-dichloro-5-hydroxy-, and 5,6-dichloro-4,7-dioxo-
2-trifluoromefhylbenzimidazoie.' Gas‘chrométography also
revealed the presencebof 5-chloro-l-hydroxy-2-trifluoromethyl-
benzimidazole Wﬁich tends to chromatograph with 5,6-dichlofo-
u-hydroxgez-trifluoroﬁethylﬁenzimidazolé in the TLC systems.
Retention times on column D were 6.2; 7.8 and 5.2, 8.6 minutes
reSpectivel&. Reverse isotope dilutions faiied to detect any
5;6-dichloro-z-trif1uoromethylbenzimidazole or trifluoracetic
acid. :Quantitative results are presented in Table 6.

:'Smalllaliquots bf bile-(O.l»ml) were iﬁcubated with rat
and rabbit caecal cbntents as prEVibuély described. All
¢onjugates were  shown by papef chrométographyv(system A) td
‘be degraded to thé free phenols. = -Glucuronidase incubations
and the naphﬁharésofcinol test showed that'the Eonjugates were

‘glucuronides of these hydroxylated compounds.
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3. Faeces.
Some B.87 of the dose was excreted i1n the faeces over 6
days.,.

- Metabolites.

¢ in the manner described for 5,6=

Extraction of the
dichloro-2-trifluoromethylbenzimidazole (Méthods), followed
by thin-layer chromatography of portions of this extract
(system E) showed that all but 1% of the material present was
5,6=-dichloro-l4-hydroxy-2-trifluoromethylbenzimidazole., The
Temainder was a mixture of 5,6-dichloro—&,7—dioxo—2—trifluoro-
wﬂmethylbénzimidézple and other phenolic compoﬁhds. No evidence
‘could be obtained for the ﬁresence of 5,6-dichloro—2-trifluoro-
methylbenzimidazole or trifluoracetic acid by reverse isotope

dilutions. The quantlitative results are presented in Table 6.
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CHAPTER FOUR.

CELL AND TISSUE FACTORS RELATED TO THE

METABOLISH OF 5,6-DICHLORC-2-TRIFLUOROCHETHYLBENZINMIDAZOLE.
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The'slow ezeretion of radioactivity by both the rat and
the rabbit given an oral dose of [1%] 5,6-Gichloro-2-tri-
fluoromethylbenzimidazole meant that after 6 days the rat still
contained some 409 and the rabblt 75% of the dose. EVperiments
were performed to locate this radloactivity and to determlne
its chemical identity.

1. Tissue Distribution.

Rats and rabbits were killed by cervical dislocaiion and
one of each species was dissolved in ethanolic HaOH.. Portiohs ’
of the solutioni(l ml) were counted as described in liethods.

A total of 95-97% of the administered dose was accounted for
in this manner; |

The two remaining animals of each species were dissected
for Variqus tissues ané¢ organs, l.e. brain, heart, spleen,
‘lunos, llver, ovaries, muscles, Skln/fur and ‘depot fat. |
Quantities of these tissues were dissolved in 5 ml. of ethanolic
NaOH/gm.weight ef‘tissue and assayed for radloactivity as
previously described (lMethods). \Results afe shown in Teble 1.
In the case of llver and muscle, 1sotope dilutions were per-
formed fov 5, 6= dlchloro-Z-urifluoromethylbenzlmldazole as
descrlbed (hethocs). Fortions of the homogenates Drepareﬂ
for this purnose were solvert extracted (by ether benzene or
dichlor omethane) and the extracts examined For metabolites by
TLC. Results are presented in Table 2.

Sanples of. bone were cleaneu of tissue by sdraping,

defatue h clchlorometkane and dissolved in 1CX-ECL.



Table 1. TISSUE DISTRIBUTION OF BADIOACTIVITY IN THE RAT AND RABRIT FOLLOWING THE

ORATL ADHINiSTBATION OF 5,6-DICHLORO—2—(THIFLUOR0r1401METHYL)BENZIMIDAZOLE.

RABBIT RAT

ITEAN BFECIFIC _ TEAN SPRECIFLC
| . ACTIVITY ACTTIVITY
4 DOSE IN TISSUE JCL/e % DOSE TN TISSUE xCi/e
Fat . 12.3(9.u-1u.2) 0.002 - o.él(b.15-0.31) 0.005
Liver | 0.4(0.4-0,4) © 0.0002 1.25(0,9-1,51) 0,024
Heart © 0.5(0.4-0.5) | 10.001 | n.d. ' -
~ Kidneys = - ;0.6(0.3-0,9) : 0.001 0.3(0.20-0.41) . 0,015
Lungs | 0.1(0.1-0.1) 0.002 n.d. -
Ovaries, uterus _‘ ' . :
and fat - 2.5(2.0-3,2) 0.002 n.d. -
Skelotal musole 34.0(31.8-36.0) _> 0.001 | 0.05(0.03-0.10) " 0.000k
Spleen . 0.4(0.3-0.5) 0.006 1,0(0.4-1.6) 0.012
Gastrointestinal = - . - .
tract 1.7(0.7-3.4) 0.004  7.5(5.0-9,0) 0.115
Skin and fur  13.1(7.5-19.8) 0.001 0.8(0.4-1.5) 0.003
Blood a4, - 3.5(2.5-6.5) 0.055
Total in tissues 65,6 ' 14,7

Contlinued,
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detble 1, continued. NTSSUR DISTRIBUTION OF RADIOACTIVITY IN THE RAT AND RABBIT FOLLOWING
T THZ CRAL ADNTWISTRATICN OF 5,6=DICHLORC-2= (TRIFLUQRCT A CT TRV, Y BENZ 1N IDAZOLE -

L RABBIT RAT -
FEAN SPECIFIC MEAN SPECIIIC
ACTIVITY . ACTIVITY

% _DOS IN TISSUE nCi/en. 7 _DOSE _IN TISSUR nCi/a.
~ dose in 48 hr '
urine 19.0(14.8-23.2) 35.9(32.0-39.4)
7 dose in 48 hr |
feeces 0.1(0.1-0,1) 23.6(22.1-26.0)
% dose recovered 8L, 7 7.2
Aemainder of
carcass 10,1(8.0-12.4) 17.4(15,1-19,9)
Total dose
recovered ol .8 : 91.6

5,6-Dichloro—2—(frifluoro[lucj—methylbenzimidazole ) was administered orally in 70/30 v/v
propane -1,2~dilol/water. Rabbits recelved 7 mg./ke. (1.”;&Ci/kg.) and rats 10.1 mg./ke.
(23.0 }J_Ci/‘}{g.)l

Yalues are means for 3 animals with ranges in parentheses,

r.c. = not deternined,
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TabléfZ. INTRACELLULAR DISTRIBUTION IN LIVER AND MUSCLE OF 14C FOLLOWING THE ORAL

ADMINISTRATION OF‘5,6—DICHLORO—2;-(TRIFLUORO[ILPC’]METHYL)BENZIMIDAZOLEn

:soluﬁie
micrésbﬁes
mitochondria

cell debris/nuclel
BADDIT .
sblﬁbie
_microsqmes.
mitochqndria

, cell debris/nuclei

LIVER
11.5(10.6-12,1)
Lg(46.3-49.2)
18(17.0-19.6)
21(20,1-21.7)

48, 5(46.8-49,7)
16(15.1-17.6)

11.5(10.0-12.6)
23.5(22.1-24,6)

soluble
sarcosomes

myofibrils

connective

soluble
sarcosomes

myofibrils

connective tissue/fat ete.

tissue/fat ete.

MUSCLE
2(1.0-2.8)
1(0.6-1.4)
1(0.7-1.8)
90(89.2-91,8)

1(0.05-1.6)
1(0.28-1.8)
1(0.85-1.45)
92(90.1-94.25

. Results are the mean of the values for two determinations on two animals and are

expresséd as a percentage of radioactivlity in the fractlon taken.

See Table 1 for details of the dose and Methods chapter for detalls of the technique.
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able 3.

'benzimidaque.v'-

‘NATURE OF METABOLITES IN LIVERS OF RATS AND RABBITS FOLLOWING ORAL ADMINISTRATION

oF45,6—DICHLono-2-(TRIFLUORofl”c1METHYL)BENZIMIDAZOLE.

CELL FRACTION

CELL NUCLEI/

COMPOUND DEBRIS

MITOCHONDRIA

MTCROSOMES SOLUBLE

RAT |
5, 6-dichloro-2 trifluoro-

methylbenzimidazole 5.1 (4.8~ 5 5)

5;64dichlbro-4-hydrOXY—
2-trifluoromethyl-

89.7(89.,1-90.6)
Other - 3.5(3.3~3.8)
RABRIT

5,6-d1chloro~2-tri-

’fluoromethylbenzimid-

azole ' 75.?(75-2~76-1)

5, 6-d1chloro-4 hydroxy-‘
2~-trifluoromethyl-~ ,
benzimidazole l2.8(12.3-13.4)

Other 0 11.1(10.4-11.8)

2.2(2;0-2.6)

90.1(89,1-91.9)

8.7(8.3-9.1)

85.1(84.1-86.3)

8.3(8.0-9,0)
8;1(7.4-8.3)

3.8(3.3-4.8)

b,1(3.6=4,9) -

85.8(84,.9-86.2) +95.1(94.8-95.5)
10,6(10.,1-11.2) 5.3(5.0-6.1)

6

96.3(9%.5-97.2) 83.1(82.2-84.2)

15.2(14.3-16.5)
- 2.0(1.5-3.2)

Values are means for duplicate experiments on two animals, ranges in parentheses.

'Resulfs are expressed as a percentage of radloactivity in the sample tdken, .See
Table 1 ior detalls of the dosage.
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Aliguots (0.5 ml) were neuwtralised and counted. in thixotropic
gel, In neither specles was any activity recorded above back-
‘ground levels.

The remainder of each carcass ﬁas extracted with aceton-
itrile and treated as described in lethods. No evidence for
the presence of conjugateé in the extracts could be found when
they were subjected to thin layer or papef chromatography

(systems A and C).

2. Sub-cellular Fractionation of Liver and Huscle.
Fractionation of rat andvrabbit liver samples was carried
out according to the method of Hogebbom (1953) as déscribed in
Methods (pég8»57). The ffactions obtalned: cell debris/nuclei,
mitochondria, microsomes and soluble, were dissolved in 107
aqueous HNalH and adjusted to 10 or 20 ml. with distilled water.
Aliquots’(l miJ were subjected to scintillation counting
following neutralisation with acid. Bésults are shown in Table
é. Other qﬁantities (1-2 ml) were solvent extracted as prev-
ilously described and the extracts subjected to quantitation by
TLC analysis (systems D and L). Results are given in Table 3.
_ Muscle was similarly treated, the method belng due to
K;tiyakara and Harman (1953). The techniqué is deseribed in
Methods (page 57). Reéults are given in'Table 2. Quantitation
of metabolites was performed by‘TLC of ether extracts in systems
D and E.v’Results are shown in Table 3.

3. Incorporation into Nucleotides.

The liver homogenate prepared in Section 1 was used to
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isolate RN¥A and DA nuecleoiticdzss, as described in Hethods;

The solutions of barium salts obtalned were assayed for radio--
- activity. ILow levels of activity (2 X background) were
recorded, but all attempts to characterise it by TLC and GLC
methods were only partially'successful. 5,6-Dichloro~-2-tri-
fluoromethylbenzimidazole accounted for aboqu25% of the
material extracted and was icdentified by CLC. It is possible
that the activity was present as an impurity.

L, Rindineg of 5,6—dichloro—2—(trifluoroflnchethyl)benzimid—

azole to blood.

Samples of blood from rats and rabbits giﬁén intravenous
doses of 5,6édichloro—z—trifluoro[lhc methylbenzimidazole were
assayed for radiocactivity as described. The experiment was
continued'for 2L hours on rats and 7 days on rabbits. Results
are presented in Table & andé shown graphically in Figs. 1 andv
2.‘ Graphs of the logarithm of concentration of radioactivity

against time for both species show that after a linear rate

of decline the curve.levels out. This may be due to metabolites

e

of 5,6—6ichloro—z—trifluoromethylbenzimidazole finding their
way back té the bloéd'from thelir site of formaticn. The
initial pronounced rise for 1%"C'concentration in rat blood,

and for the lower dosé in rabbit, may be an artifact due to the
highly insoluble hatﬁre of fhe administeredbcdmpound in aguveous
media,“That_is,‘precipitation may have occurred when the
compound was injected, fdllowedvby gradual'solﬁtioh. Thus the

maximum would not be observed for several hours.
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The obvious difference tetween the rat and the rabbit
is that the decay curve has a faster rate of decline for the
former species (Figs. 1 and 2). UNo definite half-life could
be obtained, however, because the curves become asymptotic.

The difference can be expreésed(in terms of the time takeﬁ for
half of the initial dose to disappear, this being 14 hours for
fhe rat and 70 hours for the rabbit., At the close of the
experiment rat blood contained some 3.0-3.5% of the dose (48
hours) and rabbit blood contained 25-20% at 150 hours.

Aliquots (0.1-0.2 ml.) of blood were hydrolysed by
refluxing with 1 ml. 10K-HC1l andé ethér'extracféd (& x 2 ml.).
TheAmetabolites were characterised and,qﬁantified by TLC in
the usval way. Results are shown in Table 5.

Since the significant'retention of radioactivity couléd
possibly;be explained-in terms of binding to blood proteins,
quantitation of this factor was performed by dialysis. The
experiments were performed for [14C] 4,5-dichloro-, [lbc]
5,6=~dichloro- and [140]5,6—dichlqro-U—hydroxy-Z—trifluoro-
vmethylbenzimidazolé as descriﬁed_in Methéds (page 61). Blood
was obtained from rats,_raﬁbits and humans. Results are shown
in Table 6. |

" The faéter teéhnique of ultra-filtration'(Bridges, Walker
and Wiliiams, 1969) waS'AISO'employed'(see liethods, page 62),
and applied to the samé’samples as above. Thevresults oBtaine@
by this method agree very well with uhose obtalned by dla1y81s.

They are also nresanted in Table 6



Flz. 1. CONCENTRATION CF 14c TN THE BLOOD OF RATS AND RABRITS DOSED INTRAVENEQUSLY WITH

% Dose/ml. 2.50
of blood .

5,6=-DICHILORO=2- (TRIFLUORO= [L5 CIMETHYL ) BENZTMIDAZOLE .

Opn

Rats _
Rabblt -~ dose 1
Rabbit =~ dose 2

administrqtlon.

byl

'See Table U4 for doses and

0O
A

100

150 HOURS

&6
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-

L
Fiz, 2. 1‘C CCNCENT

DOSING &,6-~DICHLORO=-2-(TRIFLUGRO-[ ¥ c]-k

ENTRATION IN RAT AND HABBIT BLCCD AFTER

4 DOSE/ml.
OF BLOCD

m Rat - 1.44pCi/ks.
(720mg./kg. )

& Babbit - 1.43pCi/ka.
- (7.0mg./ke.)

0 Rabbit - 0.96uCi/kg

(b77mz. /2. )
1.0
0.50
0.25
0 o o
0 20 1do . 150

HCURS



Tabie 4."CONCENTBATION OoF 1”0 IN THE BLOOD OF RATS AND RABBITS DOSED

INTRAVENOUSLY WITH 5,6—DICHLORO—2-TRIFLUOBOrlacjMETHYLBENZIMIDAZOLE.

. . , : : RABBIT - RAT

TIUE IN HOUES , ) { DOSE /ml OF BLOOD
AFTER DOSAGH . 1 , 2

1 0.28 _ 0.1h 1.92

2 0.27 - 0.16 2.50

L} ’ - 0.235 -

5 : ' ~ - 2.35

10 : - _ 0.255 -

20 : , - : - - 0.63

25 ‘ 0.24 : 0.29 -

hg - - 0.05

50 , 0.17 . 0.23 . -

100 - : 0.125 ' 0.15 ' -

150 . 0.105 0.1 ' -

Dosage was by 1ntravenous Injection (maryinal ear veln for rabbits, tall
~vein for rats).

Doses for rabblts were 1) 1. UB)LCi/k& (7.0 mg/kg) and 2) O. 96 pCl/ke. (4.77
mg/kp) and for rats L.A4 mci/kg. (70 mg/ke). The dose was dlssolved in 1 ml.

of propane-1, 2~diol/tatcr 70/30 v/v in all cases. Results are determlncd from
at least two cutimationo on samples from two or three animals,

L6



Tablé:E.

MNATURE_OF

ll'“C IN BﬁOOD OF RATS AND RABBITS FOLLOWING THE INTRAVENOUS INJECTION

- or 5;6-DICHLORO—2—(TRIFLUCBO[l“CTHETHYL)BENZIMIDAZOLE.

% Broop 1*c as
‘ | 5, 6=D1CHLORO~2~ 5, 6~DICHLORO-T—-
,, . P | -~ TRTFLUORC- HYDAOXY-2-TRIFLUORO=
ANINAL TIME (HOUR) ¢ DOSE /ml BLOOD _ METHYIBENZINMIDAZOLE __ METHY)LBENZINIDAZOLE
Rabbit 1 10.28 99.9(99.0-101.0) .  0.0(0.0)
50 0.17 T 98.1(97.4-99.1) 2.1(1.4-2.8)
150 - 0.105 79.7(78.1-81.1) 20.14(20,1-20.8)
‘Rat 1 | 1.92 | 99.9(98.8-101.2) 0,03(0,0-0,06)
2l o 0.63 66.2(65.4-67.3) - 33.4(32.1-34.8)
48 . 0.05 1 60.1(58.0-62.1) 10.2(37.9-42.1)

Results are the:meahvvalues'of at least two determinations on samples from two or three

animals, .[langes are given in parentheses.

See Table ! for details of dosing.

86



—1F

Table 6.. THE BINDING OI . SOHE TRIFLUOROL CTMETHYLBENZIMIDA?OLE DERIVATIVES TG BLOOD.

1“0 DI“EUSIHG OFF BLOOD SAMPLE DETERMINLD BY:

v ’ DIAILYSIS ULTRAPILWRATION

COMPOUND ’ - RAT RABBIT HUNAN s RAT RARSIT HUMAN )

5—dichloro—2-. v j | | .
trifluoromethyl- o _ ‘ _ S
benzimidazole | 6,1(5.8—6.4) 2.7(2.4-2,9) 5.4(5.0-6,1) 6.3(6.0-6.7) 2.5(2.1-2.9) 5.5(5.0-5.9)
5,6-dichloro-2—- _ | |
trifluoromethyl-— o : ‘ : ‘
benzimidqque 1.0(0.8-1.5) 0.75(045-095) 7.1(6.6-7.7) 1.0(0,7=1,6) 0.9(0.5-1.4) 7.0(6.U~7.6)
5,6-dichloro-4- |
hydroxy=-2~tri-
fluoromethyl=- _ ' -
benzimidazole . 7.0(6.1-8,1) 4.0(3.1-4.9) 0.9(0.5-1.4) 6.9(6.0-7.8) 4.2(3.0-5.4) 0,8(0.4-1.3) 8

 _‘Results are mean values of at least three determinatiohs. Ranges are glven in parentheses,

.Combounds’were used at a level of 20}lg/m1.of blood, and were dissolved in the minlmum quantity

of ethanol (1-2}&1) before application to the blood sample.,
Temperature’of dialysis 10°¢, duration 24 hours.
'Temperature ofvultrafiltration ZOOC; duration 2 hours at 3,000 g,

See Methods chapter (pages 61-62) for experimental detalls.
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Extension of these methods to cover the other metakolites,
which were not radiolabelled, utilised GLC, TLC and colourimetric
.methods in order to detect the material diffusing off the blood

samples. Detzails are presented in the relevant section of
liethods. ’

AThe results showed that the two phenolic metabolites of
4,5—dichlord—Z—trifluoromethylbenzimidazole, i.e. @,Sedichlbro;
6—hydrox*— ang 4,S-dithoro-7-hydroﬁy-2—triflucromethylbenziﬁid-
azole bound to the extent of about 907 at a level of ZO}Lg/ml.
of blood. 'Attempts to assay the ortho and para-quinones weré
abandoneé bpecause of the difficulties of quantitation_and/or

extraction of these compounds.
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CHAPTER FIVE

DISCUSSION.,
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1) Hetabolism,.

The results vpresented in Chapter 3 show that the
metabolism of.both compounds follows the pathways predicted
in the Introduction (Section C). Hydroxylation of the
benzene ring,to give monohyéroxylated derivatives which are
conjugated mainly with glucuronic acid, is the major reaction
with both éompounds. In all cases further metabolism to give

gquinonoid and rearranged products occurs to a minor extent.

' These rearranged products have been identifiéd by GLC and TLC

as M4-chloro-5-hydroxy-, 5-chloro-l-hydroxy- and 4,§-dichloro-
5-hydroxy-2-trifluoromethylbenzimidazole. They seem to be
formed in both species from 4,5-dichloro- and also 5,6=dichloro~-
2-trifluoromethylbenzimidazole. The production of 4,6—dichloro;
5-hydroxy-2-trifluoromethylbenzimidazole (and possibly the |
bther coﬁpounds)»can:be explained by the "NIH-shift" reaction,
first documented by Guroff et al. (1967). In this microsomal
reaction (éufoff et al., 1967; Daly et gl,, 1968) the enzymic
replacement of ¥, Cl and Br (and of 28 or JH in some cases) by .
OHE in'aromatic compounds is accompanied by the formation of a
compound containing the replaced atom ortho to its original

position. Thus 4-chlorophenylalanine gives rise to tyrosine,

A3—chlorotyrosine and &—chloro—g-terSine:

COpH | COpH © GOpH . COzEH
 CH,CHNH, CHpOHNH, - CHpCHNE, — CE,CHNH,

Cl
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The replacement of a halogen by hydroxyl has been termed
hydroxy-dechlorination by Betts et al. (1957). The formation
of these metabolites of the benzimidazoles is thus not
unprecedented, but in general the shifts reported so far have
been of a para halogen in sﬁbstituted anilines; acetanilides,
aromatic aminoacids and thiazoleacetic acids (Foulkes, 1969).
The analogy may still be applicable, however, since position

5 of the benzimidazole may be considered as para to 51

: /N3
2
6

H 1

Similarly position 6 is para to EB (equivalent to E; by tauto-

thus:

merism), Attempts to produce these compounds with peroxy-
acetic acld, peroxytrifluoracetic acid or thé ascorbate
oxidation system of Udenfriend et al, (1954) acting on 4,5~
dichloro- or 5,6-dichloro-2-trifluoromethylbenzimidazole were
not successful. :Only the monohydroxylated compounds, 4, 5-
dichldro-é—hydroxy—, 4;5-dichloro-7-hydroxy~ and 5,6-dichloro-
ﬁ-hydroxy-z-trifluorométhylbehzimidazole were formed, and no
correlation could be obtainea with their yields and the bio-
chemical“yield from metabolism studies. The 6~ and 7-hydroxy
derivatives of 4,Sedichloro—z—trifluoromethylbenzimidazole
'Wére produced (in 1ow yielad, 5-10%) in almdst,eQual émounts
by the ascorbate treatment for M8‘hqurs at 250. This 1is in.

'agreément'with Diner (1964), who stresses that the similarities
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in isomer yield between chemical (radical) and biochemical
hydroxylations is not complete. No dehalogenated orx
rearranged products were.obtained by chemical oxidation of
4,5—dichloro-z—trifluqromethylbenzimidazole, although they
were formed (together with the L ,7-d10ox0 compound) by similar
treatment of the 6-hydroxy- and 7—hydfoxy— compounds, :

The postulatedvcourses of the microsomal oxidation of
L,5-dichloro- and 5,6—dichloro-z—trifluoromethylbenzimidazole
~are given in Figs. 1 and 2 respectively, based on the work of
Guroff et al. (1967). This scheme is interesting in that it
does not explain the formation of 4,5-dichloro-7-hydroxy-2-
trifluoromethylbenzimidazole.

Bowker and Casidab(1969) found El-conjugation to be a
major feature of the netabolism of 5,6—dichloro—2ftrifluoro—
methylbenzimidazole by the mouse, but of lesser importance.in
the rat. With the 4,5—dichloro—analogﬁe, however,;the findings
reported in Chapter 3 show that the rabbit excretes some 47
of a dose of this éompound as the gl—glucuronide, while the rat
did not excrete.any détectable quantity of this compouﬁé. Both
rat and'rabbif were found to excrete the-gl—glucuronide of the
5,6-dichlorq compound in this study. :Bowkef and Casida (loc.
.g;i.) also.report the formation of the gl-riboside of 5,6~
dichloro—2—trifluoromethylbénzimidazole by theirat, but little
evidence for the formation of‘this compound could be found in ‘
this stud&. Thése'workeis' findings,'however,‘may imply tﬁat

the compound can proceed some way along the nucleotide bio-
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Fiq; l. THE PCSTULATED CCURSE COF HNMICRCSCHAL OXIDATICN OF

E,j—DICHLOBO—Z—THIFLUORCMETHYLBENZIMIDAZOLE.

Cl
cl

EO

-

L, 5-DICHLCRC-6-2YDRCXY~
2-TRIFLUCRCHETHYL~-
BENZIMIDAZOLE

4 _CHILORC-£-EYDRCXY-2~
TRIFLUORCHETEYI -
BENZINIDAZOLE

| " =
4, 5-DICHLCRO-2~- -
TRIFLUQORCKETHYL- - -
EENZINIDAZCLE ’///
cl : _ a1 | )
HC .
cl
CFay i uF
5-CHLCRC-6-EVDROXY-2~ - o
TRIFLUCROMETEYL-
BENZIMIDAZCLE CN
' c1 _ cl
cl
CF 4

L, 5-DICHLORC-6- EYDRCKY-
2 PRIFLUCRCNETEYL~-
BENZIKIDAZCLE
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Fig. 2. THE PCSTULATED COURSE COF MICROSCHAL CHIDATICN CI
. 5,6-DICELORC-2-TRIFTUCRCHEIEY/LERHZILIDAZCLE,

cL H
10 :
N\ P t ,6~DICHLORO= 5~ HYDROXY~2-
. TRIFLUORONETHYLBENZINIDAZOLE

6~ CHLORO- 5- IYDRCXY-2-
TRIFLUCRCHETEYI~
BENZINIDAZOLE

5,6-DICHLORO=-2-
TRIFLUORCHETHYI~
" BENZTMIDAZOLE

CH

5,6-DICHLORO~2~TRIFLUCRO~  5,6-DICELCRO-Y-EYDRCXY-
METHYLBENZ IHIDAZOLE 2-TRIFLUCRCHETHYL-
N BENZIHIDAZOLE
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synthesls pathway. However, only very small quantities of
14C could be found associated with REA or DFA nucleotides from
rats and rabbits dosed with [ 1%C]5,6-dichloro-2-trifluoro-
methylbenzimidazoie. Pullman and Puliman (1963) reviewing the
biosynthesis of E;ribosides; conslder that the action of purine
antimétabolites (6-mercaptopurine, 8-azaguanine, etc.) is
initiated Ey the formation of the riboside of the base, using
‘the normal enzymes (Carter, 1959; Leukens and Hemington, 1957;
Way and Parks, 1958; Paterson, 1959). Alternatively, the N~
riboside may have been formed in order to be incorporated into
a Vitamin Blé analogue (see Introduction, Section B),
presumably by the rat gut flora. fhe chances of this happening
are increased by the large enterohepatic circulation of this
compound, which thus has an increased exposure to the flora,

Thé use of methjlation and TLC procedures, as outlined
in the Metabolism chapter (page 75),'6emonstrated that most of
the_metaboiites are mono conjugates of glucuronic acid on
‘elther hydroxyl or ﬂl. |

The formation of small quantities of sulphate esters of
~the phenolic grbups has been demonstrated in rat and rabbit
by the ﬁée of anv835 label. 1In genéral this is a‘commoﬁ
reaoﬁion of thé phenol group in all mammals examined, and has
been postulated by Smith (1968) to be the primitive method. of
' cohjugation. ' |
| The possibility fhat the minor metabblites have been

formed from mercapturic acid derivatives} rather than by the
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NIH shift; has not been clarified. It did not proﬁé possible
to identify uneguivocally any compound contailning organically
bound sulphur. If present, meroapturic acids account for less
than 1% of the excreted dose.

The benzene ring is the most likely point of attack for
any ring opening which might ocoﬁr in benzimidazole metabolisn,
since the imidazole ring is falrly inert. Reverse isotope
dilutions for trifluoracetic acid in urine bile and faeces of
treated animalé failed to detect any of this compound (<£ 0.01%
14

of the C present), which should be liberated if the imidazole

ring were opened. owever, apples appeav to contaln some

140 5,6=-dichloro-

trifluoracetic acid after treatment with
2-trifluoromethylbenzimidazole (Dr. C. P. Bond, personal
communication), but whether this is a reaction of the apple

or of bacteria has not been proved. The metabolism of

Trifluralin by carrots (or a micro-organism thereon) to give
14

a small aﬁount of,lucoz from a CFB group has been cited in
Chapter 1 (page 34), but trifluoracetic acid was not detected.
No evidence could be found for scission of the benzene ring,
which would yield an imidazdle dicarboxylic acid. Suoh'a
compound would possibly occur among fhe "minor metabolites"
found at ‘R’ O 0 in most chromatography systems employed.

~ The postulateﬁ schemes for the metabolism of 4,5~ dichloro-

and 5, 6 dichloro-2 trlfluoromethylb nzimidazole are given in

Figs. 3 and &4 respectively.
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Fig. 3. THE PATEZUAYS C¥ HETABOLISH CF 4, 5-DICHELCRC-2-

TRIFL.UCRCHETHYLBENZINIDAZCLE,

c1’

conjugates
Cl

\>C’-1 |
73

HO : N
cH H

conjugates

conjugates
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.+ DTHE PATHJWAYS COF METABOLISH CF 5,6-DICHLORO-2-

TRIFLUCRCOHETHYIZENZTILIDAZCLE,

conjusates

OH

conjugates

conjugates



111

2) Species differences with reference to metabolism and toxicity.

The results from the metabolism'work show that the species
difference in.LD5O is mirrored by a marked difference in the
excretion and metabolism of both compdunds.

In both species, the ﬁajority of the orally administered

14

dose of Z C} 4,5—dichloro—2—trifluoromethylbenzimidazole was
eliminated, within 72 hours, mainly in the urine. Rats excreted
95% and rabbits 78% of the dose. The rate of excretion:éf

[ 4¢] 5,6-dichloro-2~trifluoromethylbenzimidazole in the urine
was slower for both specles than that of the L,5-dichloro
analogue, 32% in 3 days for the rat and 20% in 5 days for the
rabbit.

A marked species difference is apnarent, in that the iat
also excreted about 2879 of the radioactive dose in the faeces,
whereas the rabbit exéreted it solely in the urine.

Both the L,5-dichloro- and 5,6-dichlofo- coﬁpounﬁs are
mofe toxic to the rabbit than to the rat when administered
orally. FHowever, when the compounds are administered intra-
peritonealiyrto rats, the LD50 falls to the value for the oral.
dose to rabbits. This species difference, at least for 5,6-
dichloro—zftrifluoromethylbenzimidazole is mirrored by the
retention of radioactivifﬁ in the blood, following an intra-
venous cose of the {?qc]—labelled éompound. Whereas‘the
concentration in rat blood fails off quite rapidly after
dosing, that in rabbit falls 6n1y slowvly, and a significant

proportion of the dose is still present after 7 days.
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The intracellular distribution and the natﬁré of the
metabolites in blood all confirm that the rat has the ability
to metabolise the 5,6-dichloro-compound (and présuﬁably the
L, 5-dichloro-analogues) reasonably quickly,‘whereas the rabbit
does‘not have this ability.. Both compounds  (and also 5,6;
d1chloro—#—hydroxy-Z-trifluoromethylbenzimidazole) appear fo
be well absorbed into both species, pQSSibly because of their

high lipid solubilities.

| The acute toxicities reported are presumably due to the
unéoupling acti%ities of the 2-trifluoromethylbenzimidazole_
compounds (Table 1). When the graphs of concentration causing
50% uncoupling of-livef mitochondria vs pK, and LD5O (oral to
rats) vs pK, are plotted (Figs. 5 and 6), they are both seen
to have the same curve, thus lending support to the theories
concerning the toxic mode of action of these compounds.,

In the rat the high biliary excretions of the 3 compounds
studied, together with low or non-existent faecal excretion in
the iﬁtact animal, sﬁggests thgt the majority of the material
excreted in the‘bile 1s resorbed in some form from the
intestine., Incubations with déecal contents degraded the
conjugates préséntvin bile, lending credence to this hypothesis.
Thus an enferohépatic circulation in thé rat could tie up large
quantities of the administered toxicant and fhﬁs effectively
lower fhe amount present at ény moment in the liver or other
sensitive site. luch evidence exists for énterohepatic |
circulation (or caecal degradation)vof:glucurohiées, é.g. K
phenylvglucuronide in the rabbit (Garton; 1949), g—hydroxy—"

benzoic acid glucuronide in man (Quick, 1932); sallcylic acid



Table 1. pKa AND TOXICITY DATA.

COMPOUND

FEMALE WISTAR RAT MOUSE

Contlnued.

pKa RABBIT
Oral l.p. Oral Oral

- 2-trifluoromethylbenzimidazole 8.79 8oo - 600 -
li-chloro-2~trifluoromethyl- _ :
benzimidazole 7.57 400 - - -
5-chldro—z—trifluoromethyl—

‘benzimidazole 7.97 140 - - 200-250
5-methyl-2-trifluoromethyl- . | s

" benzimidazole - _ 8.90 1600 - - -
4, 5-dichloro-2-trifluoromethyl-
benzimidazole : 6.96 300-400 18 8L 10

_ » 5= dichloro-2- trifluoromethyl- :

. ben21mida7ole (Na salt) » - 191 50~100 95 6-10
5, 6 dichloro-2- trlfluoromethyl-
benzimldazole 7.4 120 20 200 20
4, 5,6-trichloro-2-trifluoro~ '
methylbenzimidazole 6.18 18 - - -
4;5,6,7~tétrachloro;2-trifluoro~
methylbenzimidazole 5,04 1.56 . - - Vi
4,5,6,7-tetramethyl-2-trifluoro-
methylbenzimidazole 9.26 800 - - -

€1T



Table 1, continued. pKg AND TOXICITY DATA.

_LD5O data were supplled by Fisons' Agrochemicals. Apparent pkg values are from

‘Burton et al. (1965) and from Fisons' Agrochemicals.

i.p. = intraperitoneal injection. The compounds were administered in either

glycerol formal or methyl naphthalene to small groups of animals,

HIT
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Filg. 5. LOGlO (CONCENTRATION GIVIN:G 50% UNCOUPLING) VERSUS PXg

Log (conc & giving
50% uncoupling)

(p-1)

7

CCMPOUNDS '
2=trifluorcmethylbenzimidazole
5-chloro-2-brifluoromethylbenzimidazole~

~nethyl=-2-trifluoromethyltenzimidazole
M 3-61chlovo-2-urifluoromethylbenzimidazole
'5,6-diohloro—z-trifluoromethylbenz1midazole
L, 5,6=trichloro-2-trifluoromethylbenzimidazole
4,5,6,7-tetrachloro-2—trifluoromethylbenzimidazole

NN Ew N H
Nt Nt Nt ol P i N

See Lable 1 (Introductlon,vSecbion B) for uncouplinﬁ concentrations
and pKg values. : :
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Fim. 6. LO0G10 LDggp IN me./ke. VERSUS DK,

Loz (LD5O)

mg. ke,

©

3.0 &
oI

b e
2.0 P
1.0
_ .07
O ¥ i ¥ L]

5 6 7 8 9

CCEPCUIMS .
1) 2-trifluorometnylbenzimidazole
2) 5-chloro-2-trifluoromethylbenzimidazole
3) 5-rmethyl-2~trifluoromethylbenzimidazole
b4) b4,5=3dichlorp=2-trifluoronethylbenzimidazole
5) 5,6=dichloro-2-trifluoronethylbenzimidazole
6) 4,5,6-trichloro-2-trifiuoromethylbenzimidazole
7) 4,5,6,7=-tetrachloro-2-trifluoromethylbenzimlidazole

See Table 1 (page 113) for IDgg and pKg values.
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ether glucuronide in rat (Levy, 1966) and the monoglucuronide

of diethylstilboestrol in rat (Millburn gﬁ al., 1967). However
the dataAavailable does not indicate whether the toxicity of
these compounds is lower in the specleé having such a circulation
compared to those which do ﬁot. Such data must await more work
in this field. Scheline (1968) believes that a microorganism
high in ? ;gluouronidase activity, such as E. coli which is

found in the caecum, is responsible for the cleavage of the
‘glucuronides excreted in the bile. '

General Biological EfféctS.

The high protein-binding ability demonstrated by these
halogenated bénzimidazoles might.mean that they demonstrate
other pharmacologiéal effects, arising from their long residence
time in the blood. Thus, 5,6~dichlorobenzimidazole was reported
"by Diwan'gz al. (1968) to be oytotoxic>(1ntroduction, Section B).
However, the much lower water sﬁlubility of the 2-trifluoromethyl-
benzimidazoies may modify this éffect, if the compounds possess it.
The in vitro anti-viral activity of the halogenated |
benéimidazoles has béen discussed in Section B of the Intro-
dubtion’(pages 18-2&); However, none of the compounds'examined
" in this work have been screened for their anti-viral activity.
1nccfporatidh'into nuclebsides, and or interference with
‘thei: 5103ynthésis} may also be indicated by the formation of
‘an E}riboside.' However, as already repoftéd,'véry little
adtiﬁity wés asscqiatedeith nucleotides isolated‘from treated

rats and rabbits.,
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APPENDIX CNE,

PRELTIMINARY STUDIES ON THE METABOLISH

OF 6-CELORO-2-TRIFLUORCHETHYLPYRIDOINIDAZOLE,
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140 labelled compound

As with all other compounds, the
was given as an oral dose to 200 g. Wistar fenale rats. Recause
of its iow solubility in organic solvents, the materlal was
given in 1 ml.of 1 M-sodium carbonate, i.e. as the sodium salt.
Excretion data on one pair o% rats are given in the first table.

As.can be seen from the results, the excretion of thié

comnpound is divided between urine and faeces, and the total

excretion of the compound is lower than for 5,6-dichloro-2-

trifluoromethylbenzimidazole at 2 days. A significant

difference between the 2 conpounds 1s that the pyridoimidazole
does continue to "trickle out" of the animal, since even at 14
days there is a2 measurable excretion.

Tissue disﬁribution showed‘that most of the activity was
assoclated with the blood or blood-containing tissues, An ,
analysis of the radiocactivity showed that 65% of the 1%C in the
blood was present as unchanged 6-chloro-2-trifluoromethyl-

pyridoimidazole after 14 days.

Metabollites.

The urine and faeces were tested as for the benzimidazoles

~and subjected to TLC and paper chromatography. The following

_soivent systems were found to be of particular value for the -

silica gel thin layer chromatography of acid-hydrolysed. urine.
a) 4:1 v/v chloroform : isoprbpanol. '
b) Ethyl acetate.

‘Chromatography, cochromatography and lilsotope dilutions

confirmed the presence of the free parent compound in urine
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Table 1. THE METABCLISIH OF 6-CHLORO=-2-TRIFLUORONETEYL-

PYRIDOINIDAZOLE IN RATS.

9 OF DOSE

e pycrrrTon ‘ _ AVERAGE (RANGE)

In urine = Day 1 7.1 (6.9-7.3)
Day 2 6.7 (5.8-7.6)
Day 34 8.1 (7.3-9.0)
Day’5-7 o | 7.8 (7.6-8.0)
Day 8-14 - 8.8 (8.3-9.3)

In faeces Day 1 | ' 0.5 (0.2-0.7)
Day 2 g 4.8 (4.6-4.9)
Day 3-4 v L4.7 (4.6-4.8)
Day 5-7 b3 (B.3eb.k)

Day 8-14 9.7 (9.4-10.0)

Two animals received an oral dose of 15 mg/keg. (11.9 PCi)

dissolved in 1 ml. 1ll-sodium carbonate,.
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(10% of the dose in U day urine) but no significant amounts-

| of combined compound. Five metabolite peaks were observed on
radiochromatogram scans of urine samples using solveht system
A (paper or thin layer, developed with iso-butanol saturated
with water). One of these peaks was removed by sulphatase
preparations and By acild hydrolysis, and may be a sulphateﬂbf
an (unknoﬁn) aglycone. |

One aclild hydrolysis product has been shown by cochromato-

. graphy to be th%_following:

6-chlord-5-hydroxy-2-trif1uoropyridoimidazole

Thus the metabolism of 6-chloro-2-trifluoromethyl-
pyridoimidazole is even slower than that of other benzimidazole
derivatives. The results show that N~conjugation of the parent
compound 1s'an insignifibaht reaction this time, and that at
| least one of the metabolites is formed by ring hydroiylatiqn.
Dr. Bond (personal communication) reported the presence of

trifluoracetic acid in rats dosed with this compound.
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APPENDIX TWO..

ELECTRON DENSITY CALCULATIONS,
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COMPUTER PROGRANNE.

In order to determine the electron densities, free
valences and other parameters affecting the reactivity of
various positions of the substituted bénzimidazoles, the
computer programﬁe of Krﬂger;Thiemer ané Hansen (1966) was
rewritten for use on the London University Atlas machine,

In this programme (Fig. 1) the Huckel molecular orbital (HMO)

approximation has been employed. This states the following

approximations (Huckel, 1931 a & b, 1932, 1933, and 1937).

| ' a) All of the overlap integrals (S) are dropped, i.e.
it is assumed that the atomic orbitals on different
atoms are orthogonal, and hence there is no overlap
of I -orbitals. Chalvet, Daudel and Peradejordi
(1964) note that this is wrong but that it appears
:to give the-right results.

b) Second order effects due to remote atoms are lgnored.

Becauée of the 10calised nature of the ¢ bonds, all of
the electrons of thé molecule other than the p electrons are
considered as-forming a fixed frame of localised bonds. FEach
>mobile or ﬂ'eléotron is considered as occupying a moleculzrc.
orbital @ exténding,over the whole molecule (in an éromatic
'system). This orbital is approximétely given by a Linear
Combination of Atomig p Orbitals (LCAO).

_ 1) g éjir Cr Xp , (Lénnard-Jones; 1929)
- ' where X,. 1s the orbital

providing the p electrbns on atom r.
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Fig. 1.

begin comment HHO—CALCULATIONAI.R.FLOCKHARL:

integer PROG,EE®,HLC,CO,2V,I,J,JT7,l,HZ,N,¥B,NY,R,S,T,U,NO;

real AA,BB,DEH,HOL,NHAX,REO,V,Y,X,Y;

procedure VERT(V,W): real V,U;
begin real H;
S pen— ———— .

We=E;

e
i

Pt

gy
-e

H:=V; v

end ;

procedure JACORI(A,C,N,RHO);
value N,RBHO; integer MN; real RHGS

begin real NORIl,lNORIZ,THR,HU,O0MEGA,SINT,CCST,INTI,V1,V2,73

intecer I,7,P,Q,IND;

feasubatbadu- D= Wl

=

T:=1 step 1 until N 4

H
(e}
H
o}

|
|

Hh
(o]
H

Ji:=1 step 1 until

]
o
IO

|

in 1fTI=J then C[I,7]:= 1 else C'J,I :=C'I,J :=0

o'

Q

e

&

end ; INT1:=0;
for I:=2 step 1 until N do

o}
R

[

J:=1 sten 1 until I-1 do

INTl;:IﬁT1+2*A[I,J]gggz;
NORI1:=sqrt (INT1); NORI2 : - (RHC/ ) #NORIL;
THR::NOBMl;IﬁD:=O;

KAIN:TEH:=THR/N;

HATH1:for Q:=2 stenm 1 until N do

for P:=1 step 1 until Q41igg
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egin if abs(A[P,Q])>THER then

————

begin IND:=1;Vv1:=AlP,P};v2:=a1P,q):v3:=a1Q,2]:

o

KU:=(V1-V3)/2; OWEGA:=(ifHU=0 then 1 else sign (1U))#*(-V2)/sqrt

(V25V2-+1U%HU ) 5
SINT:=0MECA/sqrt (2% (1+sa7s (1-CMEGA%OLEGA)) )
COST:=sqrt (1-SINT*SINT);

for I:=1 stepr 1 until ¥ do

begin INTL:=A[T,F]#COST-A I,Q *SINT:
Al1,Q):=A[I,P]#SINT+A T,Q *COST;

A[I,P) :=INT1; INTL:=C[I,F] *COST-C [I,Q*SINT;

¢ {r,q3:=c {1, #s1wm+C {T,Q]#COST; C [T, F] :=TNT1;
end ;

for I:= 1 step 1 until K do

begin AlP,I}:=A[1,F]; A[Q,I):=A[T,q];: end;

A [P, P] :=V1%COST#COSTHV3#SINT#S INT-2#V2#S THT*COST;

A[Q,Q] :=V1#SINT#SINT+V3#COST#COST+24V2#S INT* COST;

A[P,Q]:=A @, P]:=(V1-V3)#SINT*COST+V2% ( COST*COST-STNT#SINT) ;
end;

end ;

begin IND:=0; go to WATINL
ené else if THR>MNCRMZ then goto MAIN;

end JACCREI;
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‘bezin  P[I):=0; R:=rILJ]; 5:=53(J);

for I:=1 step 1 until ¥ do

PWl:=pli]+2%cr, 1J#cs,11;
end BOND ORDERS;

for R:= 1 step 1 until ¥ do

begin  NHAX:=1f AT[R]=12 then sqrt(3) else
AT[R]=14 then sqrt(2) else

(ot i
o pRh

AT{R]=16 then 1 else 0;

£

:=0; for J:=1 step 1 until NB do

begin  if RIW]=R or £7 .J =R then AA:=AA+P J ;

end ; FTR] :=MHAX-AA;
end FREE VALENCIES;

AA:=2%NY; BB:=0; for T:=1 step 1 until IY do

S
comment TOTAL ENERGY OF THE PI-SYSTEK IN GROUND STATE;

bezin  R:=RJ{J]; S'—SJ[”I; if A’T‘[?] 12 then
begin  if AT[S]=12 then

berin Vi=V=2; Wi=li-2; end else I:=5;

end else I:=R; 1f T=0 then

bexgin  Vi=V-2; i=i-I[T 3-2%sart (x[7]* K I+ # [T)/5)
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end ;
end ; for R:=1 step 1 until I do

begin if QDI i]>2 then
begin V:=V-2; U:=W-2#E[R?; end;
end DELOCALISATION ENEZEGY;

for R:=1 stev 1 until H do

begin  PI[R):=0; for I:= 1 step 1 until NY do

begin for J:=IY+1 step 1 uvntil Y do

PI{R]}:=PI :..]#w-(c[B,z’] *C[R, J‘])__QZ/(HPS[I] EPS{J]});:

end ;
end SELF ATOF POLARISABILITIES;

for R:=1 step 1 until N do

-

begi Ss{H] :=0; for I:=1 stev 1 until NY do
ss (&) :=ss[E] +2#c[r,T3*C[R,T}/EPS {1];
end SUPERDELOCALISARILITTIES ;

s

newline(1);
writetext ({IUNDERE OF4 CALCULATEDAATONE N:= 2); print (1,2,0);
write text (£WITEOUTE SINGLE AANDA ANMINOAGROUEA
HYDROGENS ) ; néwline(l);space(IB);
select'inpuf(l): N |
NO:=reaé; |

for liE:=1 sten 1 until NG do’

begin o RHO::read:N:=read}
& £ V iL’T‘P 1\‘_! «*PI£1 lﬂ .
array Eps[1::],7[1: T} a: ;\3,. T f} QE' N} ,QR [1-1'3 o:rl 7],

o)
D
ke
[
[a
[
=
cl
(]
3
o
L
}-
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AfL:m, e, c{2:8, 1:00

“e

R:=1 step 1 until ¥ do

le
+

exin I:=read;AT[T}:=read;QPI[I]:=read; H[Il:=read;

o'

ens :

NRe:=read;

bezin intexer array RJ[1:n8],s7{1:u8],FR[1:1B];

real array K[L:18],P[L:12];

for J:=1 step 1 until IB do

begin RI[7]:=read; SI[J]:=read;FBLT]:=read;K[J]:=read;
engd ; "

newline(1); writetex?t ( £{CEEMICALZNALED );

‘newline(1);writetext( £RHO= 4 );print (R¥0,0,10);

for R:=1 stepn 1 until N do

——gart.

|

Qs
@]

:=1 gtep 1 until H

h
o]
=
(9]

|
|

>
rt
9]
wd
H
(]

:=1 sten 1 until N do A[R,RJ] :=E[R];

o—

Hy
o]
]
ey

|

for J:=1 step 1 until NB do

|

begin R:=RTL7]; 5:-87073; AR,S}:=A05,8) :=K[7]; end;:

JACOBI(4A,C,H,RHO);

for I:=1 step 1 uatil ¥ do EPSEI]:=A[I,I];

comment ENERGIZS OF MOLECULAR ORBITALS EPS 1_1}

[ ¥3]

NEGATIVE ZIGENVALUES;

Ll: I:=J:=1;
IL2: if EPS [I+1]>EPS{T] then



~ begin

end
begin

end ;

begin

end
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vERT(EPS [I+1] ,Ers{1]);

for R:=1 step 1 until N do VERT(CIR,I+1},c[R,TJ):;

I:=I+1; if I=N then goto Il else go vo L2;

else

I:=I41; J:=J+1; 1f I¢H then goto 12 else if J-TI then g

for I:=1 sten 1 until ¥-1 4

if EPSIT]J30 and EPS[I+1]<0 then NY:=I;

—

for R:=1 step 1 until ¥ do

Q[R} :=0; for TI:=1 step 1 until NY do
Q{R] :=q[H]+2*CiR,13* C[R,1J;
ELECTRCNIC CHABGES;

for R:=1 siep 1 until N do Qa[R]:=QPI{E}-qldl;

comment NET CHARGES:
writetext( LELECTR.Z NETZ £4F4 FREEAZZ SELF-ATONEE

space (10);

vwr1ueceku(%dh RCYZOFY) s newline(l);

space(l2);
[ !
writetext( 4CHARGE #4 CHARGE AVALENCE £PCLARTIZAZS.

DELOCALFEFASH uOL,ORBITALa»)

newline(1);writetext

(63 #f AT QPI# v‘“i‘%];ém[f{} EELE Q”[]éb‘é [R1 444

YR E} ﬁ#ﬁ%ﬁ#aSLﬂj}),ovqce(l2)

wrltetext(éEPS[i]})

newline(1l);

SUPERY ) ;
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DE} :=5pS [ITY]-EPS {irv+1] ;
for R:=1 step 1 until ¥ do

newline(1l);

77 :=A7{R];

bezin

print(R,2,0); .

if JJ=12 then writefext (£C)) else
ir JJ=14 then writetext (€15) else
iiiJJ=l6 then writetexzt (£0}) else
if JJ=2 then writetex (\n2 ) else
if JJ7=3 then wrifetéxz (TEB}) else
if J37=19 then writetext (¢73) else
if JJ=35 then'writetex (¢CL}) else
if JJ=32 then writetext (45}) else
Cif JJ=80 then writetext ({3R}) else
ir JJ=31 then writetext (&P}) else
ii JJ=23 Eggglwritetext (fHA%) else
if JJ=39 then writetext (€XJ) else . '

print (AT{R},2,0);print (QrI[B] 2,0); prlnt(H[R] 1,2);
print (Q[R],1,4);
print(QQ{H],1,4)sorint (F [H],1,4

print(SS{H],2,4);

); print(PI[R],2,4);

if RB=NY then rrltete“,( fn,F.OBB,% ) else
if RB=HY+1 then writetext (¢L.E.ORB}) else

space(11l); prlnu(“?SE?],2,4);

néwline(l);

writetext (£{DELENY:= <);print(DEY,2,4);
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newline(l);

space(56);wuritetext (¢1/DELENY := });print(l/DEN,Z,b);newline(l);

Writeféxt(éNUﬁBEBé OF% BONDS AIiB:= %);print(NB,z,O);
newline(1l); ) i

space(25);uritetext (»-(BOIx]D,é,é,é,é;é,é,é TOTAL API-ENERGY A IN%GROUZ-:D
FSTATE}); newline(1l); v

space(25) ;writetext ({ORDER AALAAEPI:= 4 );print(AA,3,k4);
wrivetext (4 *ALPHAY):; |

print (BB, 3,4) ;writetext (£ *BETA%);newline(i);

wﬁtete::%(43,45#1?3;5:{{3 ,3J4P [R,S13);

newline(l);space(35);

writetext ($DELOCAL,ENERGYAED:= 3 );print (¥, 3,4);
writetext (4 #BETAY); |

for J:=1 step 1 until NB do

\ .
begin  newline(l);print(RJ{J],2,0);print(SILT},2,0); ;print (FBR{7},2,0);

print(wlJ],2,2);
rrint(P{J1],2,4);
if J=1 and abs(V)>10-6 then

begin space(26); print (V,3,4); writetext ({¥ALPHAY):

end;

xRy
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It can be shown that a set of simultaneous equations

of the type:

2) % cy(H;5-ES; 5)=0 can be derived with one
equation for each value of 1. |
Hij is the Ham_il{:onian operator = f.:xll" Nehg

E is the Energy of the system as given by the Schrodinger

wave equation:

. 2 N )
3) -h 2 ) L
- 8 T2m Zl 1+ v \P - & 'f’
Ly and Sij"the overlap integral = [Xindv

This system of homogeneous linear equations (2) is often

called a system of secular equations. Solutions to C.: can be

J
found by puﬁting ‘ : _
| ‘Hij—ESij‘ =0 (5)
Thi; condition 1s an equation in E whose degree is equal
to the number of functions Xj The lowest root of the equation

gives the best energy value, i, e.»the ground state of the system.'

If in the function (1) there are 2n atonmic orbitals r,
~ the determinant (5) is of the 2nth ordér and hence there are 2n
- possible values Ey Of'the’mono—eTeot*onio~erergies. For each
Fy there 1s a moleoula* orblual % whose 2n coefficients Cri are
the solutions of the 2n 51multenoous equations.

S ceoi(Hpg-EiSag) =0 r=1,2, 3..........2n
It can be shown that the 1ndlv1oual anerﬂJ ul of an

elaotroq in a molecular orbltal Biis

f;z B

I.'IJ
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Z

pad T

2 (c? ri frr T sy Z‘Cri-csi“rs)
and the sum total Tr—eleo_tron energy of the system can be
written as

- = , = 2. @ T
€ =2l =5 =21 ?r (c8y Hpp + L 2C34Ca1pg)

since all occupied orbitals are doubly occupied, when even
numbers of p electrons are present. The method can be extended
to cover an odd number of p electrons and to he‘cerocyoles or
substituted compounds with little d‘i‘fficu.lty.

The following functions are now defined:

o(r = fK_ﬂII X Av (7) = the Coulomb integral
and ﬁrs,: erH X av (8) - the exchange (resonance) integral.

If we now make the assumption of the Huckel approximation,

equation (6) reduces to: '

'—l

Cr1. ®-E)+ Ip Cgy =0 T = 1,2,300000000..20
S adj. :
tor

A -E becomes the diagonal element 6:f‘ the matrix andp the
non—:o“’iagon'ai elements which are not equal to zero,

Considering now the case of a heterocyclic molecule,d _
the Coul(omb integral is given the same value for all carbon
atoms but a different valueé(r is given to eé.ch non—carbon.atom,
and for convenience this for an atom X is m‘iﬁteh as:

Ax= oL+ OxP (10)

Similarly the resonance integral Ers is assuned to be of

P C-X = iy C-X o (11)
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The diagonal elements of the matrlix can now be written as:

& - E=a-E+ $ .
and the non-cdisgonal elenments (not equal to zero) become:

Frs =_ w,.rs B

All of the elements.of the matrix can now be &lvided by ﬁ
ané the result R=E . put equal to y.
The set of equations for a system of n atomic orbitals can

now be written as

Crl(y +F ) +E‘1'{‘SCSJ_ = o r = 1 2 3000.000t002n
s ad] : (12)
tor :

I -electron contributions.

The number of [ -electrons contributed by a heteroatop
or substituent will determine the number of atomic orbitals
participaﬁing in the molecular orbital, and is thus of great
impértance.
2) Ccontributors of one T -electron : = heterﬁatoms bound by
a double bond to another heterocatom or to carbon, e.g. pyridine
type ¥, O in C=0, § in C=S and P in P=0. |
b) antributors of 21 -electrons : - heteroatoms with lone
palrs bouﬁd,only by elngle bondis to adjacent atoms, e.g. pyrrole
or anlline-type N, furan and phenol 0, thiophene or sulphhydryl .
S, and halogens.
c) Hyper-oonjugated STOUPS. CH2 or CHB these can be treated.
‘as pseudo C=H, double bonds (one'ﬂ'0”olta7) and CH I3 treble bond
(2'i.orbita1s), their degree of delocalisatlon is somewhat

smaller than that of the usual T orbibtals.,
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Values of the »naraneters.

fined in terms of an Eamiltonian which

)

o anﬁ B are 4
cannot be written explicitly, and hence the termsd andFZ are
carried through the calculations. This is at first sight a
very grave drauwback to the whole method, but usuvally absolute
values are not required and more often a scale of relative

s of more interest.

|~

paraneters
For the Coulomb integral for an atom X contributing one
P electron andé one_orbital, the Hamiltonian is fhe sum of a
potential and a2 kinetic term | |
H=V + T | -
and V is tﬁe sum of terms of éll of the néighboroughing atoms.'
V=V + Voevevonnnee + Vg + Ty
Vs roughly represents the attraction by the atom X for
its » electron and is thus proportional to the ionisation
_potéhtial; It has also been proposed (Hulliken, 1949) that 2x
varies with the electro-negativity of the atom. The values
éomputed from elther source are in good agreement;
| The resonance integral P (C=C) has been defined by
‘Lennard;Jones (1937) as half the difference between the enefgies-
of double and single bonds.
B Bosc = ¥ (Z4-Eg)
and hence the ratio of the resonance lntegral B Cc=X //ééc__

should be
Ze=x"Zc-x
Bo=c-Eg¢

Thls however 1s not SUrlcUly valla and 1t can be shown that a

'more accurate expression is:

P S -
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The second term under the square root is ignored to give the

first expression.

Values of § and

s calcuiated in this manner or from other

sources such as spectra, diamagnetic anisotropy etec. are

presented below:

Bond 1\ S
C = HN- I 0.b
c -t 0.9 1
¢ = i*lx- 1 2
cC=0 2 1.2
C «0- 0.9 2.
Carom-

Caliph +0.7 -
Carom- - -0.1
Caliph- - -0.2
C = Hy 2 ~0.2
C = H, 2 3.0
C-F 0.7 3.0
c - Cl 0.5 3;0
C - Br 0.3 0.9

Using this data, the determinant for a molecule may be

written out, e.g. for benzimidazole



1
1 v+l
2 1
3 0
b 0
5 0
§ .
7 0
8 0
9 1

O O O O O O o =N
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All of the atoms inmvolveé in W -bonding

are numbered consecutively as showm,

3 L 5 6 7 8 9

0 .0 0 0 0 0 1

1 0 0 0 0 0 0
y+0.b 1 0 0 0 0 0

1 ¥ T 0 0 0 0

0 1 y 1 0 0 0 =

0 0 1 ¥ 1 0 0

0 0 0 1 v 1 0

0 o0 0 0 1 y 1

0 1 0 0 0 1 ¥

the corresponding set of equations is:

C1
C1
c
o
Cuy
C5
Cé
C7
Cy

(y + 1) + Cy + Cg =

+
+

+

+

4

These are

(y)Cz

(y+0.4) C3 + Cy =

yCy +
C5y +
Cey -+

Croy +

ng -+

Cg + cgy’ | =

C5‘+ 09 =

C4 =

© O O O O O O O ©

the equations which are solved by the computer

programne and the parameters which are printed out by the

computer are the following:
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a) Resénance encrgy - defined as the difference between the
total ensrgy of the TT-system, and the enerzy the systen ;«rould
have if all of the double bonds iere localised.
e.8. For benzimidazole

the energy is 3B,., + E‘C__.H + P (lone pair on Ky)

and in terms of e andP

6ol + 6P+ (20 + 2.4396B) + 2k + 2 B
= 10 + 10.4396}3

ﬁhe result from the programme gives 10 + 13,803 B -
so the resonance'.e.nergy is 3.363 B.
b) DNet charges - this represeﬁts the difference bejween the
charge an atom would carry in the absence of delocé.lisation and
its actual calculated charge, and thus represents the loss or
gain of charge brought about by delocalisation, The sign "+"
means lack and "-" means gain of electrons.
¢) Free valence is defined as

Fr = lmax - Z Prs
ad
r

e

s
to

where MNmax is the maximum possible binding power for the atom

being considered. Hence T, 1s a measure of the amount of potential

binding power which has not been used forﬁ-bonding.

For Carbon ¥max = 1.732
Nitrogen Imax o= 1,410

Oxygen Nmax = 1.0

+ o e ————— e



Table 1, DATA INPUT FOR ELECTRON DENSITY CALCULATIONS ON BENZIMIDAZOLE.

1077 (=RHO); 9 (=N) | 10 (=NB)
R AT QPI H(=S) R S FB K
1 14 2 1.0 1 2 1 0.9
2 12 1 0.0 1 9 1 0.9
3 14 2 0.4 2 3 2 1.0
L. 12 1 0.0 3 4 1 0.9
5 12 1 0.0 Ly 5 1 1.0
6 12 1 0.0 Iy 9 2 1.0
7 12 1 0.0 5 6 2 1.0
8 12 1 0.0 6 7 1 1.0
9 12 1 0.0 7 8 2 1.0
8 9 1 1.0
. KEY
R = no. of atom | | H = §
= no., of neighbouring atom B N = no, of atoms
AT = atomic welght NB = no. of bonds
QPI = no. of electrons donated to system FB = bond character (double, single, etc. )
‘ K =

g

6€T
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RESULTS ROl PRCGRAHIE.

Results for the calculations on some benéimidazoles'are
presented in Table 2. Net charge is measured in electrons, anrd
a positive value of X means that X amount of charge has been
drained away froﬁ the atém,{i.e. for a carbon atom donating one
Trelectron, 1-X electrons remain., It is thus a convenlent
static index of nucleophilic attack. Free valence can'be
defined as the "residual bonding power! of the atom and is a
convenlent measure of the ability of this atom to undergo free-
radical attack,’

Considering the benzene ring first.

Positions U(7) are slightly more reactive to ffee radical
attack, as measured by free valence, than 5(6). Predicted |
hydroxylation should occur at position 2 on both charge and
free valénce evidance.v Since the metabollic evidence 1is acainst
this, then some reason musf be sought, and perhaps the ahswer
may be thaé the 2-hydroxy oom?ound is ﬁnstable. Tto et al. (1951)
were unable to find any evidence for the 2-hydroxy compound after
benzimidazole was administered to rabbits, but g;,'§3-5imethyl-'
behzimidazdle:gave the benzimidazolone derivative, presunably
arising from Cp aﬁtack by hydroxyl.

| _ Subétitutionbbybtrifluoromethyl at position 2 does, of
course, remove this option, and the only positions left for

consideration are those of the benzene ring and the nitrogen

-atoms.

2—Trifluoromethylbenziﬁidazole should be hydroxylated at
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Table 2. ELECTRON‘DENSITIES‘AND FREE VALENCES OF BENZIMIDAZOLE DERIVATIVES,

COMPOUND . R 1 2 3 Iy 5 6 vi
Benzimidazole H 0.395 0,107  =0.333  =0.023  =0,03%  ~0,025  =0,036
0.429 0,430 0.207 0.439 0,402 0,404 0.435
n CFy  0.h2l 0.030  =0.152 0.005  -0.223 0.012  =0.036
0. b5l 0.109 0.227 0.450 0.405 0.411 0.440
hegl w o 0.421 0.027  —0.147 0.028  =0.04 0.014  -0.050
| 0.457 0,109 0.225 0.313 0.411 0.410 0,401
5-C1L " " 0.425 0.029 ~0.156 ~-0,017 -0.0073 0.002 -0.,034

: o5l 0,109 0.229 0.456 0.275 0.417

0.439

Net_charge'given first.

Free valence given second and underlined.

T 1'7't
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L(7) according to both charge and free valence data, although
5(6) will aiso be attacked, since the frée valence'figures
are very close to those for the L{5) position (see Table 3).

Chlorine at position_ﬂ removes one vosition for hydroxy-
lation and enhanées the freé valence at 7, but on_chérge |
considerations,Apositiqn 6 would seem to be reactive to nuéleo-
philic attack.
| Position 5 chlorine enhances 4 hydroxyiation, i.e. 1n
the ortho position, but again 7 is almost as reactive,

Poéition 6 is siightly activatéd to ﬁucleophilic attack.

Since the metabolic experiments with the above compounds
have not yet been verformed, the statements are purely specu-
lative, and a mixture of the posSiblé hyédroxylations will
probably’occur.

Tufning tb compounds whose metabolism has been studied,
the fbllowing is found:

For’L,S-dichloro-Z-trifluoromethylbenzimidazole free
valence predicts a preponderance of the 7-hydroxy derivati?e,
but metabolic results gives a ratio of 6/7 hydroxylation of 9/1
in thevrat._ The charge results accord with positioﬁ 6.being
more reaCtivé to nucleophiles. The ascorbafe indation system
of-Udenfriend, énd the peroxyacid oxidations, previously
described, produqe free radicals (Diner, 196@), and yield equal
quantities of 6-OH aﬁd 7-0H éérivatives o£ L,5-dichloro-2-.
trifluoronethylbenzimidazole in i;jzg.

For the 5,6-dlchloro compound, free radical attack at 4



Table 3. ELECTRON bENSITIES AND FREE VALENCES OF Z—TBIFLUOROMETHYLBENZIMIDAZOLE DERIVATIVES

- SUBSTITUENT ON
POSITION NUMBIR

L 5 6 7 1 2 3 i 5 6 7
cl CclL - = 0.421 0.026 -0.151 0.007 ~0.024 '0.00L ~0.049
- | 0.458 0.109 0.227 0.322 0.284 . 0.416 0,441
- ¢ c¢c1 - - 0.b2h 0.026 ~0.173 -0.020 °  ~0,013 0.018 ~0.054
0.hh3 0.124 0,207 0,463 0.280 0.285 0. Ul
OH C¢1 ¢c1 - 0.4210 0.018 -0.140 0.059 -0.081 0.028 -0,102
, . 0.470 0.110 0.219 0.226 0. 31k 0.280 0.469
o= Cl1 (¢l 0= 0.518 -0.001 -0.129 0.219 0.032 0.029 0.219
| , 0,341 0.104 0.178 0.261 0,384 0.382 0.268
¢l c1 OH - 0.408 0.017 ~0.147 0,012 ~0.054 0.067 -0,115

0.471 0.110 0.223 0.318 0.1308 0.191 0.6k

‘Net charge given first.

Free valence glven second and underlined.

€Ent
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or 7 1is pfedioted, but negative values for nuoleophilic attack
at these positions prredict that hydroxylation will be slow, .
if it occurs by this method. However = poéitive valﬁe of net
charges at 6(5) indicates that the chlorine atom may be labile
td a nucleophilic attack. éhis‘figure might be taken as
evidence in favour of the NIE shift mechanism proposed in the
Discussion.

When the monohydroxy derivatives of &,5- and 5,6-dichloro-
2-trifluoromethylbenzimidazole are considered With;further
hydroxylation or dehalogenation in mind, the following features
.are observed. |

For the 5,6-dichloro-l4-hydroxy compound, nucleophilic
attack should oceur at position 6 and free radical attack at
position/?. At neither of these two positions do both parameters
have high values simultaneously, which is one of Diner's
criteria for efféétive metabolic hydroxylation. The 4,7-dioxo
compound,vﬁhioh is possibly the product of further hydroxylation
of the phenol, shows some interesting properties which may be
explicable in terus of.these parameters., Thus positions 5 and
6 (those which are chlorinated) haveAa positiﬁe charge aﬁd are
- thus amenable to nucleophilic attack, théy‘also have a fairly
high free_Valehoe which will enhance the reactivity‘of these
positions. Tn accordance with this it is interesting ﬁo note
~that iﬁ caustic alkalil solutions, the quiﬁone'acquires a purple
Qolouratioﬁ-which has been shown polérographically énd by
synthesis (D. Hughes, Fison}s,Apérsonal communicétion) to be

the fdilowing:



As with 5,6-dichloro-h—hydroxy-Z—trifluoromethylbenzimid-
azole, 4,5-dichloro-6-hydroxy-2-~trifluoromethylbenzimidazole
shows a pdsitive charge at one of the chlorinated positions,
~in this case position L, Also, position 7 has a high free
valence and thus will be amenable to hydroxylation‘by free
radical attack; thus the formation of the orthoquinone may be
explicable in terms of this finding. |

In many céses tautomeric forms are possible, but these
‘have been neglected here for the sake of simplicity.

A seriés of nitrogen containlng compounds, some of which
occur nafurally, e.g. purine, were also studled. The purpose
of this was to endeavour to obtain data én the nitrogen aton
which conjﬁgates wlth sugar derivatives. Thus the pufines
conjugate with ribose, and the benzimidazoles conjugate with
glucuronic acid and/or ribose (Bpwker and Casida, 1969).
However no concrete facts emerged from this study, and con-
clusions nust await,further data or the use of some other
parameter. | |
| vIt ls of considerable interest to examine the electron
. densities and free valences of 6-chlor6-2-trifluoromethy1-
pyridoinidazole and related compounds and these'are summarized

in Table L. It can be seen that ppsitionS‘S and 7 of this



Tablé Y. ELECTRON DENSITIES AND FREE VALENCES ON PYRIDOIMIDAZOLE DERIVATIVES.

SUBSTITUENTS ON
POSITION NUMBER

2 5 6 YA : 1 2 3 v i 5 6 7
- - - - 0,403 0.105  -0.329  -0.212 0.055 ~0.042 0.030
: . 0.409 0.433 0,204 " 0,157 0.405 0,404 0,442
CFy - - - 0.430 0.028 -0, 14k -0.212 0,09 -0.030 - 0.058
o 0.434 0,111 0.225 0,162 -~ 0.4k 0406 0,435l
CFy - 1 - 0,431 0.027 ~0.149  -0.210 0.085 -0.010 0,037
| | 043k 0.110 0.226 0.161 0.h21 0.277 0.460
CF3 - OH - ' — 0.039 _— _— 0.162 0.050 0,034
s " e 0.107 ——— ——— 0.479 0.101 0.473
CF3 OH Cl - 0.430  0.017  -0.147  ~0.281 0.138  -0.036 0,036

| | - 0.uh1 0.113 0.223 0.200 0.183 0.303 0.4354

CFy =0 ¢l - 0. 41k ~0.019 ~0.158 -0.7327 0,205  -0.056  0.0735

0.435 0.118 0.213 - 0.556 0.182 0.407 0.436

.Electron densities given first.

TFree valences given second and underlined.

9HT-
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compound have positive net charges (i.e. they have enhanced
reactivity to nucleophiles such as OH), 5 being more reactive
than 7 (0.085g cf. 0.037¢ ). The two possible forms of the
6-chloro-5-hydroxy derivative show that:
_ a) in the phenolic f;rm, position 7 is still open fo
pucleophilic attack.

b) in the pyridone form position 7 is still reactive

‘but the chlorine atom now has a large free valencev
of 0.407 and is thus susceptible to free radical
attack.

It has been experimentally verified (by polarography)
that the chlorine atom is labile under some_oon&itions
(personal communication from Dr. Corbett).

The use of the Computer programme has thus thrown some
light on the hydroxylation reactions which occur in the benzimid-
azole series of compounds, but more questions have been posed
than havevgeen answered, and a more comprenensive study of the
netabolic hydroxylations of these COmpdunds_will be a rewarding
exercise for the future. |

At the present state of the art, prediction of position

of hydroxylation is only reasonably certain for some well-

: defihed groups of aromatic compounds. With these limitations

in mind, a vast field is presented in which ﬁany unrelated
facts may be explicable in terms of the simple approach of.

this programme. Such things as bacterial and mammalian ring

- scission might be characterised in this way, or a more rigorous
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predictioh of the possible site of entry of a hydroxyl group, or
Which conjugate will be preferentially formed on metabolism.

It may be that in the near future the data on arcompound will

be fed into a computer even before the compound is first

administered to an animal.



149

. REFERENCES.

The literature survey was performed on journals published up
to the end of October 1969. Abbreviations are taken from the
World List of Scientific Periodicals (1900-1960), Fourth

Edition, Rutterworths, London, 1963.

’



150

Abbot, L. D. and Dodson, M., J. J. biol. Chem. 211 (1954).

Abou-el—makarém, l. ., Hillburn, P., Smith, R. L., and
Williams, R. T. Biochem., J. 105 1269 (1967).

Allfrey, V. G., Mirsky, A. E:, and QCkawa, S. J. gen. Physidl.
Lo 451 (1957). '

Auverman, H. Arch, exptl. Path. Pharmak. 84 155 (1918).

Baker, J. R., Struempler, A. and Chaykin, S; Biochim., biovhys.

| Acta 71 58 (1963).

Barbieri, P., Bovebti, G., Diliarco, A., Migliaccl, A., and
Spalla, C. Biochim. biophys. Acta 57 599 (1962).
Barnsley, E. A,, Thomson, A. E. R., and Young, L. Biochem. J.

90 588 (1964). | |
Baumann, E" Pflugers Arch. ges. Physiol., 12 63 (1876).
Baumann, E.' Ber. dt. chem. Ges. 9 54 (1876).

‘Beechey, R. B. Biochem. .J. 98 284 (1966).
Beck, W. S.ﬂ New Engl. J. HMed. géé 708, 765, 814 (1962).
Betts, J. J., Bray, #, G., James, S. F., and Thorpe, W, V.

Biochem. J. 66 610 (1957).

Birnsteil, M. L., Sirlin, J. L., and Jacob, J. Biochem .J.
ok 10 (1965). | . |
Bishép,‘B. C., Chelton; E. Ty J., andAJones, A, S, Biochemn.

Pharmac. 13 751 (1964). | |
Black, C. C., and Hyers, L. Weeds 14 331 (1966).

Bowker, D. M. and Casida, J. E., .J. agric. Fd. Chem. 17 956

(1969).



151

Bridges, J. W., Davies, D. S., and Williams, R. T. Biochenm.
J. 105 1261 (1967). | |

Bridges, J. W., Kibby, . R., and Williams, R. T. Riochen. .J.
9 829 (1965).

Bridges, J. W., Walker, S. R:, and Williams, R. T. Biochemn,

o J. 111 173 (1969).

Brink, N. G, and Folkers, K. J. Am. chem. Soc. 71 2951 (1949).

Brink, N. G., Holly, E. W., Shunk, C. H., Peel, F. W., Cahill,
J. J., and Folkers, K. 1bid 72 (1950) a.

Brink, N. G. and Folkers, K. 1ibid 72 4442 (1950) b.

Brodie, B. B., Gillette, J. R., and Ia Du, B. N. Ann. Rev.

| Biochem. 24 227 (1956).

Buchel, K., H., Korte, F., Beechey, R. B. Angew. Chem. (int. 7d.)

-k (?) 788 (1965). ,
Burton, D. E., Lambie, A. J., Ludgate, J., C, L., Newbold, G. T.,
~ Percival, A., and Saggers, D. T. Nature (Lond.) 208
1166 (1965),
ByWatef, W. G. and MeGinty, D, A, J..Pharmacdl. 84 32 (1945) a.
Bywater, W. G.,, Coleman, W. R., Kamm, O., and Merrltt, H. H.
J. Pharmacol. §§ 14 (1945) b.

Caféon; R. "Silent Spring." Hamish Hamilton, London, 1963.

Carter, C. E. Biochem. Pharmac. 2 105 (1959).

Chalvet, 0., Daudel, R., and Peradejordi, F., in Electronic
Aspects of Biochem., Pﬁllman, A, and‘Pullman,‘B., Fds.
(Interscience) N. Y., 1964, |

Cochrén, K. Y. and Fara, G. M. ' Boll. Ist. sieroter. milan

b2 630 (1963).



152

Cooley, G., Ellis, B., lamalis, P., Petrow, V., and Sturzeon, B.
J. Pharm. Pharmac. 2 579 (1950).
Daly, J. ¥W., Guroff, Gf, Udenfriend, S,, and Hitk&p, B,
Biocherm, Pharmac. 17 31 (1968).
‘Dewhurst, F. Brit. T, Cancef 17 365 (1963).
Diner, S., in Electronic Aspects of Biochem., Fullman, A. and
| Pullmén, B., Eds. (Interscience) N. Y., 196L.
Diwan, A., Gowdy, C. N., Robins, R. F., and Prusoff, W, H.
J. gen. Virol. 3(3) 393 (1968).

Domino, ¥, ¥., Peterson, R. J., and Unna, XK. R. .J. Pharmacol.
103 342 (1951). |
Domino, E. F,, Unna, K. R., and Kerwin, J. J. Pharmacol. 105

486 (1952).
Flliott, D. C., in Data for Biochemicsl Research, p. 221.
Daﬁson, R. M. C., Elliott, D, C., Elliott, W. H,, and
Jones, X. G., Eds. Oxford, Clarenéon Press, 1959,
Emerson, G.:lBrink, N. G., Holly, F. ¥W.,, Koniuszy, F., Eeyl,
D., Folkers, K. .J. Amer, chem. Soc. 72 3084 (1950).
Fewster, M. E. and Hall, D. A. Nature (Londg.) 168 ?8 (1951).
Folin, O. and Clocalteu, V. J. blol. Chem. 73 627 (1927).
Ford, J. E., Holdsworth, E. 3., and Kon, S. X. Biochem. J.
59 86 (1955). S
Torsyth, Y. G;, and Pyman, F. L. J. chem, Soc. 127 573 (1925).
Foulkes, D. W. Nature (Lond.) 221 582 (1969).-'
Friedman, ¥. C., and Hérris, D. Biochem. biophys. Res.

Commun. 8 164 (1962).



153

Garton, G. A., and Williams, R. T. Blochem. J. 45 158 (1949),

Golav, T., Herberg, R. J., Parka, S. K., and Tepe, J. B. .
agric. Fd. Chem. 15(4) 638 (1967).

Goodman, L., Gilman, A., ané Hart, N. Fedn. Proc. Fedn. Am,
Socs. exp. Biol. 2 80 k1943).

Goodwin, T. W., in Blosyntheslis of Vitaﬁins and Related
Compounds, Academic Press, London and N. Y. (1963).

Guroff, G., Daly, J. W.,‘Jérina, D. ., Renson, .J., Witkop, -
B., and Undenfriend, S. Science 157 1524 (1967).

Hendlin, D., and Soars, M. H. J. Bact. 62 633 (1951).

His, W. Arch. exptl. Path. Pharmak. 22 253 (1887).

Hogeboom, G. H., in Methods in Enzymology, Vol. 1, p. 16.

Academic Press, N, Y. (1955).

Huckel, E. Z. Phys. 70 204 (1931) a.
Huckel, E. Z. Phys. 72 310 (1931) b.
Huckel, E. Z. Phys. 76 628 (1932).

Huckel, E. Z. Phys. 83 632 (1933).

Huckel, E. Z. Electrokem, ﬂj 752 (1937).

Ito, R., Otaka, H., Nemoto, T., Nagasawa, K.' Nippén Univ, J.

: Med. 3 141 (1961). | |

Jones, 0., T, G., and Watson, W. A. Nature (Lond.).ggg 1169

(1965). | | |

Jones, O. T. G., and Watson, W. A. Biochem. J._102 564 (1967).

Kapoor, M., and»Waygood, E. R. Can. J. Biochém; Physiol, 43(2)
153 (1965)a. |

Kapoor, M., and UWaygood, E. R. 1Ibid 43(2) 165 (1965).b,



154 -

Karjala, S. A. J. Am, chez. Scc. 77 504 (1955).

Karjala, S. A., Turnquest, B., and Schayer, R. W. J. biol.
Chem. 219 9 (1956).

King, L. J., Parke, D. V., and Williams, R. T. Biochem. J.

98 266 (1966). |

Kitiyakara, A., and Harman, J. W. J. eip. lieéd. 97 553 (1953).

Klotz, I. M;, and Fellody, M. J. Bact. 56 253 (1948).

Kraychy, S., and Gallagher, T. F. . biol. Chem. 229 579
(1957).

Kruéer-Thiemer, E., and Hansen, R. Arzneimittel- Forsch.
16 453 (1966).

Lennard-Jones, J. E. Trans. Faraday Soc. 25 668 (1929).

Lennard-Jones, J. E. Proc. R. Soc. Al158 280 (1937).

Leukens, L. N., and Hérrington, K. A, Blochem. blophys. Actar
42 432 (1957).

LePage, G. A., and Heldelberger, C. J. biol. Chem. 188 593
(1951).

Levy, G., Weintraub, L., Matsuzawa, T., and Oles, S. R. J.
Pharm. Sci. 55 1319 (1966). | |

Loveless, L. E., Spoerl, E., and Weismann, R. H. J. Bact. £8
637 (1954).

- MeNair-Scott, D. E,. Rogers, M. L., and Rose, C. J. Am. chemn.
Soc. 80 2165 (1958).

Maclagan, H. F., and Wilkinson, .J. H. Biochem. J. 56 211 (1954),

Millburn, P., Smith, R. L., and Williams, R. T. Biochem. J.

1105 1275 (1967).



‘155

Morgan, H. R. J. Exptl. lMed. 95 277 (1952).

Mulliken, R. S. J. Chem. Phys. 46 536 (1949).

Parke, D. V., in The Biochemistry of Forelgn Compounds.
(Pergamor), London (1968).

Paterson, A. R. P. Can J. Biol. Physiol. 37 1011 (1959).

Pullman, A,., and Pullman, B., in Quantum Biochemistry.
(Intefscienc@, N. Y. (1963).

Quick, A. J. J. biol. Chem. 97 403 (1932).

Rothstein and Greenberg. Archs. Biochem. Biophys. 68 206 (1957).

ARoy; A. B. Blochem. biophys. Acta 30 193 (1958).

Rudd, R. L., in Pesticides in the Living Landscape. Faber and
Faber, London (1964). 4

Schayer, R. W. Brit. J. Pharmac. Chémothér. 11 472 (1956).

Scheline, R. R. J. Pharm. Sci. 27_(12) 2021 (1968).

Schmidt, é., and Thannhauser, S. J. biol. Chem. 161 83 (1945).

Sirlin, J. L., and Jacob, J. Hature (Lond.) 204 545 (1964).

Smith, J. N. A. Rev. Entomol. 7 465 (1962).

~Smith, J. N, Bilochem. J. 69 509 (1958).

Smith, J. N., in Adv. in Comparative Physiology ané Biochemistry
3 173 (Ed. Lowenstein). Academic Presé (1968).

snyder, F., and Stephens, N. Analyt. Biochem. 4 128 (1962).

Tabor, H., and Hayaishi, O. J. Am, chem. Soc. 77 505 (1955).

Tamm, I., Folkers, K., and Horsfall, F. L. fale J. Bioi.VMed.
24 559 (1952).

Tamm, I., Folkers, K., and Horsfall, F. L. J. exp. led. 98

219 (1953) a.



156

Tamm, I., Folkers, K., and Horsfall, F. L. 1ibid 98 229 (1953) b.
Tarm, I., Folkers, K., Shunk, C. H., Heyl, D., and Horsfall,

F. L. 1ibid 98 245 (1953) c. |
Tamm, I., Folkers, X., Shunk, C. H., and Horsfall, F. L. 1ibig

99 227 (1954) a. ‘

Temm, I., and Tyrell, D. A. J. 1ibid 100 541 (1954) b.

Tamm, I., and Tyrell, D. A, J. J. Immun. 75 43 (1955).

Tamm, I. Virology 2 517 (1956). '

Tamm, I., Folkers, K., and Shunk, C. H. J. Eaét. 72 54 (1956) a.

Tamm, I., Folkers, K., and Shunk, C. H. 1bid 72 59 (1956) b.

Tamm, I., and‘Nemes, M, M. Fedn. Proc. Fedn. Am. Socs. exp.
Biol. 16 435 (1957). _

Tamm, I., and Cverman, R. Virology 3 185 (1957) a.

Tamm, I., and Cverman, R, 1ibid 4 463 (1957) b.

Tamm, I.,/Nemes, M, M., Osterhout, S. J. expt. led. 111 339

(1960). o |
Tamm, I., agd Eggers, H. J. ~Am. J. Med. 38 (5) 678 (1965).
Thompson, R. L.'.J. Immun. 55 345 (1947). '

Thompson, R. L., Price, M. L., Minton, S. A. (Jnr.), Elion,

G. B., and Hitchings, G. H. J. Immun. 65 529 (1950).
Timmis, G. M., and Epstein, S. S. Nature'(Loﬁd.) ;gg 1383 (1959).
Udenfriend, S., Clark, C. T., Axelrod, J., and Brodie, RB. B. |

J. biol. Chem. 208 731 (1954). o
Ueda, M., and Kuribayashi, K.' J. pharm. Soc.‘Japan 84 1104

- (1964). |
Uno, T., and Kono,.m; .ipid 82 1660 (1962).



157

Uno, T., and Ueda, M. Chem. pharm. Bull., Tokyo 11 709 (1963).
Vijayaraghavan, P. K., and Dunn, . S. Archs. Biochemn, Biophys.
36 299 (1952).
Vogel, A. I., in A Textbook of Practical Organic Chemistry.
. Longmans Green, London;(1956).'
Way, J. L., and Parks, R. E. J. blol. Chem. 231 467 (1958).
Weissbach, ﬁ.,.and Dickerman, H. Fhysiol. Rev. 45 80 (1965).
Whittle, C. P., and Robins, R. XK. J. Am. chem., Soc. 87 4940
(1965).
Wichstrom, A., and Salversen, B. J. Pharm. Pharmac. 4 €31
(1952).
Williams, R. T. Detoxication Mechanisms. Chapman and Hall,
London (1959).
Williams, R. 7., in Biogenesis of Natural Compounds. Pergamon
Pre;s, London, p. 589 (1967) a.
Williams, R. T. Fed. Proc. 26 1031 (1967) b. |
Williamson;/ﬁ. L., and letcalf, R. L. Science 158 1694 (1967).

Woolley, D. W. J. bilol. Chem. 152 225 (194k4),



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157

