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Abstract—The metabolism of various substituted (F, Cl, Br, I, CF;, NO;) acetanilides
and anisoles have been studied with 3-methylcholanthrene-induced rat liver micro-
somes. Metabolism of acetanilides and anisoles, which occurs primarily at the position
para- to the acetamido or methoxy function, is markedly influenced by the presence of
other substituents in the ortho-, meta- or para-positions. A novel loss of an adjacent
substituent during hydroxylation ortho- to an iodo group was observed in the conversion
of 4-iodoanisole to 3-hydroxyanisole. Migration of substituents (the NIH Shift) was not
a significant metabolism with any of these substrates.

DURING the course of studies on the migration of ring substituents during hydroxyla-
tion of aromatic substrates,!* 2 the metabolism of a variety of substituted anisoles and
acetanilides have been investigated with preparations of liver microsomes. The
metabolism of these substrates by liver microsomes from 3-methylcholanthrene-
treated rats is reported in this paper.

MATERIALS AND METHODS

The substrates were from commercial sources or were prepared by standard proce-
dures. Reference phenolic products were from commercial sources or were prepared
by standard procedures including hydroxylation with Fenton’s reagent.* Livers from
Sprague-Dawley male rats pretreated with 3-methylcholanthrene* were homogenized
with 3 vol. (w/v) of isotonic KCl, centrifuged at 20,000 g for 20 min to afford a crude
microsomal suspension. Incubations were carried out as described in the footnotes to
the tables, and the products identified by comparison to reference standards. Products
were arbitrarily classified as major, minor and trace metabolites, as described in the
tables. The remainder of the substrate (> 90 per cent) was recovered unchanged.

Typical identifications for products obtained after incubations of 2-, 3- and 4-fluoro-
acetanilide and of 2-, 3- and 4-fluoroanisole are given as examples.

2-Fluoroacetanilide. Two trace metabolites were detected by paper chromatography
(Rs 0-15 and 0-62). Insufficient matter (<0-1 pmole) was obtained for accurate
quantitation by ultraviolet spectroscopy. Both compounds gave color reactions typical
of phenols with Folin’s reagent and diazotized p-nitroaniline. The product with R, 0-62
gave a color reaction with Gibbs’ reagent indicative of a phenol unsubstituted in the
para-position. The high R, and color reactions of this product are compatible only

* Extensive loss of fluorine to form 4-hydroxyanisole was noted during hydroxylation of 4-fluoro-
anisole with Fenton’s reagent (Table 1, footnote"; ¢f. ref. 3).
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with the ortho-hydroxylated acetanilide, 6-hydroxy-2-fluoroacetanilide. This product,
after isolation by paper chromatography, gave the expected mass spectrum (parent ion,
m/e 169; base peak, m/e 127). The identity of this compound was confirmed by
comparison with synthetic material. The other product appeared on the basis of R,
value, color reactions and mass spectrum (parent ion, m/e 169; base peak, m/fe 127)
to be 4-hydroxy-2-fluoroacetanilide. Comparison of R, values, color reactions and
mass spectrum with those of synthetic 4-hydroxy-2-fluoroacetanilide confirmed its
identity.

3-Fluoroacetanilide. One major metabolite (R, 0-23) and a trace metabolite (R, 0-45)
were detected by paper chromatography. The major product gave R, values, color
reactions, ultraviolet spectrum (A, 250 mg, €., 8800) and mass spectrum (parent ion,
m/e 169; base peak, m/e 127) identical to those of synthetic 4-hydroxy-3-fluoroacetani-
lide. Based on ultraviolet spectroscopy, 1-4 4- 0-1 umoles of this product were formed
in 15 min from 25 pmoles of substrate. The trace metabolite (<01 pmole) had an R,
value and gave color reactions with Folin’s reagent, diazotized sulfanilic acid and
Gibbs’ reagent typical of an ortho-hydroxyacetanilide. It was, therefore, either
6-hydroxy-3-fluoroacetanilide or 2-hydroxy-3-fluoroacetanilide. The mass spectrum
exhibited the required parent ion, m/e 169 and base peak, m/e 127.

4-Fluoroacetanilide. Three metabolites (R;s 0-10, 0-18 and 0-48) were detected by
paper chromatography. These were identified by comparison to synthetic compounds
as, respectively, 4-hydroxyacetanilide (mass spectrum; parent ion, m/e 151 ; base peak,
m/e 109), 3-hydroxy-4-fluoroacetanilide (mass spectrum; parent ion, m/e 169; base
peak, m/e 127) and 2-hydroxy-4-fluoroacetanilide (mass spectrum: parent ion, m/e
169; base peak, m/e 127).

2-Fluoroanisole. Phenolic metabolites were isolated by thin-layer chromatography
and subjected to combined gas chromatography-mass spectrometry (Table 1). Two
products were detected with retention times of 2-1 and 16-3 min. The mass spectra
of these products (parent ion, m/e 142; base peak, m/e 127) identified them as ortho-
or para-hydroxyanisoles since meta-hydroxyanisoles exhibit, in addition to those peaks,
a significant parent-30 peak in their mass spectra. The low retention time (2:1 min)
of the minor component is typical of ortho-hydroxyanisoles, indicating that this
product is 6-hydroxy-2-fluoroanisole. The major product with retention time of 16-3
min must be 4-hydroxy-2-fluoroanisole. This was confirmed by comparison to syn-
thetic material. Approximate conversions were estimated as 0-2 and 4 umoles, respec-
tively, by gas chromatographic comparison with standard solutions of hydroxyanisoles
or hydroxyfluoroanisoles.

3-Fluoroanisole. Phenolic products were isolated by thin-layer chromatography and
analyzed by combination gas chromatography—mass spectrometry. Three metabolites
were detected with retention times of 2-6, 3-8 and 4-8 min. The mass spectrum (parent
ion, m/e 142; base peak, m/e 127) of the minor metabolite in conjunction with its low
retention time of 2-6 min indicated it was one of the two possible fluorinated ortho-
hydroxyanisoles. Its identity as 6-hydroxy-3-fluoroanisole was confirmed by compari-
son (retention time, mass spectrum) with synthetic material. The trace metabolite with
retention time of 3-8 min was identified as 3-fluorophenol (mass spectrum: parent ion
and base peak, m/e 112) by comparison with synthetic material. The major metabolite
with retention time of 4-8 min was identified as 4-hydroxy-3-fluoroanisole by compari-
son with synthetic material.
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4-Fluoroanisole. Phenolic products were isolated by thin-layer chromatography and
analyzed by combination gas chromatography-mass spectrometry. Three metabolites
were detected with retention times of 2-3, 3-5 and 4-7 min. These were identified as
2-hydroxy-4-fluoroanisole (major), 4-fluorophenol (major), and 3-hydroxy-4-fluoro-
anisole (trace) by comparison with synthetic compounds. With the latter compound,
the mass spectrum with peaks at m/e 142, 127 and 112 had provided initial evidence
for a meta-hydroxyanisole since the parent ion rather than the parent-15 peak was the
base peak and a parent-30 peak, typical of meta-hydroxyanisoles, was present. This
identification was confirmed by comparison with synthetic material.

RESULTS AND DISCUSSION

The metabolism in vitro of various acetanilides and anisoles with 3-methylcholan-
threne-induced rat liver microsomes are presented in Tables 1 to 6. The semiquantita-
tive results presented in the tables are in substantial agreement with earlier findings!
that the extent and position of enzymatic aryl hydroxylation with microsomal prepara-
tions is correlated with the reactivity of the aromatic ring to electrophilic attack and
that attack at a preferred ring position may be blocked by a halo or alkyl substituent.®
Steric factors cause the microsomal metabolism of aromatic rings to favor para- over
ortho-hydroxylation. It is apparent in the present study that steric factors are indeed
very important in determining the extent and direction of metabolism of aromatic
substrates.

Acetanilides.* For example, the effect of ortho-substituents (F, Cl, Br, I, CH;, CF;)
in blocking the normal para-hydroxylation of acetanilides was particularly striking
(Tables 2 and 3). The extent of this effect appears to be much greater than would have
been predicted from consideration of ring deactivation because of steric effects of the
ortho-substituent on electron donation by the acetamido group. The effect of ortho-F,
Cl, Br or CH, substituents on para-hydroxylation of acetanilides was similar. With
2-iodo or 2-trifluoromethylacetanilide, the blocking effect was greater and no para-
hydroxylated or other metabolites could be detected. In the case of 2-methoxyacetani-
lide, the ortho-substituent effect on para-hydroxylation was less pronounced.

No hydroxylation at the 5-position (para- to methoxy) was observed. The same
ortho-substituent effect was also noted in acetanilides where the parg-directed meta-
bolism was by either alkyl hydroxylation (4-methylacetanilides) or by dealkylation
(4-methoxyacetanilides). Thus, presence of a 2-methyl or 2-chloro substituent markedly
reduced the hydroxylation of the 4-methyl group (Table 3) or the dealkylation of the
4-methoxy substituent in acetanilides. In both types of metabolisms, the 2-methyl
group was more effective than the 2-chlorogroup in blocking attack of the para-
substituent. It appears likely that steric effects of the ortho-substituent, which may
involve the relative configuration of the acetamido group and the aromatic ring,
prevent proper binding of acetanilides to the enzyme(s) and thus prevent metabolism
by para-attack.

Meta-substituents either had no effect (CHj3) on the para-hydroxylation of acetani-
lides or caused only a slight reduction (F, Cl, Br, I, CF,;, OCH,) in this metabolism.
With 3-methoxyacetanilide, hydroxylation para- to the methoxy group yielded the
6-hydroxy derivative as a minor metabolite, With a disubstituted compound, such as

* For acetanilides, the terms ortho, meta and para are referenced to the acetamido group, while for
anisoles they are referenced to the methoxyl group.
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3,5-dichloroacetanilide, steric effects may well have been responsible for the marked
reduction in the extent of para-hydroxylation.

Parag-substituents either reduced the extent of para-hydroxylation of the acetanilides
to a trace metabolism (F, Cl, Br) or completely blocked this route of metabolism
(I, CH,, CF;, OCH;). With certain para-substituted acetanilides, hydroxylation meta-
to the acetamido group was now noted either as a trace (F, Cl, Br, CHj, I) or minor
(OCH;) metabolic route. With 4-methyl- or 4-methoxyacetanilides, oxidative attack
on the para-substituent was the major metabolism.® Para-hydroxylation of 4-halo-
acetanilides was accompanied by loss of halogen (F, Cl, Br) or by migration of halogen
(C1), but in all cases these were quantitatively insignificant metabolisms. The migration
of halogen during hydroxylation of 4-chloroacetanilide and 4-bromoacetanilide with
benzypyrene-induced rat liver microsomes has been reported® and the conversions
reported were much higher than those obtained in the present study. Migration of
halogen, however, in both the present study and the earlier report was found to be the
least significant metabolic route. Meta- and ortho-hydroxylation and loss of halogen
during para-hydroxylation were the major pathways. The results with 4-chloroacetani-
lide in both studies are in at least qualitative agreement as to the ratio of metabolites
which are formed. In another study® using normal rabbit liver microsomes and
4-chloroacetanilide, only para-hydroxylation with loss of halogen could be detected.
The mechanism of oxidative dehalogenation with para-haloacetanilides presumably
involves formation of an oxidized intermediate which undergoes reductive loss of
halogen. Such a mechanism has been proposed for the conversion of para-halopheny-
lalanines to tyrosine.’

NHAc | NHAc NHAc NHAc .
~ ol -~ -
para
” N s ™~
' " R=F, Cl, Br, CHs3 OCH3
I,CF3 ' ‘
NHAc NHAc NHAcC NHAC
™ R=F, C!, Br, OCH3 CH3 CHy
ortho I, CH,, '\‘
CF3 :
? CH OCH
E T L3 3 4 3
NHAc NHAc NHAc
R=F, Cl,Br, oc;H3
I, CHs,
CFy i

FiG. 1. Effect of substituents on hydroxylation of acetanilides with rat liver microsomes. (bold arrow),
major metabolism; —, minor metabolism; and -—--3, trace or no metabolism.
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Ortho-hydroxylation of acetanilides was observed in the present study as a signifi-
cant metabolism only with 2- and 3-methoxyacetanilide. The results of these studies on
metabolism of substituted acetanilides are presented in Fig. 1 and Tables 2-4.

Anisoles. The pathways of metabolism of anisole with microsomal preparations
from rats that have been induced with 3-methylcholanthrene are by para-hydroxyla-
tion (major), ortho-hydroxylation (minor) and by O-demethylation (minor). With
normal rat or rabbit! microsomes, the major metabolisms are para-hydroxylation and
O-demethylation.

Most ortho-substituents (F, Cl, Br, I, CH,) greatly reduced metabolism by O-de-
methylation but had little effect on para-hydroxylation. The ratio of ortho- to para-
hydroxylation, however, tended to increase from 0-2 in anisole and 0-2 in 2-fluoroani-
sole to 0-25 in 2-methylanisole, 0-5 in 2-~chloroanisole, 1-0 in 2-bromoanisole, and
1-5 in 3-iodoanisole, in spite of the fact that one less ortho-position was available for
hydroxylation in these ortho-substituted anisoles. If this is because of the same steric
effect which was noted in the ortho-substituted acetanilides, it is much less effective
with the ortho-substituted anisoles in blocking metabolism by para-hydroxylation.

Meta-substitution with F, CH,, or I substituents had little effect on ortho- or para-
ring hydroxylation of anisoles. However, with Cl or Br substituents in the meta-
position, ortho-hydroxylation (para- to the halogen) was greatly enhanced with a con-
comitant decrease in para-hydroxylation. This is in contrast to acetanilide metabolism
where F, Cl, Br, I, CHj;, and OCH; substituents in the mera-position had little effect
on para-hydroxylation. The explanation of this rather remarkable effect of meta-Cl
or Br substituents in the anisole series might involve steric interactions which result

Ocag/ 0CH3 0CH3
para
o O ©\
' R =F, Cl, Br,

//
OCH3 i OCH3 OCH3
R ~ HiC e F e
ortho

R=gl,Br,I t 1

Ve
OCH3 OCH3 OCHs

P b
mela @ ©
R HaC

Pt

FI1G. 2. Effect of substituents on the hydroxylation of anisoles with rat liver microsomes. (bold arrow),
major metabolism; -», minor metabolism; and --—->, trace or no metabolism.

R=Cl Br R - FI
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in differing modes of binding only with Cl and Br. Anisoles containing meta-substitu-
ents (F, Cl, Br, I, CH;) exhibited greatly decreased metabolism by O-demethylation.

In 3,5-dimethylanisole, para-hydroxylation between the methyl groups was still a
major metabolism. In other dimethylanisoles, para-hydroxylation was blocked in 2,4-,
and 2,6-dimethylanisoles, reduced in 2,3-dimethylanisole and unaffected in 2,5-
dimethylanisole.

Para-substitution (F, Cl, Br, CH,) in the anisole series blocked para-hydroxylation
of the ring and markedly stimulated O-demethylation. This enhanced O-demethylation
was blocked by a second substitutent ortho- to the methoxy group (2,4-dichloroanisole,
2,4-dimethylanisole) and, in one case, by a second substituent mefa- to the methoxy
group (3,4-dimethylanisole). In another case of 3,4-substitution, 3-methyl-4-chloro-
anisole, O-demethylation was still a major metabolism. Ortho-hydroxylation of anisole
appeared to be stimulated by the presence of a para-halogen substituent (F, Cl, Br, 1)
but not by a para-methyl group. No migration or loss of F, Cl or Br substituents from
the para-position was observed in the anisoles in distinction to the metabolism of
4-haloacetanilides (see above). Meta-hydroxylation was observed in anisoles which
contained Cl, Br, I, or CH, substituents in the para-position. The metabolism of halo-
and methyl-substituted anisoles is summarised in Fig. 2 and Tables 1, 4 and 5. With
many of the isomeric halogenated hydroxyanisoles, separation by GLC or TLC was
difficult and final identification often necessitated conversion of the products to ortho-,
meta- and para-hydroxyanisoles by reductive dehalogenation (Table 1, footnote ).
The mass spectra of hydroxyanisoles were also useful in identification of the isomeric
hydroxyanisoles, since the ortho- and para-isomers tend to lose methyl to form the
most intense peak in the mass spectrum. This loss is not as prominent with meta-
hydroxyanisoles and an alternate fragmentation involving loss of OCHj is present.

The results obtained with microsomal metabolism of 4-iodoanisole were unexpected.
In contrast to the other 4-haloanisoles, formation of 4-hydroxyanisole with loss of
iodide was observed. In addition, 3-hydroxyanisole was a major metabolite as were
2-hydroxy-4-iodoanisole and 3-hydroxy-4-iodoanisole (Fig. 3). Incubation of iodin-
ated hydroxyanisoles with microsomes did not result in deiodination which demon-
strates that the 3-hydroxy-4-iodoanisole was not an intermediate in the formation of

O
3
P
N

OCH3 OCH3

+
OH

OH

FiG. 3. Metabolism of iodoanisole with rat liver microsomes. The products are formed in a ratio of
3:1:3:2:2 respectively.
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3-hydroxyanisole. At the present time, the mechanism of the novel formation of 3-
hydroxyanisole from 4-iodoanisole is unknown. This type of reaction was not observed
with 4-iodoacetanilide. The only report of such a reaction is the conversion of
3-fluoroaniline to 4-hydroxyaniline with microsomes.®

Nitroanisoles. The metabolism of the three nitroanisoles was examined (Table 6).
Ring hydroxylation, reduction of the nitro group to an amine and dealkylation were
observed and the fractionation between these pathways varied with the substitution
pattern. The major metabolism with 2-nitroanisole was dealkylation. The principal
metabolism of 3-nitroanisole was reduction to 3-aminoanisoles, but ring hydroxylation
para- to the nitro group and dealkylation were also observed as minor pathways. 4-
Nitroanisole underwent both dealkylation and ring hydroxylation, ortho to the methoxy
group, as major metabolisms (see Fig. 4).

OCH3 OH OCH3
NO2 NO2 NH2
— + + TRACE 4- AND 6-HYDROXY-
2-NiTROANISOLE
MAJOR MINOR
OCH3 OH OCH3 OCH3
HO
——— + -+
NO2 NO» NH2 NO2
MINOR MAJOR MINOR
OCH, OH OCH3 OCH,
OH
—— + +
NO2 NO2 NH2 NO2
MAJOR TRACE MAJOR

FIG. 4. Metabolism of nitroanisoles with rat liver microsomes.

The results presented in this paper further delineate the complex of reactions cata-
lyzed by drug-metabolising enzymes and indicate the importance of both electronic
and steric factors in determining the metabolism of aromatic substrates. It is note-
worthy that methyl or halogen migration has not been observed as a major metabolic
route with any of these substrates. This is in contrast to the results obtained with 4-
methyl-® and 4-chlorophenylalanine!® with the highly specific enzyme, phenylalanine
hydroxylase, where migration of the substituent is the major metabolic pathway. As
yet there is only one report!! of the “NIH Shift” of halogen as a relatively major
metabolism during oxidation of an aromatic substrate by nonspecific microsomal
enzymes. In all other cases*: 5 '2- 13 the migration of halogen during metabolism by
nonspecific enzymes has been a minor route or has not been observed. The significance
of these observations and their relation to the role of arene oxides in the hydroxylation
of aromatic substrates are under investigation.'4-16
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