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ABSTRACT

Nitro derivatives of the heterocyclic conpounds carbazole and 2-
hydr oxycarbazol e were synthesized and tested in the Ares plate-
I ncorporation assay in order to evaluate the contribution of these
conpounds to the nutagenicity of hazardous pollutants in anbient air and
cigarette smoke. The results obtained in Sal nonella typhinuriumstrain
TA 98 found 3, 6-dinitrocarbazole to be the most nutagenic derivative,
followed by 2-hydroxy-I,3,6-trinitrocarbazol e and 2-hydroxy-3-nitro-
carbazol e. 2-hydroxy-I,3-dinitrocarbazol e was noderately active, and 1-
nitrocarbazol e weakly active, with 1,6-dinitrocarbazole and 3-nitro-
carbazol e ranging fromweakly to noderately active. Carbazole, 2-
hydroxycar bazol e and 2-hydroxy-|-nitrocarbazol e were conpletely non-
mut ageni c. These varying activities appear to derive fromthe different
structures of the conpounds, mainly the orientation of the nitro group
the presence of the hydroxy group, and the extent of nitro-substitution
as well as fromthe degree of nitroreduction by the "classical”
nitroreductase in Salnonella and by the nitroreductases in the 39 mx,

with the oxidases in S9 also possibly playing a role
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. | NTRODUCTI ON

Concern over the presence of polycyclic aromatic hydrocarbons, or

PAH, in the environnment, fromindustrial and auto emssions and the
danger they pose to public health has heightened in recent years. Of
particular concern are the nitro-PAH which have been detected and
identified in extracts fromanbient air pollution (Talcott and Harger,
1981; Pitts et al., 1983; Nielsen et al., 1984) and diesel exhaust
(Schuetzle et al., 1982; Xu et al., 1982) and found to contribute
significantly to the non-S9 or direct-acting nutagenicity of those

extracts (Wang et al., 1980; Talcott and Harger, 1981, Pitts et al.
1982b) .

As a result, studies have been undertaken to understand the
mechani smof formation of nitro-PAH in the environnent during conmbustion
(Pitts et al., 1982a) or atnospheric (Pitts et al., 1985) processes and
their nutagenic (MCoy et al., 1981; Mermelstein et al., 1981) and
carcinogenic (Hrose et al., 1984; Mller et al., 1989) potential

Wi le the nitro- and dinitropyrenes have been recogni zed as
significant contributors to this direct-acting mutagenicity (Sal meen et
al., 1984), the rest of the nutagenicity in these extracts may be spread
among ot her nitro- PAH conpounds, such as nitrocarbazol es, which have
been detected in the environment (Bayona et al., 1988) and found to be
nut ageni ¢ (Lavoie et al., 1981).

The objective of this research on nitrocarbazoles and their

oxi di zed form the 2-hydroxynitrocarbazol es, was to assess their
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contribution to the nutagenicity associated wth hazardous pollutants in
anbient air and cigarette snoke and to the potential health risk arising
from exposure.

This objective was approached through the fol |l owing tasks:

(1) Nitration of the carbazole and 2-hydroxycarbazol e conpounds using
dinitrogen tetraoxide and nitric acid.

(2) Purification of the resulting nitrated conpounds or isomers using
silica gel colum chromatography.

(3) ldentification of the individual isoners using electron inpact

mass spectrometry, proton nuclear magnetic resonance, and nelting
pol nt det ermi nation.

(4) Characterization of their bacterial nmutagenicity, with and w thout

S9 metabolic activation, using the Ames Sal monel | a typhi murium
hi sti di ne-reversion assay.
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I, BACKGROUND

2.1. Nitro-PAH in the Environment
2.1(a). Cccurrence in the Atnosphere

Wil e much of the attention in past years has focused on the PAH
as the primary genotoxic agents in anbient air pollution, research in
recent years has suggested that nitro-PAH al so play an inportant role.

The presence of nitro-PAH in anbient air particulate matter has
been wel | established (Talcott and Harger, 1981, Pitts et al., 1982b
Nielsen et al., 1983a, 1984). N tro-PAH have been detected in a nunber
of sources of air pollution--diesel and gasoline engine exhaust
particulate matter, cigarette smoke condensates, fly ash particles, and
em ssions fromincinerators, residential home heaters and wood- burning
stoves (Rosenkranz and Mermel stein, 1983).

Di esel em ssions have becone a particular source of concern
because econoni cal diesel-powered vehicles produce significantly nore
particul ate em ssions than gasoline-powered vehicles of conparable
performance. Furthermore, diesel exhaust particles are submicron in
size and can deposit in the deepest regions of the respiratory system
(Chan, et al., 1981). Many nitro-PAH have been identified in diese
particulate extracts (Pitts et al., 1982a; Schuetzle et al., 1982, Xu et
al ., 1982; Paputa-Peck et al., 1983; Canpbell and Lee, 1984), including
nitrocarbazoles (Wlfbeis et al., 1983; Bayona et al., 1988).

Carbazol e, the parent conpound of the nitrocarbazoles, has itself

been detected in atnospheric particulate matter (Saw cki et al., 1951
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Bender et al., 1964b; Lane et al., 1973; Thomas et al., 1978; Mbriske
and Ruden, 1988), diesel fuel (Wllians et al., 1986), petroleum (Helm
et al., 1960), tobacco snoke (Hoffnan et al., 1968, Hoffman and Wnder,
1971, Lee et al., 1976; Dong et al., 1978, Snook et al., 1978),
combustion products of domestic fuel oil (Leary et al., 1983), tarring
fumes (Sawi cki et al., 1962; Bender et al., 1964; Httle and Sl ukel
1976), coke oven enissions (Buonicore, 1979), and waste gas from
al um num manuf acturing (Hung and Bernier, 1983). Carbazole is
especial |y prevalent, however, in coal tar and coal liquids (Later et
al., 1982; Amteis and Taylor, 1983; Wod et al., 1984, Wight et al.
1984), whi ch when conbusted coul d rel ease carbazole and any of its
derivatives into the atmosphere as particulate matter.
2-hydroxycarbazol e, a possible mnor netabolite of carbazole and
possible air pollutant, has also been detected in coal liquids (Bender
et al., 1964a; Nishioka et al., 1985 Allen et al., 1987). Hydroxy-
ni trocarbazol es have yet to be detected, but other hydroxynitro-PAH have

been observed in ambient air (Nshioka et al., 1988) and diese
particulate matter (Schuetzle, 1983).

2.1(b). Formation in the Atnosphere

Nitro-PAH are readily formed when products of inconplete
combustion or PAH oxides of nitrogen, and traces of acid are present
sinul taneously (Rosenkranz and Mermelstein, 1983). This can occur
during emssions fromconbustion sources (Pitts et al., 1982a; Schuetzle
et al., 1982), during sanple collection (Pitts et al., 1978), or during
transport through the atmosphere by the reaction of PAH adsorbed to

particulate matter with the gaseous pollutants N2 and HNO3 (Niel sen et
al., 1983b; Pitts et al., 1985).
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Nitration during transport was tested with the PAH benzo(a)pyrene

and perylene in sinulated atmospheres containing 1 ppm N2 and traces of
H\G3. Directly mutagenic nitro derivatives were formed fromhboth
conpounds (Pitts et al., 1978). Carbazole has al so been shown to be
susceptible to nitration by NO2, formng two unidentified, directly

mut ageni ¢ mononi tro isomers, nolecular weight 212 (Tokiwa et al., 1981).

Caseous pol lutants such as N2 and HNO3 are expected to react as
electrophiles with the carbon atoms of highest electron density on the
PAH conpound (van Cauwenberghe and van Vaeck, 1983). In the case of
carbazol e, the high electron density of the pyrrole ring predisposes it
to nitration, with the resulting 9-nitro conpound undergoi ng
rearrangement to the 1- and 3-nitro isomers (Kyziol and Daszkiew cz
1984). These isomers were nost |ikely the ones formed by Tokiwa et al
after exposure of carbazole to NQ2.

Oxidi zed and nitrated conpounds, such as the hydroxynitro-
carbazol es, could al so be expected to occur in anbient air as a result
of such gas phase reactions, with ozone and peroxyacetylnitrate, or PAN
as possi bl e photooxidants (Pitts, 1983).

Once the nitro-PAH and hydroxynitro- PAH have been formed, it is
possible that they may photodegrade. Such a reaction has been observed
on soot and airhorne particulate matter for some nitro-PAH such as 6-
ni trobenzo(a)pyrene. The photodegradation involves rearrangenent of the
nitro-PAH to the corresponding aryl nitrite and subsequent dissociation

into NO and a phenoxy-type radical. Utimately, a quinone is forned
(Nielsen et al., 1983b).
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2.1(c). Direct-Acting Mitagenicity of Extracts

It has been demonstrated in a nunber of studies that nitro-PAH are
responsibl e for a significant portion of the dii”ect mutagenicity in
particulate organic mtter extracts (Vang et al., 1980; Talcott and
Harger, 1981; Pitts et al., 1982h). The PAH themsel ves require
metabolic activation in the Ames nutagenicity assay by the addition of
|iver mcrosomes to produce nutagenicity (Pitts et al., 1982b; Pitts,
1983; van Cauwenber ghe and van Vaeck, 1983). The PAH have been found in
the nonpolar fraction of diesel exhaust extract, which contains |ess
than 5%of the direct-acting nutagenicity. Mst of the direct-acting
mutageni ¢ activity was found in chemcal fractions containing conpounds
of noderate polarity, such as 1-nitropyrene, the major nitro-PAHin
diesel particulate mtter (Schuetzle et al., 1982). Sal-neen et al
(1984) found that 30-40%of the total direct-acting nutagenicity of the
extracts coul d be attributed to those fractions containing compounds
with retention times simlar to those of L-nitropyrene, 1,3-, 1,6-, and
1,8-dinitropyrene, and 3- and 8-nitrofluoranthene. However, G bson
(1983) found that only 8-12%of the direct-acting mutagenicity could be
attributed to nitro- and dinitropyrenes.

That nitro-PAH coul d be significant in the direct-acting
mutagenicity has been indirectly proven by the decrease in mutagenicity
of the noderately polar diesel extracts containing nitro-PAH in
Sal monel 1@ typhinuriumstraing TA 98ND and TA 98/1, 8-DNp5. The TA 98ND
strain acks an enzyne necessary for activating most nitro-PAH [ike 1-
nitropyrene, to an active formthat can interact with the ONA TA

98/ 1, 8-DNPy | acks another enzyme necessary for activating 1,8-
dinitropyrene (Sal meen et al., 1984).
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Tal cott and Harger (1981) found that the direct-acting
mutagenicity of extracts fromcity air disappeared when the extracts
were treated with a reducing agent. Since the aromatic amnes derived
fromnitroaromatics by reduction reactions are usually nonnutagenic
w thout mcrosomal activation, it could be reasoned that the nitro-PAH
were the agents responsible for the direct-acting nutagenicity.

Furthermore, the organic matter extracted fromcity air was
preferential |y nutagenic to Sal nonella typhinuriumframeshift tester

strain TA 98, as are many nitroaromatic conpounds (Tal cott and Harger
1981).

2.1(d). Deposition in the Respiratory Tract

Direct-acting frameshift nutagens, detectable by TA 98, have been
detected in city air on pollutant particles small enough (less than 2
mcrons) to penetrate into the parenchyma of human |ungs (Tal cott and
Harger, 1980). Diesel particles are also readily deposited in the
deepest regions of the respiratory system(Chan et al., 1981).

Particles in the. bronchial airways can be renoved by mucociliary
action to the oral cavity and then deposited in the gastrointestinal
tract (Chan et al., 1981), where nitroreduction to activated species
coul d be perforned by gut flora (Ball et al., 1984b). Particles
deposited in the alveolar region are effectively removed by the
phagocytic action of pul monary al veol ar macrophages to the ciliated
airways or to the lynphatic system(Chan et al., 1981). It has been
demonstrated in vitro that nutagens such as 1-nitropyrene can be
rel eased fromdiesel particles in the presence of |ung macrophages, and
that |ung macrophages may have the capability to metabolize those

mut ageni ¢ nitroaromatics (King et al., 1983).
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2.2. Structure-Activity Relationships

Vance and Levin (1984) defined four structural determnants of
mut ageni ¢ activity for nitro-PAH
(1) Degree of aromaticity of the PAH

(2) Resonance stabilization of the reactive electrophile, i.e., the

nitreniumion.

(3) Orientation of the nitro group

(4) Conformation of the nitro group with respect to the plane of the
aromatic rings.

The nunber and arrangement of aromatic rings in nitro-PAH has been
found to affect the frameshift nutagenicity of the DNA adduct forned
fromnitro-PAH, possibly by influencing the adduct's position relative
to the DNA helix. By observing the change in nutagenic activity with
the progressive addition of five- and six-nenbered rings to a nitro-
benzene ring, Vance and Levin denonstrated that nutagenic activity was a
direct function of size. The results suggested an optimal |ength of
three aromatic rings, as seen in 3-nitrofluoranthene, for nutagenic
potency (Vance and Levin, 1984).

I ncreasing the width of the aromatic nucleus to that of two
aromatic rings, as seen also in 3-nitrofluoranthene, has simlarly been
found to increase nutagenic activity. The additional ring may help to
stabilize insertion of the aromatic nuclei by increasing the base-
stacking forces (Vance and Levin, 1984).

However, any addition of rings beyond this number, as seen in 3-
ni trobenzo(k)fluoranthene, may prevent the adduct from being inserted
into the DNA due to the extensive strand separation necessary to
accomodat e the increased |ength of the molecule into the helix. As a

result, it reduces the nutagenic activity. This has been confirmed by
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the determnation that 3-nitrofluoranthene is a more potent mutagen than
its benzo derivative (Vance and Levin, 1984).

Further corroboration of the Vance and Levin results is provided
by Rosenkranz and Mernel stein (1983). They found that activity
increases fromthe hicyclic to the tetracyclic ring system wth
tetracyclic nitro-PAH the nost nutagenic nononitro-PAH reported
Pentacyclic nitro-PAH show an abrupt decrease in direct-acting
mutagenicity fromtetracyclic nitro-PAH (Rosenkranz and Mermel stein
1983), as Vance and Levin found for 3-nitrobenzo(k)fluoranthene

The same trend has been discovered in N-heterocyclics as well.
Mst of the N-heterocyclic conpounds with one to four rings produce no
nutagenicity, report Ho et al. (1981), while five-ring conpounds have
been found to produce significant activities.

Based on these findings, carbazole and its nitro derivatives woul d
not be expected to be as nutagenic as their benzo and di benzo
derivati ves.

The differences in nutagenic activity observed for nitro-PAH with
honol ogous structures can be explained by differences in the second
structural determnant of mutagenic activity outlined by Vance and
Levin, which is resonance stabilization. Protonation of the
hydroxyl am ne metabolite of a nitro-PAH conpound can result in
dehydration, with formation of an unstable nitreniumion. Resonance of
the positive charge fromthe nitreniumion around the aromatic ring
produces carboniumions at the ortho and para positions. Factors that
contribute to the stabilization of this aromatic carboniumion would
tend to increase the lifetinme of the charged el ectrophile, thereby
increasing its chances of binding with the DNA and of causing a
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frameshift nutation. As a result, the nutagenic potency of the conmpound
coul d be increased. An exanple of this is the greater nutagenic potency
of 6-nitroindene over 5-nitroindene due to its ability to further
resonate the positive charge fromthe benzene ring into the five-
membered ring, resulting in a phenylene-1ike structure (Vance and Levin,
1984).

The presence of electron-donating groups, such as hydroxy groups,
on ring carbons involved in resonance stabilization may effectively
prevent resonance stabilization or reaction of the carboniumion with a
nucl eophi I e such as DNA (Vance and Levin, 1984). The hydroxy group can
contribute a free pair of electrons to resonance stabilize the positive
charge and can then readily | ose a hydrogen nucleus to restore
electrical neutrality. As a result, the nutagenic potency of nitro-PAH
possessing this group is reduced (Vance et al., 1985, 1987). Ball et
al. (1984a), for exanple, observed a marked decrease in the direct-
acting mutagenicity of 6-hydroxy-I-nitropyrene fromthat of 1-nitro-
pyrene in Sal monella strain TA 98. 6-Hydroxy-l-nitropyrene required S9
metabolic activation to denonstrate its nutagenic activity in TA 98.

El ectron-w thdrawi ng groups, such as nitro groups, on the other
hand, can increase the nutagenic potency of nitro-PAH but not because
of resonance stabilization effects. The unnetabolized nitro group
exerts a strong electron-wthdrawing effect on the aromatic structure,
facilitating the initial reductions of another nitro group on the
conpound and increasing the stability of the hydroxylam ne netabolic
intermediate, both of which may increase the potential for genetic
damage (Vance et al., 1985, 1987).
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Further confirmation of this is found in the increase in

nut ageni city which acconpanies an increase in the nitro-substitution of
a PAH conmpound. Dinitro-PAH such as 1,8-dinitropyrene and 2,7-di-
nitrofluorene, have been observed to be nmuch nore nutagenic than their
nononitro anal ogs. Maximal activity has been observed with the
trinitro-substituted conpounds, with mutagenic activity falling off with
the addition of a fourth nitro group (MCoy et al., 1981; Mernmelstein et
al ., 1981; Rosenkranz and Mernelstein, 1983). According to Vance et al.
(1985, 1987), the reduction in activity may be due to an enzymatic
inability to reduce the tetranitro-PAH to its active metabolic
internmediate, the very thing that addition of a second nitro group had
facilitated. Another possibility besides steric hindrance in enzymatic

nitroreduction is steric hindrance in DNA adduct formation due to the

excessive nunber of nitro groups (Rosenkranz and Mernel stein, 1983).

Addi tional evidence has been found in manmalian cells. Wile the
addition of a single nitro group caused little change in sister
chromatid exchanges in Chinese hanster ovary (CHO cells, the nunber of
nut ations produced in the CHO HGPRT assay did increase with an
i acreasi ng nunber of nitro groups (Kitchin et al., 1988).

Based on these results, it would be expected that multinitro
derivatives of carbazole would be more nutagenic than nononitro
derivatives, and that the presence of a hydroxy group at the C2 position
may reduce the nutagenic potency relative to the nonhydroxyl ated

nitrocarbazol e conpounds.

The relative nutagenicities of positional isomers of nitro-PAH may

reflect differences based on the third structural determ nant of Vance

and Levin, the orientation of the nitro group with respect to the long
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or short axis of the molecule. Nitro-PAHwith a nitro group oriented
along the long axis were discovered to be nore potent nutagens than
those with the nitro group oriented along the short axis (Vance and
Levin, 1984).

A good exanple of this is the dramatic positional effects of the
nitro group in the carbazole series. The 2-nitro isonmer, which has the
nitro group positioned along the long axis, was relatively potent,
whereas the 1-nitro isomer, which has the nitro group positioned al ong
the short axis, was conpletely inactive, according to nutagenicity data
fromLavoie et al. (1981). These positional effects are even nore
dramatic when dinitro-PAH are exam ned (Rosenkranz and Mermel stein
1983).

The differences in nutagenic activity between these positiona
i somers may be due to the orientation of the presunptive guanine C8
adduct in the major groove of the DNA helix. Adducts oriented end-on
and perpendicular to the central axis of the helix will facilitate
intercal ation, whereas adducts which |ie broadside will not. The
orientation of the nitro group along the long axis allows the end-on
perpendi cul ar orientation, whereas orientation along the short axis
al lows the broadside orientation (Vance and Levin, 1984).

Conformation of the nitro group with respect to the aromatic plane
is related to its position on the PAH conpound and, therefore, is also
inportant in the determ nation of nutagenic activity of nitro-PAH
Nitro-PAHw th nitro groups sterically forced out of the plane of the
aromatic rings by structural features of the PAH, such as |ocation
between two peri protons, have been found to be either weakly nutagenic

or nonnutagenic. This may be because of their inability to fit into the
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active site of nitroreductase enzynes due to steric interactions. As a
result, they fail to formstable N hydroxylam ne netabolic internediates
(Fu et al., 1985).

Copl anarity of the nitro groups can be detected by the
characteristic deshielding effect of such groups on neighboring protons
in their NMR spectra. (Vance and Levin, 1984; Fu et al., 1985). Nitro
groups forced out of the plane, however, will create a slight upfield
shift of neighboring protons (Fu et al., 1985). Since no carbon-
substituted nitro groups in the nitrocarbazole series are |ocated
between two peri protons, no such upfield shift should be expected.

Anot her possi bl e determ nant of nutagenicity may be the presence
of a nitrogen in the aromatic ring. In general, however, the nutagenic
potential of basic type N-heterocyclic conpounds, which include the weak
base carbazole, are simlar to their aromatic hydrocarbon anal ogs,
according to Ho, et al. (1981). The presence of a nitrogen may increase
the nutagenicity slightly. For exanple, 3,4- and 5, 6-benzoqui noline
were found to be nmore mutagenic than their anal og phenanthrene in a
mutant fraction of Sal nonella typhinuriumresistant to 8-azaguani ne
(Kaden et al., 1979). However, this effect is not as inportant as the
nunber of fused rings, for exanple, in the determ nation of nutagenic
activity (Ho et al., 1981).

Kl opman and Rosenkranz (1984) reported another method for
determning the relationship between the structure and nutagenic
activity of nitro-PAH by the use of a newy devel oped "Conput er-

Aut omated Structure Evol ution" program or CASE, using a database of

ni tro- PAH conmpounds. They di scovered two activating and two
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deactivating fragments in nitro-PAH To be mutagenic, the nitro-PAH
nust contain an activating subunit, while nonnutagenic nol ecul es contain
either no activating subunit or both an activating and a deactivating
subunit. The activities of forty-seven of fifty-three nitro-PAH
conpounds, or 88.7% were correctly predicted by this procedure. The
activating and deactivating fragnents described by Kl opman and
Rosenkranz and their relation to the nitrocarbazoles are shown in Figure
1 on pages 37 and 38.

Substitution at the carbon atompara to the nitro group in
Structure | of Figure 1 is required for nutagenic activity, while the
presence of a hydrogen atomat that position in Structure Il prevents
activity (Kl opnman and Rosenkranz, 1984).

Thi's approach is supported by the mutagenicity results of the
nitrocarbazoles. O all the nitrocarbazoles, only 2- and 3-nitro-
carbazole were found to contain an activating fragment (Kl opman and
Rosenkranz, 1984), and only those isoners possessed any substantia
amount of nutagenicity (Lavoie et al., 1981).

Kl opman and Rosenkranz suggested that substitution para to the
nitro group may be necessary for activation of the compound by the nitro
group, for substrate recognition by activating nitroreductase enzynes,
or for DNA adduct formation

The findings of Vance and Levin may support the last explanation
Since the substitution on the carbon occurs para to the nitro group
this suggests that the nitro group may be oriented along the long axis,

thereby all owing the adduct to be better oriented with regard to the DNA

helix for coval ent binding.
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Therefore, it should be expected fromthese structure-activity
rel ationships that 2- and 3-nitro-carbazole will be the nost nutagenic
of the mononitro isoners, with any di- or trinitro isomers being even

more nutagenic. If the hydroxy group in any of the 2-hydroxynitro-

carbazoles interferes in the resonance stabilization of the resultant

nitreniumions, those compounds will have reduced nmutagenic activity.

2.3. Genotoxic Activity
2.3(a). Salnonella Miutagenicity

Nitro-PAH are believed to contribute significantly to the direct-
acting nutagenicity of air pollution. I-Ntropyrene has been found to be
responsible for a substantial portion of that nutagenicity (Pederson and
Siak, 1981a; Schuetzle et al., 1981; Salnmeen et al., 1984). Another
major nitro-PAH in air pollution is 2-nitrofluorene, the aronmatic
hydrocarbon anal og of 2-nitrocarbazole. Its nutagenic potency ranges
from2.8 to 88 revertants per nanonole wthout S9 metabolic activation
(Rosenkranz and Mernel stein, 1983). The nutagenic potency of nitrated
pyrenes (Mernelstein et al., 1981) and nitrated fluorenes (MCoy et al.
1981) has been found to increase with successive addition of nitro
groups up to the third substitution. Activity then decreases, in
accordance with the structure-activity relationships discussed above.

Carbazol e, the parent conpound of the nitrocarbazol es, has shown
no nmutagenic activity of its own in a nunber of Ames Sal nonella
mut ageni city studies (Anderson and Styles, 1978; Kaden et al., 1979; Ho
et al., 1981, Tokiwa et al., 1981, Lavoie et al., 1982, Bechtold et al.
1985) using frameshift tester strains TA 98 and TA 1538 and base- pair
tester strains TA 100 and TA 1535, with and w thout S9 metabolic

activation. The sanme cannot be said for the nitrocarbazol es, however.


NEATPAGEINFO:id=0E53FA31-BBC9-4B4E-B084-43C85D2741D4


16

O the four possible nononitro isoners of carbazole, 2- and 3-
nitrocarbazol e were active nutagens in TA 98, according to Lavoie, et

al. (1981). The activity of 2-nitrocarbazole was not unlike that of the
known carci nogen 2-nitrofluorene, which was used as a positive control

in the assay (Lavoie et al., 1981).

A summary of the results of Lavoie et al., in revertants per
nanomol e, is found in Rosenkranz and Mermel stein (1983) and is presented
in Table 1 on page 39. According to those results, incorporation of
rat-1iver honogenate S9 reduced the nutagenic activity of 2-nitro-
carbazole by nore than 50% while increasing the nutagenic activity of
3- and 4-nitrocarbazole only slightly. 1-Ntrocarbazol e renai ned
i nactive when assayed in the presence of S9 (Lavoie et al., 1981).

In line with nost other nitro-PAH, the nitrocarbazol es were
stronger frameshift nutagens than base-pair nutagens. The mutagenic
responses of the nitrocarbazoles in strains TA 1535 and TA 100 were
ei ther weak or nonexistent. No nutagenic activity was observed for any
of the nitrocarbazoles in TA 1535 with or without S9. Both 1- and 3-
nitrocarbazol e were inactive as nmutagens in TA 100 in the absence of S9,
and 3-nitrocarbazole was only weakly active with the addition of S9,
with the 1-nitro isomer remaining inactive. 2-nitrocarbazol e was
somewhat active in the absence of S9, but becane inactive with the
addition of S9. The 4-nitro isomer was the nost active mutagen in TA
100 in either the presence or absence of S9, but was still only slightly
nut ageni ¢ (Lavoie et al., 1981).

No i nfornmati on has been found in the literature on the bacteri al

mut ageni city of dinitrocarbazol es, but as previously nentioned, the
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mut ageni ¢ potency of nitro-PAH increases with increasing nunber of nitro
substitutions, up to the third substitution.

There is also no information on the nutagenicity of 2-hydroxy-
carbazole or any of its nitro derivatives, but the hydroxy group is
expected to reduce nutagenic potency relative to conparable nitro-
carbazol e conpounds if it interferes with resonance stabilization
Al'so, its multinitro derivatives are expected to be nore nutagenic than
their mononitro anal ogs.

According to Rosenkranz and Mernel stein (1983), the nutagenicity
of nitro-PAH is maximal in Salnonella strains containing the pkMQ
plasmd, which codes for an error-prone DNA repair system and nissing
the uvrB gene, which codes for the DNA excision repair system
Miut ageni ¢ activity for most nitro-PAH in Salnmonella also requires the
presence of the "classical" nitroreductase to reduce the nitro conpound
to its reactive netabolic internediate (Rosenkranz and Mermel stein
1983).

Ni tro- PAH have give a variety of responses with the addition of S9
to the assay mxture, ranging fromreduction or abolition of
mutagenicity, to lack of any effect, to an absolute requirenent for
nut ageni ¢ activation. Incubation of nitro-PAH such as 2-nitrofluorene
or 1-nitropyrene with S9 overcones the block in the nitroreductase-
deficient strain TA 98ND. This either suggests that rat mcrosonmes
contain nitroreductases capable of reducing the nitro conpounds to
active internmediates or that they activate the conpound by ring
oxi dation to an epoxide, which then reacts with the DNA, or a
combination of the two (Pederson and Siak, 1981b; Rosenkranz and

Mernel stein, 1983).
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2.3(b). Mammalian Cell Genotoxicity

No information has been found for any of the carbazol e conpounds
with regard to their in vitro manmalian cell genotoxicity. However
ot her nitro-PAH have shown activity in manmalian cells. This activity
i ncludes the induction of unschedul ed DNA synthesis, sister-chromatid
exchanges (SCE), chronmosonal aberrations, gene nutations, and cel
transformati ons (Rosenkranz and Mernel stein, 1983).

In sone cases, but not in others, biological activity is dependent
on exogenous activation systens such as S9. For exanple, 2-nitro-
fluorene requires S9 for transformation of the hamster BHK-21 cells but
not for the transformation of normal human fibroblasts (Rosenkranz and
Mernel stein, 1985).

Furthernore, some nitro-PAH are devoid of activity in some systens
yet active in others. For exanple, 1l-nitropyrene is nonnutagenic in
Chi nese hanster lung fibroblasts and dermonstrates little or no activity
in CHO cells, but induces significant unschedul ed DNA synthesis and DNA
damage as well as SCE's in other cells (Rosenkranz and Mernel stein
1985). Also, several nitrofluorenes significantly increased the SCE
rate in CHO cells in the presence or absence of S9, but did not produce
any nutations in the CHO HGPRT assay. Al this suggests that there may
be a sequence of nitroreductions needed for the formation of the
ultimate nutagens. These nitroreductions cannot be carried out by many
mammal i an cells but are readily carried out in bacteria, in which nitro-
PAH such as 1-nitropyrene are consistently active (Kitchin et al.,

1988) .
Wth regard to cell transformations, the same inconsistency seens

to occur fromone assay systemto another. \Wile nitro-PAH such as
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1-nitropyrene, 1,8-dinitropyrene, 2-nitrofluorene, and 3-nitrofluoran-
thene all denonstrated cell transformation activity in Syrian hanster
enbryos (SHE) and nornal human fibroblasts as well, no activity at al
was seen in the Muwuse Balb 3T3 assay. It appears that nitroreduction
nmedi ates the transformati on of nornal human fibroblasts as well, since
this enzymatic event was enhanced in the absence of oxygen (Rosenkranz
and Mernel stein, 1985). Positive results in this assay systemwould be
very significant for nitro-PAH such as these. Transfornation of
cultured cells into cells which have nost of the properties of cancer
cells and induce malignant tunors when injected into susceptible aninals
is considered highly predictive of the carcinogenic potential of a

compound (Rosenkranz and Mernel stein, 1985).

2.4. Carcinogenic Activity

Ni t>' 0- PAH detected in anmbient air pollution have been shown to be
mut agenic (McCoy et al., 1981; Mernelstein et al., 1981; Tokiwa et al.
1981; Rosenkranz and Mernel stein, 1983), and some have been shown to be
carcinogenic (El -8ayouny et al., 1982; Chgaki et al., 1982, 1984; Hirose
et al., 1984). Athough no results have been found in the literature on
the carcinogenicity of nitrocarbazoles, there are results for 2-nitro-
fluorene, the aromatic hydrocarbon anal og of 2-nitrocarbazole, and the
parent conpound carbazole. At a level of 1.62 mllinoles of 2-nitro-
fluorene per kilogramof diet in rats, or 342 ppm 2-nitrofluorene
formed tumors in the forestomach, liver, small intestine, mammary gl and
and ear duct (MIller et al., 1955). 2-Nitrofluorene has al so been found
in arecent study to be a noderate initiator and a weak pronoter of

careinojenesis (Mller et al., 1989).
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Al though earlier tests, summarized by Wrld Heal th Organization
(1983), gave inconclusive results, the parent conpound carbazol e has
been denonstrated to be an ani mal carcinogen (Tsuda et al., 1982; Ito et
al., 1988). In the study by Tsuda et al. there were significant
increases after 96 weeks in the induction of neoplastic |esions in the
livers and forestonmachs of male and femal e mice given 0.6% carbazole in
the basal diet, or 6000 ppm as conpared to control groups.

The incidence of preneoplastic enzyne-altered focal |esions,
wi dely accepted as early indicators of neoplastic devel opment, was
statistically increased, conpared to the control group, in nale rats
given 200 ppm of carbazole in the basal diet for 6 weeks (Ito et al.,
1988). The carbazole was fed to the rats two weeks after the
adm ni stration of a 200 ng/ kg, or 200 ppm intraperitoneal dose of
diethylnitrosamne (DEN) to initiate carcinogenesis. Carcinogenic
potential was scored by conparing the nunber and area per square
centineter of positive foci in the l[iver with those of the corresponding
control group given DEN alone (Ito et al., 1988).

No results have been reported for 2-hydroxycarbazole or any of its

nitro derivatives with regard to their carcinogenic activity.

2.5. Metabolismand DNA Adduct Formation

Li ke nost mutagens and carcinogens, nitro-PAH are believed to be
met abol i zed to reactive electrophiles in order to exert their effects on
the DNA. Based on a conparison wth those nutagens and carci nogens,

three metabolic pathways are believed possible for nitro-PAH (Howard et

al ., 1983; Rosenkranz and Mernel stein, 1983):

(1) Reduction of the nitro function to N-hydroxyarylam nes.
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(2) Oxidation of the hydrocarbon ring to epoxides (the nature of which
is influenced by the nitro group).

(3) Ring oxidation followed by nitroreduction.

Bacterial systems such as Sal nonel | a typhl murium appear to rely
solely on nitroreduction in the metabolic activation of nitro-PAH such
as l-nitropyrene, since nmutation assays conducted with nitroreductase-
deficient strains of Salnonella gave | ower histidine reversion
frequencies than those using nitroreductase-proficient strains (Howard
et al., 1983). So far, three nitroreductases have been identified in
Salmonella - A 3, and C, with B, the "classical” nitroreductase,
accounting for 94% of the activity in TA 98 of 1-nitropyrene (Bryant et
al ., 1983).

The reactive el ectrophiles formed in bacterial systens as a result
of this nitroreduction have been identified as either hydroxyaryl am nes
(Howard et al., 1983) oi™ arylnitreniumions. Arylnitreniumions form
fol | owi ng noo-enzymatic dehydration of the protonated formof the
hydroxyaryl am nes (Vance and Levin, 1984). These el ectrophiles are
produced as intermediates in the netabolic pathway of the nitro-PAH and
covalently bind to the DNA at the C-8 position of guanine (Howard et
al., 1983). The resulting bul ky adducts displace the guanine to which
they are covalently linked and swivel into the plane of the helix,
resulting in a frameshift mutation (MCoy et al., 1981). These adducts
have been detected as N (deoxyguanosin-8-yl)-I-amnopyrene in the DNA of
Sal monel l'a frameshift tester strain TA 1538 fol | owi ng incubation with 1-
nitropyrene (Howard et al., 1983).

A strong correlation has been found between the extent of DNA
binding of the 1-nitropyrene adducts in TA 1538 and the frequency of

i nduced histidine reversions, or nutagenicity (Howard et al., 1983).
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This is supported by the results of Beranek et al. (1982), in which a
linear relationship was discovered between the nutagenicity of N

hydr oxy- 2- am nof | uorene conpounds, the reactive intermediates of
2-nitrofluorene, and total DNA binding.

Reduction of the nitro function to N hydroxyarylamnes can al so
occur in eukaryotic cells. Manmalian enzymes which exhibit
nitroreductase activity include xanthine oxidase, aldehyde oxidase, DI-
di aphorase, cytochrome P-450, and NADPH cytochronme P-450 reductase
(Howard et al., 1983).

Xant hi ne oxi dase catal yzes the 2-el ectron oxidations of
hypoxant hine to xanthine and xanthine to uric acid. The reduced form of
this enzyme can, in turn, catalyze the sequential reduction of a nitro
conpound to nitroso-, N-hydroxy-, and amne derivatives (Howard et al.
1983).

The N-(deoxyguanosin-8-yl)-I-am nopyrene adducts have been
detected as major adducts in in vitro incubations of |-nitropyrene with
cal f-thymus DNA using xanthine oxidase (Howard et al., 1983) and rat
liver mcrosomal enzynmes (Djuric et al., 1986) and in vivo in rats
(Stanton et al., 1985). The adducts were even detected, although in
smal| quantities, in cultures of respiratory tract tissues, where
oxi dation woul d be considered the major metabolic pathway (Jackson et
al., 1985).

The maj or pathway of metabolismfor PAH in eukaryotic cells,
however, involves ring oxidation reactions, catalyzed mainly by the
cytochrome P-450 m xed-function oxidase system (Ball and Lewtas, 1985).

In vitro incubations of |-nitropyrene with hepatic mcrosomes

resulted primarily in a series of hydroxylated netabolites, with
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di fferent DNA-binding strengths observed after nitroreduction by rat
liver cytosol or xanthine oxidase (Djuric et al., 1986), and with
different nutagenicities (Ball et al., 1984a). K-region epoxides were
al so forned as minor products which bind directly to DNA to give
adducts. The ultinmate reduced formof 1-nitropyrene, |-am nopyrene, was
dlso forned .is ¢! ninor metabolite (Duric et al., 1986).

In vivo .netdbolismof 1-nitropyrene in the rat gave a series of
hydr oxy- N-acet yl - am nopyrene urinary tnetabolites, which had undergone
enterohepdtic circulation, involving ring oxidation in the |iver
nitroreduction in the gastrointestinal tract, and N-acetylation in the
liver. The tine course of excretion suggested that enterohepatic
recirculation was necessary for, and gut flora were involved in, the
formation of these metabolites. As nentioned previously, the
gastrointestinal tract constitutes the major site for in vivo reduction
of 1-nitropyrene and other nitro-?AH (Ball et al., 1984b).

Ri ng- oxi di zed nitro-PAH coul d be detoxified in the liver by
conjugation with glucuronic acid at the hydroxy group, as in the case of
t he hydroxynitrofluorenes. Wile these conjugates have been verified dS
nonmut ageni ¢, they coul d be hydrol yzed by intestinal B-glucuroni dase and
eventual |y enter the enterohepatic circulation, exposing both the
intestines and the [i\/er to potent nutagenic netabolites (Mller et al.,
1989) .

Wiile no information is available on the metabolismof any
ni trocarbazol es or hydroxynitrocarbazol es, the parent conpound carbazol e
has been shown to be metabolized by ring oxidation to a hydroxy
conpound. 3-Hydroxycarbazol e, conjugated with glucuronic acid, was

detected as the mgjor urinary netabolite in rats and rabbits after
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admi ni stration of carbazole. Position-3 hydroxylation is in accordance
with an attack by oxidizing enzynes at the nost reactive position of the
carbazol e nucl eus. M nor netabolites included 3-nethoxycarbazole and an
unidentified dihydroxycarbazole (Johns and Wight, 1964).

An uni dentified hydroxycarbazol e netabolite, presumably 3-
hydr oxycar bazol e, was al so detected as the major netabolite when femal e
rats were orally administered carbazole. No nmutagenicity was detected
by the spore rec assay or the Ames Sal nonella assay with strains TA 98
and TA 100 (Hasegawa et al., 1985), but no mention was nade whether S9
had been i ncl uded.

Ni trocarbazol es may be simlarly netabolized. Nitrated 2-

hydr oxycar bazol es are being used as nodels for any putative 2-hydroxy-

X-nitrocarbazol e nmetabolites.

2.6. Anal ytical Techniques
2.6(a). Nitration

PAH compounds | i ke carbazol e and 2-hydroxycarbazol e can be
nitrated by a variety of nethods, including dinitrogen tetraoxide (N2O4)
in methylene chloride and nitric acid (HNGB) in acetic acid or acetic
anhydri de. N

Nitration of PAHwth N204 by the method of Radner (1983) is very
clean and rapid and provides under mld conditions alnost quantitative
yields of the most electronically favored nononitro-PAH after a sinple
wor k-up procedure that mnimzes the handling of those hazardous PAH

conmpounds (Radner, 1983).

The dissol ved N2O4 dissociates into NO'A and NO38" and is in

equilibriumwth its monomer NO2. It is inpossible at present to decide
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whet her the catalytic effect of N2O4 or N2 is caused by N2O4, N2, or
NO'*", but recent experinental data indicate perhaps that dinitrogen
tetraoxide is the real catalytic species (N elsen, 1984).

No reports have been found in the literature on the nitration of
carbazol e or 2-hydroxycarbazole with N2O4.

To formnitre products, PAH are generally nitrated with HNOB in
acetic acid at high tenmperatures or in acetic anhydride at |ow
tenperatures. Yields fromthis method are normally good, with a wi der
range of isomers possible than with N2O4, especially with acetic
anhydride (Ruehle et al., 1985). However, work-up procedures can be
tedious, and polynitration is sonetines encountered (Radner, 1983). The
nitrating species is believed to be the protonated form of acetyl

nitrate (Ruehle et al., 1985).

There have been a nunber of studies of the nitration of carbazol e

with HNG3. The isomers fornmed fromthe nitration of carbazole with 60%

HNO3 in acetic acid (Ziersch, 1909; Lindemann, 1924; Preston et al.,
1942) and in water (Mrgan and Mtchell, 1931) at 80°C include mainly 3-

and 1-nitrocarbazol e. These conpounds were |ater found to occur in an
approximately 7:3 ratio in acetic acid, contam nated with carbazole and
its dinitro derivatives (Kyziol and Daszkiew cz, 1984).

The formation of 3- and 1-nitrocarbazol e has been hypot hesi zed by
Kyzi ol and Daszkiewi cz (1984) to be a two-step process involving
formation and intranol ecul ar rearrangement of 9-nitrocarbazole. The
hi gh el ectron density of the pyrrole ring predisposes the conmpound to
nitration at the 9-position on the pyrrole nitrogen. 3- and 1-nitro-

carbazol e isoners result from9-nitrocarbazole in a nitram ne

rearrangenent of that conpound, follow ng a "cartwheel" nechanism This
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reaction is illustrated by Kyziol and Daszkiew cz (1985) in Figure 2 on
page 40.

C-nitrosooxy conpounds are formed in the solution rapidly but in a
mnute amount and renmain in the equilibriumstate with the Nonitro form
Transformation of the nitrites (structures la and Ic in Figure 2) into
the stable conpounds (structures 2 and 3) occurs in the last, rate-
limting step, and is acconpani ed by proton expul sion (Kyziol and
Daszki ewi cz, 1985).

3- and 1-nitrocarbazole were also the nmajor isoners forned from

the nitration of carbazole with HNO in acetic anhydride at 10-15°C
(Preston et al., 1942; Dewar and Urch, 1958). Carbazole reacts 222,000

times faster than benzene with HNO3-acetic anhydride, having partial
rate factors of 32,100 at the Cl position; 1,100 at the C2 position
77,600 at the C3 position; and a rate factor too snall to nmeasure at the
C4 position (Dewar and Urch, 1958). Thus, C3 is the nost reactive
position, followed by C, C2, and C4 in that order

Because of their lowrate factors, 2- and 4-nitrocarbazole are not
formed to any great extent by the sinple nitration of carbazole with
HNG3. The presence of a nore electron-w thdraw ng group, such as an
acyl group, on the pyrrole nitrogen, to reduce the aromatic character of
the central ring, is required for the formation of 2-nitrocarbazol e
(Joule, 1984).

According to Joule, the presence of a C3 substituent, whether
el ectron-donating, such as a hydroxy group, or electron-w thdraw ng,
such as a nitro group, usually leads to further substitution at the C6
position, which is the symetrical equivalent of the C3 position

Gotta et al. (1964) discovered that carbazole could undergo dinitration
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to a mxture of 3,6- and 1,6-dinitro derivatives. The 3,6-dinitro
i somer conprised 50-50% of mxture, and the 1,6-dinitro isoner conprised
30-35% of the mixture.

Furthernmore, carbazole, on treatment with 93% HNOG3, gave 3, 6-
dinitrocarbazole at 70-80°C and 1, 3,6, 8-tetranitrocarbazole at 100°C
(Anemya et al., 1952). 3,6-disubstituted carbazol es normal |y undergo
electrophilic attack at CI or C8 (symmetrically equival ent positions)
and can form1,3,6,8-tetra-substituted carbazol es under forcing
conditions, such as high HNO3 concentration and very high tenperatures
(Joule, 1984).

Carbazol e undergoes tetranitration to forml,3,6,8 and 1, 2,6, 8-
tetranitrocarbazol e by sequential treatnment of carbazole with hot,
fumng H2SO4 and then hot 93% HNG3. The isomer formed in greatest
quantity was the 1,3,6,8- isoner, with 1,2,6,8-tetranitrocarbazole
conprising only 10% of the crude product (Mirphy et al., 1953).

Much I ess is known of the substitution of 1-, 2-, or 4-substituted
carbazol es, but an activating group at C2 has been found to lead to
substitution at CI and C3, the latter predom nating (Joule, 1984), and,
as denonstrated above, the presence of a nitro group at Cl could lead to
further substitution at C6, to formthe 1,6-dinitro isomer during
carbazol e nitration

No data is available on the nitration of 2-hydroxycarbazole with
HNO3, but a simlar route is probably followed. 2-hydroxycarbazol e was
chosen as a convenient route to specific synthesis of 2-hydroxy-X-
ni trocarbazol es, possible hydroxyl ated netabolites and phot ooxi di zed

products of the nitrocarbazol es.
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2.6(b). Adsorption Chromatography

Among the methods of adsorption chromatography used for resolving
i ndi vidual isoners present in a reaction mxture, columm chromatography
and thin layer chromatography, or TLC, were chosen. The theory behind
both nethods is the same. In colum chromatography a glass colum is
packed with adsorbent material, such as alumna or silica gel, whereas
in TLC a glass or al um num support is evenly coated with adsorbent
material, such as silica gel. The adsorbent material contains hydroxy
termnals which can interact with solute nolecules fromthe reaction
inl<tjr9 by hydrogen bonding and London forces (Bailar et al., 1978;
Braithwaite and Smith, 1985). A solvent is used to dissolve and carry
the dppliel nixture down the colum by gravitation for colum
chromat ography or up the TLC plate by capillary action for thin |ayer
chromat oyrdphy. As d result, an equilibriumis established between the
solute In the stationary phase (adsorbed to the adsorbent material) and
the solute in the mobile phase (bound to and moving with the solvent).
As the mxture proceeds down the colum or up the plate, new and
different equilibria d-re established as the material encounters fresh
absorbent. Less polar nolecules will displace more polar nol ecul es
since they are not as tightly adsorbed to the adsorbent materia
(Kirchner, 1978). As a result of these different adsorption affinities,
a series of bands are formed on the colum, and a series of spots on the
TLC plate, each one correspondinj to a particular isoner with a
different polarity. The more polar an isonmer is, the farther up the
colum, or the farther down the TLC plate, it wll be.

At the end of the run, each band can be collected as fractions at

the bottomof the colum and dried. Each spot on the TLC plate can be
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| ocated visually or by fluorescence, and assigned an R* val ue based on
the distance the spot noved fromthe origin relative to the distance the
solvent front nmoved fromthe origin. A though TLC plates can be used to
obtain quantitative yields of individual isomers, in this case it was
used to resolve the isomers present in the reaction mxture and also to

anal yze the purity of the fractions obtained fromcolum chronatography.

2.6(c). Electron Inpact Mass Spectrometry

Mass spectronetry can be used to determne the nolecul ar weight
and el emental conposition of the isoner compound and to provide
structural information fromfragmentation patterns of the conpound.
El ectron inpact mass spectronetry works by bormbarding a vaporized sanple
of the compound with an electron beam fragmenting the conpound, and
thereby producing a beam of positive ions. After collimation, the beam
I's accelerated by an electrical potential of variable strength. The
ions then pass through a magnetic field of variable strength
perpendicular to their path, the force of which deflects the ions into
curved paths, in which the radius of curvature depends on the mass and
charge of the ions. By varying the accelerating electrical potentia
and the strength of the magnetic field, ions are directed onto a
detector in the order of their mass-to-charge, or mz, ratios, formng a

distinctive mass spectrumthat is a chemcal "fingerprint" of the sanmple
(Bailar et al., 1978).

Mass spectra "fingerprints" were made of 1- and 3-nitrocarbazol e
and 1,6- and 3,6-dinitrocarbazole by Kyziol et al. (1987). . The main
fragmentation routes of the nitrocarbazoles were found to he typical of

other nitro-PAH involving expul sion of the NO2 and NO species as the
primary processes, and were strongly dependent on the position of the
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nitro group relative to the pyrrole nitrogen. For exanmple, nitro-
nitrite rearrangenment, followed by expul sion of NO nol ecul es played a
more inmportant role in the fragmentation of 3-nitro- and 3, 6-
dinitrocarbazol e than of 1-nitro- and 1, 6-dinitrocarbazole, suggesting a
quinonoid structure for the internediate, as illustrated by Kyziol et
al. in Figure 3 on page 41

No mass spectra have been found on other nitrocarbazol es or any

2-hydroxynitrocarbazoles in the literature.

2.6(d). Proton Nuclear Magnetic Resonance

Proton nucl ear magnetic resonance, or proton NVR, can indicate the
posi tions of substituents, such as nitro groups, on a conpound based on
t he resonance frequencies of the protons remaining on the conpound.

Protons produce a small nagnetic nmoment as a result of their
spi nning about their axes, so when they are placed in an externa
magnetic field, they align, like magnets, parallel or antiparallel to
that field. This alignment can be changed if the protons absorb energy
in the radio frequency range of the el ectromagnetic spectrum (Bailar et
al ., 1978).

NMR is measured, therefore, by placing the sanple to be anal yzed,
in solution, in a constant radio frequency field, and varying the
strengths of the applied magnetic field. At the appropriate conbination
of radio frequency and magnetic field, absorption occurs and is detected
and recorded as a plot of magnetic field strength versus radi o frequency
absorption, which appears as a series of peaks (Bailar et al., 1978).

The frequency at which a proton absorbs varies with the chem ca
environment, and that variation is called a chem cal shift. The

chem cal shift of a particular peak is the difference between its
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absorption and that of the standard tetranethylsilane, or TM5 and is
reported in parts per mllion and is called delta. The area under each
peak is proportional to the number of protons in that particular
environment (Bailar et al., 1978).

The presence of el ectronegative groups, such as nitro groups, on a
mol ecul e create a chemical shift downfield, to higher delta val ues, of
the protons near themas a result of their deshielding of the nolecule
around them This decreases the electron density near the nitro group,
thereby increasing the magnetic field reaching the nucleus of a proton
nearby. As a result, protons near the nitro group will be shifted
downfield on the spectrum (Brescia et al., 1978). The nitrogen present
in the pyrrole ring of carbazole and the pseudo bay region between C4
and C5 have a simlar deshielding effect on ring protons.

Hydr oxy groups, on the other hand, have the opposite effect. They
shield the nolecule and shift protons upfield to | ower delta val ues on
the spectrum Specific chemical shifts at various positions on the
mol ecul e relative to the nitro or hydroxy group are given for benzene by
Jackman and Sternhell in Table 2 on page 42

Splitting of the absorption peak occurs for protons in different
chem cal environnents as a result of the influence of the magnetic
moment of protons on adjacent atons (Bailar et al., 1978). If there are
two adj acent protons, the proton's absorption peak will be split twice,
thereby forming a triplet. If there is only one other adjacent proton,
it wll be split once, thereby formng a doublet. If no other protons
are adjacent, it will not be split, formng only a singlet. There can
al so be partial splitting of those peaks by protons on atons in nmeta

positions, i.e. "meta splitting."”
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Wth this information on chem cal shift, or resonance, and
splitting patterns, it should be possible to determine the positions of
substituents on conpounds such as nitrocarbazol es and hydroxynitro-
carbazol es. However, no information has been found in the literature on

the NMR spectra of those conpounds.

2.6(e). Melting Point Deternination

Because each conpound has its own unique nelting point, nelting
point determnation is a good tool for identifying a particular isoner
by conparing its experimental nelting point to those found in the
literature. The nelting point of a solid conpound is defined as the
tenperature at which the solid and |iquid phases of the conpound are at
equi librium (Bailar et al., 1978). A nunber of nelting point
determ nati ons have been done on carbazole and its hydroxy and nitro
derivatives and are listed in Table 3 on page 43. No nelting points

have been found of hydroxynitrocarbazol e conmpounds in the literature.

2.6(f). Mutagenicity Assay

The Anes Sal monel | a mutagenicity assay is considered a rapid,
relatively inexpensive way to screen a wi de range of chemcals for
genotoxic activity. Initial validations of this assay (MCann et al.
1975; Purchase et al., 1978; Bartsch et al., 1980), using known
carcinogens, gave correl ations of about 90% between carcinogenicity and
the nutagenicity determned in those tests. However, this correlation
began dropping over time, first to 83% (Anmes and MCann, 1981) and then
to 62% (Tennant et al., 1987). This may be due to the inclusion of nore
conpounds for which the carcinogenicities were not well established, or

for which the Ames assay could not detect, such as polychlorinated
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pesticides (Rinkus and Legator, 1979). Tennant et al, also found

correl ations around 50% or lower for inarrtnalian cell short-termtests
such as chromosonal aberrations, SCE's in CHO cells, and the nouse

| ynphoma L5178Y cel | nutagenicity assay, with no significant

conpl enentarity observed between any of those tests, including the Ames
assay, in detecting carcinogens.

For detecting inutagens, the Ames assay uses a set of histidine-
requiring strains, each with a different type of nutation in the
histidine operon, elimnating the strain's ability to synthesize its own
histidine for g*-owth (Maron and Anes, 1983). In strain TA 98 there is a
-1 frameshift mutation in the histidinol dehydrogenase gene hi sD3052
(I'sono and Yojrno, 1974). As a result, the reading frame of the gene
necessary for histidine production is shifted, elimnating histidine
synthesis by tiie strain. Frameshift nmutagens such as nitro-PAH can
restore the correct reading frame by inducing another frameshift
mutation in the gene. As a result, the bacteria revert to the wild type
and can grow again. They can formcolonies on a mninmal histidine agar
plate, the number of which is proportional to the nutagenic potency of
the frameshift nmutagen. A dose-response relationship can he determ ned
by using various doses of the conpound, and the genotoxic potency can be
calculated fromthe slope of the linear portion of that dose-response
cutAve

The standard tester strains contain two other nutations, in
addition to the histidine mutation, that greatly increase their ability
to detect nutagens. One nutation (rfa) causes a partial |oss of the

| i popol ysaccharide barrier coating the bacterial surface. As a result,
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the perneability of the cell wall to large nol ecul es such as
benzo(a)pyrene is increased (Maron and Anes, 1983), Another mutation
(uvrB) deletes the gene coding for the DNA excision repair system

greatly increasing the sensitivity to detect nutagens. Because, for

techni cal reasons, this deletion also extends through the bio gene,
these bacteria also require bhiotin for growh (Maron and Ames, 1983).

The strains also contain the R-factor plasmd, pKM O, which
enhances an error-prone DNA repair system allowing the strains to
detect a nunber of nutagens that are detected weakly or not at all with
the non R-factor strains TA 1535 and TA 1538 (Maron and Ames, 1983).

Before using the strains to detect nutagens, the presence of the
nutations and the plasmd nust be verified. Histidine requirement can
be tested by determning if bacterial growth occurs on histidine-free
agar plates. Since the rfa nutation confers cell wall perneability, the
presence of the nutation can be tested by observing if any toxic effect
occurs fromthe intrusion of the large toxic nolecules of crystal violet
through the bacterial cell wall. Because one side effect of the uvrB
mutation is the strain's sensitivity to ultraviolet, or uv, light, a
good test of this nutation is determning whether any growh occurs on a
plate after exposure to uv light. Finally, since the pkM QO plasmd
confers ampicillin resistance, the presence of the plasmd can be
confirmed by streaking bacteria on plates containing anpicillin and
wat ching for growth (Maron and Anes, 1983).

Ni troreductase-deficient derivatives of TA 98 and ot her strains
have been isol ated by Rosenkranz and Speck (1975, 1976). These strains

can be useful for studying the nutagenicity of nitro-PAH, since they are
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met abol i zed by a fam |y of bacterial nitroreductases to electrophilic

intermediates that an bind to the DNA and cause a franmeshift nutation.

For use in the Ames assay, tester strain cultures are obtained
frommster plates made from frozen stock and grown in nutrient broth
overnight to a density of 1-2 x 10" cells per mlliliter. Spontaneous
reversion rates and positive nmutagenesis controls are then neasured for
the strains. Each strain reverts spontaneously to histidine
I ndependence at a frequency that is characteristic of the strain (Mron
and Anes, 1983). The spontaneous rates for TA 98 (-59) have been given
by Maron and Ames as 30-50 revertants per plate, and by Claxton et al
(1982) as 15-35 revertants per plate, with slightly higher rates on
plates with S9 (Maron and Ames, 1983).

To qualitatively assess the sensitivity and specificity of the
strains, positive nutagenesis controls are used. Strains respond nore
easily to some conmpounds as positive controls than to others (Maron and
Ames, 1983). 2-Nitrofluorene, a potent franmeshift nutagen, is used as
the positive control for strain TA 98 without S9, and 2-anthram ne as
the positive control for TA 98 with S9 (O axton et al., 1982). They
conmonl y produce 254-356 and 361-809 revertants/plate respectively in
TA 98 (Goldring et al., 1987).

S9 is the 9000 x g fraction obtained fromthe centrifugation of
l'iver hormogenate fromrats induced with the polychlorinated bi phenyl
m xture Aroclor 1254. By inducing the animals in this way to produce

cytochrone P-450 netabolicc enzymes, a wide variety of carcinogens
requiring metabolic activation can be efficiently detected (Maron and

Ames, 1983). S9 is incorporated in the Ares assay in order to determne
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the effect of mammalian nmetabolic activation on the genotoxicity of a

particul ar chenical.
While its correlation with carcinogenicity has declined with the
addition of nore conpounds, the Ames nutagenicity assay remains a potent

tool for the detection of environmental nutagens, if the limtations of

the assay are known and taken into account.


NEATPAGEINFO:id=8BEE0717-843B-412E-90E3-DE2D712CEED9


FIGURE 1 Activating and Deactivating

Fragnents of NitroPAH Conpounds

NO. NC2
2 5 x™H 3N »-<S. 1
CH HO -AC CH
I | 1
CH nNC

Activating Fragnments

NGO,
nomayy e OHB MR L,
13 I
ACH el 11 |
ert CH*° 1

1 1 1 1 \/

Deactivating Fragnments

37


NEATPAGEINFO:id=BA2691CA-A75D-4E5D-A2D3-C1F117E475F7


FI GURE 1 Activating and Deactivating
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TABLE 1 IVlutagenicity Results for
Ni t rocar bazol e Conpounds

by Lavoie et alL(1981)

Revert ant s/ nanonol e

TA 98 TA 100
Con‘pound -S9 +S9 -S9 +S9
1-ni trocarbazol e 0.0 0.0 0.0 0.0
2-ni trocar bazol e 10.3 4.7 0.5 0.1
3-ni trocarbazol e 0.2 0.8 0.1 0.4
4-nitrocar bazol e 0.01 0. 06 0.5 0.8
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FI GURE 3 Fragnentation Pattern of

Ni t rocar bazol e Conpounds
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TABLE 2 Chem car Shifts of

Model PAH Benzene

Chemical Shift (ppm
Group Otho Meta Para

Nitro +0. 95 +0. 17 +0. 33
Hydr oxy -0.50 -0.14 -0.40
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TABLE 3 Melting Points for

Car bazol e Conpounds

Conmpound Mel ting
Poi nt (OQ)

Car bazol e 242- 243
247- 248
245- 246

1-Ni trocar bazol e 186-187

189- 190

187
185-187
188- 189

2-Ni trocarbazole 174-175

173-174
3-Nitrocarbazol e 215. 5-

216. 5

213-215

215-216

214

Physi cal
Description

white crystals,
plates, or leaves
needl es

yel | ow

yellow rods
yellow crystals
orange plates

Ref er ences

Kyzi ol and
Daszki ewi cz,
1984

VHO, 1983

Al dri ch NMSDS
Dewar and
Urch, 1958
Kyzi ol and
Daszki ewi cz,
1984

Li ndemann,
1924

Campbel | and
Barclay, 1945
Kyziol et al.,
1987

Kyzi ol and
Daszki ewi cz,
1984

Smth and

Br own, 1951
Dewar and

Ur ch, 1958

Kyzi ol and
Daszki ewi cz,
1984

Kyziol et al.,
1987

Li ndemann,
1924
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TABLE 3 Melting Points for
Car bazol e Conpounds, conti nued

Conpound

3-Nitrocarbazol e

4-Ni trocarbazol e

9-Ni trocar bazol e

1,6-Dinitro-
car bazol e

3,6-Dinitro-
car bazol e

1,2,6,8-Tetra-
ni | rocar bazol e
1,3,6,8-T6tra-
ni trocar bazol e

2- Hydr oxy-

car bazol e

Mel ting
Poi nt (0Q

212-213
203- 206
182-183

123-125

344- 346

343- 344
386- 387
383- 385
253- 254

295. 6-
296

266. 5-
269.5
273-275
274- 275

Physi cal
Description

or ange

light vyellow

needl es

glistening
gol den
leaflets

gol den
| eafl ets

fine vyellow
needl es
red needl| es

yel | ow

smll, glistening,

yellow plates
pale yellow

t ranspar ent
needl| es

Ref er ences

Smith and

Br own, 1951
Canmpbel | and
Barclay, 1945
Canpbel | and
Barclay, 1945
Kyzi ol and

Daszki ewi cz,
1985
Gotta et al..
1964

Kyziol et al..
1987

Gotta et al.,
1964

Kyziol et al.
1987
Mirphy et
al., 1953
Mirphy et
al., 1953

Smth et al.,
1958

Al dri ch MSDS
Teuber and

Cor nel i us,
1964
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I11. EXPERI MENTAL

3.1. Materials

For the nitration reaction, the parent conpounds carbazole and 2-
hydr oxycarbazol e were purchased fromA drich Chemcal Co., Inc.

(M1 waukee, W). The nitrating agents dinitrogen tetraoxide and nitric
acid were purchased from Matheson Division, Searle Medical Products USA
Inc. (E Rutherford, NJ) and Fisher Scientific (Fair Lawn, NJ)
respectively.

For the thin [ayer chromatography of the nitro products, silica
gel TLC plates were obtained fromE Merck (Darnstadt). Silica gel
(230-400 mesh ASTM for col um chromat ography was purchased from
Anerican Scientific Products, American Hospital Supply Corporation
(MGaw Park, IL). Solvents that were enployed in the chromatography
included ACS grade tol uene, methylene chloride, and acetone, all
obt ai ned from Fi sher Scientific.

For identification of the fractions fromthe chromatography,
el ectron inpact mass spectrometry was performed using a VG/070F
instrument, and proton nuclear magnetic resonance with a 400 Mz
instrument. Deuterated acetone, 99.5 atom %D, and deuterated
di met hyl sul foxide (DVSO), 99.9 atom %D, for use in NVR, were obtai ned
fromSigma Chemcal Co. (St. Louis, M.

For the preparation of mniml agar assay plates, master plates,
and genotype test plates, agar was purchased fromUnited States
Bi ochem cal Corporation, or USBC (Cleveland, CH), dextrose from
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Mal Iinkrodt, Inc. (Paris, KY), and L-histidine, biotin, and chemcals
for the Vogel -Bonner medium E (50X), or VBME, from Fisher Scientific.
VBMVE chemical s included magnesium sul fate {MS04*7H20), citric acid
nonohydrat e, potassi um phosphate dibasic (anhydrous) (K2HPO4), and
sodi um ammoni um phosphat e (NaHNHAP04' 4H20). The anpicillin trihydrate
used in making master plates for the bacterial strains and the crysta
violet used in testing themwere obtained fromAldrich Chem cal Co.
I nc.

For the Ames nutagenicity assay. Salnmonella typhimuriumstrains TA
98 and TA 98ND were obtained fromDr. Bruce Ames, University of
California at Berkeley and United States Environmental Protection Agency
respectively. The genotypes of the two bacterial strains were the
same—-hi s D3052, rfa, uvrB, and pKM O, but with TA 98ND | acki ng
nitroreductase enzyme B. Bacterial strains were incubated in Oxoid
Nutrient Broth #2, purchased from Oxoid, Ltd. (Basingstoke, Hants.
Engl and) .

For the preparation of the S9 nmix in the assay, NADP and gl ucose-

6- phosphate were purchased from Boehringer Mannhei m (West Gernany).

Magnesi um chloride (MyC 2) and potassium chloride (KCL) for the Myd 2-

KO salts solution in the S9 mx were obtained from Fi sher Scientific.

The phosphate-buffered saline, or PBS, solution enployed in the S9 m x
was supplied by the Tissue Culture Facility at the Lineberger Cancer
Research Center. The S9 itself was fromfrozen stock of the 9000 x ¢
supernatant of livers of Aroclor 1254-treated nale Syrian hansters,
purchased from Mol tox (Ml ecul ar Toxicology, Inc.) (College Park, MD).
For the assay, positive controls 2-nitrofluorene and 2-anthrani ne

were obtained fromAldrich Chemcal Co., Inc., and Sigma Chenical Co.
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respectively. The nol ecul ar biol ogy grade DMSO, used as a sol vent for
the assay conpounds and positive controls and as a solvent control, was

purchased from Fi sher Scientific.

3.2. Met hods
3.2(a). Synthesis

Carbazol e and 2-hydroxycarbazol e were nitrated by two nethods, one
using dinitrogen tetraoxide (N204) in nethylene chloride (CHC 2) and
the other using nitric acid (HNG3) in acetic acid.

A modification of the N20O4 method of Radner (1983) utilized by
Coldring et al. (1987) was enployed. 250 ngy of carbazole or 2-
hydroxycarbazol e were dissolved in 50 m of CHCI2 to forma 5 ng/m
solution. 2.5 m of N2O4 were dissolved in 100 m of CHC 2, and 25 m

of the solution were added to the carbazol e- or 2-hydroxycarbazol e-

CH2CI 2 solution (0.1 m of N2O4-CH2CI2 sol ution for each ng of carbazole

or 2-hydroxycarbazol e).

The reaction was carried out at roomtenperature (20°C), and its
course was nonitored using thin layer chromatography. \Wen the
carbazol e or 2-hydroxycarbazol e di sappeared fromthe TLC plate and no
further products were seen to be created, usually within 5 to 10
mnutes, the reaction was termnated by evaporating the solvent. This
was done under a streamof nitrogen or with a rotary evaporator

A nodification of this nethod was used for 2-hydroxycarbazole in
order to produce a wider isonmer profile. Reaction at 20°C with 25 n of
N2O4- CH2CI 2 produced mostly a trinitro isoner based on mass spectronetry
results. The reaction was slowed somewhat by adding 12.5 m of N2O4-

CHC 2 ina 0°Cwater ice hath and produced nostly a dinitro product.
The reaction was sl owed down even further by adding 2.5 m of the
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N204- CH2C12 solution in a -70°C dry ice bath and produced nostly two

mononitro products.

The nitrocarbazol e isoner profile was essentially unchanged when
the N2O4 concentration was increased or decreased and when the reaction
tenperature was reduced using a 0°C water ice bath, unlike the 2-
hydr oxyni trocarbazol e i soner profile.

A nodification of the widely used nethod.of HNG' nitration of
Ziersch (1909) was al so enployed. A volune of glacial acetic acid

sufficient to dissolve the parent conpound under heat (30 m for

carbazole and 40 ml for 2-hydroxycarbazole, both at 65°C) was added to
500 ng of the conpound. 1 m of concentrated HNG3 was added to 10 m of

glacial acetic acid. 2 m of the HNO3-acetic acid solution was then
added to the parent conpound-acetic acid solution and allowed to react
for 30 mnutes in a 65°C water bath. As with the H'O* nethod, this
reaction was nonitored using thin | ayer chromatography. The reaction
was termnated by either adding ice-cold distilled water and filtering

of f the product or by rotary evaporation.

3.2(b). Purification

Crude m xtures of the nitrocarbazol es or 2-hydroxynitrocarbazol es
were applied to a silica gel colum and chronatographed successively
wi th toluene, nethylene chloride, and acetone as needed. The fractions
collected fromeach of the distinct bands on the columm were then dried
under a streamof nitrogen or with a rotary evaporator. The degree of
purification of the fractions relative to the crude mxture was checked

using thin layer chronmatography.
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3.2(c). ldentification

Fol lowing the separation, the identity of each isomer was
deternined using electron inpact mass spectrometry, or EIMS, proton
nucl ear magnetic resonance, and melting points. EINS determned the
mol ecul e weight of each isomer; proton NVR determned the positions of
the nitro substituents; and melting points provided a reference for
comparison to nitrocarbazol e conpounds in the [iterature. The nelting
point of each conpound was obtained by placing a sanple of each in a
capillary tube and imersing in an oil bath. The tenperature of the
bath was then slowy increased until the nelting point was reached.

3.2(d). Mitagenicity Assay

Mit ageni city of the compounds was assayed by the standard
histidine-reversion plate-incorporation nethod as described by Maron and
Anes (1983), using the constructed strains TA 98 and TA 98ND descri bed
earlier.

The strains were stored at -70°Cin a lowtenperature freezer, and
fromthese stocks, master plates were prepared in the follow ng manner.
After overnight incubation of the strains to a density of 1-2 x 10
cells/n, the hacteria were streaked onto the master plates and
incubated for 48 hours at 37°C. The plates were then securely wrapped
and stored at 4°Cin arefrigerator. By the method of Maron and Ares
(1983), single colonies of the bacteria were picked fromthese master

plates for individual experiments or for new master plates (prepared
every 4 to 6 weeks).

The presence of the genetic markers described in the Background
Section on pages 33 and 34 was verified for each master plate before its
Use in grow ng overnight cultures in nutrient broth for nutagenicity
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assays. The histidine requirement and anpicillin resistance of the
strains were verified by streaking the bacteria across histidine and
anpicillin agar plates respectively, incubating overnight, and checking
for growth. Sensitivity to ultraviolet [ight was verified by streaking
the bacteria across a nutrient agar plate, exposing half the plate to
ultraviolet light, incubating overnight, and checking for any growth on
the exposed side. The deep rough (rfa) character of the strains was
checked by adding paper discs containing crystal violet to nutrient agar
plates to which bacteria were added, incubating overnight, and checking
for any growth around the discs.

The spont aneous and positive control responses were tested for
each master plate as well as with each assay. The positive contro
chemcals and the anount added per plate for TA 98 and TA 98ND were as

follows: -S9: 3.0 ug 2-nitrofluorene
+S9: 0.5 ug 2-anthranm ne

Wen spontaneous and positive control responses were outside the
historically acceptabl e range, an experinent was rejected

The agar plates and the top agar for the assay and the genotype
tests were prepared using the chemcals mentioned earlier, according to
the nethods suggested by Maron and Anes (1983)

The test compounds and positive controls were dissolved in DVSQ
with serial tenfold dilutions of 100, 10, 1, and 0.1 ug/plate of each
test conpound. DVSO al so served as a solvent control. Duplicate plates
were used for each dose, with and wthout S9 metabolic activation

To prepare the 0.3 ng/plate S9 solution, 92.4 ng of NADP and 42.3

my of gl ucose- 6-phosphate were dissolved in 10 nf of sterile phosphate-
buffered saline solution and filter-sterilized into a sterile beaker on
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ice. To this was added 600 ul of a sterile KC/MC 2 solution, 18.2 m
of PBS solution, and 1.2 m of S9, giving a total of 30 m of S9
sol uti on.

0.1 m of bacteria, 0.1 m of conpound (for each dilution), and
0.5nm of SO (if S9 used) were then added to 2-3 nl of nolten top agar,
vortexed, and poured onto a mnimal agar plate. Afterwards, the plates
were inverted and incubated for 48 hours at 37°C. Each conpound was
assayed until consistent, replicative results were obtained.

The revertant colonies on each plate were counted and averaged for
each dose of a compound, plus or mnus two standard deviations for 95%
confidence. This was done for each strain, with and w thout S9.

Spont aneous rates were not subtracted fromthese average val ues. From
these data a dose-response curve was drawn. Any |inear dose-response
above the background rate was seen as evidence of positive nutagenicity.
The mutageni ¢ potency, or specific activity, of a conpound, in
revertants/mcrogram was determned fromthe slope of the dose-response
curve in the linear range. The curve was fitted by linear regression to

the data points and a correlation calculated. Wen the correlation

factor r was equal to or greater than 0.9, the result was accept ed.
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I'V. RESULTS

The results are presented by conpound. Figures and tables of

those results are shown at the end of this chapter. Mass spectra are
presented in Figures 4a-13a, NVR spectra in Figures 4b-13b, and

physi cochemical results, such as nelting points, R values, molecular
wei ghts, and proton assignments, in Tables 4a-13a. Gaphs and tables of
nutagenicity results for each conpound can be found in Figures 4c-13c,
7d-8d, and |1d-13d, and Tables 4b-13b, 7c-8c, and I|lc-13c respectively.
A final summary of nutagenicity results for all the conpounds in

revertants per nanonole is given in Table 14.

4.1. Carbazole
4.1(a). Physicochem cal Results

As a neans of conparison with its nitrated isomers, a mass
spectrum and NVR spectrum were done of the parent conpound, carbazole.
As expected, the [M'*" peak on the mass spectrumhad a mz ratio of 167,
the mol ecul ar wei ght of carbazole. The NVR spectrumexhibited a pattern
of two triplet peaks and two doubl et peaks. Because carbazole is a
symretrical nolecule, corresponding pairs of protons on the nolecule are
in the sane chemical environment and, therefore, have identical chenica
shifts, with peaks at the sane delta values. As a result, each peak
represents two protons. In the NVR spectrum of carbazole, protons H3
and H6 formone triplet peak, since they are adjacent to two carbon

atoms with one proton each. Protons H2 and H7 also forma triplet, but
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further downfield due to their closer proximty to the deshielding

el ectronegative pyrrole nitrogen. Protons H and H8 formone doubl et
peak, each proton being adjacent to only one other proton, further
downfield than H2 and H7 due to their even closer proximty to the
pyrrole nitrogen. Protons H4 and H al so forma doublet, but even
further downfield due to their proximty to the pseudo bay region

These proton assignnents are confirmed by assignnents in the literature
for carbazole (The Sadtler Handbook of Proton NWR Spectra, 1978).

A nmelting point of 245-246°C has been reported for carbazole in
the material safety data sheet, or MSDS, from Al drich Chenmical Co., Inc.
An R value of 0.67 has been found for carbazole on a silica gel TLC
plate using toluene as the solvent. As with the spectra, both of these

val ues were useful in conparing the parent conpound with its nitrated

forms.

4.1(b). Mutagenicity

In agreement with previous tests using Salnonella tester strain TA
98 (Anderson and Styles, 1978; Kaden et al., 1979; Ho et al., 1981
Tokiwa et al., 1981; Lavoie et al., 1982; Bechtold et al., 1985),
carbazole was found to be nonnutagenic in our |aboratory. Specific
activities of only 0.08 revertants per mcrogram or 0.0l revertants per
nanonoi e, were obtained without S9 and 0.07 revertants per mcrogram or

0.01 revertants per nanomoie, with the addition of S9. As in the other

tests, SO did not appear to have any effect on the mutagenicity of

carbazole, either positive or negative.
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4.2. | -Nitrocarbazol e
4.2(a). Physicochenical Results

The nitration of carbazole with either N2O4 or HNO3 yiel ded four
nitro products. The first product to elute in silica gel colum

chromatography, with an R* value of 0.535 in TLC, using tol uene as

sol vent, was a yellow substance |abelled A Product A formed bright
yel | ow needl es upon drying. Mass spectronetry of this fraction gave a
mol ecul ar wei ght of 212, that of a nononitrocarbazol e conpound. Because
there were three triplets and no singlets present in the NVR spectrum of
product A, nitro-substitution nust have occurred at either the G or C4
position to enable a third triplet to form but no singlet. Since the
Cl position is much more reactive than the C4 position to electrophilic
attack, based on the results of Dewar and Urch (1958), substitution at
the C position is nore |ikely, thereby identifying the canpound as 1-
nitrocarbazole. The conpound's melting point of 184-186°C and its
physical description as yellow needles provided further confirmation of
the conpound's identity. Both are simlar to literature results for 1-

nitrocarbazole listed in Table 3 on page 43.

4.2(b). Mitagenicity

The 1-nitrocarbazol e conpound was found to be a weak mutagen in
TA 98. It produced only 1.2 revertants per mcrogram or 0.3 revertants
per nanomole, without S9. Addition of S9 reduced the activity of the

i somer slightly to 0.9 revertants per mcrogram or 0.2 revertants per
nanonol e. These results agree somewhat with those of Lavoie et al

(1981), found in Table 1 on page 39. Lavoie et al. found 1-

nitrocarbazol e to be conpletely nonnutagenic, producing 0.0 revertants
per nanonole, both with and without S9.
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However, a previous preparation of |-nitrocarbazole gave quite
different activities. It produced 46.0 revertants per mcrogram or 9.7
revertants per nanonole, without S9, and 37.8 revertants per microgram
or 8.0 revertants per nanomole, with S9. These results are simlar to
those for 2-nitrocarbazole by Lavoie et al.--10.3 and 4.7 revertants per
nanonol e, without and with S9. Furthermore, Kyziol and Daszkiew cz
(1984) found 2-nitrocarbazole to fol low 1-nitrocarbazole in TLC

An assay of this preparation with TA 98ND, the nitroreductase-
deficient strain of TA 98, produced 31.7 revertants per mcrogram (6.7
revertants per nanonole) without S9 and 25.1 revertants per mcrogram
(5.3 revertants per nanomole) with S9. S9 appeared to reduce activity
slightly in both strains. Because of the lack of any distinct reduction
inactivity in TA 98ND and any subsequent increase with the addition of
S9, this contamnant is either a nonnitro conpound, or a nitro conpound
whi ch does not depend on the mssing nitroreductase in TA 98ND for its
activity. The presence of a contam nant was confirmed by peaks on the
NVR spectrumof this preparation besides those of 1-nitrocarbazole, but

its identity is not known.

4.3 3-Nitrocarbazol e
4.3(a). Physicochenical Results

Fol I owi ng product A on the silica gel colum was product B, with a
Rf value of 0.256 in toluene. Product B formed yellow crystals with
N204 and orange crystals with HNO3. Both forms generated identical NVR
and mass spectra. The mass spectrumidentified B as another mononitro-
carbazole with a molecular weight of 212. The presence of a singlet and

absence of a third triplet inthe NVR spectrumof conpound B suggested
that nitro-substitution occurred at the C2 or G3 position. Nitro-
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substitution at either position would prevent the formation of a third
triplet and isolate one proton, thereby causing a singlet to be
generated. Due to the higher reactivity at the C3 position, 3-nitro-
carbazole is the more likely identity of the conpound. Furthernore, its
mel ting points of 209-211°C (orange crystals) and 211-213°C (yel | ow
crystals) and its physical description are simlar to those in the

literature for 3-nitrocarbazole (Table 3 on page 43).

4.3(b). Mitagenicity

Unlike the 1-nitro isomer, addition of S9 appears to have
distinctly increased the activity of 3-nitrocarbazole in TA 98. For the
orange crystals, activity increased from0.3 revertants per mcrogram
(0,06 revertants per nanonole) without S9 to 1.0 revertants per
mcrogram (0.2 revertants per nanonole) with S9. For the yellow
crystals, activity was higher, increasing from6.9 revertants per
mcrogram (1.5 revertants per nanonole) without S9 to 10.7 revertants
per mcrogram (2.3 revertants per nanomole) with S9. Lavoie et al.

(1981) found a simlar increase, from0.2 to 0.8 revertants per nanonol e

with the addition of S9.

4. 4. 1,6-Di nitrocarbazol e

4.4(a). Physicochem cal Results
Product Cwas the third fraction to elute fromthe silica gel

colum and gave an R* value of 0.186 in toluene. It dried as intensely
fluorescent yellow needles, with a deconposition nelting point of 253-

255°C. A simlar melting point was not found in the literature. Mass

spectronetry identified the compound as a dinitrocarbazol e i soner,

mol ecul ar weight 257. Nitro-substitution nust have occurred on both of
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the benzene rings of carbazole in order for there to be only one triplet
in the NVR spectrumof C Furthernmore, one substitution nust have been
at either the C or C4 position, to enable that one triplet to be
generated. Substitution on the other ring nust, therefore, have
occurred at either the C6 or C7 position, to prevent the generation of a
triplet on that ring. That left possibilities of 1,6-, 1,7-, 3,5-
(4,6-), and 2,5-(4,7-)dinitrocarbazole. Since'the reactivities at C
(equivalent to C7) and C4 (equivalent to C5) are relatively | ow conpared
to those at CI and C3 (equivalent to C6), based on the results of Dewar
and Urch, the 1,6-dinitro isomer appears the nost likely identity for
the conpound. That conpound was al so detected as a major dinitro isomer

inthe nitration of carbazole by Gotta et al. (1964).

4.4(b). Mitagenicity

The 1,6-dinitro conpound was somewhat more nutagenic than the 1-
nitro conpound and the orange 3-nitro conpound. It produced 2.1
revertants per mcrogram or 0.5 revertants per nanonole, without S9,
and 6.5 revertants per mcrogram or 1.7 revertants per nanomole, with
S9. The addition of 59 appears to have distinctly increased the
nut agenicity of the conpound. Assaying the conpound with TA 98ND
distinctly decreased activity. Only 0.4 revertants per mcrogram (0.1
revertants per nanomole) were produced as residual nmutagenicity.
Addition of S9 conpletely restored activity to TA 98 (+S9) levels,
producing 6.7 revertants per mcrogram (1.7 revertants per nanonole).
Mitagenicity results for this compound and al | succeeding conpounds have

not been found in the literature.
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4.5. 3,6-Dinitrocarbazol e
4.5(a). Physicochem cal Results

The last nitro product of carbazole to elute was product D, with
an Rf value of 0.056 on TLC, using toluene as solvent. It forned
gol den-brown crystals, with a deconposition melting point of 232-234°C

whi ch was not found in the literature.

The mass spectrum of Compound D identified it as a dinitro-
carbazol e conpound, nolecul ar wei ght 257. The 'H NMWR spectrum of the
conpound, with only three sets of peaks for six protons, suggested a
symetrical dinitro-substitution pattern, with nitro groups at opposite
ends to each other on the nmolecule. Since there were no triplets, the
mol ecul e could not be 1,8- or 4,5-dinitrocarbazole, which would generate
two triplets, but only 3,6- or 2,7-dinitrocarbazole, which would prevent
the generation of triplets by the positions of their nitro groups on the
nmol ecul e. The C3 and C6 positions are the nost reactive positions of
carbazole to electrophilic attack, based on the results of Dewar and
Urch. Therefore, 3,6-dinitrocarbazole is the nore likely identity of
t he conmpound. Furthernmore, the 3,6-dinitro isoner was the ngjor dinitro

product in a nitration of carbazole by Gotta et al. (1964).

4.5(b). Miutagenicity

As with the 1,6-dinitro isomer, addition of S9 appears to have
i ncreased the nutageni c potency of 3,6-dinitrocarbazole. Wthout S9
activity was 101.9 revertants per mcrogram (26.2 revertants per
nanormol e). Wth S9 activity increased to 134.4 revertants per mcrogram
(34.5 revertants per nanonole). These high activities make 3, 6-
dinitrocarbazol e the most mutagenic conpound of the nitrocarbazol es

tested. Wen assayed with TA 98ND, 3, 6-dinitrocarbazol G gave a nuch
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lower activity, 34.7 revertants per mcrogram (8.9 revertants per
nanonol e) residual nutagenicity. Also as with the 1,6-dinitro isomer,
addition of S9 conpletely restored activity to previous |evels. It
produced 113.5 revertants per microgram or 29.2 revertants per

nanonol e.

4.6. 2-Hydroxycarbazole
4.6(a). Physicochem cal Results

As with carbazole, a mass spectrumand an NVR spectrum were
generated of the parent conpound 2-hydroxycarbazole to provide a means
of conparing it with its nitro products. Amz ratio of 183 for the
[M"*" peak in the mass spectrumof the compound confirned its identity as
a hydroxycarbazole, and the lack of a third triplet and presence of a
singlet narrowed that identity to 2- or 3-hydroxycarbazole. Its melting
point of 273-275°C fromthe Aldrich MSDS and TLC R value of 0.676 in

tol uene and 0.76 in nethylene chloride were also used as points of

reference for its nitro derivatives.

4.6(b). Mutagenicity

Li ke carbazol e, 2-hydroxycarbazole was found to he nonnutagenic in
both the presence and absence of S9. It produced only -0.02 revertants
per mcrogram(-0.004 revertants per nanomole) without S9 and -0.1
revertants per mcrogram(-0.02 revertants per nanonole) with S9, with
no toxic effects detected. Athough addition of S9 increased activity
somewhat, the value was still in the inactive range, even |ower than

that for carbazol e.
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4.7. 2-Hydroxy-1-Ntrocarbazol e
4.7(a). Physicochem cal Results

Three nitro conpounds were formed by the nitration of 2-hydroxy-
carbazole wth 10%of the standard N2O4 concentration in a -70°C dry

ice bath. The first of those three to elute was a product |abelled A,

whi ch had R* val ues of 0.44 in toluene and 0.875 in nethylene chloride.
Upon drying product A formed red needles. Mass spectral analysis of

this conpound identified it as a mononitro isoner of 2-hydroxycarbazol e,
mol ecul ar wei ght 228. The absence of a singlet in the "H NVR spectrum
of A" strongly suggested that this conpound was the 1-nitro isoner.
Because the C2 position is occupied by the hydroxy group, the proton at
Cl is isolated fromother protons. As a result, if that proton were
unsubstituted, it would generate a singlet. The absence of that
singlet, therefore, indicated substitution occurred at the C position
This identity could not be confirmed by conparing the melting point of
A, 203-205°C, with literature results since no results could be found

for this or any other 2-hydroxynitrocarbazol es.

4.7(b). Mitagenicity

The 1-nitro isomer was also determined to be nonnutagenic in TA
98. Wthout S9, it had a specific activity of 0.07 revertants per
mcrogram or 0.02 revertants per nanonole. Addition of S9 increased
activity slightly, to 0.2 revertants per mcrogram or 0.04 revertants
per nanomole, but still in the inactive range and |ess active than 1-

ni trocar bazol e.
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4.8. 2-Hydroxy-3-Nitrocarbazol e
4.8(a). Physicochem cal Results

The second product to elute fromthe colum after the nitration of
2-hydroxycarbazol e was a yel | ow-orange product |abelled B, which had Rf
val ues of 0.227 in toluene and 0.625 in nmethylene chloride. It also was
a nononitro isomer, with a nolecular weight of 228, based on mass
spectronetry results. Since there were two triplets in the 'H NW\R
spectrumof B', substitution nmust have occurred on the sanme ring as the
hydroxy group to allow those triplets to be generated. The presence of
two singlets on the spectrumnegated the possibility of B being the 1-
nitro isomer, even though its nelting point of 205-207°C was close to
that of the 1-nitro isomer. That left the 3- and 4-nitro forns as the
only renmaining possibilities. The nore |ikely identity of B is 2-
hydr oxy- 3-ni trocarbazole for the follow ng reasons. First, Joule (1984)
found that C2 substitution encourages further substitution at CI and C3,
with substitution at C3 predom nating. Furthernore, the C4 position was
determned to be practically nonreactive to electrophilic attack
according to Dewar and Urch. Finally, only C3 substitution would create
singlets |ike those in the NWR spectrumthat are not meta split. Meta

splitting woul d occur with C4 substitution

4.8(b). Miutagenicity

Unlike its nonhydroxylated counterpart, 2-hydroxy-3-nitro-
carbazol e denonstrated quite high activity in the Ames test. It
produced 27.0 revertants per mcrogram (6.2 revertants per nanonole) in
the absence of S9, while addition of S9 reduced activity by about 50%
to 13,6 revertants per mcrogram (3.1 revertants per nanonole).

Assaying the conpound with TA 98ND al so reduced activity substantially.


NEATPAGEINFO:id=52612277-8905-4172-8902-A317DB2F281E


62

to 2.1 revertants per mcrogram (0.5 revertants per nanonmole) residua
activity without S9. Instead of restoring activity, addition of S9
actually reduced activity even further, to 1.5 revertants per mcrogram
(0.3 revertants per nanomole), an al nost 50% decr ease.

4.9. 2-Hydroxy-I,3-Dinitrocarbazol e
4.9(a). Physicochem cal Results

A smal | anount of another product, labelled C, was also formed in
the nitration of 2-hydroxycarbazole in a-70°C dry ice bath with 10%
N204 concentration. This conpound was the major product, however, when
nitration was carried out ina 0°Cice water bath wth 50% N2O4
concentration, as well as ina 65°C water bath with standard H\NO3
concentration. It was present on the silica gel colum as a deep red
band and el uted and dried as orange needles, with R* values of 0.033 in
toluene, 0.068 in nethylene chloride and 0.800 in acetone. Its
decomposi tion nelting point of 203-205°C was simlar to the melting
points of the 1-nitro and 3-nitro isomers of 2-hydroxycarbazole, but its
mass spectrumand NWVR spectrumidentified it as a different conpound.
An [M"*" peak with a mz ratio of 273 identified product Cas a dinitro
i somer. Like products A and B', product C had two triplets inits N\R
spectrum indicating nitro-substitution occurred on the hydroxylated,
but not the nonhydroxyiated, benzene ring of carbazole. This left three
possibilities for nitro-substitution—4,3-, 1,4-, and 3,4-dinitro-
substitution. The latter two are unlikely due to the lack of reactivity
at the C4 position. Steric interactions my also tend to discourage
3,4-dinitro-substitution. Furthernore, only substitution at C and G3

coul d shift the remaining proton on the hydroxylated ring closest to the
delta value of 9.19 ppmon the spectrum This is because the nitro
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groups would be in ortho and para positions relative to the proton
thereby creating the greatest downfield shifts, based on data from
Jackman and Sternhell (1969) shown in Table 2 on page 42. Finally, as
previously nentioned, the presence of an activating group at the C2
position encourages substitution at the CI and C3 positions. Thus, the
identity of C nust be 2-hydroxy-I,3-dinitrocarbazole.

4.9(b). Mitagenicity

The 1,3-dinitro isomer was also nutagenically active in TA 98,
al though not quite as nmuch so as the 3-nitro isoner. In the absence of
S9, it produced 7.2 revertants per mcrogram or 2.0 revertants per
nanomol e. Unlike the 3-nitro isoner, addition of S9 increased activity
somewhat, to 8.7 revertants per mcrogram or 2.4 revertants per
nanomol e. Assaying Cwith the nitroreductase-deficient strain TA 98ND
decreased activity dramatically, with a residual nutagenicity of 0.9
revertants per mcrogram or 0.2 revertants per nanonole. A'so unlike
the 3-nitro isoner, addition of S9 recovered a small amount of the
mutagenicity, increasing activity to 1.3 revertants per mcrogram or

0.4 revertants per nanonol e.

4.10. 2-Hydroxy-1,3,6-Trinitrocarbazol e
4.10(a). Physicochem cal Results

Product D' was formed as the major product in the nitration of 2-

hydroxycarbazol e with the standard amount of N2O4 at roomtenperature.
Present as a gol den-brown band on the silica gel colum, D produced a

reddi sh-orange product after recrystallization wth acetone. Its R
values in TLC were 0.0 in toluene, 0.023 in nethylene chloride, and

0.810 in acetone. Its deconposition nelting point was 188-190°C. Mass
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spectral analysis identified D as a trinitro isonmer of 2-hydroxy-
carbazol e, nolecular wei ght 318. Because a small amount of the 1, 3-
dinitro isomer was produced along with the trinitro isoner, based on
TLC s of the reaction mxture, it is likely that the trinitro conpound
woul d have nitro groups at Cl and C3 positions. Further substitution at
the C6 position is likely since, according to Joule, substitution at the
C3 position leads to further substitution at the 06 position. This was
supported by the "H NVR spectrumof the trinitro conpound. Because
there were no triplets in the spectrum substitution nmust have occurred
on both rings. Only seven possibilities for isomer assignment remained
that could create the two doublets and two singlets seen in the spectrum
and not have steric interactions resulting fromtwo or nmore nitro groups
adj acent to one another on a ring. Those possibilities were the

1,3,6-, 1,6,8-, 1,3,7-, 1,4,6-, 1,57-, 3,5,8-, and 4,5,8-trinitro

i somers of 2-hydroxycarbazole. O those, only the 1,3,6- and 1,6, 8-
trinitro isomers had all nitro groups at reactive positions. O the
two, only 1,3,6-trinitro-substitution followed the pattern of
substitution set by the 2-hydroxy-I,3-dinitro isomer. Only 1,3, 6-
trinitro-substitution would lack the upfield shifts of the CI and C3
protons ortho to the 2-hydroxy group due to nitro-substitution at those
positions. Furthernore, only the 1,3,6-trinitro isonmer woul d produce
the meta split singlet and doublet and non-neta split singlet and
doubl et seen in an NMR spectrumof unpurified 0'. 1,6,8-trinitro-
substitution woul d generate two non-neta split doublets and two meta
split singlets not seen in the spectrum Thus, the likely identity of
compound D is 2-hydroxy-1,3,6-trinitrocarbazole.
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4.10(b). Mutagenicity

Simlar to the 3-nitro isoner, the 1,3,6-trinitro isonmer produced
23.7 revertants per mcrogram (7.5 revertants per nanonole) without S9
and 10.2 revertants per mcrogram (3.3 revertants per nanomole) with S9,
showi ng a 50% decrease in activity with the addition of S9. Activity
al so decreased dranmatically when the conpound was assayed with TA 98ND.
The nunber of revertants per mcrogramdeclined to 5.6 without S9 (1.8
revertants per nanonole), and again declined by 50%w th the addition of

S9 to 2.7 revertants per mcrogram (0.9 revertants per nanonole).

4.11. Sunmary of Results

The activities of these ten conpounds tested in the Ames
Sal nonel I a nutagenicity assay may be categorized in five ways—+nactive
weak, noderately active, active, and very active. Based on the results
obt ai ned, carbazol e, 2-hydroxycarbazole, and 2-hydroxy-I-nitrocarbazol e
were determned to be inactive as nutagens, with activities only as high
as 0.04 revertants per nanonole, with and without S9. The 1-nitro and
orange 3-nitro isomers were weak nutagens with and without S9, having
activities only as high as 0.3 revertants per nanonmole. The dinitro
I somer 1,6-dinitro-carbazole was weak without 59 (0.5 revertants per
nanonol e) but noderately active with S9 (1.7 revertants per nanonole).
The yellow 3-nitro and 2-hydroxy-1,3-dinitro isomers were noderately
active mutagens, with 1.5 to 2.4 revertants per nanonole with and
without S9. 2-Hydroxy-3-nitro- and 2-hydroxy-1,3,6-trinitrocarbazol e
gave somewhat higher results in TA 98 without S9, producing 6.2 and 7.5
revertants per nanonol e respectively, thereby making themactive

nutagens. Wth S9, their activities dropped to 3.1 and 3.3 revertants
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per nanonol e, meking themonly noderately active nutagens. 3,6-Di-
nitrocarbazole was a very active mutagen, producing 26.2 revertants per
nanonmol e without S9 and 34.5 revertants per nanonole with S9. The 1-
nitro contam nant, possibly 2-nitrocarbazole, was also active, with 6.7
and 5.3 revertants per nanomole without and with S9 respectively.

As seen with these results, S9 had varying effects on the
conpounds. S9 increased activity by over 200%for orange 3-nitro-
carbazol e and 1, 6-dinitrocarbazole, and by 100% 53% and 32%for 2-
hydroxy-1, 3-dinitrocarbazol e, yellow 3-nitrocarbazole, and 3, 6-
dinitrocarbazol e respectively. Wile 2-hydroxycarbazole and its 1-
nitro isomer were nore active with the addition of S9, their activities
still remained in the inactive range. Activity was decreased with the
addition of S9, however, for 1-nitro-carbazole, the contam nated 1-
nitrocarbazol e preparation, 2-hydroxy-3-nitrocarbazole, and 2-hydroxy-
1,3,6-trinitrocarbazole by 33% 18% 50% and 56% respectively.
Carbazole was relatively unaffected by S9, its activity remaining in the
i nactive range.

Wth the exception of the 1-nitro contamnant, all of the
conpounds which were assayed with the nitroreductase-deficient strain TA
98ND | ost a substantial portion of their activity, 80%for 1,6-dinitro-
carbazole, 60%for 3,6-dinitrocarbazole, 92%for 2-hydroxy-3-nitro-
carbazole, 90%for 2-hydroxy-1,3-dinitrocarbazole, and 76%for 2-
hydroxy-1,3,6-trinitrocarbazole. Some residual nutagenicity remained
for all conpounds tested, however, especially 3,6-dinitrocarbazole and
2-hydroxy-1,3,6-trinitrocarbazole. The 1-nitro contam nant |ost no

activity.
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Those conpounds assayed with TA 98ND whi ch regai ned sone or all of
their nutagenic activity with the addition of S9 were also the ones
which increased in activity with the addition of S9 in TA 98-, 6- and
3,5-dinitrocarbazol e and 2-hydroxy-|, 3-dinitrocarbazole. 1,6- and 3, 6-
di ni trocarbazol e regai ned 100% or nmore of their activity, while the 1,3-
dinitro i somer regained only 20%of its activity. As in TA 98, the 2-
hydroxy-3-nitro and 2-hydroxy-|,3,6-trinitro isoners |ost even nore
activity in TA 98ND with S9, 40% and 50% respectively. The contam nant
of the 1-nitrocarbazole preparation [ost 20%of its -S9 activity.

The different activities of all these conpounds in TA 98 and TA
98ND, with and without S9, create a varied picture of the mutagenicity
of nitrocarbazol es and hydroxynitrocarbazol es, which may be a result of

the differences in their structures and netabolic activation pathways.
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FrQURE 4(a) Mass Spectrum of Carbazol e
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Fr GURE 4(b) NWR Spectrum of Carbazole
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TABLE 4(a) Physicochem cal Data for

Car bazol e

mp.: 245-2460C (Al drich MSDS)

TLC. Rf 0.667 (toluene)

Mass spectrum MN 167

| H NVR spectrum (400 MHz, acetone-de):
delta 7,51 (d, two protons, H, H8)
delta 7.38 (t, two protons, H2, H7)
delta 7.18 (t, two protons, H3, H6)
delta 8.11 (d, two protons, H4, HD)
delta 10.32 (s, one proton, H9)

s: singlet peak
d: doubl et peak
t: triplet peak
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FI GURE 4(c) Miutagenicity of Carbazole

I n Sal monella Strain TA 98
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TABLE 4(b) Mutagenicity of Carbazole

In Sal nonella Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98
(ug/ pl ate) -59 +S9

Positive

control 260. 0+50. 9 312.0+39.6
Spont aneous 20.0+11.3 30.5+7. 1
0.1 12.5+1. 4 24. 0+2. 8
1.0 20.5+12. 7 29.0+8.5
10.0 24.5+1. 4 30. 0+33.9
100.0 29.5+7. 1 36.0+0.0
Rev/ ug 0. 08 0. 07

r 0.9 0. 999

Duplicate plates were enployed for each dose.
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FI GURE 5(a) Mass Spectrum of

1-Ni trocarbazol e
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FI GURE 5(b) NMR Spectrum of

1-Nl trocar bazol e
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TABLE 5(a) Physicochem cal Data for

1-Ni trocar bazol e

mp.: 184-1860C (yel | ow needl es)

TLC. Rf 0.535 (tol uene)

Mass spectrum MN 212

I H NVR spectrum (400 MHz, acetone-de):

delta 8.60 (d, one proton, H2)
delta 7.39 (t, one proton, H3)
delta 8.35 (d, one proton, H4)
delta 8.25 (d, one proton, Hb)
delta 7.34 (t, one proton, Ho)
delta 7.55 (t, one proton, Hr)
delta 7.81 (d, one proton, H8)
delta 11.49 (s, one proton, H9)

s. singlet peak
d: doublet peak
t: triplet peak
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FI GURE 5(c) Miutagenicity of 1-Nitrocarbazole
In Sal nonella Strain TA 98
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TABLE 5(b) Mutagenicity of 1-Ntrocarbazole

Dose
(ug/ pl ate)

Positive
contr ol

Spont aneous

0.1
1.0
10.0
100. 0

Rev/ ug

r

in Salnonella Strain TA 98

Sal nonel | a
- sSso

285. 5+80. 6
26.5+7.1

40.5+1.4
41.0+14. 1

74.0+8. 5
169. 0+19. 8

1.2
0. 99

Typhi murium Strain TA 98
+ SO

449. 0£28. 3
66. 0+5. 7

50. 5+15. 6
60. 5+26. 9

69. 0+17. 0
146. 0+19. 1

0.9
0. 995

Dupl icate plates were enployed for each dose.
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FI GURE 6(a) Mass Spectrum of

3-Nl trocarbazol e
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FI GURE 6(b) NVR Spectrum of

3-Ni trocarbazol e
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TABLE 6(a) Physi cochem cal

3-Ni trocar bazol e

Orange and Yel | ow

mp.: 209-21 1CC (orange crystals)
211-2130c (yellow crystals)
TLC. Rf 0.256 (tol uene)
Mass spectrum MN 212
AH NMR spectrum (400 MHz, acetone-de):

delta 7.68 (d,
delta 8.32 (d,
delta 9.09 (s,
delta 8.36 (d,
delta 7.33 (t,
delta 7.53 (t,
delta 7.63 (d,
delta 11.07 (s

s singlet peak
d: doubl et peak
t: triplet peak

one proton,
one proton,
one proton,
one proton,
one proton,
one proton,
one proton,

, one proton,

HI)
H2)
H4)
H5)
H6)
Hr)
H8)
H9)

Dat a for
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FI GURE 6(c) Mutagenicity of 3-Ntrocarbazole
in Salnonella Strain TA 98
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TABLE 6(b) Mutagenicity of 3-Ntrocarbazole

Or ange

Dose
(ug/ pl ate)

Positive
control

Spont aneous

0.1
1.0
10.0
100. 0

Rev/ ug

r

Duplicate plates

Yel | ow

Dose
(ug/ pl ate)

Positive
control

Spont aneous

0.1
1.0
10.0
100. 0

Rev/ ug

r

In Sal nonella Strain TA 98

Sal nonel | a
- SO

229.5+9.9
29.0+2.8

27.0£14. 1
19.048. 5
29.0+8. 5

53.0+2.8

0.3
0. 97

Sal nonel | a
- SO

260. 0+50. 9

20. 0+11. 3

18.5+1. 4
31.0+5. 7
89.5+4. 2

502. 0+76. 4

6.9
0. 997

Typhi murium Strain TA 98
+ SO

304. 5+49. 5
29.0+14.1

41.5+7.1
44.5+9. 9
49.5+1. 4
139. 0+96. 2

1.0
0. 999

were enpl oyed for each dose.

Typhi murium Strain TA 98
+ SO

312.0+39. 6
30.5+7.1

36. 0+11. 3
44.0+5. 7
141. 0+17.0

419. 0+353. 6

10. 7
0. 9999

Duplicate plates were enployed for each dose.
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FI GURE 7(a) Mass Spectrum of

1, 6-DInl trocar bazol e
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FI GURE 7(b) NVR Spectrum of

1,6-Dinitrocarbazol e
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TABLE 7(a) Physicochem cal Data for

1,6-Di nitrocarbazol e

mp.: 253-2550C (deconposition) (fluorescent
Rf 0.186 (tol uene)

Mass spectrum MN 257

I H NMR spectrum (400 MHz, DMSO de):
delta 8.91 (d,

TLC

S:
d:
t:

delta 7.51
delta 8.43
delta 9.34
delta 8.42
delta 7.90

singlet peak
doubl et peak
triplet peak

(
(
(
(
(

t

d
S
d
d

one proton, H2)
one proton, H3)
one proton, H4)
one proton, H5)
one proton, H7)
one proton, H3)

yel | ow needl es)
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FI GURE 7(c) Mutagenicity of

1,6-Dinitrocarbazoie in Sal monella
Strain TA 98
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TABLE 7(b) Miutagenicity of
1,6-Dinitrocarbazole in Sal nonel | a

Strain TA 98

Dose Sal nonel | a Typhi muhum Strain TA 98
(ug/ pl ate) -S9O +S9

Positive

control 229. 5+9. 9 304. 5+49. 5
Spont aneous 29.0+2. 8 29.0+14. 1
0.1 22.5+4. 2 35.5+4. 2
1.0 46.5+9. 9 48. 0+14. 1
10.0 78. 0+8. 5 103. 5+38. 2
100. 0 246. 0+76. 4 258. 0+31. 1
Rev/ ug 2.1 6.6

r 0. 99 0. 996

Duplicate plates were enpl oyed for each dose.
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FIGURE 7(d) Miutagenicity of

1,6-Dinitrocarbazole in Sal nonella
Strain TA 98ND
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TABLE 7(c) Mutagenicity of

1,6-Dinitrocarbazole in Sal nonel | a

Dose Sal nonel | a
(ug/ pl at e)

Positive

control 66.
Spont aneous 30.
0.1 26.
1.0 33.
10.0 50.
100. 0 73.
Rev/ ug 0.

r 0.

Duplicate plates were enployed

Strain TA 98ND

Typhi murium Strain TA 98ND

-S9O +59
0+22. 6 410. 5+43. 8
5+12.7 43.5+7. 1
0+8.5 43.0+8.5
0+5.7 62.5+4. 2
0+17.0 116. 0+0. 0
5+9.9 273.5+32.5
6.7
0. 98

for each dose.
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FI GURE 8(a) Mass Spectrum of

3,6-Di nitrocarbazol e
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FI GURE 8(b} NWMR Spectrum of

3, 6-Di ni trocarbazol e
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TABLE 8(a) Physicochem cal Data for

3,6-Dinitrocarbazol e

mp.: 232-2340C (deconposition)  (gol den-brown crystals)
TLC. Rf 0.056 (toluene)

Mass spectrum MN 257

I H NVMR spectrum (400 MHz, DVSO- de):
delta 7.76 (d, two protons, H, H3)
delta 8.39 (d, two protons, H2, H7)
delta 9.50 (s, two protons, H4, Hb)

s. singlet peak
d: doubl et peak

92


NEATPAGEINFO:id=6187A6FB-8E81-4C3B-A220-2C7916D6B151


93

FIGURE 8(c) Mutagenicity of
3,6-Dinitrocarbazole in Sal nonell a
Strain TA 98
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TABLE 8(b) Miutagenicity of
3,6-Dinitrocarbazole in Sal nonel | a

Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98
(ug/ pl ate) -S9 +S9

Positi ve

contr ol 267.0+8.5 372.5+77.8
Spont aneous 32.5+7.1 51.0+5.7

0.1 55.5+4+8.5 61.0+0.0

1.0 259. 0+82.0 209. 0+17.0
10.0 1112. 5+63. 6 1403. 0+39. 6
100.0 1029. 5+154. 1 1457.5+1. 4
Rev/ ug 101.9 134. 4

r 0. 995 0. 9998

Duplicate plates were enployed for each dose.
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FI GURE 8(d) Mutagenicity of
3,6-Dinitrocarbazole in Sal nonel | a

Strain TA 98ND
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TABLE 8(c) Miutagenicity of
3,6-Dinitrocarbazole in Salmonella

Strain TA 98ND

Dose Sal nonella  Typhimurium Strain TA 98ND
(ug/ pl ate) -S9 +S9

Positi ve

control 66. 0+22. 6 410. 5+43. 8
Spont aneous 30.5+12. 7 43.547. 1

0.1 43.0+2. 8 62. 0+11. 3

1.0 216.5+1. 4 228. 0+25. 5
10.0 447.5+106. 1 1213. 0+393. 2
100.0 574.5+87.0 901. 0+62. 2
Rev/ ug 34.7 113.5

r 0.9 0. 999

Duplicate plates were enployed for each dose.
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FI GURE 9(b) NVR Spectrum of

2- Hydr oxycar bazol e
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TABLE 9(

a) Physicochem cal

2- Hydr oxycar bazol e

mp.: 273-2750c (A drich MSDS)
TIjC R 0.676 (toluene)
Rf 0.76 (CH2CI2)
Mass spectrum MAN 183
I H NMR spectrum (400 MHz, acetone-dg):

delta 6.93 (s,
delta 6.74 (d,
delta 7.88 (d,
delta 7.94 (d,
delta 7.09 (t,
delta 7.25 (t,

(d,

delta 7.40

one proton, H)
one proton, H3)
one proton, H4)
one proton, Hb)
one proton, Ho)
one proton, H7)
one proton, H3)

delta 10.07 (s one proton, H9)

delta 8.33 (s,

s: singlet peak
d: doubl et peak
t: triplet peak

one proton, OH

Data for
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TABLE 9(b) Mutagenicity of

2- Hydr oxycar bazol e in Sal nonel | a

Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98

(ug/ pl ate) -S9O +S9

Positive

contr ol 357. 0+0. O*
Spont aneous 43.5%3.5
0.1 42.5+7.1
1.0 41.0+8.5
10.0 56.5+1. 4
100. 0 39.5+35. 4
Rev/ ug -0.02

r -0.9

Duplicate plates were enployed for each dose unless otherw se in-

di cat ed.
*Only one plate enpl oyed.

174. 0+0.
66. 5+13.

69. 0+19.
67.5+38.
66. 0+17.
57. 5£15.

-0.1
-0.99

D O N
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FI GURE 10(a) Mass Spectrum of
2-Hy droxy-1 -Ntrocarbazole
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FI GURE 10(b) NMR Spectrum of
2- Hydroxy-1 -N trocarbazol e
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TABLE 10(a) Physicochem cal Data for
2- Hydroxy-1-Nitrocarbazol e

mp.: 203-2050C (red needl es)
I LC. Rf 0.44 (tol uene)
Rf 0.875 (CH2C2)
Mass spectrum MN 228
I H NMR spectrum (400 MHz, acetone-de):

delta 6.94 (d, one proton, H3)
delta 8.44 (d, one proton, H4)
delta 8.12 (d, one proton, Hb)
delta 7.30 (t, one proton, HG)
delta 7.44 (t, one proton, H7)
delta 7.76 (d, one proton, H8)
delta 11.55 (s, one proton, H9)
delta 11.35 (s, one proton, OH

s: singlet peak
d: doubl et peak
t: triplet peak
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FI GURE 10(c) Mutagenicity of

2- Hydroxy-1-Nitrocarbazol e in Sal nonel | a
Strain TA 98
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TABLE 10( b)

Mut ageni city of

2- Hydroxy-1-Nitrocarbazole in Sal nonel | a
Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98
(ug/ pl ate) -S9O +S9O

Posi tive

control 377.5+18. 4
Spont aneous 19.5%4. 2
0.1 26.0+25.5
1.0 28.5+4.2
10.0 34.0+2.8
100.0 35.5+9. 9
Rev/ ug 0. 07

r 0.7

Duplicate plates were enployed

119. 0+2. 8
53.5%7.1

43. 0+5. 7
48. 5+7. 1
49. 0+11. 3
64.5+1. 4

0.2
0. 998

for each dose.
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FIGURE 11(a) Mass Spectrum of
2- Hydroxy' - 3-Nitrocarbazol e
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FI GURE 11(b) NWVR Spectrum of
2- Hydr oxy-3-Ni t rocar bazol e
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TABLE 11(a) Physicochem cal Data for
2- Hydr oxy-3- Ni t rocar bazol e

mp.: 205-207CC (yelloworange plates)
TIjC  Rf 0.227 (tol uene)
Rf 0.625 (CH2Cl2)

Mass spectrum  MN 228

I H NVR spectrum (400 MHz, acetone-de):
delta 7.24 (s, one proton, H)
delta 9.11 (s, one proton, H4)
delta 8.40 (d, one proton, Hb)
delta 7.45 (t, one proton, Ho)
delta 7.62 (t, one proton, H7)
delta 7.70 (d, one proton, H3)
delta 11.01 (s, one proton, H9)
delta 11.12 (s, one proton, OH

s: singlet peak
d: doubl et peak
t: triplet peak
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FIGURE 11(c) Mitagenicity of
2- Hydroxy-3-N trocarbazole In Sal nonel | a
| ooor strain TA 98
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TABLE 11(b) Mutagenicity of

2- Hydr oxy-3-Nitrocarbazole in Sal nonell a
Strain TA 98

Dose Sal monella  Typhinurium Stra
(ug/ pl ate) - S9 +S9

Positive

contr ol 285. 5+80. 6 449. 0+28. 3
Spont aneous 26.5+7.1 66. 015. 7

0.1 36. 5+15. 6 51.549.9

1.0 65. 0+11. 3 62. 0+2.8
10.0 306. 0+1 24. . ' 185. 0+28. 3
100. 0 712. 045.7 936. 0+172. 5
Rev/ ug 27.0 13.6

r 0. 9999 0. 9999

Duplicate plates were enployed for each dose.


NEATPAGEINFO:id=894B60AB-57AF-47A2-B9B1-4B2A0A033870


112

FIGURE 11(d) Mutagenicity of

2- Hydr oxy-3-Ni trocarbazol e in Sal nonel | a

Strain TA 98ND
+S9

1 10 20 30 40 50 60 70 80 90 100

m crograns/pl ate
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TABLE 11(c) Mitagenicity of

2- Hydr oxy-3-Ni trocarbazol e in Sal nonel | a
Strain TA 98ND

Dose Sal monel la  Typhimuri um Strain TA 98ND
(ug/ pl ate) -59 +S9
Positive

Control 60.5+9. 9 333. 0+62. 2
Spont aneous 21.0+11. 3 35.0+8. 5
0.1 16. 5+4. 2 27.5+9. 9
1.0 24.5+7. 1 33. 0+0. 0*
10.0 39.547.1 48. 5+15. 6
100. 0 90. 5+35. 4 182. 5+83. 4
Rev/ ug 2.1 1.5

r 0. 96 0. 999

Duplicate plates were enployed for each dose, unless otherwse in-
di cat ed.

*Only one plate enpl oyed.
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FI GURE 12(a) Mass Spectrum of

2- Hydroxy-1, 3-Di ni trocarbazol e
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FI GURE 12(b) NWVR Spectrum of

2- Hydroxy-1, 3-Dini trocarbazol e
2N,

9.5 9,0 8.5 8.0 7.5 PPM 7. 0
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TABLE 12(a) Physicochem cal Data for
2- Hydroxy-1, 3-Di nitrocarbazol e

mp.: 203-2050C (deconposition) (orange needles)
TLC. Rf 0.033 (tol uene)
Rf 0.068 (CH2Cl2)
Rf 0.800 (acetone)
Mass spectrum MN 273
I H NWR spectrum (400 MHz, acetone-de):

delta 9.19 (s, one proton, H4)
delta 8.29 (d, one proton, Hb)
delta 7.39 (t, one proton, Ho)
delta 7.53 (t, one proton, Hr)
delta 7.78 (d, one proton, H3)
delta 11.87 (s, one proton, H9)

s: singlet peak
d: doubl et peak
t: triplet peak
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FIGURE 12(c) Miutagenicity O
2-Hydroxy-1,3-Dinitrocarbazole in Salnonella

Strain TA 98
400
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TABLE 12(b) Mutagenicity of
2- Hydroxy-1, 3-Dinitrocarbazole in Sal nonell a

Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98
(ug/ pl ate) -S9 +S9

Positive

control 377.5+18. 4 119. 0+2. 8
Spont aneous 19.5+4. 2 53.5+7. 1
0.1 35.0+11. 3 36.5+9.9
1.0 34.0+5.7 52.5+4. 2
10.0 103. 0+11. 3 126. 0+14. 1
100.0 320.0+31.1 286. 5+21. 2
Rev/ ug 7.2 8.7

r 0. 996 0. 996

Duplicate plates were enployed for each dose.
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FI GURE 12(d) Mutagenicity of

2-Hydroxy-1,3-Dinitrocarbazole in Sal nonel | a
Strain TA 98ND
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TABLE 12(c) Mutagenicity of

2- Hydroxy- 1, 3-Dinitrocarbazole in Sal nonel | a
Strain TA 98ND

Dose Sal nonel | a Typhimirium Strain TA 98ND
(ug/ pl ate) -59 +S9O

Positive

contr ol 66. 0+22. 6 410. 5+43. 8
Spontaneous 30. 5+12. 7 43.5+7. 1
0.1 27.0+2. 8 54. 0+19. 8
1.0 25.0+14. 1 50.5+9. 9
10.0 44.5+7. 1 63.5+7.1
100. 0 116. 0+22. 6 180.5+41.0
Rev/ ug 0.9 1.3

r 0. 99 0. 9995

Duplicate plates were enployed for each dose.
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FI GURE 13(a) Mass Spectrum of
2- Hydroxy-1, 3,6-Trinitrocarbazol e
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FI GURE 13(b) NWMR Spectrum of
2-Hy droxy-1,3,6-Trinitrocarbazol e
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TABLE 13(a) Physicochem cal Data for
2- Hydroxy-1, 3, 6-Trini trocarbazol e

mp.: 188-1900C (deconposition) (red-orange plates)
TLC.  Rf 0.0 (toluene)

Rf 0.023 (CH2CI2)

Rf 0.810 (acetone)

Mass spectrum MN 318

i R NVR spectrum (400 MHz, acetone-de):
delta 9.07 (s, one proton, H4)
delta 8.62 (s, one proton, HD)
delta 8.19 (d, one proton, H/)
delta 8.33 (d, one proton, HB)

—_—~

s. singlet peak
d: doubl et peak
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FI GURE 13(c) Miutaganicity of
2- Hydroxy-1,3,6-Trinltrocarbazoia in

| 00("Sai monel ia Strain TA 98 >'S9
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TABLE 13(b) Miutagenicity of
2-Hydroxy-1,3,6-Trinitrocarbazole in
Sal noneila Strain TA 98

Dose Sal nonel | a Typhi murium Strain TA 98
(ug/ pl ate) -S9O +S9

Positive

contr ol 229.549. 9 304. 5+49. 5
Spont aneous 29.0+7.1 29.0+14. 1
0.1 19.5+4. 2 30.5+7.1
1.0 36.0+11.3 40. 0+17.0
10.0 252. 0+39. 6 132.0+2. 8
100. 0 992. 0+181.0 662. 0+65. 1
Rev/ ug 23. 7 10. 2

r 0. 9998 0. 999997

Duplicate plates were enployed for each dose.
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FI GURE 13(d) Mutagenicity of

2-Hy droxy-1,3,6-Trinitrocarbazole in
Sal nonella Strain TA 98ND
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TABLE 13(c) Miutagenicity of
2- Hydroxy-1,3,6-Trinitrocarbazole in
Sal nonella Strain TA 98ND

Dose Sal nonel | a Typhi murium Strain TA 98ND

(ug/ pl ate) -S9 +S9
Positive

control 66. 0+22. 6 410. 5+43. 8
Spont aneous 30.5+12. 7 43.5+7. 1
0.1 27.0+2. 8 56. 0+5. 7
1.0 32.5 + 12.7 57.0+17.0
10.0 82.5+1. 4 85. 0+0. O*
100. 0 256. 0+39. 6 327.0+2. 8
Rev/ ug 5.6 2.7

r 0. 99997 0. 9999

Duplicate plates were enployed for each dose, unless otherw se in-
di cat ed.

*Only one plate enpl oyed.
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TABLE 14 ly/lutagenicity Results for

Car bazol e Conpounds

Conpound

Car bazol e
1-Ni trocar bazol e
3-Ni trocarbazol e:

Orange product

Yel | ow product
1,6-Dinitrocarbazol e
3,6-Di nitrocarbazol e
2- Hydroxy carbazol e
2- Hydr oxy-I-nitro-
car bazol e

2- Hydr oxy- 3-ni tro-
car bazol e

2- Hydr oxy- 1, 3-di -
ni trocar bazol e

2- Hydroxy-1,3,6-tri-

ni trocar bazol e

Revert ant s/ nanonol e

TA 98
- S9

0.01
0.3

0. 06
1.5
0.5
26. 2
-0. 004
0. 02

+S9

0.01
0.2

0.2
2.3
1.7
34.5
-0.02
0. 04

3.

3.

1

3

TA 98ND
- S9

- HS9

1.7
29.
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V. DI SCUSSI ON

5.1. Discussion of Results

The reasons for the varying activities of the carbazol e conpounds
may lie in some of the structure-activity relationships outlined in the
Background section. Those relationships are the follow ng:
(1) Degree of aromaticity of the PAH

(2) Resonance stabilization of the reactive electrophile, i.e., the
nitreni umion.

(3) Oientation of the nitro group.
(4) Degree of nitro-substitution

According to Ho et al. (1981), nost heterocyclic conpounds with
one to four rings produce no nutagenicity, while five-ring conpounds
have been found to give significant activities. Wth its lack of
activity, the tricyclic conpound carbazol e appears to follow this trend.
The presence of five rings in the aromatic structure may allow for
better insertion of the conmpound into the DNA to forma DNA adduct.

The same reason may be given for the inactivity of 2-hydroxy-
carbazole, with an additional possible deactivating effect of the
hydroxy group at the C2 position. The presence of such an el ectron-
donating group, according to Vance and Levin (1984), may effectively
prevent resonance stabilization or reaction of the carboniumion with a

nucl eophi | e such as DNA by its presence on a ring carbon involved in

resonance stabilization.
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That may al so explain why 2-hydroxy-|-nitrocarbazole is inactive
as a nutagen, even less active than 1-nitrocarbazole. Unlike the 1-
nitro isomer, addition of a hydroxy group at the C2 position distinctly

increased activity for 3-nitrocarbazole, perhaps by assisting in

resonance stabilization.

Anot her reason for the nonnutagenic behavior of 2-hydroxy-I-
nitrocarbazole, as well as for the weak mutagenicity of 1-
nitrocarbazole, may be the orientation of the nitro group along the
short axis of the molecule. This, according to Vance and Levin, causes
the adduct to orient broadside to the DNA helix, which does not
facilitate intercalation and the subsequent frameshift nutation.

Somewhat anal ogous to this is the approach taken by Kl opman and
Rosenkranz (1984), who used the presence of activating and deactivating
fragments to predict nutagenic activity. The presence of a substituted
carbon para to the nitro group constitutes an activating fragnent,
whereas the presence of an unsubstituted carbon para to the nitro group
constitutes a deactivating fragment. Figure 1 on page 38 illustrates
these fragments. Both 1-nitrocarbazol e and 2-hydroxy-I-nitrocarbazol e
possess deactivating fragments.

On the other hand, 3-nitrocarbazole, 2-hydroxy-3-nitrocarbazole,
and 3, 6-dinitrocarbazole all have nitro groups oriented along the |ong
axis, creating activating fragments. Such orientations allow adducts to
orient end-on and perpendicular to the DNA helix, facilitating
intercalation and DNA frameshift mutation. 2-Hydroxy-3-nitrocarbazol e
and 3, 6-dinitrocarbazol e were both quite active, and the yell ow 3-
nitrocarbazol e i somer possessed significant activity. However, the

orange 3-nitrocarbazole was only weakly active. The yellow 3-nitro
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product may have been nore active than the orange 3-nitro product due to
the very small anmount of a dinitrocarbazole in the mass spectrumof the
yel | ow product or to an orange contamnant co-eluting with 3-nitro-
carbazol e and diluting or deactivating the orange product. The
contam nated preparation of 1-nitrocarbazole may be active due to the
presence of 2-nitrocarbazole, which also has a nitro group along the
long axis of symmetry, creating an activating fragment.
1,6-Dinitrocarbazol e and 2-hydroxy-I, 3-dinitrocarbazol e have nitro
groups oriented along both axes, creating both activating and
deactivating fragments. Such orientations may be responsible for the
conpounds' weak to noderate activity. The activating and deactivating
fragments may tend to cancel each other out,
2-Hydroxy-1,3,6-trinitrocarbazole has two nitro groups along the
long axis, creating two activating fragments, and one nitro group al ong
the short axis, creating a deactivating fragment. The Cl deactivating
fragment and the C6 (or C3) activating fragnent may cancel each ot her
out, leaving the C3 (or C6) activating fragment as the remaining
determnant of nutagenicity. This may explain why 2-hydroxy-3-nitro-
carbazol e and 2-hydroxy-1,3,6-trinitrocarbazol e have simlar activities.
In addition to the possession of two activating fragments, the
high activities of 3,6-dinitrocarbazole and 2-hydroxy-1, 3, 6-
trinitrocarbazole may be due to the greater extent of nitration of the
conpounds. Activity has been found to increase with the extent of
nitration of other PAH conpounds such as pyrene and fluorene. Maximal
activity occurs with the trinitro-substituted conpounds. Activity
falls off with the addition of a fourth nitro group (MCoy et al., 1981
Mernel stein et al., 1981; Rosenkranz and Mermelstein, 1983). According
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to Vance et al. (1985, 1987), the presence of additional electron-

wi t hdraw ng groups such as nitro groups can increase the nutagenic
potency of nitro-PAH The unmetabolized nitro group serves to exert a
strong electron-withdrawing effect on the aromatic structure,
facilitating the initial reductions of the other nitro group and
increasing the stability of the hydroxylamne internediate, both of
which may increase the potential for genetic damage.

This effect of the greater extent of nitration may al so explain
the relatively high activities of 1,6-dinitrocarbazole and 2-hydroxy-
1,3-dinitrocarbazol e conpared to some of the nononitro isonmers. 1,6-
Dinitrocarbazol e and 2-hydroxy-1, 3-dinitrocarbazol e were probably not as
nutagenic as their respective 3-nitro isoners, however, because of their
possession of both activating and deactivating fragnents.

The dramatic decrease in nutagenic activity for all conmpounds
tested in TA 98ND indicates the major role played in their reduction to
active internediates by the "classical" nitroreductase B, which is
absent in TA 98ND. However, not all the activity of these conmpounds was
due to nitroreduction by this enzyme, since sone residual activity did
remain, especially for 3,6-dinitrocarbazole and 2-hydroxy-1, 3, 6-
trinitrocarbazole. Activity was not affected significantly in the
contam nated 1-nitrocarbazole preparation. This may be due to the
contam nant being either a nonnitro conpound or a nitro conpound, such
as 2-nitrocarbazole, that is not reduced by the "classical"
ni troreduct ase.

Addition of S9 to 1,6-dinitro, 3,6-dinitro-, and 2-hydroxy-Il ,3-
dini trocarbazol e probably increased their activity in TA 98 and restored

their activity in TA 98ND due to nore effective nitroreduction of the
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conpounds by manmalian nitroreductases in the S9. Addition of S9 to 3-
nitrocarbazol e may have increased the conpound's activity by both nore
ef fective nitroreduction and oxidation of the conpound to 2-hydroxy- 3-
ni trocarbazol e and ot her X-hydroxy-3-nitrocarbazol e conmpounds by the
cytochrome P-450 mixed function oxidase systemin the S9. 2-Hydroxy- 3-
nitrocarbazol e woul d not have been very abundant, however, since the C2
position is not very reactive. Hence, the increase in activity for 3-
nitrocarbazole by this route may not have been very great.

Activity was decreased with the addition of S9 for 1-nitro-
carbazole in TA 98 and for 2-hydroxy-3-nitrocarbazol e and 2-hydroxy-
1,3,6-trinitrocarbazole in TA 98 and TA 98ND. Oxi dation of those
compounds by the S9 to hydroxy or dihydroxy conpounds perhaps prevented
resonance stabilization fromoccurring, thereby [owering activity.

Evi dence of this effect may be found in the inactivity of 2-hydroxy-I-
nitrocarbazole relative to 1-nitrocarbazole. The decrease in activity
with S9 of the contam nated 1-nitrocarbazol e preparation, possibly
containing 2-nitrocarbazole, nmay al so suggest a deactivating effect of
hydroxyl ati on. O her explanations may be that the conmpounds adsorbed to
a certain protein or proteins present in the S9 or that they were
converted to |l ess active am no conpounds through a hydroxyl am no
intermediate. 1-Nitropyrene has been found to readily absorb to bovine
serum al bumn and readily convert to 1-am nopyrene in the presence of

rat mcrosome fraction (Tokiwa et al., 1981).

5. 2. Concl usi ons

Fromthese results, the follow ng conclusions nay be nade:

(1) Nitro group orientation is inportant in determning the
mut ageni ¢ activity of nitrocarbazol G and 2-hydroxynitro-
carbazol e conpounds. Activity was higher for conpounds


NEATPAGEINFO:id=A223783D-B60F-4E6C-8CA3-3152DFB6C2E2


134

possessing nitro groups at the C3 and/or C6 position and
| ower for conmpounds possessing nitro groups at the Cl
position. Conpounds possessing nitro groups at both
positions were only weakly or noderately active.

(2) The extent of nitration was al so an inportant consideration,
with activity in general rising with increasing nunber of
nitro groups on the conpound.

(3) Based on the different results of 1- and 3-nitrocarbazole and
their 2-hydroxy derivatives, the presence of a hydroxy group
can greatly affect nutagenicity, perhaps through its effect
on resonance stabilization of the arylnitreniumion

increasing activity for the 3-nitro isoner, but decreasing it
for the 1-nitro isomer.

(4) Activity was al so dependent on nitroreduction by the
“classical" nitroreductase B, based on results in TA 98ND

However, the presence of sone residual nutagenicity indicated
that other nitroreductases were also involved.

(5) S9 played an inportant role in the activity of most carbazol e
conpounds, increasing activity distinctly for sone, and
decreasing it distinctly for others. Based on results in TA
98ND, nitroreduction by S9 manmalian nitroreductases may have
played the major role in increasing activity, with the
oxi dases possibly playing a role as well. The oxi dases and
other proteins present in S9 may have played the nmajor role
in reducing activity.

5.3. Recommendati ons

O the conpounds studied in this project, three possess sufficient
mutagenic activity to merit further study--3,6-dinitrocarbazole, 2-
hydr oxy- 3-nitrocarbazol e, and 2-hydroxy-I,3,6-trinitrocarbazole. To
obtain a nore accurate picture of their nutagenic activity, further
purification of the compounds coul d be done with high-performance Iiquid
chromat ography before assaying. Metabolite and DNA adduct studies could
al so be conducted of all the conpounds, or at |east those most active,
to understand the patterns of netabolism undergone by carbazol e
conpounds and the effect of a heterocyclic nitrogen on the patterns of

met abol i sm under gone by nitro-PAH conpounds in general
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Since the G 1 and C3 positions of carbazole are the nost reactive
positions, and since 3-hydroxycarbazol e has been detected by Johns and
Wight (1964) as the major netabolite of carbazole, synthesis of 1- and
3-hydroxycarbazol e as additional parent conpounds for nitration may
provi de additional information about the nutagenicity of hydroxynitro-
carbazol e metabolites and air pollutants. O her carbazol e conpounds
which may be worthy of future study are 2-nitrocarbazole, based on the
results of Lavoie et al. (1981) and structure-activity relationships
dealing with nitro group orientation, and benzo-and di benzocarbazol es
and their nitro derivatives, based on structure-activity relationships
dealing with the degree of aromaticity of heterocyclic conpounds. In
order to obtain a wider isoner profile of nitrocarbazoles and hydroxy-
nitrocarbazoles, nitration with nitric acid in acetic anhydride may al so
be attenpted. The nethod of Mirphy, et al. (1953) in synthesizing
1,2,6,8- and 1,3,6,8-tetranitrocarbazole could be repeated as well.
Attenpts could be made to nitrate other heterocyclic conpounds found in
ambient air, such as acridine and benzoquinoline and their hydroxy
derivati ves.

Present results have shown the nitrocarbazol es and 2-hydroxy-
nitrocarbazoles as a group to be relatively inactive. Therefore, they
woul d have to be present in high concentrations to contribute signifi-
cantly to the nutagenicity of hazardous pollutants in anbient air and

cigarette snoke and to the potential resulting health risk arising from

exposure.
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