Journal zzf Ch{o_ma_tography, L{5 (1975) 71-78
© Elsevier Saequﬁc Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 8604

IDENTIFICATION OF CARCINOGENIC ACETATES OF FLUORENYLHY-
DROXAMIC ACIDS BY HIGH-PRESSURE LIQUID CHROMATOGRAPHY

H. R. GUTMANN, D. MALEJKA-GIGANTI and R. McIVER

Laboratory for Cancer Research, Veterans Administration Hospital, Minneapolis, Minn. 5547, and
Department of Biochemistry, Uriversity of Minnesata, Minneapolis, Minn. 55455 (E/.5.4.)

(Received June 6th, 1975)

SUMMARY

A method for the identification and gquantitation of carcinogenic O-acetates
of fluorenythydroxamic acids by high-pressure liquid chromatography is described.
The adsorbent is Corasil If and a mixture of ethyl acetate-n-hexane (1:1) is used as
the solvent. N-Acstoxy-2-fluorenylacetamide or N-acetoxy-3-fluorenylacetamide are
separable as single peaks from N-acetoxy-4-fluorenylacetamide and from N-acetoxy-
2-fluorenylbenzamide. The peak height traced by the recorder is linearly proportional
to the amount of compound in the efffuent. The method can be utilized for the detec-
tion of 0.1~1.0 ug of compound. The methad has been used to identify the products
of the decomposition of N-acetoxy-2-fiuorenyiacetamide in aqueous media.

INTRODUCTION

It is generally accepted that the carcinogen N-2-fluorenylacetamide (2-FAA)
acquires biclogical activity by sequential metabolic activation to a reactive form. In
the first step which appears to be obligatory for carcinogenesis, the arylamide is con-
verted by the hepatic mixed-function oxidase ro the respective arylhydroxamic acid,
N-hydroxy-2-FAA!-3. N-Hydroxy-2-FAA, although a highly actve carcinogen for
the rat by a variety of routes*~® and a transforming agent for rat-embryo fibroblasts
in culture?, may not be the final reactive form (ultimate carcinogen). There is indirect
evidence that N-hydroxy-2-FAA is esterified to a sulfate, N-svifoxy-2-FAA, by the
hepatic sulfotransferase(s) of the rat® % The sulfate ester dissociates into an electro-
philic arylemidonium ion which is thought to initiate hepatocarcinogenesis by inter-
action with cellular macromolecules®. However, formation of the sulfate ester of
N-hydroxy-3-FAA appears to be restricted to the liver. The evidence indicates that
sulfarion does not occur in any of the extrahepatic tissues of the rat susceptible to
the action of 2-FAASY or in rat-embryo cells in cilture’. In these iastances, it is
theoretically possible that the acetate ester, N-acetoxy-2-FAA, is formed and may
‘give rise to an electrophilic reactant in the same way as the sulfate ester. This sup-
. ssition is based on the formation of N-acetoxy-2-FAA upon reaction of N-hydroxy-
2-FAA with acetyl CoA'? as well as on the demonstration that N-acetoxy-2-FAA is
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a transforming agent for cultured embryonic cells of the rat and of the hamster’-'°.

Although N-acetoxy-2-FAA can be obtained by synthesis in pure .fortr_x“"s, isolation
of the ester from biological systems and its subsequent quantitation IS comphc?t_ed
by the instability of the compound upon thin-layer chromatography (TLC) on silica
gel' and by its tendency to decompose in polar sotvents'”. In the present W'prk> we
have identified, by high-pressure liquid chromatography (HPLC), the heretofore
unknown products of the decompositon of M-acetoxy-2-FAA m aqueous media.
The identi%ication of these products in a biological system coutaining N-hydroxy—
2-FAA as a substrate would provide evidence, therefore, for the formation of N-
aceioxy-2-FA A by acetylation of the hydroxamic acid. N-Acetozy-E-FA_;A, N-acetoxy-
4 FAA. and N-acetoxy-2-fuorenylbenzamide (N-acetoxy-2-FBA), which are reasom
ably stable in polar solveats, may be identified directly by HPLC as describad bexov:r.
N-Acetoxy-3-FAA and N-acetoxy-2-FBA as well as the respective arvihydroxamic
acids, N-bydroxy-3-FAA and N-hydroxy-2-FBA, are potent carcinogens for the
rat>15; and N-acetoxy-3-FAA, N-hydroxy-3-FAA, and N-hydroxy-2-FBA are also
transforming agents iz virro”. The transforming ability of N-acetoxy—ZfBA has not
been investigated thus far. With the use of HPLC. we are now in a position to deter-
mine whether the carcinogenic fluorenylhydroxamic acids, N-hydroxy-Z—F_A.A, N-
hydroxy-3-FAA. and N-hydroxy-2-FBA are metabalized by tissue preparations .and
celis in culture to the carcinogenic acetate esters. If this were the case, the carcino-
genicity of the hydroxamic acids, may, in fact, be due to the formation of the acetates,
Experiments along these lines are in progress.

MATERIALS AND METHODS

Preparation of compounds

N-Acetoxy-2-FAA'S, m.p. i08-109°, N-acetoxy-3-FAA"™. m.p. 104-105° N-
acetoxy-4-FAA'™S, m.p. 105~107°. N-acetoxy-2-FBAS®, m.p. 130-132°, N-(1-hydroxy}-
2-FAA™ m.p. 216-219°, and N-(3-hydroxy)-2-FAA?L, m.p. 247-249°, were prepared
by the procedures described in the literature. N-(3-Acetoxy)-2-FAA, m.p. 233°, was
obtained by a2 modification of the previously published procedure®. To a solution of
the hydrochloride of N-(3-hydroxy}-2-flucrenamine (0.15 g, 0.65 mmole) in pyridine
(5 ml) was added acetic anhydride (0.25 mi). The mixture stood at room temperature
for 4 h and was then poured into cold water. The precipitate was collected, washed
with water and recrystallized from 95% ethanol. TLC of the recrystallized materiat
on silica gel GF,s, (rapid-plate; Woelm, Eschwege, G.F.R.) with chloroform-
methanol (95:3) as a solvent gave a single fluorescence-quenching spot, Ry = 0.50.
The infrared spectra of the above compounds matched those of authentic samples.
N-(I-Acetoxy)-2-FAA, whose preparation had not been describad previously, was
obtained by treating N-(I-hydroxy)-2-FAA® (0.15 g, 0.63 mmole} in pyridine (5 mb
with acctic anhydride (0.30 mi). After the reaction mixture had stood at room temper-
ature for 4 b, the precipitate was collected and washed with water. The crude material
was recrystallized successivaly from 25% ethanol and from benzene to vield the pure
product (0.13 g, 739 yield), m.p. 197~198°; »X37 3350 (N-H), 1740 (G-C=0), {690
(N-H) cm~*. TLC on silica gel GF,s, (rapid-plate; Woelm) with ethyl acetate-benzene
(7:3} as z solvent gave z single fuorescence-quenching spot, Ry = 0.28. Calculated
for C;;HsO;N: C, 72.38: H, 5.37; N, 4.98. Found: C, 72.55; H, 545; N, §.25.
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Conditions of HPLC

The equipment used in the present experiments (cclumn length, internal
diameter of columns, solvent reservoir. pressure device, optical unit monitoring the
column effiuent) was that previously described®. The absorbance of the effuent
relative to air was recorded with a strip chart recorder, Model 7i01 BM (Hewleti-
Packard, Palo Alto, Calif,, US.A.). The adsorbent was Corasil [ (particle size
37-50 ugm) (Waters Ass., Milford, Mass., U.S.A.} and the solvent was ethyl acetate—
r-hexane (1:1) throughout. The columns were packed mechanically with a dry-column
packer (Chromatronix, Berkciey, Calif,, U.S.A.) and operated at room temperaiure
(25-26°) with an inlet pressure of 80 Ibs./in.2. The compounds (0.2-1.0 g) in ethy!
acetate or ethyl acetate-n-herane (1:1) (5-25 g} were injected into the column by
means of a Pressure-Lok Liquid Syringe C-160 (Precision Sampling. Baton Rouge,
La., U.S.A.}.

fncubation of N-acetoxy-2-FAA ir agueous medivunm and isolatian aof the reaction prod-
ucts prior to HPLC

N-Acetoxy-2-FAA (0.1 umole) in acetone (G.1 ml) was added to a 0.01 &7
phosphate buffer (10 ml), pH 7.4, containing inorganic salts in the following final
concentrations: NaCl (137 mdf), KCI 2.7 mM), CaCl, (0.9 mA) and MgClL -6 H,O
(0.5 mAf). Three separate mixtures were incubated for 2 h at 37°. The mixtures were
then combined. cooled to 4° and extracted with dicthyl ether (2 X 30 ml). The ether
was washed once with cold water (60 ml), dried (anhydrous sodium sulfate} and
evaporated under a stream of nitrogen. The residue was dissoived in ethyl acetate—
r-hexane (1:1) (0.3 m!) and aliquots (10-20 gl) of this solution were injected on to
the column.

RESULTS AND DISCUSSION

The mean retention times of N-acetoxy-fluorenylacetamides are listed in
Table I and representative elution profiles of the compounds are shown in Fig. .
All compounds were eluted reproducibly as single, sharp peaks. Although the methed
was not designed to resolve mixtures of N-aecetoxy-fiuorenvlacetamides, we have
readily separated N-acetoxy-2-FAA or N-acetoxy-3-FAA from N-acetoxy-4-FAA
and N-acetoxy-2-FBA when a mixture of these compounds was applied to the colummn.

TABLEI

RETENTION TIMES OF THE ACETATES OF FLUORENYLHYDROXAMIC ACIDS CHRQC-
MATOGRAPHED ON CORASIL II

The HPLC conditions were those described in the text.

Campound Number—a}rumr Retention time (min)*
N-Acetoxy-2-FAA 14 9.7
N-Acsroxy-3-FAA 12 8.9
N-Acetoxy-{-FAA 4 7.7
N-Acetoxy-2-FBA 16 6.8

* The values are the mean retention times of the number of runs {isted. The average deviations
from the means were < = 394,
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Fig. t. Composite elution profile of N-acetoxy-fluorenylamides. Each compound was chromatogra-
phed on Corasil [T as described in the text.

The separation of N-acetoxy-2-FAA from N-acetoxy-3-FAA is, however, not possible
under the present experimental conditions. Fig. 2 shows that the peak height traced
by the recorder is proportional to the amount of compound applied to the column
within a range of 0.2-1.6 zg. Therefore, peak height is a convenient measure of the
amount of compound iz the effluent. Since as little as 0.1 ug of the acetate esters is
readily detectable, the sensitivity of HPLC for the getection and quantitative esti-
mation of these compounds is, in our experience, considerably greater than that of
TLC. The ease of quantitation and the speed of the procedure are additional ad-
vantages that make HPLC the method of choice for the identification of these com-
pounds.

HPLC is applicable to the identification of N-acetox.y—Z-FA—‘x isolated from
non-poiar media in which the ester is comparatively stable (Fig. 1). However, in polar
soivents and especially in the aqueous media employed in biological experiments
N-acetoxy-2-FAA decomposes and cannot be identified directiy. Since the formation
of N-acetoxy-2-FAA in biclogical systems is of major concern for the reasons stated
above, the only approach open to us was the identification of the products resulting
from the decomposition of N-acetoxy-2-FAA. Fig. 3A shows the typical elution
profile of an ethereal solution that was obtained by extraction of an aqueous incu-
bation system containing N-acetoxy-2-FAA and then subjected to HPLC. A ‘com-
pound with a retention time of $.7 min corresponding to N-acetoxy-2-FAA was not
seen, Instead, compounds A, B, C, D, E and F were noted. Compounds A and B
were always seen when the medium was extracted with diethyl ether and when- the
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Fig. 2. Relation between peak height and amount of N-acetoxy-fiuorenylamide subjected to HPLC.
The HPLC conditions are described in the text. &, N-Acetoxy-2-FAA: O, N-acetoxy-3-FAA:
&, N-acetoxy-4-FAA; A, N-acaetoxy-2-FRA.

extracts were subjected to HPLC. These compounds are not derived, therefore, from
N-acetoxy-2-FAA. Compound C has not been identified as yet. Compounds D. E
and F had the same retention times as N-{i-hydroxy}-2-FAA, N-(3-hydroxy}-2-FAA
and N-(I-acetoxy)-2-FAA, respectively (Fig. 3B, Table II}. The identity of com-
pounds D, E and F with the g-amidofiucorenols dand WN-(l-acetoxy)-2-FAA, respec-
tively, was confirmed by co-chromatography of the ether extract with the authentic
compounds (Fig. 3C). Liquid chromatography of an aliquot of the ethereai extract
on Carbowax 400/Porasil C, 2 method previously described for the detection and
identification of fuorenylbydroxamic acids?®, gave no evidence for N-hydroxy-2-FAA.
This excluded decomposition of N-acetoxy-2-FAA to the hydroxamic acid. The data
summarized in Table IIT lead us to conclude that N-acetoxy-2-FAA in aqueous media
undergoes a rearrangement in which the acetoxy group migrates to carbon-atom 1
of the fluorene moiety to yield N-(I-acetoxy)-2-FAA. The latter compound is then
partially hydrolyzed to N-(l-hydroxy)-2-FAA. N-(3-Hydroxy)-2-FAA arises from
the electrophilic attack of hydroxy! groups from the medium on the positively charged
carbon-atom 3 of the resonance form of the arylamidonium ion that results from the
dissociation of N-acetoxy-2-FAA in polar media*”. This follows from the observation
that N-(3-hydroxy)-2-FAA was also identified by HPLC in incubation mixtures that
were extracted iramediately after the addition of N-acetoxy-2-FAA to the buffer
(Table III). Under these conditions, the elution profile of the extract showed no trace
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Fig. 3. identification of the products of the decomposition of N-acetoxy-2-FAA in phosphate buffer.
A, Flution profile of an ethereal exwact obtained after incubation of N-acetoxy-2-FAA in phosphate
buffer for Z h at 37°. The conditions of incubation, extraction, and HPLC are described in the text.
B, Elution profile of N-acetoxy-2-FAA (1), N<{l-hydroxy)-2-FAA (2), N-(3-hydroxy)}-2-FAA (3},
N-(3-acetoxy)}-2-FAA (4} and WN-(l-zcetoxy}-2-FAA (5). C. Co<chromatography of an ethereat
exmact obtainasd after incubation of N-acatoxy-2-FAA in phosphate buffer as described above and
a mixture of compounds 2, 3, and 3 listed under B. The increase in the height of peaks D, E, and F
was accounted for by the amounts of compounds 2, 3, and § added to the extract.

e

TABLEIT -

RETENTIGN TIMES OF N-o-ACETOXY FLUORENYLACETAMIDES AND OF THE
CORRESPONDING o-HYDROXYFLUORENVYLACETAMIDES CHROMATOGRAPHED
ON CORASIL 1T ’

The HPLC concmoﬁs were those describad in tha text.

.Compoaurtd T Number of runs  Reiention time {nin)" ~
N-(I-Acetoxy}-2-FAA 3 7.5 )
N-(3-Acctoxy}-2-FAA 3 254 - -
N-{1-Hydroxy}-2-FAA 3- 3.1 - - -
N-(3-Hydroxy}-2-FAA -3- 15.3 -

* The values ars the mtﬂn retentxcn times of the number of runs hsted The awrage d.wanons
from the means were < £+ 3%,
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TABLE II.

. CHROMATOGRAPHIC EVIDENCE FOR THE REARRANGEMENT OF N-ACETOXY-3-
FAA AND FOR THE STABILITY OF N-(:-ACETO AND N-(3-ACETOXY)-2-
IN PHOSPHATE BUFFER ls ¢ OXYy2FAA

Compound incubated” Incubation  Compounds identified Yield (9;)° "
time (k) by HPLC™*

N-Acetoxy-2-FAA 0 N-Acetoxy-2-FAA 70
N-(3-Hydroxy)-2-FAA 10
2 N-(1-Acetoxy)-2-FAA 60

NA3-Hydroxy)-2-FAA. 3
N-(i-Hydroxy)-2-FAA <5

N-(1-Acetoxy)-2-FAA O N~(i-Acetoxy)-2-FAA 70
2z N-{i-Acetoxy)}-2-FAA 65

N-(I-Hydroxy)-2-FAA 10

N-(3-Acetoxy)-2-FAA O N-(3-Acetoxy)-2-FAA 65

N-(3-Hydroxy)-2-FAA <5
N-(3-Acetoxv)-2-FAA 60
N-(3-Hydroxy)}-2-FAA 5

* Equimolar amounts of each compound dissolved in acetone were incubated in a phosphate
buffer as described in the text.
“* The conditions of chromatography are described in the text.
""" Estimated by reference fo calibration curves obtained as described in the text.

[

of N-(3-acetoxy)-2-FAA. Moreover, N-(3-acetoxy)-2-FAA that had been incubated
in phesphate buffer at 37° for 2 h was recovered in good yield by ether extraction of
the incubation system and was readily identified by HPLC (Table IH). Ar artho
rearrangement of N-acetoxy-2-FAA has been reported upon TLC of the ester on
silica gel’S. This acid-catalyzed rearrangement differs from that observed here in that
the major product of the reaction was N-(3-acetoxy}-2-FAA rather than N-(I-
acetoxy)-2-FAA, the principal product of the rearrangement in aqueous media at
neutral pH. For practical purposes, the simultaneous identification of N-(I-acetoxy)-
3-FAA and of N-(l-hydroxy)- and N-(3-hydroxy)-2-FAA in the elution profile of
an ethereal extract of a biological system containing a potential precursor of N-
acetoxy-2-FAA would be strong evidence for the formation and tramsient existence

of this carcinogen.
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