
KDENTIFICAT-ION OF CAKClNOGEMC ACETATES OF FLUORENYLHY- 
DROXAMIC ACIDS BY HIGH-PRESSURE LIQUID CHROMATOGR.APHY 

A method for the identification and quantimtion of carcinogenic O-acetates 
of korenyIhydroxamic acids by high-pressure liquid chromatography is desctibed. 
The adsorbent is Corasif II and a mixture of ethyl acetate-n-hexane (I : i) is rrsed as 
the solvent. N-Acttoxy-24luorenyiacetamide or N-aceto_xyS-floorenylacetamide are 
separable as singk peaks from N-acetoxy~~rrorenyIacetamide and from N-acztoxy- 
24uorenytbenzamide. The peak height traced by the recorder is linearly proportional 
to the amount of compound in the efilueat. The method can be utilized for the detec- 
tion of 0.1-I.@ ,ug of compound. The method has been used to identify the products 
of the decomposition of N-acetoxy- MuorenyIacetamide in aqueous media. 

-- 

ft is generally accepted that the carcinogen N-Zfiuorenyketamide Q-FAA) 
acquires biological activity by sequential metabolic activation to a reactive form. In 
the 61% step which appears to be obligatory for carcinogenesis, the aryiamide is con- 
verted by the hepatic mixed-function oxidase rdthe r2312ctive aryLhydroxamic acid, 
N-hydroxy-2-FAA’“. N-Hpdroxy-Z-FAA, although a highly acc’ve carcinogen for 
the rat by a variety of routesJd and a transforming agent for rat-embryo fibroblasts 
in culture7, may not be the fmaf reactive form (ultimate carcinogen). -There is indire& 
tividence that N-hydroq-ZFAA is esterXed to a sulfate, N-s&foxy-Z-FAA, by the 
hepatic suKofransferase(s) of the rat? I0 The stiate ester dissociates into an ekctro- _ 
ptic arylamidonium ion which is thought to initiate hepatocarcinogenesis by inter- 
action with ceIfuIar macromokcu-& r -8. However, formation of the suK2te ester of 
N-hydroxy-2- FM appears to be restricted! to the liver. The evidence indicates that 
sulfadon does not occur in any of the extrahepatic tissues of the rat susceptible to 
the action of ~-F/LA&” or in rat-embryo c&s. in cirhre7. fn these instances, it is 
theoreticaI[y possible that the acetate ester, N-acetoxy-%FAA, is formed and may 
give rise to an electrophilic reactant in the same way as the sulfate ester. This sup- 
; z&ion is based on tie formation of N-acetoxy-ZFAA upon reaction of N-hydroxy- 
2-FAA with acetyl CO_A~~ as weU as on the demonstration that N-acetoxy-Z-FAA Is 



a trznsforming -g o eat 5~ ci~k~ed embryonic ~el.is 0f the rat and of-the hawer7s”- 
&tbougb N-acetoxy-2-Ffi can be ob:aimxi by synthesis in pure fO~“‘~LSI isoh~iOn 
of The ester from biolo&ai systems and its subquent quantit3~on is com@icated 
by the instability of the~compound upoc thin-layer chromatography (TLC) on sika 
ge!16 and by its tendency to decompose in polar solventsL7. fn the praent work: we 
have identified, by high-pressure Eqtid ~Erromatography (XFLC), thi: heretofore 
unknown products of the d~ompdsidon of kf-acetoxy-2-F&4 in aqueous media. 
T;le IdeotZczdon of these products in a biologkl system containing N-hydroxy- 
2-FAA as a substmte would provide evidence, therefore, for the foliation of x- 
ac~ioxy-Z-FAA by acetylation of the hydroxamic acid. N-Acetouy-3-FAA, N-aCetOV-- 

CFAA. and N-acetoxy-'l-ffuorenytbenamide @I-acetoxy-2-F&4), which are reason- 
ably stable in polar sokeats, may be identified dire&y by HPLC as described below. 
N-Acetoxy3-FAA and N-ace:toxy-ZFBA ES well as the respective arylhydroxamic 
acids, N-hydroxy-3-F&& and N-hydroxy-ZFBA, zc potent cm-cizogem for the 
ra@ls. arrd N-acetouy-3-FAA, N-f;ydroxy-3-F_&& and N-hydroxy-2-FEN a also 
transf;rmitsg agents ikz v&-o’. The transforming ability of N-acetoxy-Z-FE% has not 
beep investigated thus far. With tie use of HPLC. we are EIOW in a position to deter- 
mine whether the carcinogenic Auorenythydrosamic acids, N-hydroxy-‘L-F&4, N- 
bydroxy-3-FAA. and N-hydroxy-ZFBA arc metabolized by tissue preparations and 
fxlfs in cuitwe to tlie carcr’nogenic acxtate esters. If rhis mere the case, the carcino- 
!Wic$’ of the hydroxamic acids, may, in fact, be due to the formation of the acetares. 
E?;p_riments along these iines are irz progress. 

N-Acetoxy-2-FAA’5, m.p. iOS-IO?‘, N-acetoxy-3-FAA”. m.p. 104-105”, N- 
acetoxy4-FAA”, m.p. 10%.107”. N-~~s~x~-~-FBA~, m.p. 130-1X’, N-ff-hydroxyl- 
2-FAA”. m-p. 2i6-214”, and N-(Shydroxy) -2-FAAZ1, m.p. 247-249”, were prepared 
by the procedures described in the literature. N-(~-Ax~ox~)_~-FAA, m-p. 233”. %iS 
obtained by a modification of the previousEy published procedurez. To a Soldon of 

the ikydrochloride of N-(3-hydroxyf-2-fluore~amirip (0. ij g, 0.65 mmofe) in pyridin~ 
(5 ml) was added acetic anhydride (G.25 ml). The mixture stood at room temperature 
for 4 h and H’ZS then poured into coid water. The precipitate was cokcted, washed 
with water 2nd rec~sta!iized from 95% ethanol. TLC of the recrystaIlized material 
OIZ silica gel GFL5: (rapid-pIate; WoeZm, Eschwege, G.F.R.) w%h chloroform- 
methanol (955) as a solvent gave a single fluorescencequencbizing spot, RF = 0.50. 
The infrared spectra of the ebove compounds nrztched those of authentic sampfes. 
N-(I-Acetoxyj-Z-FAA, whose pregaratioa had not been described previously, was 
obtained by treating hT_(f-hydroKy!-2-FAA~0 (0.15 g, 0.63 mmole) in pyridine (5 mo 
with ac::ic anhydride (O.WmI). After the reaction nLiuture had stood at room temper- 
ature for 4 h, tile precipitate was coff ected and wasbed with water_ ne crude mate&[ 
W2S recrystaked SWceSSk!y from !?j "/d ethanol 2nd from bweae to >_ietd the pure 
product (0.13 g, 
(N-&S) cm- 

73% yield), m-p. I97-195”; v=:; 3350 (N-H), 174u @-C=O), 1690 
‘- TLC on sika & GFz, (rapid-@ate; WoeIm) with ethyl acetate-benzene 

C7:3) es a soivent gave a singk lhorescen~guench~np spa:, RF = a.28. Caicuiated 
for %HI@~N: c, 72.5%: H, 5.37; N, 4.98. Found: C, 72.55; H, 5.45; N, j.zj. 
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conditl-otIs of HPLC 
The equipment used in the present experiments (column tength, internal 

diameter of cohmms, solvent reservoir. pressure device, opt&i unit monitoring the 
coIumn efiluent) was that prtiviousty described 3 The absorbance of the efffuent _ 
relative to air was recorded with a strip chart recorder, Mode1 7101 BM (HewIett- 
PackarG, Palo Alto, CaLif., U.S.A.). The adsorbent was CorasiI EL (particfe size 
37-50 ,um) (Waters Ass., MiIford: Mass., U.S.A.) and the soknt was ethyl acetate- 
n-hexane(l :I> throughout. The coIu&s wet-c packed mechanical!y with a dry-cotumn 
packer (Chromatroti, BerktIey, CaIiF., U.S.A.) and operated at room temperature 
(25-26’) with an inlet pressure of 80 Ibs./in.“. The comgounds (0.2-1.0 pcrg) in ethyl 
acetate or erhy1 acetate-n-herane (I : E) (5-25 ~1; were injected into the column by 
means of a Pressure-I-ok Liquid Syringe C-160 (Precision Sampling. Eaton Rouge, 
La., U.S.A.). 

h-cubation of N-aceCocqQ-FA A in aqueous trrediurrr and isolation of the reaction prod- 
ucts prior to Hm.C 

N-Acetoxy-Z-FAA (0.1 pmoie) in acetone (0.1 ml) was added to a 0.01 M 
phosphate buffer (IO mi), pH 7.4, containing inorganic s&s in the foltowing final 
concentrations: NaCi (137 mJ1). KCi (2.7 mM), CaCI, (0.9 mlti) and MgC11*6 Hz0 
(0.5 mM). Three separate mixtures were incubated for 2 h at 37’. The mixtures were 
then combined. cooIed to 4” and extracted with diethyl e+&er (2 x 30 I&). The ether 
was washed once with cold water (60 ml), dried (anhydrous sodium sulfate) and 
evaporated render a stream of nitrogen. The residue was dissolved in ethyl acetate- 
n-hexane (I : 1) (0.3 ml) and aliquots (l&20 ~1) of this sotution were Injected OR to 
the column. 

RESULTS AND DISCUSSION 

The mean retention times of N-acetoxy-fluorenytacetamides are listed in 
Table I and representative eWion profiles of the compounds are shown in Fig. I. 
Ali compounds were eluted rcproducibfy as G&e, sharp peaks. Although the method 
was not designed to resolve miumres of N-acetoxy-l_Auorenylacetamides, we have 
readily separated N-acetosy-‘-FAA or N-acetoxy-3-FAA from N-acetoxy&F+A 
and N-acetoxy-2-FBA when a mixture of these compomds was applied to the column. 

TABLE I 

RETENTION TIMES OFTHE ACETATES OF FLUORENYLKYDROXAMIC ACIDS CHRO- 
MATOGRAPHED ON CORASIL II 

The HEXC conditions axe those described in the text. ~~-- -- 
compou?lci Number of runs Rctmtiorr time (min) * 

_____ 

%k&auy-2-FAA 14 9.7 

M-Acaoxy-3-FAA 12 5.9 

WAreto.xy-GFAA 14 7.7 

N-_4cetoxy-2-F6A I6 6.8 
-. 

* ne \&us a~ the man retention times &the number of rww fisted. The aterape deviations 

from the means were < & 3%. 
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me sparation of N-acetoxy-2-FAA from N-acetoxy-3-FAA is, however, not possibk 
under the present experimental conditions. Fig. - 7 shows that the peak height traced 
t;y tie -tier is proportional to the amount of compound appkd to the cohmn 
~jtin a range of CU-E .Cr pg. There&e, peak height is a convenient measure of the 
amount of compound irr the eRhent. Since as Iittie as 0. I pg of the acetate esters is 
readily dete&zbIe, the sensitivity of WLC for the detection and quantitative es& 

matiori of these compounds is, in OLL~ experience, considerably greater than that-of 
TIC. Ihe ease of qrmntitztion and the speed of the procedure are additional ad- 
vantages that make HR_C the metfiod of choice for the identikation of these com- 
pounds. 

HPtC is app!kabIe to the identification of N-acetoxy-2-FAX isolated from 
non-poiar media in which tie ester is~mmp2rativeIy stable (Fig. 1). However, in polar 
sotveits and especiauy in the aqueau~ nediz empIoyed in biofogiwl e@ents 
k’-atitoxy-2-FAA decomposes and cannot ix identkd dkectIy. Since the Fotiaticjn 
of N-acetoxy-2-F&% ii~ biotoghal systems is of major concern fOF the reasoni stat& 

above, the o@ approach open to us was the ident’tication c;f the products result@ 
From the de-composition of N-acetoxy-Z-FAA. Fig. 3A s?-lows tie tyPica elueon 
proHe of an ethe,re.al solution that was obtained by extraction of an aqueous ina- 
bation system c~M&bg H+cetoxy-2-F&% and &en subject& to HpLC. -A ‘corn- 
pound with a retention time ofS.7 i+n corre5ponding to N-acetoxy-2-FAA wz not 
seen. Instead, Compounds A, 2, C, D, E and F were noted. Compounds p, &d .B 
were aiways seen K+X the media was extracted with tiethzyl ether and when..tb2 
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Fig. 2. Reiation between peak heighe and amount of h’-acetone-fiuorenylamide subjected to HPLC. 
The HPLC conditions are d&bed in the te~xt. @, N-AcetoqG-FAA; 0, N-axtow-3-FAA: 
A, bkicetoxy4FAA; A, N-acetoxy-ZFBA. 

extracts were subjected to HPEC. These compounds are not derived, therefore, from 
N-aceto~y-2-FAA. Compound C has not been identified as yet. Compounds 3. E 
and F had f&e same retention times as N-(1-hydroxy)-2-F-U? N-(3-hydroxyf-&FAA 
and N-fl-acetoxy)-2-FAA, respectively (Fig. 3l3, TabIe IT). The identity of com- 
pounds D, E and F with the o-amidoff uorenols dtnd N-(I-acetoxy)-ZFAA, respec- 
fiveiy, was confTrmed by co-chromatography of the ether extract with the authentic 
compounds (Fig. 3C). Liquid chromatography of au aliquot of the ethereal extract 
on Carbowau 4CQPorasii C, a method previous!y described for the detection and ’ 
identification of Suorenyihydroxamic acidsL3, gave no evidence for N-hydroxy-2-FAA. 
This excluded decomposition of N-acetoxl P-~-FAA to the hydroxamic acid. The data 
summarized in TabIe III lead us to conclude that N-acetoxy-a-FAX In aqueous media 
undergoes a rearrangement in which the acetoxy group migrates to carbon-atom I 
of the Buorene nv&y 10 yield N-(1-acetoxy)-2-FAA. The tatter compound k then 
parGaily hydroIyzed to N-(1-hydroxy)-2-F&L N-Q-Hydroxy)-2-FAA arises from 
the electrophiiic attack of hydroxyl groups from the medium on the positive@ charged 
carbon-atom 3 of the resonance form of the aryIamidonirrm ion that results from the 
dissociation of N-acetoxy-l-FAA in poIar media’?. This foILows from the observation 
that N-(3-hydroxy)-2-FAA was ais0 identified by HPLC in incubation mixtures that 
were extracted &.m&iateIy after the addition of N-acetoxy-2-F-AA to the buffer 
(Table III). Under these conditions, the elution protiie of the extract showed no trace 
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E-g. 3. ~dmt&&ion of the products of the decomposition of N-acetoy-Z-FAA in phosphate b&k. 
A, Eluria p-w& of zm e&ereaI exxcr owed afw iacubation of N-aceto.xy-Z-FAA in phaspbate 
btier for 2 b at 37”. The Eofrditios of incubation, &traction, aad EipLC are described k the text. 
B, EI&n pro&q OF N-zcetoxy-2-FA4 cl), N<l~hyckoxy)-2-FAA (21, N<Zhydroxy)Z-FAA (3). 
N-&xeto.xyy)-~-F~4 (+ and N-(1-acetoxyK!-FAA (5). C, Co-chromz?ta&ph~ of an etkr@ 
exuact obttied &er ixubation af N-xetoxy-2-FAA in phosphate b&k as described above and 
a mixture of CompoLmds 7. 3, and 5 listed under B. l-be in- in the height of peaks D. E, and F 
was accomted for by the iimoun~s of campounds 2,3, and 5 added ta the extract. 
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CHROMATOGRAPH-IC EWDENCE FOR THE REARR~NGEMEW OF N-ACETOXY-2- 
FAA AXD FOR THE sTAF3ILITIk’ OF N-(I-ACETOXY)- AND &I-(3-ACETOXY)-2-FAA 
I~IC PHOSPHATE BUFFER 

N-Acetoxy-2-FAA 0 

2 

r+(I-Acetoxy)-2-FAA 0 
2 

JS-(3-Acetoxy~2-FM 0 

2 

N-Acetoxy-WA.4 70 
v-(3-Hydroxy)-t-FAA IO 
N-(I-Aceto.xy)-‘-FAA 60 
E;-(3-Wydroxy)-2-F. 5 
N-(I-I-I~&~x~)-~-F_AA ts 

N_(l-Acstoxy)-2-FA4 70 
N-(1-Acetoxy)-2-FAA 65 
N-(I-Kydro.xy>~-F~L4 IO 

N-(3-Aceto&-Z-FAA 65 
N<3-Hydroxy)-Z-FAA <S 

N<3-Ac&o.q+2-FA4 60 
N_(X-Iydroxy)-7-FAA 5 

l Eqcimokr amounts of eaach compound dissolved in acetone ore incubated in 2 phospharz 
btier as &scribed in the text. 

** The conditions of chronutographv are described in the text. 
-c_ E&mated by reference to c&b&on mrves obtzlned as dtibed in the text. 

of N-(3-acetoxy)-2-F&%. Moreover, N-(3-acetoxy)-ZFAA that had been kubated 
In phosphate buffer at 37” for 2 h was recovered in goad yield by ether extraction of 
the incubation system and was readily identified by HPLC @b!e UQ. An a&o 
rcmangement of N-acetoxy-ZFAA has been reported upon ?ILC of the ester on 
silica eeP. 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-cl- 
acetoxy)-2-FM, the principat product of the re;rrrangcment in aqueous media at 
neutral pH. For practical purposes, the simultaneous identitication of N-(I-acetoxy)- 
2-F,&% and of N-Q-hydroxy)- and N-(3-hydro.uy)-ZFAA in the elution profile of 
an e&her& extract of a biological system cont&ing a potential precursor of N- 
acetoxy-2-FAA would be strong evidence for the formation and transient e.tisience 
of tis carcinogen. 
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