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SUMMARY

A sensitive method is described for the analysis of arylhydroxylamines (derived
metabolically from arsylamines and nitrc compounds) in liver homogenates. The
procedure is based on initial extraction of the analyte from the biological matrix with
dichloromethane; derivatization in the extraction solvent with p-dimethylamino-
phenylisocyanate to form a hydroxyurea which is subsequenily separated from co-
extracted materials and reaction by-products by high-performance liquid chromato-
graphy (HPLC). The hydroxylamine, itself, is guite unstable [¢;,, — 8 min in pH 7.4
phosphate buffer (0.1 M; g = 0.5)]; conversion to the hydroxyurea increases its
stability by a factor of 500. The hydroxyurea derivative strongly absorbs ultraviolet
light (A,... = 268 am; e, = 37,200) and is also electrochemically oxidized (E, =
4+-0.38 V vs. Ag/AgCl) at a glassv carbon surface. The HPLC cluent is therefore
monitored both spectrophotometrically (at 254 nm) and amperomeztrically (at 0.50 V
at a glassy carbon anode). Optical detection offers a2 sensitivity of 9-10~7 M while
electrochemical detection affords a sensitivity limit of 1-10-3 A

INTRODUCTION

The carcinogenicity of certain aromatic amines and nitro compounds is related
to their metabolic conversion in various tissues to N-hydroxylamines®2. Available
analytical methods for quantitification of arylhydroxylamines in biological media®—®
are often inadequate in that they either lack sufficient sensitivity, lack specificity
andfor fail to take into consideration the instability of the apalyte in aqueous solution.
Arylhydroxylamines have been separated from other amine (nitro) metabolites by
high-performance liquid chromatography (HPLC) with spectrophotometric® or
amperometric'* monitoring of analytes. Although these procedures provided speci-
ficity they lacked sufficient sensitivity (concentrations < 5-10-5 M) due in part to
on-column degradation of the analyte. More recently, a method has been described!?

* To whom correspondence should be addressed.



160 D. G. MUSSON, L. A. STERNSON

in. which arylhydroxylamines (I) extracted from biological fiuid into ether, are reacted
with methylisocyanate (I} and the resulting hydroxyurez (III) chromatographed on
a reversed-phase column with spectrophotometric detection of the effluent. This pro-
cedure stabilizes the analyte through derivatization and provides specificity through
HPLC separation. However, due to the low molar absorptivity of the hydroxyurea
the method is somewhat insensitive (responds to concentrations of I > 2-10-6 &f).

In this report we describe a modification of this derivatization procedure in
which the extracted hydroxylamine is reacted with p-dimethylaminophenylisocyanate
{IV) to form a hydroxyu:.ea (V) which is readily oxidized at carbon electrodes®. The
derivative is separated from co-extracted materials by HPLC and detected in the
effiuent by either spectrophotometry or amperometry, to provide a means for quanti-
fying trace levels of arylhydroxylamines specifically and as stable products.
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Chromatography was performed using a Waters Assoc. Model 6000 A solvent
delivery system, U6K septumless injector, a Model 4.10 absorbance detector operated
at 254 nm (Waters Assoc., Milford, Mass., U.S.A* and a Brinkmana (Westbury,
N.Y., U.S.A.) Model EA-1096 electrochemical detecor cell consisting of two minia-
ture glassy carbon surfaces serving as working and auxiliary electrodes, and 2 Ag/AgCl
rod immersed in 3 M KCI solution as reference electrode. Potentials were controlled
with an apparatus that was laboratory buiit as described by Kissinger er al*.

Materials

Dichlcromethane (HPLC grade), methanol (HPLC grade) and triethanolamine
were obtained from Fisher Scientific (Pittsburgh, Pa., U.S.A.) and were used without
further purification. p-N,N-Dimethylaminoaniline-2 HCl was purchased from East-
mzn Kodak (Rochester, N.Y., U.S.A.) and purified by recrystallization from absolute
ethanol with decolorizing carbon (m.p. 204-206°).
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S5-Hydroxyaminoindan () was synthesized by reduction of S5-nitroindan
(Aldrich, Milwauvkee, Wisc., U.S.A.) with zinc and ammonium chloride’> and
characterized from melting point, infrared ({R), nuclear magnetic resonance spectrom-
etry (NMR) and mass spectral data*>. 5-Nitrosoindan was prepared as described by
Miis er al'®. 5,5'-Azoxyindan was synthesized by H,O, oxidation of I (vef. 17).

4-Dimethylaminophenyl isocyanate (IV) was synthesized by mixing 4-di-
methylaminoaniline (0.63 g, 4.8 mmol) with a 209 solutior: of phosgene in toluene
(6 ml). The solution was stirred at 110° for 30 min. The toluene was then removed
under reduced pressure yielding a pinkish white solid; the hydrochloride salt of IV
in 849 yield (m.p. 241-242°). The free base, IV, was liberated by slowly adding its
hydrochloride salt (3.88 g, 23.9 mmol) to a stirred mixture of dichloromethane-water
(1:1, 300 ml) containing 3 g of potassium carbonate. The dichloromethane layer was
removed, concentrated on a rotatory evaporator and the residue was sublimed at
2 mm, 90-110° giving IV in 409 yield as a white crystalline material. The identity of
the product (m.p. 34-35°) was confirmed by IR spectra (in CHCl;, 2250 cm™!
N=C=0 stretch), electron-impact mass spectrometry ((EI-MS); 33°, molecular ion
at mfe 162) and clemental analysis, calculated for C.;H,,N,0: C, 66.67, H, 6.17; N,
17.28. Found: C, 66.27; H, 6.38; N, 17.52.

A material also crystallized from the organic layer during liberation of the
free base of the isocyanate. This material had a crude melting point of 238-240°;
crystallization from 1009 ethanol gave a production m.p. of 255-260°. EI-MS of
this product gave a molecular ion at m/e 298 suggesting that the compound was 1,3-bis-
(4’-dimethylaminophenyl)urea (VI). Structural identity was confirmed by elemental
analysis calculated for C,;H,.N,O; C, 68.45; H, 7.38; N, 18.79. Found: C, 68.10; H,
7.65; N, 18.52, and from an IR spectrum (CHCI;) which gave a prominent band at
1675 cm ! (C=9 stretch).

1-Hydroxy-1-(5"-indanyl})-3-(p-dimethylaminophenyl}urea (V) was synthesized
by mixing I (0.19 mol) with IV (0.20 mol) in dichloromethane. The solution was then
cooled in wet ice; compound V precipitated in 78 9 yield and was crystallized from
benzene giving a product with a melting point of 143-145°. Mass spectra gave a
molecular ion at m/e 311 consistent with V. IR spectroscopy only gave a strong band
at 1675 cm~! (C=0 stretch, CHCl,). Elemental analysis confirmed the identity of the
product calculated for C,gH,, N;0,: C, 69.45; H, 6.75; N, 13.50. Found: C, 69.48;
H, 6.93; N, 13.24.

Liver homogenates were prepared as previously described!®. The supernatants
remaining after centrifugation of crude homogenates at 9000 g (100 mg of hver/O 5 ml
of bufier) were diluted 10-fold and used as such in all experiments.

Procedures

Extraction. Samples of I (in concentrations ranging from 1-10-5to 1-107% M)
were dissolved in either 5 ml of Tris—-HCI buffer (0.02 M, pH 7.4) or in 5 ml of liver
homogenate. The samples were extracted with & ml (1.5 volumes) of dichloromethane
by vortexing the mixture in 15 ml, conical centrifuge tubes for 3 min and then cen-
trifuging the tubes for 20 min at 10,000 g to separate phases. The upper aqueous
layer was removed by aspiration and disgraded.

Derivatization. The dichloromethane extracts were maintained at 0° before
derivatization to supress oxidation of I in water-saturated dichloromethane. Com-
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pound IV (150 ul of a solution centaining 15 mg/10 ml dichloromethane) was added
to the exiracts, mixed for 1 min and then, three drops (by Pasteur pipette) of triethanol-
a2mine was added, mixed and the Solution extracted with phosphate buffer (S ml.
0.05 Af; pH 10). The aqueous layer was removed by aspiration and the dichloro-
methane was then evaporated to dryness in 2 stream of mitrogen. The residue was
reconstituted in 0.25 mi of dichloromethane or methanol. These samples were then
maintained at 0° until analyzed.

Chromatography. Samples were anailyzed by HPLC on a xBondapak Cis
column (300 cm X 4 mm LD.; Watars Assoc.) operated at a flow-rate of .5 or
2.0 ml/min with nethanol-water—acetic acid (33:49:1) as mobile phase. Column
effluent was passed initiaily through a spectrophotometric detector operated at
254 nm and then through an amperometric detector (consisting of glassy carbon
working and auxiliary electrodes and a AgfAgCl reference clectrode) maintained at
a potential of +0.5 V (vs. Ag/AgCl). Ten-microliter injections were made on-column
from all samples. For quantitative analysis, concentrations of I were determined from
standard curves prepared by analysis of samples of liver homogenates (or buffer)
containing known amounts of N-hydroxylaminoindan. Calibratice cuives were
constructed by plotting peak area vs. analyte concentration for eight concentrations of
I in the range from 1-10-% to 1-10-3 . All analysis were made in triplicate, peak
areas measured by planimetry and data subjected to linear regression analysis.

RESULTS

. Analysis of arylhydroxylamines in liver homogenates is carried out in three
stages: (1) separation of analyte, I, from the biological matrix by solvent extractior,
(2) conversion of I to ¥ in the extraction solvent and (3) separation of V from co-
extracted materials by HPLC with direct spectrophiotometric and amperometric
monitoring of the column effiuent.

Extraction

Extraction of N-hydroxylamines from agueous solution was accomplished
with dichlcromethane as previously described and afforded 88 4 59 recovery cf I
from buffer solutions and 82 4+ 6 9 extraction from liver microsomal suspensions over
the concentration range 1-10-7-1-10-5 M.

Derivatization

A structurally modified isocyanate was sought which would form a stable
proctact with I, and would contain functionalities permitting its detection at very
low levels.

* Amperometric detection of HPLC column effiuent offers a sensitive means of
monitoring trace levels of analytes that respond electrochemically!®. Response is
favored with molecules that are electrochemically transformed at low potentials
(&, < 0.6 V). Accordingly, = suitzble reagent was sought that would yieid an electro-
active product upon reaction with arylhydroxylamines. 7-N,N-Dimethylaminoaniline
is readily and reversibly oxidized at solid anodes'? (E;;; = +-0.31 V at glassy carbon
ancde vs. Ag/AgCi). Condensation of this snbstituted aniline with phosgene affords
the corresponding isocyanzte (IV) which is electrochemically inactive (at anodic.
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Fig. 1. Cyclic voltammogram demonstrating the oxidation of 1-hydroxy-1-(5-indanyl)-3(p-dimethyl-
aminophenylurea (V) in HPLC mobile phase [methanol-water—acetic acid (33:49:1)] at a glassy
carbon clectrode (vs. 2 Ag/AgCl reference electrode). Scan rate: 9 V/min.

potentials); however upon reaction of IV with I, a hydroxyurea (V) is formed which
as shown by cyclic voltammetry (Fig. 1) is readily and irreversibly oxidized (£, =
4+0.38 V vs. Ag/AgCl) at a glassy carbon electrode in an unstirred hydroalcoholic
solution. This oxidation has been shown coulometrically to be a two electron process,
appareatly involving formation of VII.
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This isocyanate (IV), is the first example of an electrogenic reagent (by analogy
with fiuorogenic and chromogenic reagents) for HPLC, being itself electrochemically
inactive, but forming electro-oxidizable products upon reaction with aryihydroxylami-
nes. The electrochemical reaction was shown to be suitable for monitoring V in HPLC
column effivents in that in a flowing stream, peak current (i) measured at +0.5V
was linearly related to analyte (V) concentration over the range 5-10-5-1-10-5 .

Derivatization of I with IV was carried out directly in the extraction solvent,
dichloromethane, using an approximate 200-fold excess of reagent. The product
formed during this reaction, 1-hydroxy-1-(5"-indanyl}-3-(p-dimethylaminophenyljurea
(V) was characterized from mass spectra (Fig. 2), IR and NMR spectra and clemental
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Fiz_ 2. Flectron-impact mass spectrum of 1-hydroxy-1-(5"-indanyi)-3(p-dimethylaminophenyiurea
(V3 recerded at 70 eV.

analysis. Under the pseudo-first order reaction conditions choser for derivatization,
1. was quantitatively converted to V in | min at room temperature (20-23°).

A major by-product formed during this reaction was isolated and subsequently
identified as 1,3-bis<(p-dimethylamincphenyl)urea, VL. It forms primarily as a result
of hydroiysis of IV
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yielding p-dimethylaminoaniline which then condenses with a second mole of IV.
The extent of this reaction can be reduced significantly be eliminating water from the
solvent after extraction and prior to the addition of IV. The urea, VI, is also formed
by direct reaction of V with p-dimethylaminoaniline, although this reaction proceeds
slowly. .

The excess isocyanate also catalyzes the degradation of the hyvdroxyurea (V)
tkrough apparent C-acylation to yield three products of unknown composition (as
observed by HPLC). The excess isocyanate can, however, be conveniently removed,
and this stability problem thus circumvented by addition of an excess of triethanol-
amine to the reaction mixture after derivatization is deemed complete. The isocyanate
is thus instantaneously (reaction is complete in < 1 min) and quantitatively converted
to a2 water soluble carbamate that partitions favorably into aqueous buffer (pH 10).
Remocval of IV by this procedure minimized degradation of V and subsequently
provides simple chromatograms (HPLC) with no interference observed to the analyte
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(V) peak when monitored either spectrophotometrically (at 254 nm) or ampero-
metrically (at +0.50 ¥V vs. AgfAgCl clectrode). Using this procedure, the hydroxy-
urea(V), obtzained from derivatization of liver microsomal extracts, is stable for 14 h
at 0°; at room temperature, degradation is significantly accelerated. Accordingiy,
samples are maintained <C 0° prior to chromatographic analysis.

Chromatography
The dichloromethane solutions are evaporaied to dryness and the residues

reconstituted with 250 g! of this solvent, concentrating the sample and thus improving
the ultimate sensitivity of the method. The derivatized product is separated from co-
extracted and reaction by-products by reverse phase partiticn chromatography with
isocratic elution of components with methanol-water—acetic acid (33:49:1) mobile
phase (Fig. 3). The peak corresponding to V is well resolved (retention volume
V. = 19.8 ml) from other products of amine metabolism: derivatized and underiva-
tized S-aminoindan (¥, = 4.1 and 10.1 ml, respectively), S-nitrosoindan (¥, — 84 ml),
S-nitroindan (V, = 83.2 ml) and 5,5 -azoxyindan (V. > 300 ml); and is also well
separated from the peak rising from the symmetrical urea, VI (¥, = 6.2 ml) and other
extraneous peaks.

The hydroxylamine, I, is quantitated as the hydroxyurea. V by comparing
peak arez with a standard curve consiructed from data derived from analysis of liver
microsomal suspensions containing known amounts of I (at six different concen-
trations equally spaced over the indicated range). Column effiuent was passed sequen-
tially through spectrophotometric and amperomeiric detectors. A linear relationship
was found between the concentration of I and peak area over the range friom 5-10~7
to 1-10—35 M by spectrophotometry and from 1-1078 to 1-10~° M by amperomeiry.
Linear regression analysis of this data generated the lines, peak area — 0.010 () with
a correlation coeefficient of 0.992 for ultraviolet detection and the line, peak arca —
0.012 (1)-0.033 with a correlation coefficient of 0.995 for electrochemical detection.
Total analysis with spectrophotometric detection was carried out with reproducibility
of 16, and 1 7%, with electrometric detection. Accuracy of determinations based
on the amount of I determined as V after extraction from microsomal suspensions,
derivatization and HPLC was £+ 5% as determined from HPELC analysis of known
amounts of V. The minimum concensration of I present in liver suspensions which
could be determined with this precision and accuracy was 9.4-10~7 M by spectro-
photomeiry and 3-10~° M by amperometry, from 10-z! injection volumes onto the
column.

DISCUSSION

A new reagent for use in the HPLC analysis of arylhydroxylamines is described.
Conversion of the hydroxylamine to a2 hydroxyurea stabilizes I, and yiclds a derivative
which can be selectively chromatographed and detected at 100-times lower levels than
achievable by previous methods'®12. An additional advantage of this reagent (IV) is
that it is not itself electroactive but reacts with nucleophiles to form products which
are electro-oxidized at glassy carbon electrodes at low potentials. Because few com-
pounds are oxidized at these potentials a large signal-to-noise ratio is observed and
high sensitivity achicved.
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Fig. 3. Chrematogram of 1-hydroxy-1-(5’-indanyl)-3-(p-dimethylaminophenyl)urea (V) obtained by
reacticn of hydroxyaminoindar extracted from liver microsomal Eomogenates with p-dimethylamino-
phenylisocyanate (IV). Separation carried cut on an RP-18 column with methanol-water 2cetic acid
{33:49:1} mobile phase and fiow-rate = 1.5 mi/min Analyte detected (a) spectrophotometrically at
254 pm and (b) amperometrically at +-05V vs Ag/AgCl reference electrode
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a

The reaction between arylhydroxylamine (I) and IV is quantitative and rapid
under the conditions chosen. Excess reagent must, however, be removed soon after
reacticn is complete because it interferes with the ensuing analysis. In previous
studies with methyl isocyanate'?, excess reagent could be removed by evaporation
under a stream of nitrogen because of its high vapor pressure (b.p.-38°); IV, however,
is pon-volatile. Destruction of excess reagent (IV) with water or aqueous acid or base
was unsuitable because it produced large quantities of the symmetrical urez; VI,
which subsequently gave poor chromatograms. The use of triethanolamine offers a
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convenient means of removing excess reagent in that it reacts quantitatively and very
rapidly with IV (but does not react with V uader the conditions of the reaction) to
yicld a product which partitions favorably into pH 10 aqueous buffer solution (V does
not extract into this buffer). In this way, all problems associated with the use of IV
for analysis of arylhydroxylamines are avoided and the method is reliable, durable

and offers high sensitivity.
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