
A sensitive method is described for the analysis of arylhydroxylamines (derived 
metabolically from arylamiaes and nitrc compounds) in liver homogenates. The 
procedure is based OQ initial extraction of the analyte from the biological matrix with 
dichloromethane; derivatization in the extraction solvent with pdimethylamino- 
pheny’lisocyanate to form a hydroxyurea which is subsequently separated from co- 
extracted materials and reaction by-products by high-performance liquid chromato- 
graphy @PIE). The hydroxylamine, itself, is quite unstable [tlrz = 8 min in pH 7.4 
phosphate buffer (0.1 M; y = OS)]; conversion to the hydroxyurea increases its 
stability by a factor of !500. The hydroxyurea derivative strongly absorbs ultraviolet 
light (;I=*& = 268 mu; a, = 37,200) and is also e(ectrocEzemicaUy oxidized (EP = 
$-O-38 V vs. Ag/AgCl) at a glzssy carbon surface. The HPLC eluent is therefore 
monitored both spectrophotometrically (at 254 nm) and ampcrom~&rically (at 0.50 V 
at a glassy carbon anode). Optical detection oEers a sensitivity of 9- lo-’ M while 
eWtro&emical detection affords a sensitivity limit of 1 - 1O-8 M_ 

The carchxogenic%y of certain aromatic amines and nitro compounds is related 
to their metabolic canversion in variolus tissues to N-hydroxyIamines~~*. Available 
anaiytical methods for qua&itiEcation of arylhydroxylamines in biological mcdia3* 
are often inadequate in that they either lack sufEcient sensitiviQ, lack specif?city 
and/or fail to take into cmsideration the insti%ty of the analyte in aqueous solution. 
A~@~ydro+mines have been separati from other amine (r&o) metabolites by 
high-perfomzmce liquid chromatography (KPLC) with spectrophotomebS” or 
amperometSr monitoring of analyfes. Although t&se procedures provided speci- 
ficity they Iacked suScient sensitivity (concentrations < 5. 1W6 M) due in part to 
on-c~iumn degradation ofthe ar&yte. More recently, a method has been describedLZ 



im! w’bich arylhydroxylammes (i) extracted from biological 5uid into ether, are reacted 
with methylkoqanatc (XT) and the resulting hydroxyurea @) cbromatographed OQ 

rev=rzd-phase column w+tb spectroplxotometric detection of the cd&xent This pro- 
kd& stabilizs the analyte through derivatization and provides specilkity tbrougb 
HPLC separation, However, clue to the low moIar absorptivity of the hydroxymea 
the method is somewhat insensitive (responds to concentrations of I > 2- 10m6 M)_ 

ti this report we describe a modilication of this derivatization procedure in 
which the extracted hydroxylamine is reacted witb@imeffiyIaminophenylisocy~~~~te 
UV) to form a hydror_ycxa (V) which is readily oxidized at carbon eImcxi~‘3_ The 
dkrivativt? is separated from coextfacted materids by HPLC and detected in the 
efEIuent by either spectrophotometry or amperometry, to provide a means for qxznti- 
fying trace levels of axylbydroxyiamines spec&ally and as stable products_ 
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Cbromato_mphy was performed using a Waters Assoc. Model 64X# A solvent 
delivery system, U6K septumless injector. a Model 410 absorbance detector operated 
at E-4 nm (Wzters Assoc., Milford, MESS., U.S.A.> and a Brinkmann (We&bury, 
N.Y., U.S.A.) Model EA-1096 electrochemical detec:cr cell consisting of two ninia- 
ture _&ssy carbon surfaces serving as working and auxiliary electrodes, arrd a Ag/AgCl 
nxI immersed in 3 >! KC1 soIution as reference electrode. Potentials were cuntrolkd 
wiXb an apparatus that was laboratory buiit as described by Kissinger ef al.“. 

Dicldcromethane (HPLC grade), methanol (HPLC grade) and tietbanoknine 
were obtained from Fisher Scienti.6~ (Pittsbcrgh, Pa_, U-S&) and were used witbout 
further purifkatioc. p-N,N-DimetbyIaminoaniline -2 HCI was purchass from East- 
man Kodak (Rochester, N-Y., U.S_A.) and ptxikd by recrystallization from absolute 
ethanol with decolorizing carbon (m-p. 204-206”). 



s-Hydroxyamhloh~ (-Ii) was ZiynthM by reduction of 5-titroindao 
(hirich, MilwnFree, Wise., U.S.A.) with zinc and ammonium chloridel5 and 
chara- &om melting point, infrared (IR), nuclear magnetic resonance spectrom- 
e&y (NMR) and mass Spectral datP. S-Nitrosoindan was prepared as described by 
Mijs et aI.16. S,S’-Azoqindan was sy~th&zed by HzQz oxklation of I (ref, 17). 

4-Dimetbylaminophenyl isocyanate (IV) was synthesized by mixing 4-d& 
methylaminoaniline (0.65 g, 4.8 mmol) with a 20% solution of phosgene in toluene 
(6 ml). The solution was stked at 110” for 30 min. The toluene was then removed 
under reduced pressure yielding a pinkish white solid; the hydrochloride salt of IV 
in 84% 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) com%itig 3 g of potassium carbonate. The dichloromethane layer was 
removed, concentrated on a rotatory evapomtor and the residue was sublimed at 
2 mm, !JO-110” giving IV in 40% yield as a white crystalline material. The identity of 
the product (mp. 34-3Y) was conkned by IR spectra (ia CHCI,, 22SOcm-’ 
N=C=O stretch), electron-impact mass spectrometry (@-MS); 33”, molecular ion 
at m/e 162) and elemental analysis, calculated for C&I,,N,Q: C, 66-67, H, 6.17; N, 
17.28. Found: C, 66.27; H, 6.38; N, 17.52. 

A material also csystallkd 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 100% 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 (CHCl3 which gave a prominent band at 
1675 cm-’ (C=Q stretch). 

l-Hydroxy-l-(S’-iadanyl)-3-(p-dimethylaminophenyl)urea (V) was synthesized 
by mixing I (0.19 mol) with IV (0.20 mol) in dichloromethane. T&e solution was then 
cooled in wet ice; compound V precipitated in 78% yield and was crystallized from 
benzene giving a product with a melting point of 143-145”. Mass spectra gave a 
molect&r ion at m/e 31 I consistent with V. IR spectroscopy only gave a stron,o band 
at 1675 cm-l (C=O stretch, CHC13. Elemental analysis confirmed the identity of the 
product calculated for C,&,N,Q,: 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 descr&zP9_ The supernatu;ts 
remaining after centrifugation of crude homogenates at 9000 g (100 mg of liver/OS ml 
of buEer) were diluted U&fold and used as such in all experiments. 

Procedkres 
E~~~w?&xL Samples of I (ii concentrations ranging from I- 10e5 to I- lo-* Mj 

were dissolved in either 5 ml of Tris-HCl buffer (0.02 AI, pH 7.4) or in S ml of liver 
homogenate. The samples were extracted with 8 ml (1.5 volumes) of dichloromethane 
by vortexing the mixture in 15 ml, cm&al centrif@z tubes for 3 min and then cen- 
trifuging the tubes for 20 min at 10,000 g to separate phases. The upper aqrieous 
layer was removed by aspiration ztnd d&graded. 

~eriYfzfiz~ti0n. The dichlorometfiane extra&s were maintained at 0” before 

df5hstiMkm.to supress oxkiation of I in water-saturated dichloromethane. Com- 



pund IS (I50 pl of a solution containing 15 me/IO ml dicErlorometha.ue) was added 
to the extracts, mixed for 1 ruin and then, three drops (by Pasteur pipette) of f.riethanoE 
amine was added, m&d and the Zolution extra&d with phosphate buffer (5 ml. 
3.05 M; pH EO). Tbc aqueorss layer was removed by aspiration and the dicMoro= 
methane wzs then evaporated to dryness in a stream of nitrogen. The residue was 
reo~nstituted in 0.25 mi of dichloromethane or methanoL These sampies were then 
maiHained at 0” u&l analyzed. 

Chromatography. Samples were a&y& by I-IFLC on a @ondapak Ga 
c~11znm @IO cm x 4 mm LD.; Waters Aso~.) operated at a flow-rate of 1.5 or 
2.0 z.nl_/mi~~ with -ztetha~l-wzter-acetic acid (33:4911) as mobile phase. Coirmrn 
efBuent ws passed initially through a spzctrophotometric detector operated at 
254 nm and then through an amperometric detector (consisting of glassy carbon 
wortig and auxiliary eIectrodes and a Ag/AgCl reference electrode) maintained at 
a ptedd of to-5 Y (vs. Ag/AgCl). Ten-miCmI.iter injtxtions were de oss~olm 

from aIi samples. For quantitative anaIysis_ concen*%atians of I were determined from 
standard -es prepared by analysis of samples of liver homogenates (or b&r) 
cortig &zown amounts of N-hydroxylaminoindan. Calibration curves were 
constructed by plotting peak area vs. analyte concentration for eight concentrations of 
Iintherangefioml-10 -’ to 1 - 10S5 M. All analysis were made in triplicate, peak 
areas measured by planimetry and data subjected to linear regression analysis. 

RESULTS 

, AnaIysis of arylhydroxylamines in liver homogenates is carried out in three 
stages: (I) separation of an&e, I, from the biological matrix by solvent extractiot. 
(2) co;lversion of I to V in the extraction solvent and (3) separation of V from co- 
extmted materials t;y HPLC with direct spectropbotomeuic and amperometric 
monitoring of the coluxrm eBh~ent.. 

Extra&on of N-hydroxylamines from aqueous solution was accomplished 
with dichloromethane as previously described and afforded 88 & 5% recovery of I 
from b&I& solutioi;s and 82 + 6 % extraction from liver microsomal szspemiions over 
the concentration range 1 - 10S-l - XOe5 M. 

A structurally modified isocyanate was sought which w&d form a stable 
prodact with I, and would contain functional&s permitting its detection at very 
Iow IeveIs, 

Amperometrk detection of HPLC column efBuent offers a sensitive rntz.ms of 
monitoring trace levels of ana!ytes that respond ekztrochemieaUyls. Response is 
favored with mokcuhzs that are electrochemically transformed at low potentials 
(5 < 0.6 V). Accordingly, a suitable reagent was sought that would yield an e&zztr* 
active produce ‘3p3n z&ion with arylhydr~xylamines. pN,Wl%xthytioanil;ne 
is re&iIy and reversibly oxidized at solid anodes~ (&,, = ;0_3L V at glassy car-bon 
an& ES. AgiAgQ. comienstion of this snbstituted aniE.ne with phosgene aEords 
t&e corresponding iscqamzte (XV) which is electroehemically inactiwz (at am&C. 
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Fg- 1. C&ii& voItammagram demonstrating the oxidation of 1-hydro~-1-(5’jm?anyQ-3-(~hy!- 
amiwphenyl)usea (V) in HPLC mobile phase [rnethasoC~zter-acetic acid (33:49:1)] at a glassy 
carbon ekctmde (vs. a Ag/AgCl reference ekctmde). Scan rate: 9 V/&. 

potentials); however upon reaction of N with 1, a hydroxyurea (V) is formed which 
as shown by cyclic voltammctry (Fig. 1) is readily and irreversibly oxidized (Epiz = 
-i-O.38 V vs. AglAgCl) at a gIassy carbon electrode in an unstirred hydroakoholic 
solution. This oxidation has been shown coulometrically to be a two electron process, 
appare&y involving formation of VIL 

This isocyanate (IV), is the first example of an ekctrogenic reagent (by analogy 
withhuorogenic and chromogenic reagents) for HFLC, being its&ekctrochemically 
inactive, but Forming electro-oxidizable produczs upon reaction witb arylbydroxylami- 
nes. The ekctrochemical reaction was shown to be suitable for monitoring V in HPLC 
column eBIuents in that in a flowing stream, peak current f&) measured at -l-OS V 
was Sine&y related to analm (V) concentration over the range .5- lWp-1 - lW6 M. 

Derivatization of I with IV was carried out directly k the extraction solvent, 
dicbloromethaue, using an approximate 2WfoM excess of reagent. The product 
formed d&g this reaction, L-hydroxy-l_6S-~~y~~~~y~~ophe~y~~ 
(V) was characte&ed from mass spectra (Fig. 21, LR and NMR spectra and elemental 



analysis. ‘Jnder the pseudo-first order reaction ~XKKISOEIS dim for derivatization, 
f. was quantitatively cowerted to V in I min at room tempera- (2U-23a). 

A major by-product formed during this reactio~l WZLS isolated and Sub~~eMly 
i&ntified as I,3-5is_fpdimethyIaminophenyl)urea, VI. It forms primarily as a resu!t 
of hydioiysis of IV 

yielding pdimethylaminoauiliue which then condenses with a second mole of IV. 
The extent of this reaction can be reduced significantly ke eliminating water from the 
solve& after extraction aud prior to the addition of IX_ The urea, VI, is also formed 
by ciirect reaction of V with p-dimethylamiuoauiline, although this reaction proceeds 
slowly, 

T&e excess isocyanate also catalyzes the degradation of the hydroxyurea cv) 
tk.ro~& apparent O-aqlation to yield ~~JXZZ products of unknown composition (as 
obsemed by HPLC). The excess isocyanate can, however, ke conveniently removed, 
aud this stability prob!em thus circumveuted by addition of an excess of triethanoI- 
aniiue to the reaction mixture after derivatization is deem& complete. The isocyanate 
is thus iw%antaneously (reaction is complete in -E 1 min) and quantitatively cowerted 
to a watzr soluble carbamate that partitions favorably into aqueous buffer CpH 10). 
Remoxil of IV by this procedure mix&iz& degradation of V and suksequently 
provides simple chromatogams (EIPLC) witk no interference observed to ‘Je analyte 



(V) peak when monitored either spectrophotometrically (at 25Gnm) or ampero- 
metrically (at fO.50 V vs. Ag/AgCl electrode). Using this procedure, the bydroxy- 
u,rrm obtained from derivatktion of liver microsomal extracts, is stable for 14 h 
at 0”; at room temperature, degradation is signiscgntly accekxatd. Accordingly, 
samples are maintainea < 0” prior to chromatogr~phic analysis. 

The dichloromethane s&&ions are evaporated to dryness and the residues 
reconstituted with 2SO ~1 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 partition 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 
Y_ = 19-S ml) from other products of amine metabolism: derivatkd and underiva- 
tizeds-amin oindan (V, = 4.1 and 10.1 ml, reqectively), S-nitrosoindao (V, = 84 ml), 
Initroindan (V, = 83.2 ml) and $5’~azoxyinda~ (V, > 300 ml); and is also well 
separated from the peak rising from the symmetrical urea, VI (VP = 6.2 ml) and other 
extraneouspeaks. 

The hydroxykmine, I, is qua~titated as the hydroxyurea+ V by comparing 
peak area with a standard curve constructed from data derived from analysis of liver 
microsomal suspensions containing known amounts of E (at six different concen- 
trations equally spaced over the indicated range). Calm effluent was passed squen- 
tially through spectrophotometric and amperometric detectors. A linear relationship 
was found between the concentration of I and peak area over the range from 5- LO-’ 
to I- LOS5 M by spectrophotometry and from 1 - lo-* to 1 - 10m6 M by amperometry. 
Linear regression analysis of this data generated the lines, peak area = 0.010 (I) with 
a currelation CoeEcient of 0.992 for ultraviolet detection and the line, peak area = 
0.012 04.033 with a correlation coefficient of 0.995 for electrochemical detection. 
Total analysis with spectrophotometric detection was carried out with reproducibility 
of &I4 and &7 % with electrometric detection. Accuracy of determinations based 
on the amount of I determined as V after extraction from microsomal suspensions, 
derivatintion and HPLC was -&5% as determined from HPLC analysis of know11 
amounts of V. The minimum co~zcentration of I present in -liver smpensions which 
could be determined with this precision and accuracy was 9.4. LO-’ M by spectro- 
photometry and 3 - 10es M by amperometry, from lO-~1 injection volumes onto the 
column. 

A new reagent for use in the HPLC analysis of arylbydroxylamines is described- 
Conversion of the hydroxylamine to a hydroxyurea stabilizes I, and yields a derivative 
which GUI be selectively chromatographed and detected at LOO-ties lower levels than 
achievable by previous methods IL=. An additional advantage of this reagent (IV) is 
that it is not itself electroactive but reacts with nucleophiles to form products which 
are ekctrckoxidkd at glassy carbon electrodes at low potentials. Fkczuse few com- 
porrnds are oxidized at these poteentials a large signal-tenoise ratio is observed and 
high sen&iviw aEhieved. 



5 
1 

I 
I 

I J u,, , I”;- 
0612B2430 

I 
. 

\ w 

The reaction Mween axylhydroxykanine (I) and IV is quantitative and rapid 
under the conditions chosen. IZxcess reagent must, however, be removed soon after 
rcactitf~ is coiixplete beause it intzrferes witi the enming anaQsis_ In previous 
shidie~ wi*&.methyi isocyzmte=, excess reagent could be removed by evaporation 
under a stream of nitro_gen ‘beczuse of its high vapor pressure (b-p. -387; W, however, 
is Eon-volatile- Destruction of excess zag-t (IV) xvi& water or aqueo-us acid or base 
was msuitdde because it produced large quantities of the symxetical urea; VI, 
whicbi subsequently gave poor chrosnatogmns_ The use of triethaaoIa.miue offers a 
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ccmverdmt mezms ofremoving excess reagent in tb2t it reacts qu2ntiQtively 2nd very 
rapidly with IV (but does ma rezt with V under the conditions of&e readon) to 

yield a product WE& pstitions favorably into pi3 IO aqueous btier soWion (v does 
not extkact into this bnEer)_ In this way, ai0 problems associated with the use of Iv 

for anaEysIs of aylhydroxylamks are avoided and the method is reliable, durable 
aad oEez=s high sensitivity. 

The work was supported in part by NIH grants CA-09242 and CA-L9288 from 
the National Cancer Institute and a grar;t from the General Research Fund of tie 
University of Kansas (Lawrence, Km., U.S.A.). 

REFERENCES 

1 E C Miller and J. A_ M&r, Pkarmad Rev., 18 (1966) 805. 
2 I. A. Milk, J_ W. Cramer and E C. MilIer, Cancer l&s., 20 (1960) 950. 
3 F. Hezr and N. Kieq Nprmyn-S&&&bag’s Arcfr. tip. Patkoi. Pkarmakd., 235 (1959) 351. 
4 E. EZambaiger, 3ua.r L&b&s Ami Chem 424 (1925) 233. 
5 R E_ Gamxnans~ J_ T. Stewart and L. A_ Sternson, AkaI_ C&m., 46 (1974) 620. 
6 A_ C_ Brattan, E. K. Mushall, D. Babbit and A_ R Hendrickson, J, BioL Ckem., 128 (1939) 537. 
7 L. A. Stanson and 1. T. Stewart, An& Lerr., 6 (1973) 1055. 
8 L. A. Sternson, ti. Ckem., 46 (1974) 2228. 
9 H_ Girm. C. S. Lie&r 2nd R Rabin, 1. PkarmacoL Exp. I&r., 183 (1972) 218. 

10 L A_ Stemsan and W_ 3. DeWitte, /. ChromaEogr., 137 (1977) 305. 
11 L. A_ Sternson snd W_ I. DeWitte, /. C~omagr.., 138 (1977) 229. 
12 L_ A. Sternsan, W. J_ DeWitte and I_ G. Stevens, b. Chromarogr., 153 (1978) 481. 
13 D. W. Fasett, D. B. G&s, T. H. James, D. B. Julian, W. R. Ruby, J. M. Swell, J. H. Sterner, 

3 R Thinti~ P *W_ Vittum and A_ Weissburgs, f. Anre;. C/em_ Sot., 73 (1951) 3100. 
14 P_ T_ Kissinger, C RefXauge, R. Dreiling and R N. Adams, .&al. L&t., 6 (1973) 465. 
15 E. E_ Sminman aud M_ D. Corbea, J. Org. Chem.. 37 (1972) 1847. 
16 W. J. Mijs, S. E. ffoekstra, R M_ Ulmann and E. Havinga, Rec. Trav_ Ckem., 77 (1958) 746. 
17 R M. Peck and H_ J. Cnxxb, I. Rmer. C&mz. Sac., 74 (1952) 468. 
18 R A_ Wiley, L. A_ Stemson, H. A_ SaPmeand J_ R Gillettq Bffckem. Pkarmacd, 21(1972) 3235 

19 P. T. K&skger, H. C&m., 49 (1977) 447A. 


