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9-Fluorenylmethyloxycarbonyl (FMOC) derivatives of catecholamines, including dopamine (DA; 3,4-
dihydroxyphenethylamine), norepinephrine (NE; 2-amino-1-(3,4-dihydroxyphenyl)ethanol) and epineph-
rine (EPI; 1-phenyl-1-hydroxy-2-methylaminopropane) as well as 3,4-dihydroxybenzylamine (DHBA) have
been analyzed using high performance liquid chromatography coupled to fluorometric detection and
atmospheric pressure chemical ionization mass spectrometry at low femtomole levels. Structures of the
derivatives have also been characterized by liquid chromatography/atmospheric pressure chemical
ionization mass spectrometry and electrospray/tandem mass spectrometry. Protonated molecules of
FMOC-DA and FMOC-DHBA as well as [M +H — H,0]" ions of FMOC-NE and FMOC-EPI appear in
their conventional mass spectra, and abundant fragments characteristic of catecholamines dominated the
spectra. Structurally diagnostic ions using several hundred femtomoles of the FMOC derivatives of
catecholamine were observed. Collision-induced dissociation (CID) of electrospray-generated protonated
molecules of FMOC-DA and FMOC-DHBA as well as [M+ H — H,0]* ions of FMOC-NE and FMOC-EPI
produced diagnostic product ion spectra. Liquid chromatography/atmospheric pressure chemical
ionization mass spectrometric analysis of the FMOC derivatives of catecholamines and DHBA should
prove useful in the separation and characterization of these compounds from biological materials.
Copyright © 1999 John Wiley & Sons, Ltd.
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Catecholamines (Fig. 1), including dopamine (DA; 3,4- coupled to electrochemical or to fluorescenc®® detec-
dihydroxyphenethylamine), norepinephrine (NE; 2-amino- tion. Although HPLC/electrochemical methods are useful
1-(3,4-dihydroxyphenyl)ethanol) and epinephrine (EPI; 1- for routine analysis, overlap of catecholamines with other
phenyl-1-hydroxy-2-methylaminopropane), are a group of small molecules in complex biological samples makes these
organic compounds with amines containing a 3,4-dihy- analyses difficult. The measurement of 1,2-diphenylethyl-
droxyphenyl (catechol) nucleus. The catecholamines areenediamine derivatives of catecholamines using HPLC/
synthesized from tyrosine in mammalian brain through the fluorometric detection at low femtomole lev@isverlooked
sequencé:tyrosine — dihydroxyphenylalanine (Dopa) — DA the structural elucidation of the derivatized catecholamines,
— NE - EPI. DA is an important neurotransmitter in the brain and this method is inappropriate for the structural
and its deficiency leads to the movement disorder, determination of catecholamines from new biological
Parkinson’s disease? sources. Combined gas chromatography and mass spectro-
The trace analysis of catecholamines in plasma, urine andmetry (GC/MS) has been used for analyzing pentafluoro-
neuronal cells is highly important for the diagnosis, therapy propionaté® or heptafluorobutyrafé or trifluoroacctaté?
and the prognosis of various diseases. Some methods haveerivatives of catecholamines, but the detection limit of GC/
been published describing the assay of catecholamines, withMS is at the low picomole level. The determination of
3,4-dihydroxybenzylamine (DHBA) as an internal standard, catecholamines from the immune systénand oxidized
using high performance liquid chromatography (HPLC) products of catecholamin&s*®using electrospray/tandem
mass spectrometry has been described. The production of
DA and its metabolites including NE and EPI, if any, is
*Correspondence to: S. Chen, Rush Pharmacology Analytical expected at very low levels (femtomole level or less) in

Laboratory Services, Department of Pharmacology, Rush Medical many diagnostic appllcatloﬁg.A reliable approach to both

College, 2242 W. Harrison St. Suite 260, Chicago, IL 60612, USA.  qualitative and quantitative determination of catechol-
E-mail: schen@rush.edu amines at the femtomole level has yet to be reported.
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Figure 1. Chemical structuresof dopamine(DA), norepinephrine
(NE), epinephring EPI) and 3,4-dihydroxybenzylaminéDHBA).

In this paperwe repott a novelapprachto the separation
and structurd analysis of catecholamirs as their 9-
fluorenylmehyloxycatbonyl (FMOC) derivatives at the
femtomolelevel by HPLC coupkdto fluorometic detection
and liquid chromabgraphy/émospheic pressurechemical
ionization massspectranetry (LC/APCI-MS).

EXPERIME NTAL
Materials

DA, NE, EPI, DHBA and triethandamine (TEA) were
obtaned from Sigma (St. Louis, MO, USA). N-(9-
Fluorenylmeahyloxycarbonylsuccinimide  (FMOC-Osu)
was obtainedfrom Aldrich Chem Co. (Milwaukee, WI,
USA). Acetoritrile (HPLC gradg was purchased from
Burdick & Jackson]nc. (MI, USA).

Preparation of the FMOC derivatives

The derivaization of catecholarmes and DHBA was
carried out essatially as described®*° Briefly, DA, NE,
EPI and DHBA (1mg of each)in 50uL of water was
transerredto screv-cappedglasstubes (10 x 70mm), to
which 100uL of acetonirile containingTEA (pH 9) was
mixed. Another100uL of acibonecontining FMOC-Oa (1
umol/iul) were then addedto the tubes, and the soluions
werestirred at room temperatire in the dark for morethan
3 h. The diluted solutions(with acetaitrile) wereinjected
into a C;g HPLC column for fluorometric detectionand
anaysis by LC/MS. The HPLC-purified derivatives (see
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below)were usedto produe CID spectraKnown amaunts
of FMOC-DA wasusedfor the assesmentbf the detecion
levels.

High performanceliquid chromatography

The sepaation of the FMOC derivaives was performed
usingaC,g HPLC column(2 x 150mm, WatersNova-Pak;
Millipore, USA), with an Alliance Waters2690separabns
moduleandits autsample in a Micromass Platform LC/
MS system(MicromassLtd, Mandhester UK; Waters MA,

USA). The mobile phass conssted of: solvent A: H,0;

solvent B: acetonirile. The gradient progam used was
(100%A/0% B) at 0 min to 100%B at 20 min. A flow rate
of 0.3mL/min was used. The derivatives were analyzed
using an HPLC/fluores@ncedetecor (980 progrmammalbe
fluorescene detecor, Perkin-Elner Applied Biosysteans,
CT, USA; excitation at 265 and emisson at 320nm) and
positiveion APCI.

Mass spectrometry

LC/APCI-MS wasperformedon a Micromas Plaform LC/

MS system(MicromassLtd. Manchester,UK; WatersCo.,

MA, USA), equippedwith a APCl interface consising of a

standardAPCI sour@ anda heatd nebulzer probe,anda

quadrupot mas analzer. The probe and ion source
temperatire was 450 and 150°C, respectivey. LC/APCI

massspectrawere acquiredby scanningthe mas range
from 100to 550.A C,g HPLC column wasusedto separate
the FMOC derivaivesasdescritedabove LC/MS-SIRwas

performedby sekctedion recording(SIR) of the fragment

ions(seebelow) of FMOC-EPI (m/z166.5) FMOC-NE (m/z
152.5), FMOC-DA (m/z 137.5) and FMOC-DHBA (m/z
123.5). Data acqusition and processing were controled

using Masd.ynx software (MicromassLtd, Manchesgr,

UK).

Electrospay (ES)/colision-inducel dissociation (CID)
experimens of the FMOC derivativeswereperformedon a
Q-TOF® tandem mass spectraneter (Micromass Ltd,
Manchestr, UK). HPLC-purified sampleswere diluted
with acetonirile/formic acid (100:1) andtheninfusedinto
thetandemmassspectraneterataflow rateof 4 uL/min via
a 50 micro i.d fusedsilica transkr line using a Harvard
Apparatuspump For CID experimens, Q1 was setup to
selectpreaursorions of the derivaives,passhemthrougha
hexapolecollisioncell, andthe TOF analyzerthenscanned
the productionsin the mass rangefrom 50 to 500 DA.

RESULTS

Separaion of the FMO C derivativesby HPLC/
fluorometric detedion

Chromaobgraphy of the FMOC derivatives of catechol-
amines and DHBA is shown in Fig. 2. This gradient
program allowed the sepaation of FMOC-NE (peak 1),
FMOC-DHBA (peak?2), FMOC-DA (peak3) and FMOC-
EPI (peak 4) from FMOC-GCsu (the mog abundat peak
shown in the figure, eluted from 17.8 to 18.6min in
retention time). FMOC acid, a major by-product of the
FMOC derivatzation and which eluted around 13.6min,
canoverlapwith FMOC-DHBA.

Copyright © 1999JohnWiley & Sons,Ltd.
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Figure 2. Elution pattern(HPLC/fluorometricdetection)of FMOC-
NE (peakl), FMOC-DHBA (peak2), FMOC-DA (peak3) andFMOC-
EPI (peak4).

LC/APCI-MS and ES/CID of the FMO C derivatives

FMOC-NE. Figure 3 showsthe massspectum of FMOC-
NE from LC/APCI-MS (pe& 1, Fig. 2). The protonaed
molecde of FMOC-NE is abseh An ion at m/z 374
(M +H — H,0]") canbe observedn the spectrun andis
presimably formedby the lossof H,O from its protonaed
molecude, giving a stable ion which is likely quinane
FMOC-DA. The trinitrobenznyl (TNB) derivative of NE
wasalsoprepaed??at pH 9 anddetectedby negatie ion
ES-MS.The preenceof the deprotonted molecde (M —
H] ") of TNB-NE (spectrum not shown) suggets that the
formaton of thequinoneFMOC-DA structure(dueto anion
at m/z 374 in Fig. 3) is not related to the FMOC
derivafzation procalure. The peak at m/z 152, the most
abundat ion in the spectrum, is formed by the loss of an
FMOC group from the ion at m/z 374, which looks like
quinane DA. Anotherfragmentat m/z196, formed by the
lossof C4H1gin the FMOC residuefrom theion atm/z374,
suppots the propo®d quinaone DA ion strucure. Similar
produd ions, propo®d to be quinone methides,were alo
obsevedin the CID spectraof oxidized DA andDopa**°

aswell ashistidyldopamine®® lons at m/z237 and179 are
dueto theFMOC group.An idertical resultwasobtainel by
convertional ES-MS. Structurally diagnosic produd ions,
m/z196,179and152,wereobsewvedusing 100femtomoles
of this derivative (spectrum not shown).

Informativefragmentsatm/z237,196,179and152were
also obtainedby CID (production spectrum not shown) of
m/z 374 from ES-MS of FMOC-NE and confirmed the
structural assignmergof theionsin the spectrun obtained
by LC/APCI-MS. Precusor-ion scanningusing m/z 152
(likely quinone DA), genented by convertional ES-MS,
resuted in produd ions (Scheme 1; spectrum not shown)
at m/z 122 [152 — CH,NH,], m/z 107 [152 —
(OH + CHNH,)], m/z94 [122 — CO] and m/z 77 [94 —
OH], which further suppoted the proposedstructureof the
ion atm/z1522123

FMOC-DHBA.DHBA, ananalogueof DA (seeFig. 1),isa
common internal standad in caiecholamire assaysusing
HPLC/electochemical or HPLCHluorometic detection
becase of its absewe in biological materids. Figure 4
shows themassspectum of FMOC-DHBA from LC/APCI-
MS (peak2, Fig. 2). The protonatedmoleculeof FMOC-
DHBA appeasatm/z362.The peakat m/z123correspads
to the strucure of the catechol group. A coupk of
complemenary ions at m/z 184 and 179 suppot the
structural assignnent. An identical resut was obtainal by
converiional ESMS. Structurally diagnostic ions at m/z
179and123 wereobservedisingatotal of 320femtomoles
of this derivative (spectrum not shown).

Fragnentation of FMOC-DHBA, obtaned by CID
(product ion spectrun not shown) of the ES-geneated
[M + H] " ion atm/z362,is shownin Scheme2. The peakat
m/z179indicatesthe preenceof the FMOC residuein the
derivative. A fragment at m/z 77, formed by the lossesof
(OH), andCH, from theion atm/z123[362 — C;5H1,0,N],
is dueto the benzylring in DHBA.

FMOC-DA. Figure 5 showsthe mas spectrun of FMOC-
DA from LC/APCI-MS (peak3, Fig. 2). The[M + H] " ion
of FMOC-DA wasfound at m/z376. Peaksat m/z153 and

H CH-CH2-NH3 CH2
0 -(OH+CH-NH2) -~ +HO—
miz 152 m/z 107 (100% )
-
Z,
o
Q
HO CH2 -CO -OH
0@ Y
m/z 122 (18%) m/z 94 (12%) m/z 77 (20%)

Schemel. Diagnosticproductions for FMOC-NE.
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Figure 3. LC/APCI massspectrumof FMOC-NE.

137 as well as m/z 239 and 179 are diagnosic of both precursoion, furnishedinformationto suppot the strucur-
catecholand FMOC groupsin the derivaive. An idertical al deteminationof FMOC-DA (Scheme 3). Produd ions at
resut was obtainal by convertional ES-MS. Structurally m/z 137 and 91, formed by the losses of NH, and (OH),
diagnosticions,atm/z239,198,179and137,wereohserved from the m/z153 preairsor,confirmedthe DA structure™
using a total of 160 femtomolesof FMOC-DA (spectrum
not shown). FMOC-ER. Fragmenation of FMOC-EPI was similar to
Fragnentationof FMOC-DA, obtainedby ES-MSMS FMOC-NE. Figure 6 showsthe massspectrun of FMOC-
(product ion spectrun not shown) using m/z 376 as the EPIfrom LC/APCI-MS (peakd, Fig. 2). The[M + H] " ion
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Figure 4. LC/APCI massspectrumof FMOC-DHBA.
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100 179

239

137 198

9%

153

‘ul l e |||l I W 1 M

N

1873

aX

(C8H904N)

CH2

m/z 77 (10%)
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guinone FMOC-EPI structure(dueto anion at m/z388in
Fig. 6) is notrelatedto the FMOC derivatizationprocedure
Produt ions at m/z251[388 —FMOC — NCHg] ", m/z210
[388 — C14H10]+, m/z179 [388 — C10H1104N]+, andm/z
166[388 — FMOC]" werepresentn thespectrun. A nearly
idertical spectrum wasobtaineal usingES-MS. Structurally
diagnostic ions at m/z 251, 179 and 166, were observed
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Figure 5. LC/APCI massspectrumof FMOC-DA.
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using 260 femtomoks of this derivaive (spectrumnot
shown).
Fragnmentsatm/z251,210,179and166,obtanedby EM-
MS/MS of FMOC-EPI(production spectum not shown) of
them/z388 precurso, confirmedthe structural assignnents
of theionsin the spectrumfrom LC/APCI-MS. Precusor-
ion scaniing using m/z 166 (likely the quinore EPI
strucure) geneated by converional ES-MS, resultedin
produd ionsatm/z122[166 —CH,CH3NH,], m/z107[166
—(OH + CHNH.CHa)], m/z94 [122-CO] and m/z 77 [94-
OH] (Schene 4; spectum not shown), which further

100+ 166

179
#1 210

251

R,

supportel the asmgnmenbf the proposedstructure of the
ion at m/z1662

Quantification of the derivatives by HPLC /fluorometric
detectionand LC/MS-SIR

The detecion levels of the FMOC catecholarimes under
HPLC/fluorometrc detecton and sekcted ion recading
(SIR) by LC/APCI-MS were obtainel by calculatng the
peakareasof thederivaivesbasednthelinearrespnseof

251210
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H CH2EC- -CH2
H3C
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m/e 388 (IM + H - H201"

[—>x5
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60 80
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Figure 6. LC/APCI massspectrumof FMOC-EPI.
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variousconcentationsof FMOC-DA againstthe peakareas
in the rangeof 20 to 5000fmol.

The lower detecion levels (signatto-noise(S/N) >5) of
the FMOC derivatives (Fig. 7) measued by HPLC/
fluorometric detection were at 25 (FMOC-NE), 80
(FMOC-DHBA), 40 (FMOC-DA) and 65 (FMOC-EPI)
femtomoles. Quantification of FMOC catechohminesby
LC/APCI-MS wasdoneby SIR (Fig. 8) of theions at m/z
152 (dueto the quinoneDA ion; seeFig. 2), m/z123 (see
Fig. 3),m/z137 (Fig. 4) andm/z166 (dueto thequinane EPI
ion; seeFig. 5) at various concentrations and the lower
guanttative levels(S/N >10)wereat 100(FMOC-NE), 320

(FMOC-DHBA), 160 (FMOC-DA) and 260 (FMOC-ER)
femtomolesbecauséhe SIR currens of the four ions with
consantratio (not shown)canbe obtainedabovedetection
lines.

DISCUSSION

N-(9-Fluorenylmehyloxycaibonyloxy)succinmide and 9-
fluorenylmehyl chloroformate are commonreagntsused
for derivaizing primary or secomary amine-conaining
anaytes, including amino acids’®=2® and aminoplospho-
lipids,?® to derivatives which arereadly detectedby both

”
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Figure 7. Lower detectionlevels of FMOC catecholamineand FMOC-DHBA measuredy HPLC/fluorometric

detection.
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Figure 8. LC/MS-SIR of the FMOC derivativesof catecholamineand DHBA.

HPLC/fluorometric detectionand mas spectranetry. The
amino group is widely distributed in biological materials
andis animportantfunctional groupin biological sysems.
Both smallbiomolecuks,suchascatecholarmes,andlarge
biomdecules,suchas peptides, contain amines A number
of compundswhich have amino groupsare also usedin

medcine. The detemination of amino-conaining com-
poundsin biological materids is of vital importancefor the
diagnosis of some diseass and monitoring pharmaoki-

neticsof drugshavingaminogroup(s).

HPLC, LC/APCI-MS andES/CID tandemmassspectre
metry of the FMOC derivaivesof DA, NE, EPlandDHBA
havenotbeenpreviousy documened. Oxidatior?®3 of the
catecholring to form a quinonecatecholarme structureat
pH 8-9 does not occur in the FMOC derivatization
procedure used in this study. This may be due to the
presenceof acetonirile in thereactionmixture.NeitherLC/
APCI-MS nor ES-MS geneated strucurally informative
negaive ion massspectraof FMOC catecholarmes or
FMOC-DHBA. Although FMOC acid, a major by-product
in theFMOC derivatization,is formedandmayoverlapwith
FMOC-DHBA, it doesnot interfere with the LC/MS-SIR
analsis dueto the diversity of the selecedions

In conclusionwe haveintroducedN-(9-fluorenylmetyl-
oxycaibonyloxy)succirimide as a nowel derivatizing re-
agentfor the analsis of catecholamires, and methodsfor
HPLC, LC/APCI-MS and ES/CID tancem massspectre
metric analyss of the FMOC derivatives of DA, NE, EPI
andDHBA havebeendescrited. Theresluts presentedhere
suggesthatit is possble to analyzecatechohminesastheir
FMOC derivatives at low femtamole levels by LC/APCI-
MS and HPLC/fluorometric detecton. Invedigation of the
effective extraction of catecholamires from biological
sanples, optimization of the procedure for FMOC deriva-
tization andclean-yp, aswell asthe further developnent of

Rapid CommunMassSpectrom13, 1869-18771999)

methods for qualitativdy and quantitaively analyzing
catecholarmesfrom biological materids arein progress.
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