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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 ÿ H2O]� 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 ÿ H2O]� 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-
dihydroxyphenethylamine), norepinephrine (NE; 2-amino-
1-(3,4-dihydroxyphenyl)ethanol) and epinephrine (EPI; 1-
phenyl-1-hydroxy-2-methylaminopropane), are a group of
organic compounds with amines containing a 3,4-dihy-
droxyphenyl (catechol) nucleus. The catecholamines are
synthesized from tyrosine in mammalian brain through the
sequence:1 tyrosine – dihydroxyphenylalanine (Dopa) – DA
– NE – EPI. DA is an important neurotransmitter in the brain
and its deficiency leads to the movement disorder,
Parkinson’s disease.2–4

The trace analysis of catecholamines in plasma, urine and
neuronal cells is highly important for the diagnosis, therapy
and the prognosis of various diseases. Some methods have
been published describing the assay of catecholamines, with
3,4-dihydroxybenzylamine (DHBA) as an internal standard,
using high performance liquid chromatography (HPLC)

coupled to electrochemical5–7 or to fluorescence8,9 detec-
tion. Although HPLC/electrochemical methods are useful
for routine analysis, overlap of catecholamines with other
small molecules in complex biological samples makes these
analyses difficult. The measurement of 1,2-diphenylethyl-
enediamine derivatives of catecholamines using HPLC/
fluorometric detection at low femtomole levels8 overlooked
the structural elucidation of the derivatized catecholamines,
and this method is inappropriate for the structural
determination of catecholamines from new biological
sources. Combined gas chromatography and mass spectro-
metry (GC/MS) has been used for analyzing pentafluoro-
propionate10 or heptafluorobutyrate11 or trifluoroacctate12

derivatives of catecholamines, but the detection limit of GC/
MS is at the low picomole level. The determination of
catecholamines from the immune system13 and oxidized
products of catecholamines14–16using electrospray/tandem
mass spectrometry has been described. The production of
DA and its metabolites including NE and EPI, if any, is
expected at very low levels (femtomole level or less) in
many diagnostic applications.17 A reliable approach to both
qualitative and quantitative determination of catechol-
amines at the femtomole level has yet to be reported.
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In thispaperwereport anovelapproachto theseparation
and structural analysis of catecholamines as their 9-
fluorenylmethyloxycarbonyl (FMOC) derivatives at the
femtomolelevelby HPLCcoupledto fluorometric detection
and liquid chromatography/atmospheric pressurechemical
ionization massspectrometry (LC/APCI-MS).

EXPERIME NTAL

Materials

DA, NE, EPI, DHBA and triethanolamine (TEA) were
obtained from Sigma (St. Louis, MO, USA). N-(9-
Fluorenylmethyloxycarbonyl)succinimide (FMOC-Osu)
was obtained from Aldrich Chem Co. (Mi lwaukee, WI,
USA). Acetonitrile (HPLC grade) was purchased from
Burdick & Jackson,Inc. (MI, USA).

Preparation of the FMOC derivatives

The derivatization of catecholamines and DHBA was
carried out essentially as described.18,19 Briefly, DA, NE,
EPI and DHBA (1 mg of each) in 50mL of water was
transferred to screw-cappedglasstubes (10� 70mm), to
which 100mL of acetonitrile containingTEA (pH 9) was
mixed.Another100mL of actonecontainingFMOC-Osu (1
umol/ul) were then addedto the tubes, and the solutions
werestirredat room temperature in the dark for morethan
3 h. The diluted solutions(with acetonitrile) were injected
into a C18 HPLC column for fluorometric detectionand
analysis by LC/MS. The HPLC-purified derivatives (see

below)were usedto produce CID spectra. Known amounts
of FMOC-DA wasusedfor theassessmentof thedetection
levels.

High performance liquid chromatography

The separation of the FMOC derivatives was performed
usingaC18 HPLCcolumn(2� 150mm,WatersNova-Pak;
Millipore, USA), with anAlliance Waters2690separations
moduleand its autosampler in a Micromass Platform LC/
MS system(MicromassLtd, Manchester,UK; Waters, MA,
USA). The mobile phases consisted of: solvent A: H2O;
solvent B: acetonitrile. The gradient program used was
(100%A/0% B) at 0 min to 100%B at 20min. A flow rate
of 0.3mL/min was used.The derivatives were analyzed
using an HPLC/fluorescencedetector (980 programmable
fluorescence detector, Perkin-Elmer Applied Biosystems,
CT, USA; excitation at 265 and emission at 320nm) and
positiveion APCI.

Massspectrometry

LC/APCI-MS wasperformedonaMicromassPlatform LC/
MS system(MicromassLtd. Manchester,UK; WatersCo.,
MA, USA), equippedwith a APCI interface, consisting of a
standardAPCI source anda heated nebulizer probe,anda
quadrupole mass analyzer. The probe and ion source
temperature was 450 and 150°C, respectively. LC/APCI
massspectrawere acquiredby scanningthe mass range
from 100to 550.A C18 HPLC column wasusedto separate
theFMOCderivativesasdescribedabove.LC/MS-SIRwas
performedby selectedion 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 acquisition and processing were controlled
using MassLynx software (MicromassLtd, Manchester,
UK).

Electrospray (ES)/collision-induced dissociation (CID)
experiments of theFMOC derivativeswereperformedon a
Q-TOF20 tandem mass spectrometer (Micromass Ltd,
Manchester, UK). HPLC-purified sampleswere diluted
with acetonitrile/formic acid (100:1)andthen infusedinto
thetandemmassspectrometerata flow rateof 4 mL/min via
a 50 micro i.d fused silica transfer line using a Harvard
Apparatuspump. For CID experiments, Q1 was set up to
selectprecursorionsof thederivatives,passthemthrougha
hexapolecollisioncell, andtheTOF analyzerthenscanned
the productions in the mass rangefrom 50 to 500DA.

RESULTS

Separation of the FMOC derivati vesby HPLC/
fluorometric detection

Chromatography of the FMOC derivatives of catechol-
amines and DHBA is shown in Fig. 2. This gradient
program allowed the separation of FMOC-NE (peak 1),
FMOC-DHBA (peak2), FMOC-DA (peak3) andFMOC-
EPI (peak 4) from FMOC-Osu (the most abundant peak
shown in the figure, eluted from 17.8 to 18.6min in
retention time). FMOC acid, a major by-product of the
FMOC derivatization and which eluted around13.6min,
canoverlapwith FMOC-DHBA.

Figure 1. Chemical structuresof dopamine(DA), norepinephrine
(NE), epinephrine(EPI) and3,4-dihydroxybenzylamine(DHBA).
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LC/APCI-MS and ES/CID of the FMOC derivatives

FMOC-NE. Figure3 showsthe massspectrum of FMOC-
NE from LC/APCI-MS (peak 1, Fig. 2). The protonated
molecule of FMOC-NE is absent. An ion at m/z 374
([M � H ÿ H2O]�) canbeobservedin thespectrum andis
presumablyformedby the lossof H2O from its protonated
molecule, giving a stable ion which is likely quinone
FMOC-DA. The trinitrobenzenyl (TNB) derivative of NE
wasalsoprepared21,22at pH 9 anddetectedby negative ion
ES-MS.Thepresenceof the deprotonated molecule ([M ÿ
H]ÿ) of TNB-NE (spectrum not shown)suggests that the
formation of thequinoneFMOC-DA structure(dueto anion
at m/z 374 in Fig. 3) is not related to the FMOC
derivatization procedure. The peak at m/z 152, the most
abundant ion in the spectrum, is formed by the lossof an
FMOC group from the ion at m/z 374, which looks like
quinone DA. Another fragmentat m/z196, formed by the
lossof C4H10 in theFMOCresiduefrom theion at m/z374,
supports the proposed quinone DA ion structure. Similar
product ions, proposed to be quinone methides,were also
observed in the CID spectraof oxidized DA andDopa14,15

aswell ashistidyldopamine.16 Ions at m/z237 and179 are
dueto theFMOCgroup.An identical resultwasobtained by
conventional ES-MS.Structurally diagnostic product ions,
m/z196,179and152,wereobservedusing 100femtomoles
of this derivative (spectrum not shown).

Informativefragmentsat m/z237,196,179and152were
also obtainedby CID (production spectrum not shown) of
m/z 374 from ES-MS of FMOC-NE and confirmed the
structural assignments of the ions in the spectrum obtained
by LC/APCI-MS. Precursor-ion scanningusing m/z 152
(likely quinone DA), generated by conventional ES-MS,
resulted in product ions (Scheme 1; spectrum not shown)
at m/z 122 [152 ÿ CH2NH2], m/z 107 [152 ÿ
(OH� CHNH2)], m/z 94 [122 ÿ CO] and m/z 77 [94 ÿ
OH], which furthersupported theproposedstructureof the
ion at m/z152.21–23

FMOC-DHBA.DHBA, ananalogueof DA (seeFig. 1), is a
common internal standard in catecholamine assaysusing
HPLC/electrochemical or HPLC/fluorometric detection
because of its absence in biological materials. Figure 4
showsthemassspectrumof FMOC-DHBA from LC/APCI-
MS (peak2, Fig. 2). The protonatedmoleculeof FMOC-
DHBA appearsatm/z362.Thepeakatm/z123corresponds
to the structure of the catechol group. A couple of
complementary ions at m/z 184 and 179 support the
structural assignment. An identical result wasobtained by
conventional ES-MS. Structurally diagnostic ions, at m/z
179and123, wereobservedusingatotalof 320femtomoles
of this derivative (spectrum not shown).

Fragmentation of FMOC-DHBA, obtained by CID
(product ion spectrum not shown) of the ES-generated
[M � H]� ion atm/z362,is shownin Scheme2.Thepeakat
m/z179 indicatesthe presenceof the FMOC residuein the
derivative. A fragment at m/z77, formed by the lossesof
(OH)2 andCH2 from theion atm/z123[362ÿC15H12O2N],
is dueto the benzylring in DHBA.

FMOC-DA. Figure 5 showsthe mass spectrum 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

Figure 2. Elution pattern(HPLC/fluorometricdetection)of FMOC-
NE (peak1),FMOC-DHBA(peak2),FMOC-DA(peak3) andFMOC-
EPI (peak4).

Scheme1. Diagnosticproductions for FMOC-NE.
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137 as well as m/z 239 and 179 are diagnostic of both
catecholandFMOC groupsin the derivative. An identical
result was obtained by conventional ES-MS. Structurally
diagnosticions,atm/z239,198,179and137,wereobserved
using a total of 160 femtomolesof FMOC-DA (spectrum
not shown).

Fragmentation of FMOC-DA, obtainedby ES-MS/MS
(product ion spectrum not shown) using m/z 376 as the

precursor ion, furnishedinformationto support thestructur-
al determinationof FMOC-DA (Scheme3). Product ionsat
m/z137 and 91, formed by the losses of NH2 and (OH)2
from the m/z153precursor,confirmedthe DA structure.13

FMOC-EPI. Fragmentation of FMOC-EPI was similar to
FMOC-NE. Figure6 showsthe massspectrum of FMOC-
EPI from LC/APCI-MS (peak4, Fig. 2). The[M � H]� ion

Figure 4. LC/APCI massspectrumof FMOC-DHBA.

Figure 3. LC/APCI massspectrumof FMOC-NE.
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of FMOC-EPI is absent. The loss of H2O from the
protonated molecule produced a product ion at m/z 388,
probably due to a quinone FMOC-EPI structure. The
trinitrobenzenyl (TNB) derivative of EPI was also pre-
pared21,22atpH 9 anddetectedby negative ion ES-MS.The
presenceof thedeprotonatedmolecule ([M ÿH]ÿ) of TNB-
EPI (spectrumnotshown)suggests thattheformation of the

quinone FMOC-EPI structure(dueto an ion at m/z388 in
Fig. 6) is not relatedto theFMOC derivatizationprocedure.
Product ionsat m/z251[388ÿFMOCÿ NCH3]

�, m/z210
[388 ÿ C14H10]

�, m/z179 [388 ÿ C10H11O4N]�, andm/z
166[388ÿ FMOC]�werepresentin thespectrum.A nearly
identical spectrum wasobtained usingES-MS.Structurally
diagnostic ions, at m/z 251, 179 and 166, were observed

Figure 5. LC/APCI massspectrumof FMOC-DA.

Scheme2. Diagnosticproductions for FMOC-DHBA.
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using 260 femtomoles of this derivative (spectrumnot
shown).

Fragmentsatm/z251,210,179and166,obtainedby EM-
MS/MSof FMOC-EPI(production spectrumnotshown) of
them/z388precursor, confirmedthestructural assignments
of the ions in the spectrumfrom LC/APCI-MS. Precursor-
ion scanning using m/z 166 (likely the quinone EPI
structure) generated by conventional ES-MS, resultedin
product ionsat m/z122[166ÿCH2CH3NH2], m/z107[166
ÿ(OH� CHNH2CH3)], m/z94 [122-CO] and m/z77 [94-
OH] (Scheme 4; spectrum not shown), which further

supported the assignmentof the proposedstructure of the
ion at m/z166.23–25

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

The detection levels of the FMOC catecholamines under
HPLC/fluorometric detection and selected ion recording
(SIR) by LC/APCI-MS were obtained by calculating the
peakareasof thederivativesbasedon thelinearresponseof

Scheme3. Diagnosticproductions for FMOC-DA.

Figure 6. LC/APCI massspectrumof FMOC-EPI.
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variousconcentrationsof FMOC-DA againstthepeakareas
in the rangeof 20 to 5000fmol.

The lower detection levels(signal-to-noise(S/N)>5) of
the FMOC derivatives (Fig. 7) measured by HPLC/
fluorometric detection were at 25 (FMOC-NE), 80
(FMOC-DHBA), 40 (FMOC-DA) and 65 (FMOC-EPI)
femtomoles. Quantification of FMOC catecholaminesby
LC/APCI-MS wasdoneby SIR (Fig. 8) of the ions at m/z
152 (dueto the quinoneDA ion; seeFig. 2), m/z123 (see
Fig. 3),m/z137(Fig. 4) andm/z166(dueto thequinoneEPI
ion; seeFig. 5) at various concentrations, and the lower
quantitative levels(S/N>10)wereat100(FMOC-NE),320

(FMOC-DHBA), 160 (FMOC-DA) and 260 (FMOC-EPI)
femtomolesbecausethe SIR currents of the four ions with
constant ratio (not shown)canbeobtainedabovedetection
lines.

DISCUSSION

N-(9-Fluorenylmethyloxycarbonyloxy)succinimide and 9-
fluorenylmethyl chloroformateare commonreagentsused
for derivatizing primary or secondary amine-containing
analytes, including amino acids26–28 and aminophospho-
lipids,29 to derivatives which are readily detectedby both

Scheme4. Diagnosticproductions for FMOC-EPI.

Figure 7. Lower detectionlevels of FMOC catecholaminesand FMOC-DHBA measuredby HPLC/fluorometric
detection.

Copyright# 1999JohnWiley & Sons,Ltd. Rapid Commun.MassSpectrom.13, 1869–1877(1999)

ANALYSIS OF DERIVATIZED CATECHOLAMINES BY LC/MS AND MS/MS 1875



HPLC/fluorometric detectionand mass spectrometry. The
amino group is widely distributed in biological materials
andis an important functionalgroupin biological systems.
Bothsmallbiomolecules,suchascatecholamines,andlarge
biomolecules,suchaspeptides, contain amines. A number
of compoundswhich have amino groupsare also usedin
medicine. The determination of amino-containing com-
pounds in biologicalmaterials is of vital importancefor the
diagnosis of some diseases and monitoring pharmacoki-
neticsof drugshavingaminogroup(s).

HPLC, LC/APCI-MS andES/CID tandemmassspectro-
metryof theFMOC derivativesof DA, NE, EPIandDHBA
havenot beenpreviously documented.Oxidation30,31of the
catechol ring to form a quinonecatecholamine structureat
pH 8–9 does not occur in the FMOC derivatization
procedure used in this study. This may be due to the
presenceof acetonitrile in thereactionmixture.NeitherLC/
APCI-MS nor ES-MS generated structurally informative
negative ion mass spectraof FMOC catecholamines 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
analysisdueto the diversity of the selected ions.

In conclusion,wehaveintroducedN-(9-fluorenylmethyl-
oxycarbonyloxy)succinimide as a novel derivatizing re-
agentfor the analysis of catecholamines,and methodsfor
HPLC, LC/APCI-MS and ES/CID tandem massspectro-
metric analysis of the FMOC derivativesof DA, NE, EPI
andDHBA havebeendescribed.Theresults presentedhere
suggest thatit is possible to analyzecatecholaminesastheir
FMOC derivatives at low femtomole levels by LC/APCI-
MS andHPLC/fluorometric detection. Investigation of the
effective extraction of catecholamines from biological
samples,optimization of the procedure for FMOC deriva-
tization andclean-up, aswell asthefurtherdevelopmentof

methods for qualitatively and quantitatively analyzing
catecholaminesfrom biological materials arein progress.
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