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Mass Spectrometric Data of Commonly Abused Amphetamines
and Their Derivatives — Cross Contributions of Ion Intensity
between the Analytes and Their Isotopically Labeled Analogs

REFERENCE: Wang S-M, Chye S-M, Liu RH, Lewis RJ, Canfield DV, Roberts J: /ass spectrometric :ata oM
commonlL abFse: amp\etamines an: t\eir :erivatives ] (ross contribFtions oM ion intensitL between t\e analLtes
an: t\eir isotopicallL labele: analo>s_ Forensic Sci Rev 14U+4_ 2005)

ABSTRACT: Sit\ G(H/S as t\e preMerre: met\o: an: isotopicallL labele: analo>s oM t\e analLtes as t\e internal
stan:ar:s V!SsY oM c\oice Mor t\e analLsis oM :rF>sametabolites in biolo>ical specimens, one important aspect
associate: wit\ c\emical :erivatiBation V(&Y is t\at t\e (& pro:Fcts :erive: Mrom t\e analLte an: t\e selecte: !S
mFst >enerate ions sFitable Mor :esi>natin> t\e analLte an: t\e !S_ t\ese ions cannot \ave si>niMicant crossH
contribFtion V((Y, i)e), contribFtion to t\e intensitL oM t\e ion :esi>nate: Mor t\e analLte bL t\e !S, an: vice versa)
Sit\ t\is in min:, t\e aFt\ors \ave reviewe: literatFre an: commercial inMormation on common (& rea>ents an:
met\o:s an: con:Fcte: a t\oroF>\ searc\ oM isotopicallL labele: analo>s oM commonlL abFse: amp\etamineHtLpe
:rF>sametabolites t\at are commerciallL available) #\ese !Ss an: analLtes were t\en :erivatiBe: wit\ varioFs
:erivatiBation >roFps) #\ese (& pro:Fcts were t\en analLBe: bL G(H/S an: t\e resFltin> /S :ata are presente:
\ere in two MormsU VaY sLstematic presentation oM MFllHscan spectra_ an: VbY tabFlation oM (( :ata Mor ions wit\
potential Mor :esi>natin> t\e !Ss an: analLtes) /anL ViM not mostY oM t\ese MFllHscan spectra are not Let available
in t\e literatFre an: s\oFl: be oM :ailL reMerence valFe to Morensic an: clinical laboratories t\at are en>a>e: in t\e
analLsis oM t\ese :rF>sametabolites) Full-scan MS data were further used to select ion-pairs with potential for
designating the analytes and ISs in quantitative analysis protocols. The CC data of these ion-pairs were evaluated
using data collected under the SIM mode and summarized in table format. These :ata s\oFl: save enormoFs
amoFnts oM time an: eMMorts Mor practicin> laboratories in t\eir searc\ Mor t\is analLtical parameter)

KEY WORDS: 0mp\etamine, c\emical :erivatiBation, crossHcontribFtion, ep\e:rine, G(H/S, internal stan:ar:,
/?&?, /&0, /&.0, /&/0, met\amp\etamine, p\enLlpropanolamine)

INTRODUCTION

(\emical :erivatiBation V(&Y oM analLtes wit\ active
MFnctional >roFps is now a Fniversal an: roFtine step in
t\e process oM preparin> samples Mor >as c\romato>rap\LH
mass spectrometric VG(H/SY analLsis) #\e obcectives oM
(& can be >roFpe: into t\e Mollowin> t\ree basic cate>ories
dO2eU

f !ncreasin> compatibilitL wit\ t\e c\romato>rap\ic
environment_

f 0c\ievin> regFire: separation or improvin> separation
eMMiciencL_ an:

f !mprovin> :etection an: strFctFreHelFci:ation
eMMiciencL)

"ow t\at VaY G(H/S is t\e preMerre: met\o: Mor t\e
analLsis oM :rF>sametabolites_ VbY isotopicallL labele:
analo>s oM t\e analLtes are t\e internal stan:ar:s V!SsY oM
c\oice_ an: VcY gFantitative :ata oM t\e analLtes are
>enerallL nee:e: in t\e analLsis oM :rF>sametabolites in
biolo>ical specimens_ an a::itional aspect associate:
wit\ (& \as to be a::resse:) SpeciMicallL, (& pro:Fcts oM
t\e analLte an: t\e selecte: !S mFst >enerate ions sFitable

Mor :esi>natin> t\e analLte an: t\e !S_ t\ese ions mFst not
\ave si>niMicant crossHcontribFtion V((Y, i)e), contribFtion
to t\e intensitL oM t\e ion :esi>nate: Mor t\e analLte bL t\e
!S, an: vice versa d5,O1,OOe)

Scope
#\is stF:L will be limite: to t\e Mollowin>

amp\etamineHtLpe compoFn:sU amp\etamine V0/Y,
met\amp\etamine V/0Y, V±YHp\enLlpropanolamine
VDD0Y, 1S,2RVhYHep\e:rine, i,OHmet\Llene:iojLamp\eH
tamine V/&0Y, i,OHmet\Llene:iojLmet\amp\etamine
V/&/0Y, i,OHmet\Llene:iojLet\Llamp\etamine
V/&.0Y, NHmet\LlH1HVi,OHmet\Llene:iojLp\enLlYH2H
bFtanamine V/?&?Y) #\ese :rF>sametabolites were
inclF:e: Mor t\e Mollowin> two reasonsU VaY t\eL are
commonlL abFse: an: VbY isotopicallL labele: analo>s oM
t\ese :rF>sametabolites are commerciallL available)

(ommon (& rea>ents an: t\eir >eneral Fsa>e are
s\own in Table 1, w\ile all (& reactions relate: to t\is
stF:L are MFrt\er s\own in c\emical egFation Mormat
VTable 2Y Fsin> 0/ as t\e analLte Mor illFstration) #\e
aFt\ors \ave also searc\e: Mor all isotopicallL labele:
analo>s oM t\ese :rF>sametabolites t\at are commerciallL
available) #\ese !Ss an: analLtes were t\en :erivatiBe:
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Table 1. SilLlation, acLlation, an: alkLlation :erivatiBin> rea>ents an: c\aracteristics

Reagent and reaction Characteristicsa

Silylation

N,OH?isVtrimet\LlsilLlYtriMlForoacetami:e V?S#F0Y Reacts Master an: more completelL t\an ?S0_
(ombine wit\ 1l or 10l #/(S Mor \in:ere: \L:rojLl an:

ot\er MFnctionalities)

#rimet\Llc\lorosilane V#/(SY (ommonlL Fse: as a catalLst_
Reaction bLHpro:Fct -(l)

N,OH?isVtrimet\LlsilLlYacetami:e V?S0Y /il: reaction con:itions_
Forms stable pro:Fcts_
?LHpro:Fct #/SXacetami:e maL elFte wit\ analLte)

NH/et\Lltrimet\LlsilLltriMlForoacetami:e V/S#F0Y ?LHpro:Fct #/SXacetami:e verL volatile_
/ost sFitable Mor volatile trace analLte)

#rimet\LlsilLlimi:iBole V#/S!Y Reacts wit\ \L:rojLl bFt not amine_
SFitable Mor \in:ere: \L:rojLl >roFp)

#rimet\LlsilLl:iet\Llamine V#/SH&.0Y ?asic rea>ent Mor amino an: carbojLlic aci:s)

-ejamet\Ll:isilaBane V-/&SY 0 weak #/S :onor)

NH/et\LlHNHVtHbFtLl:imet\LlsilLlYtriMlForoacetami:e .jceptionallL stron> Let mil: rea>ent_
     V/#?S#F0Y Stable pro:Fct in resistin> \L:rolLsis_

(ombine wit\ 1l tHbFtLl:imet\Llc\lorosilane catalLst Mor
\in:ere: alco\ol an: amine)

Acylation

0n\L:ri:es V#F00, DFD0, -F?0, 00, #(00Yb Formation oM MlForoacLl :erivatives >reatlL increase volatilitL
an: improve :etectivitL in G( an: /S, especiallL ne>ative
c\emical ioniBation_

%Mten Fse: wit\ bases, sFc\ as triet\Llamine)
-eptaMlForobFtLrLlimi:iBole V-F?!Y Reaction Mast an: mil:, work best Mor p\enol, alco\ol an: amine_

?LHpro:Fct is not aci:ic)

NH/et\LlHNHbisVtriMlForoacetami:eY V/?#F0Y Reacts rapi:lL wit\ primarL an: secon:arL amine, slowlL wit\
alco\ol, p\enol, an: t\iol_

/il: reaction con:itions wit\ inert an: volatile bLHpro:Fcts)

DentaMlForobenBoLl c\lori:e VDF?(!Y -i>\lL reactive, Mormin> t\e most sensitive .(& :erivatives
oM amine an: p\enol_

SFitable Mor stericallL \in:ere: MFnctionalities_
?ase oMten Fse: to remove -(l pro:Fce:)
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Table 1. V(ontinFe:Y

Reagent and reaction Characteristics

OH(arbet\ojL\ejaMlForobFtLrLl c\lori:e VOH(?Y Form stable pro:Fcts wit\ secon:arL amines, sFc\ as
  met\amp\etamine, allowin> t\e removal oM ejcess
  a>ent bL a::in> protic solvents)

VSYHVXYHNHV#riMlForoacetLlYHprolLl c\lori:e VlH#D(Y Si:elL Fse: Mor amine :rF>s_
Sit\ a proton at t\e c\iral center in !Hposition to t\e carH

bonLl >roFp, stora>e an: reaction con:itions \ave to be
careMFllL controlle: to avoi: racemiBation t\roF>\ ketoH
enol taFtomeriBation)

DropLl c\loroMormate Fast reaction an: t\e resFltin> :erivatives are water solFble
allowin> t\e removal oM bLHpro:Fcts t\roF>\ agFeoFs
was\in>

VXYH!H/et\ojLH!HtriMlForomet\Llp\enLlacetic aci: V/#D0Y /ore eMMective t\an lH#D( in resolvin> ep\e:rines an: in
>eneratin> ions Mor :esi>natin> t\ese analLtes an: t\eir
isotopicallL labele: internal stan:ar:s)

Alkylation

&/FH&ialkLlacetal Vn m 1, 2, i, or OY /ost commonlL Fse: Mor carbojLl >roFps, bFt also reacts
wit\ amine, p\enol, an: amino aci:_

Sit\ n m 1, 2, i, or O to control analLte retention time)

#rimet\LlaniliniFm \L:roji:e V#/0-Y (ommonlL Fse: as a Mlas\ alkLlation rea>ent)

#etrabFtLlammoniFm \L:roji:e V#?-Y .speciallL sFitable Mor low molecFlar wei>\t amines)

?Fia/et\anol VnH?FtanolY V n m 1 or OY /ost commonlL Fse: to Morm met\Ll VbFtLlY ester wit\ aci:)

a !nMormation inclF:e: in t\is colFmn are onlL Mor >eneral reMerence pFrpose an: not meant to be compre\ensive nor critical evalFation)
b #F00, DFD0, -F?0, #(00, an: 00 are triMlForoacetic, pentaMlForopropionic, \eptaMlForobFtLric, tric\loroacetic, an: acetic an\L:ri:es)
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reMerence valFe to Morensic an: clinical laboratories t\at
are en>a>e: in the analysis of these drugs and metabolites.
The CC data should save enormous amounts of time and
efforts for practicing laboratories in their search for this
analytical parameter to establish an optimal protocol for
quantification.
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Table 2. Procedure adapted for the derivatizations included in this study

Der. groupa Equation

Acetyl

TCA

TFA

TFA/t-BDMS

PFP

PFP/t-BDMS

HFB

HFB/t-BDMS

PFB

4-CB

Propylformyl

TMS

t-BDMS

l-TPC

l-MTPA

a TCA: trichloroacetyl; TFA: trifluoroacetyl; PFP: pentafluoropropionyl; HFB: heptafluorobutyryl; PFB:
pentafluorobenzoyl; 4-CB: 4-carboethoxyhexafluorobutyryl; t-BDMS: t-butyldimethylsilyl; TMS: trimethylsilyl; l-
TPC: (S)-(–)-N-(trifluoroacetyl)-prolyl; l-MTPA: (–)-!-methoxy-!-trifluoromethylphenylacetyl.
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Limitations
As mentioned above, the premise of this work is (a)

the systematic presentation of full-scan mass spectra of
the analytes and their isotopically labeled analogs in
various derivatization forms and (b) the evaluation of
ions that may potentially be used for selected ion
monitoring in targeted compound analysis protocols.
Other aspects (such as those listed below) that may be
important to the selection of the most desirable
derivatization method for a specific application are not
the focus of this study and may not be adequately
addressed:

• Availability of adequate number of high-mass ions
with unique fragments including part of the analyte
(see [41] for details);

• Chromatographic characteristics of the resulting
derivatives that may provide the optimal resolution
between the analytes and interfering compounds in
the specific analytical system of interest;

• Yield of the derivatization reaction and the stability
of the resulting CD product; and

• Safety issues related to the reagent, reaction condition,
and by-products to the analyst and the follow-up
analytical system.

I. CHEMICAL DERIVATIZATION

Gas c\romato>rap\ic met\o:s oM analLsis \ave \a:
a lon> \istorL oM application in varioFs areas oM t\e
analLtical sciences) Since (& is an inte>ral part in t\ese
applications, a verL si>niMicant nFmber oM pFblications
a::ressin> varioFs aspects oM (& \ave been accFmFlate:
in t\e literatFre) For ejample, t\ere is compre\ensive
covera>e in book Mormat di2,+1,4+e an: articles wit\
narrower scope on in:ivi:Fal or a limite: nFmber oM (&
approac\es, inclF:in> t\e Mollowin> :erivatiBation
>roFpsU acetLl di,O,1,,+4,45e, #(0 d24,iZ,40e, #F0
d1O,14,22,i0,iO,50,5O,+5,+4,41,44,4Z,,2,,+e, #F0atH
?&/S d1Z,+2e, DFD d2i,2O,i1,iZ,5i,5O,5Z,+4,4Z,,Oe,
DFDatH?&/S d1Z,+2e, -F? d1,Z,10,11,12,1i,1O,20,25,
2,,i,,+i,+O,+4,4O,4Z,,0,,4e, -F?atH?&/S d1Z,+2e, DF?
d2,ii,i5,i4,O5,++,42,4i,,,e, OH(? d15,4O,4Z,,5,,4e,
propLlMormLl dO4,5+,54,4,e, #/S d1+,1,,iZ,5O,55,5,,+4,
+,,+Ze, tH?&/S dO,e, lH#D( d+,4,,,11,12,1i,1+,20,21,25,
2+,O0,Oi,O+,52,55,+0,+O,,0,,1,,i,,Oe, an: lH/#D0
di+,OZ,51,+0,+,,,ie) VSee Table 3 Mor t\e abbreviations
oM t\ese :erivatiBation >roFps)Y

A. Standards and Reagents

#\e Mollowin> stan:ar:s VanalLtes an: t\eir respective
!SsY Fse: in t\is stF:L were in 1 m>am1 Vor 100 µ>am1Y
met\anolic solFtion an: were pFrc\ase: Mrom (erilliant

(orp) V0Fstin, #TYU 0/, 0/H:5 Vrin>Y, 0/H:5 Vsi:e
c\ainY, 0/H:+, 0/H:,, 0/H:10, 0/H:11_ /0, /0H:5,
/0H:,, /0H:Z, /0H:11, /0H:1O_ DD0, DD0H:i_ 1S,2RH
VhYHep\e:rine, 1S,2RVhYHep\e:rineH:i_ /&0, /&0H:5_
/&/0, /&/0H:5_ /&.0, /&.0H:5, /&.0H:+_
/?&?, /?&?H:5)

#\e Mollowin> (& rea>ents were pFrc\ase: Mrom
Dierce (\emical (o) VRockMor:, !1YU NHmet\LlHNH
trimet\LlsilLltriMlForo acetami:e V/S#F0Y, N,OH
bisVtrimet\LlsilLlYHtriMlForoacetami:e V?S#F0Y wit\ 1l
trimet\Llc\lorosilane V#/(SY, NHmet\LlHNHVtHbFtLlH
:imet\LlsilLlYHtriMlForoacetami:e V/#?S#F0Y wit\ 1l
tHbFtLl:imet\Llc\lorosilane VtH?&/(SY, trimet\Llc\loroH
silane V#/(SY, NHtrimet\LlsilLlimi:aBole V#/S!Y,
triMlForoacetic an\L:ri:e V#F00Y, pentaMlForopropionic
an\L:ri:e VDFD0Y, \eptaMlForobFtLric an\L:ri:e V-F?0Y,
NHpropLl c\loroMormate VD(Y) 2,i,O,5,+HDentaMlForobenH
BoLl c\lori:e was obtaine: Mrom 0cros %r>anics VGeel,
?el>iFmY) OH(arboet\ojL\ejaMlForobFtLrLl c\lori:e VOH
(?Y was pFrc\ase: Mrom D(R VGainesville, F1Y) (\iral
(& rea>ents, VXYH!Hmet\ojLH!HtriMlForomet\Llp\enLlH
acetic aci: VlH/#D0Y an: VSYHVXYHNHVtriMlForoacetLlYH
prolLl c\lori:e VlH#D(Y, were pFrc\ase: Mrom 0l:ric\ VSt)
1oFis, /%Y) 0ll ot\er c\emicals an: solvents were -D1(
>ra:e)

B. Derivatization Procedures

&erivatiBation >roFps attac\e: to t\e analLte an: !S
are liste: in t\e Mirst colFmn oM #able i) &escriptions oM
(& proce:Fres are sFmmariBe: in t\e secon: colFmn oM
t\e table) &rF>sametabolites an: !Ss inclF:e: in t\is stF:L
were :erivatiBe: Fsin> t\ese proce:Fres an: t\en sFbcecte:
to G(H/S analLsis Vsee Section !!Y)

#\e rea>ent, protocol, an: con:itions \erebL a:apte:
are not necessarilL t\e optimal ones) #\eL were merelL
Fse: to pro:Fce t\e :erivatives to >enerate t\e mass
spectrometric inMormation VMFllHscan spectra an: S!/
:ataY Mor evalFation) #\e reMerence cite: in t\e last colFmn
V#able iY merelL reMlects w\ere t\e speciMic (& proce:Fre
was MoFn:) /ore compre\ensive lists oM reMerences
involvin> eac\ speciMic (& >roFp were provi:e: at t\e
be>innin> oM t\is section VSection !Y)

II. GC-MS ANALYSIS

A. Instrumentation and Analytical Parameters

G(H/S analLsis was perMorme: on an 0>ilent +,Z0
G( interMace: to an 0>ilent 5Z4i /S V0>ilentU Dalo
0lto, (0Y) 0 12Hm -DH'1#R0H1 crosslinke: 100l
met\Ll silojane capillarL colFmn V0)20Hmm !&, 0)iiH
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Acetyl #o a 1+×100 mm >lass tFbe, a:: 5 µ1 analLte V1 m>am1 in met\anolY or 50 µ1 internal stan:ar:
V0)1 m>am1 in met\anolY) .vaporate t\e solvent to :rLness Fn:er a stream oM nitro>en at 50
o() Add 0.5 mL acetic anhydride and 0.2 mL pyridine. (ap t\e tFbe, mij, an: incFbate Mor 20
min at ,0 o( in a \eatin> block) (ool t\e mijtFre an: evaporate to :rLness Fn:er a stream oM
nitro>en at 50 o() ReconstitFte wit\ et\Ll acetate Mor G(H/S analLsis)

#(0 #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY add 150 µL 0)1 m>am1
:imet\LlaminopLri:ine Vin acetoneY an: 45 µ1 tric\loroacetic an\L:ri:e, t\en vortejHmije:
Mor approjimatelL i0 s) Wash the derivatized specimens with a solution of water, 1)5H/
carbonate bFMMer Vp- Z)5Y, an: 1H" "a%- V1 U 0)5 U 0)O bL volFmeY) (ap t\e tFbes, vortejH
mije: Mor i0 s, t\en incFbate Mor O5 min at +0 o( in a \eatin> block) (ool t\e mijtFre, t\en
centriMF>e Mor 5 min) Freeze the lower aqueous phase and decant the organic phase to a clean
tFbe an: evaporate to :rLness Fn:er a stream oM nitro>en at 50 o() #\e resi:Fe was reconstitFte:
wit\ et\Ll acetate Mor G(H/S analLsis)

#F0 #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 100 µ1 #F00) (ap t\e
tFbe, mij, an: incFbate Mor 20 min at ,0 o( in a \eatin> block) (ool t\e mijtFre an: evaporate
to :rLness Fn:er a stream oM nitro>en at 50 o() ReconstitFte wit\ et\Ll acetate Mor G(H/S
analLsis)

tH?&/S #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 50 µ1 acetonitrile an:
50 µ1 /#?S#F0 wit\ 1l #?&/(S) (ap t\e tFbe, mij, an: incFbate Mor 20 min at Z0 o( in
a \eatin> block) (ool t\e mijtFre Mor G(H/S analLsis)

#F0atH?&/S Follow t\e #F0 to t\e point w\ere t\e pro:Fct is :rie:, t\en procee: wit\ t\e tH?&/S proce:Fre
DFD Same as t\e proce:Fre Mor #F0, ejcept t\e rea>ent VDFD0Y

DFDatH?&/S Follow t\e DFD to t\e point w\ere t\e pro:Fct is :rie:, t\en procee: wit\ t\e tH?&/S proce:Fre
-F? Same as t\e proce:Fre Mor #F0, ejcept t\e rea>ent V-F?0Y

-F?atH?&/S Follow t\e -F? to t\e point w\ere t\e pro:Fct is :rie:, t\en procee: wit\ t\e tH?&/S proce:Fre
DF? #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 100 µ1 acetone and

100 µL PFBC and 1 mL 1-chlorobutane. Cap the tube, mix, and incFbate Mor i0 min in a
\eatin> block at ,0 o() (ool t\e mijtFre t\en evaporate to :rLness Fn:er a tream oM nitro>en
at 50 o() ReconstitFte t\e resi:Fe wit\ et\Ll acetate Mor G(H/S analLsis)

OH(? #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 200 µ1 of 4-CB solution
(1:100 in 1-chlorobutane, v/v, prepared fresh daily). Cap the mixture, vortex-mixed, and incubate
for 30 min at 50–60 o(. Convert excess acid chloride to diethyl ester by adding 0.3 mL of
anhydrous ethanol, vortex-mixed, and incubate for 30 min at 50–60 o(. Carefully evaporate to
dryness (to avoid evaporative loss of derivatives). Reconstitute the residue with ethyl acetate
for GC-MS analysis.

DropLlMormLl Same as t\e proce:Fre Mor #F0, ejcept t\e rea>ent VpropLl c\loroMormateY)
#/S #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 100 µ1 /S#F0. (ap

t\e tFbe, mij, an: incFbate Mor 20 min at Z0 o( in a &rLHbat\ \eatin> block) (ool t\e mijtFre
Mor G(H/S analLsis)

l-#D( #o a 1+×100 mm >lass tFbe, a::e: 5 µ1 analLte V1 m>am1 in met\anolY or 50 µ1 internal
stan:ar: V0)1 m>am1 in metanolY) 0::  0)5 m1 satFrate: potassiFm carbonate, O m1 nH\ejane
an: 50 µ1 lH#D(b)  /ij Mor 10 min on a s\aker, t\en centriMF>e at i000 rpm Mor 5 min) FreeBe
t\e lower agFeoFs p\ase an: :ecant t\e Fpper laLer to a clean tFbe an: evaporate to :rLness
Fn:er a stream oM nitro>en at 50 o() ReconstitFte t\e resi:Fe wit\ et\Ll acetate Mor G(H/S
analLsis)

l-/#D0 #o t\e :rie: analLte Vsee t\e proce:Fre Mor o0cetLlo s\own aboveY a:: 50 µ1 N,N-
dicyclohexycarbodiimide and 100 µL l-MTPAb. Cap the tube, thoroughly mixed, and incubate
at 70 oC for 20 min. Cool the mixture, then evaporate to dryness under a stream of nitrogen at
50 oC. Reconstitute the residue with ethyl acetate for GC-MS analysis.

Table 3. Droce:Fre a:apte: Mor t\e :erivatiBations oM amp\etamines

Der. group a Procedure Ref.

di,O,1,,+4,45e

[24,iZ,40e

d1O,14,22,i0,iO,50,
5O,+5,+4,41,44,4Z,
,2,,+e

dO,e

d1Z,+2e
d2i,2O,i1,iZ,5i,5O,
5Z,+4,4Z,,Oe

d1Z,+2e
d1,ZX1O,20,25,2,,
i,,+i,+O,+4,4O,4Z,
,0,,4e

d1Z,+2e

d2,ii,i5,i4,O5,++,
42,4i,,,e

d15,4O,4Z,,5,,4e

dO4,5+,54,4,e

d1+,1,,iZ,5O,55,5,,
+4X+Ze

d+X,,11X1i,1+,20,
21,25,2+,O0,Oi,O+,
52,55,+0,,0,,1,,i,
,Oe

di+,OZ,51,+0,+,,,ie

a See Table 2 for the abbreviations of the derivatization groups.
b lH#D(U VSYHVXYHN-(trifluoroacetyl)-prolyl chloride; l-MTPA: VXYH!HmethoxyH!Htrifluoromethylphenylacetic acid.
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µm Milm t\icknessY Mrom 0>ilent VSilmin>ton, &.Y was
Fse: Mor t\is stF:L) -eliFm carrier >as Mlow rate was 1)0
m1amin) #\e incector an: G(H/S interMace temperatFres
were maintaine: at 250 an: 2,0 o(, respectivelL) 2arioFs
G( oven temperatFre an: pro>rammin> parameters were
a:apte: Mor t\e analLses oM :erivatiBe: analLtes an: t\eir
!Ss) ?ecaFse c\romato>rap\ic resolFtion was not t\e
emp\asis oM t\is stF:L, temperatFre an: pro>rammin>
rates were not critical parameters an: will not be provi:e:
wit\ :etails)

B. Collection of Mass Spectrometric Data

#LpicallL, a MFllHscan mass spectrFm oM t\e :rF>sa
metabolites oM interest was obtaine: bL incectin> t\e (&
pro:Fct into t\e G(H/S sLstem) Sit\ Mew ejceptions,
MFllHscan mass spectra were collecte: startin> at m/z O0 or
50 an: en:e: at a mass \i>\er t\an t\e molecFlar wei>\ts
oM t\e :erivatiBe: pro:Fcts)

#\e :rF>ametabolite an: its correspon:in> !S were
analLBe: separatelL) !nMormation :erive: Mrom t\ese ion
c\romato>rams Vretention time an: /S :ataY was Fse: to
c\aracteriBe t\e analLtes an: t\eir !Ss) FFllHscan /S :ata
Mrom t\ese two rFns were reviewe: to select ions t\at maL
be sFitable Mor t\e :esi>nations oM t\e analLtes an: t\e !Ss
in roFtine G(H/S protocols)

#\e same (& pro:Fcts were incecte: VseparatelLY into
t\e G(H/S Fsin> selecte: ion monitorin> VS!/Y mo:e)
!ons selecte: Mrom t\e MFllHscan /S :ata Mor bot\ t\e
analLte an: t\e !S were monitore:) /ass spectrometric
:ata :erive: Mrom t\ese S!/ rFns were t\en Fse: to
evalFate t\e (( :ata Van analLteps contribFtion to t\e
intensities oM ions :esi>nate: Mor its isotopic analo>, an:
vice versaY) &etails oM t\e met\o:olo>L \ave been
:escribe: in oFr earlier pFblications diZ,O1e)

FFllHscan mass spectra were store: as :i>ital :ata an:
were t\en converte: V&eltaGrap\U Seattle, S0Y into mass
spectra oM a more :esirable Mormat as s\own in Section !!!)

III. FULL-SCAN MASS SPECTRA
(SEE APPENDIX I)

#wo sets oM :ata VMFllHscan mass spectra an: (( :ataY
were collecte: an: inclF:e: in t\is report) ?ot\ sets oM
:ata inclF:e varioFs (& pro:Fcts oM t\e :rF>sametabolites
V#able iY alon> wit\ t\eir commerciallL available
isotopicallL labele: analo>s V!SsY)

(rossHcontribFtion :ata will be presente: in Section
!2 an: will be :escribe: later) #\e MFllHscan mass spectra
are presente: as Mi>Fres Vsee 0ppen:ij !Y) #\ese Mi>Fres
are or>aniBe: as :escribe: below) 0ll mass spectra
resFltin> Mrom t\e Fse oM one (& rea>ent Mor a speciMic

analLte an: all oM t\is analLteps isotopic analo>VsY are
s\own in one Mi>Fre) For ejample, Figure 1-A inclF:es
t\e MFllHscan mass spectra oM t\e Fn:erivatiBe: 0/, 0/H
:5 Vrin>Y, 0/H:5 Vsi:e c\ainY, 0/H:+, 0/H:,, 0/H:10,
0/H:11) (orrespon:in> mass spectra oM acetLlH:erivatiBe:
0/ are s\own in Figure 1-B) /ass spectra oM t\e ot\er
compoFn:s V/0, DD0, ep\e:rine, /&0, /&/0,
/&.0, /?&? an: t\eir isotopic analo>sY are s\own in
Figures 2–8) #\e molecFlar wei>\ts s\own in t\ese
Mi>Fres were caFcFlate: base: on t\e inMormation s\own
belowU -, 1)004ZO_ &, 2)01O00_ (, 12)0104_ 1i(, 1i)00ii5_
"U 1O)00+4O_ %, 15)ZZZO0_ F, 1,)ZZ,O0_ Si, 2,)0,550_ (l,
i5)O524)

#o t\e best oM oFr knowle:>e, manL ViM not mostY oM
t\ese mass spectra are not pFblis\e: in literatFre >enerallL
available to t\e scientiMic commFnitL) (ertainlL, t\eL
\ave not been sLstematicallL compile: as presente: \ere
an:, t\ereMore, s\oFl: be oM :ailL reMerence valFe to
laboratories en>a>e: in :rF> analLsis)

IV. ION INTENSITY CROSS-CONTRIBUTION
DATA (SEE APPENDIX II)

!n a::ition to t\e MFllHscan mass spectra s\own in
Section !!!, (( :ata presente: in t\is section are base: on
:ata collecte: Fsin> S!/) #\ese are pairs oM ions wit\ t\e
potential to :esi>nate t\e :rF>sametabolites an: t\eir
isotopic analo>s w\en t\e latter are Fse: as t\e !S in
gFantitative G(H/S analLsis protocols)

The CC data may be irrelevant in cases where the
number of the deuterium atoms in the isotopically labeled
analogs is so large that the analytes and the internal
standards are practically chromatographically resolved.
However, these analogs (such as methamphetamine-d14)
are still included in this study for the following two
reasons: (a) to optimize the analytical time and to keep
the system clean, chromatography is normally conducted
at high temperatures where adequate resolution between
the analyte and the internal standard is unlikely; (b) the
retention time window set for automatic integration of
ion intensities may not always be properly adjusted.

As briefly mentioned in the last section, full-scan
mass spectra :ata were Fse: to select potential ionHpairs)
#\ese ions were t\en inclF:e: in t\e S!/ :ata collection
process) (rossHcontribution data were calculated based
on data derived from SIM runs. As footnoted in Tables
4–11 (see Appendix II), only ion-pairs with <5% CC are
listed. Common practices in choosing the linear model
for calibration deem the use of ion-pairs with higher CC
inappropriate for quantification (or as a criterion for
qualitative confirmation purpose). This is especially true
when the calibration is to be established for a reasonable
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concentration range (e.g., in 2 orders of magnitude).
Besides, full-scan mass spectra show this relatively well
when the CC is "5%.

The sequence and manner adapted to present CC
data are different from that a:apte: Mor presentin> t\e
MFllHscan mass spectra) SpeciMicallL, t\ese :ata are
presente: in table Mormat an: eac\ table inclF:es t\e :ata
:erive: Mrom t\e Fse oM one speciMic isotopic analo> V!SY,
bFt inclF:es all (& pro:Fcts) For ejample, Table 4-A
inclF:es t\e (( :ata resFltin> Mrom t\e Fse oM 0/H:5
Vrin>Y as t\e !S Mor t\e analLsis oM 0/) #\is table inclF:es
all :ata resFltin> Mrom t\e Fse oM t\e Mollowin>
:erivatiBation >roFpsU none, acetLl, #(0, #F0, #F0atH
?&/S, DFD, DFDatH?&/S, -F?, -F?atH?&/S, DF?,
OH(?, propLlMormLl, #/S, tH?&/S, lH#D(, an: lH/#D0)
(orrespon:in> :ata :erive: Mrom t\e Fse oM 0/H:5 Vsi:e
c\ainY, 0/H:+, 0/H:,, 0/H:10, 0/H:11, as t\e !S, are
s\own in Tables 4-B to 4-F) Similar :ata Mor /0, DD0,
ep\e:rine, /&0, /&/0, /&.0, an: /?&? are
presente: in Tables 5–11, respectivelL)

Since optical isomers were resolve: w\en c\iral
:erivatiBation rea>ents VlH#D( an: lH/#D0Y were
Fse:, (( :ata are liste: in two pairs) SpeciMicallL,
t\ese are (( :ata Mor t\e dHMorm oM t\e analLtes
a>ainst t\e dHMorm oM t\eir !Ss an: t\e lHMorm oM t\e
analLtes a>ainst t\e lHMorm oM t\eir !Ss)

0s s\own in Tables 4–11, t\e gFalitL oM t\e ionHpairs
t\at maL be selecte: to :esi>nate a speciMic analLte an:
a speciMic isotopicallL labele: analo> varies wit\ t\e (&
met\o:s) %n t\e ot\er \an:, Fsin> a speciMic (& met\o:,
t\e gFalitL oM t\e resFltin> ionHpairs varies wit\ t\e
isotopicallL labele: analo>s) #\ereMore, t\e ionHpair wit\
t\e \i>\est gFalitL, w\ic\ s\oFl: be selecte: Mor a
gFantitative analLsis process, varies wit\ t\e !S an: t\e
(& Fse: in t\e protocol) #\Fs, t\e (( :ata tabFlate: in
Tables 4X11 s\oFl: save an enormoFs amoFnt oM time
an: eMMort Mor practicin> laboratories in t\eir searc\ Mor
t\is analLtical parameter to establis\ an optimal protocol
Mor gFantiMication)

SUMMARY

Following a review of CD methods for amine drugs
and a search of commercially available isotopically
labeled analogs (of these drugs), the authors carried out
CD reactions and performed GC-MS analysis of these
CD products. Full-scan mass spectra of these drugs/
metabolites and their isotopic analogs in various CD
forms are systematically presented. Most of these mass
spectra are not available in the open literature and should
be of daily reference values to clinical and forensic
laboratories that are engaged in drug analysis.

Full-scan MS data were further used to select ion-
pairs that have potential for designating the drugs/
metabolites and their ISs in quantitative analysis
protocols. The CC data of these ion-pairs were evaluated
using data collected under the SIM mode and summarized
in table format. These :ata s\oFl: save an enormoFs
amoFnt oM time an: eMMort Mor practicin> laboratories in
t\eir searc\ Mor t\is analLtical parameter to establis\
optimal protocols Mor gFantiMication)
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