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Numerous abused drugs of the 3,4-methylenedioxymetamphetamine (MDMA; EcstasyiN-methyl-1-(3,4-
methylenedioxyphenyl)-2-propaneamine) type and various alkyl chain- and aromatic ring-substituted isomers
give very similar electron ionization (El) mass spectra. This seriously affects the analysis of especially ring regioi-
someric drug variants. Using collision-induced dissociation (CID) (argon) under El and chemical ionization,
the mass spectra of 18 2,3- and 3,4-methylenedioxy ring-substituted phenylethylamines were recorded. These
techniques permitted an unequivocal differentiation of all studied ring regioisomeric methylenedioxyphenylethy-
lamines. CID mass spectrometry therefore appear to be a reliable tool to establish the kind of ring substitution
pattern in regioisomeric methylenedioxyphenalkylamines. Copyright®© 2000 John Wiley & Sons, Ltd.
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INTRODUCTION Our intention here was to identify and differentiate
18 ring regioisomeric 1-(methylenedioxyphenyl)-2-pro-
paneamines (Fig. 11a—d 2a-d and 1-(methylenedi-
oxyphenyl)-2-butanamines (Fig. Ba—d, 4a-f) by low-
Since Spiteller’s work in 1972 many studies have shown energy collision-induced dissociation (CID) using EI and
that electron ionization (El) mass spectrometry (MS) methane chemical ionization (CI).

is often insufficient to discriminate between structurally
closely related phenylethylamine drug variants because
of their often virtually identical mass spectfa® This
seriously affects the ability to detect novel controlled )
amphetamine analogues (‘designer drug®)such as  Instrumentation

3,4-methylenedioxymetamphetamine  (MDMA; Ecstasy, for GC/MS, the El mass specira were obtained with a
2b), the most popular compourtd=*® The differentia-  Finnigan TSQ 70 instrument (Finnigan MAT, equipped
tion of some side-chain regioisomeric methylenedioxyam- with a DEC-Station 2100) coupled to a Varian 3400
phetamines can be achieved by means of derivatiza-CX gas chromatograph. A DB1 fused-silica capillary
tion such as acetylation using various chromatographic column (30 mx 0.32 mm, i.d., film thickness .@5 um)
methods*4~1¢ Rosner and Junge reported the differen- was used. The temperature programme consisted of an
tiation of side-chain regioisomers by the structural elu- initial temperature of 80C held for 1 min, followed by a
cidation of the alkylamino groups of phenylalkyl drug linear ramp to 280C at 15°C min~1, the final temperature
variants by gas chromatography/tandem mass spectrombeing held for 15 min. The split/splitless injector and
etry (GC/MS/MS)!%17 Differentiation of the ring isomers  detector temperatures were kept at 280 Helium was
2,3- and 3,4-methylenedioxyamphetamine by EIMS was used as the carrier gas.

EXPERIMENTAL

reported by Soineet al* and Casaleet al'® Attempts The mass spectrometric parameters were set as follows:
to differentiate 2,3- and 3,4-methylenedioxyphenylalkyl- El mode, ionization voltage 70 eV, scan time 1 s and scan
amines by derivatization proved to be unsucces$ful. range 40-600 Da; Cl mode, ionization voltage 70 eV,

source temperature 15Q, reactant gas methane, source
pressure 0.2 Pa, scan time 1 s and scan range 60—600 Da;
MS/MS, ionization voltage 70 eV, collision gas argon,
* Correspondence toS. Borth, Pharmazeutisches Institut, Chris- Cr(])||ISIOn energy 2f21' ekV, collision gas lpregsgre S'Z.Pa ar.]d
tian Albrechts Universit Kiel, Gutenbergstrasse 76, D-24118 Kiel, (N€ €xact target thickness was regulated by the Intensity

Germany. ratio of the peaks ati/z 92/91 (0.2) and 91/65 (20) of
E-mail: sborth@pharmazie.uni-kiel.de n-butylbenzené®
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Figure 1. Structures of methylenedioxy ring-substituted pheny-
lethylamine derivatives.

All fragment ion spectra were recorded under stan-
dardized operating conditions usimgbutylbenzene as a
reference compound to adjust the collision energy and
collision gas pressure as described in the literattire.

Materials

The 1-(2,3-methylenedioxyphenyl)-2-propaneamine deri-
vatives (la—d) were synthesized according to Casale
et al'® The 3,4-methylenedioxy ring-substituted propana-
mine isomers Za—d were kindly provided from the
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reference collection of the Landeskriminalamt (LKA)
Schleswig-Holstein, Germany.

The syntheses of the previously unreported 1-(2,3-
methylenedioxyphenyl)-2-butanamine compourits—d)
and of N-propyl-1-(3,4-methylenedioxyphenyl)-2-butan-
amine @e) and N-isopropyl-1-(3,4-methylenedioxyphe-
nyl)-2-butanamine 4f) have been published elsewhere
(Borth S, Hansel W, Rsner P, Junge TForensic Sci.
2000; in press). The 1-(3,4-methylenedioxyphenyl)-2-
butanamine derivativesté—d were synthesized accord-
ing to Noggle and co-workers.

RESULTS AND DISCUSSION

The low-energy CID parent ion (M and [M+ H]™))
mass spectra of the 2,3- and 3,4-ring regioisomers (Fig. 1,
la-4f showed fragmentation pathways with very dif-
ferent abundances (Tables 1 and 2). Using EI-CID, the
molecular ions o#e andf did not have sufficient abun-
dance for recording fragment ion mass spectra for the
unequivocal identification of the regioisomeric 2,3- and
3,4-substitution patterns. Cl, however, gave abundant pro-
tonated molecular[M + H]*) ions, thus allowing the
recording of fragment ion mass spectra in all cases.
Therefore, this method is advantageous for establishing
the substitution pattern of the methylenedioxy group of
methylenedioxyphenylethylamine drug variants at submi-
crogram levels where other methods, such as NMR spec-
troscopy, lack sufficient sensitivity.

EI-CID mass spectra of 2,3- and
3,4-methylenedioxyphenyl-2-propanamine
and -2-butanamine derivatives

The EI-CID mass spectra of all 2,3-methylenedioxy-
phenylethylamine derivatived4—d and3a—d) are dom-
inated by immonium base peak ions with the general

Table 1. Structurally significant fragment ions in the low-energy EI-CID molecular ion M** mass spectra of 1la—4d

Ring-substitution Parent ion

Compound pattern (P)@ (m/z)

44 58 72
1a 2,3- 179 100 — —
1b 2,3- 193 — 100 —
1c 2,3- 207 — — 100
1d 2,3- 207 15 — 100
2a 3,4- 179 3.1 — —
2b 3,4- 193 — 24.3 —
2c 3,4- 207 35 — 72.9
2d 3,4- 207 — — 100
3a 2,3- 193 — 100 —
3b 2,3- 207 — 1.2 100
3c 2,3- 221 — 8.4 —
3d 2,3- 221 — — —
4a 3,4- 193 — 7.7 —
4b 3,4- 207 1.1 — 57.5
4c 3,4- 221 — — —
4d 3,4- 221 — — —

2 P refers to the parent ions, i.e. the ion undergoing CID (M**) (m/z).

Relative abundance of ions (% base peak)b'C of fragment ions

(m/z)

86 135 136 147 177

— 3.0 33.6 — — — — —
— 6.8 1.2 — — — — —
— 1.7 7.4 — 9 2.4 5.4 —
— 1.7 2.9 — 2 3.1 — —
— 30.9 100 — — — —
— 15.3 100 1.9 — — — —
— 30.9 100 — 2.2 2.7 1.4

— 3.7 8.1 — — 5.6 4.9 —
— 3.0 11.3 — — — — —
— — — — — 1.7 — —
100 22.7 35.5 20.3 10.7 28.7 — 2.1
100 — — — — — — 9.0
— 19.1 100 — — — — —
— 28.8 100 — 2.0 —
100 5.0 6.4 1.1 54.4 121 — 6.9
100 6.3 3.6 — — 3.1 — —

b Relative abundance is expressed as a percentage of the base peak (100%).

¢ For experimental details, see text.
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Table 2. Structurally significant fragment ions in low energy CI-CID protonated molecule [M + H]* mass spectra of la—4f

Ring-substitution  Parention Relative abundance of ions (% base peak)E“b of fragment ions

Compound pattern (P)@ (m/z) (m/z)

58 72 77 105 119 123 133 135 137 145 147 163 177 194 208 222
1a 2,3- 180 — — 23 445 — 516 29.6 100 0.1 40 — 394 — — —_ -
1b 2,3- 194 — — 1.7 307 — 186 24.0 100 06 38 — 363 — 122 —
1c 2,3- 208 2.7 1.1 26 329 — 183 25.4 100 14 22 — 290 — — 6.0 —
1d 2,3- 208 146 74 30 362 — 0.3 22.6 100 54 32 — 258 — 1.3 — —
2a 3,4- 180 — — — 647 27 1.6 97.0 100 196 — — 935 — — — —
2b 34- 194 165 — 49 727 — 0.4 100 928 16.1 1.6 1.1 605 — 102 — —
2c 3,4- 208 — 95 29 61.7 — 0.1 100 847 354 — — 708 — — 43 —
2d 34- 208 45 202 29 526 — 0.2 71.3 59.2 176 — — 100 — — 75 —
3a 2,3- 194 — —_ - 14 1.2 207 — 100 03 — — — 20 54 — —
3b 2,3- 208 — — — 1.3 15 46 — 100 06 — 23 — — 56 —
3c 2,3- 222 — — — — 15 38 — 100 07 — 28 — — — b
3d 2,3- 222 — — 14 16 0.2 — 100 32 — 28 — — — 8.1
4a 3,4- 194 43 — — 1.7 1.0 100 1.5 — 28 — 37 16 — —
4b 34- 208 3.0 — — 19 01 — 100 85 — 33 — 21 — 18 —
4c 3,4- 222 — - — — 27 0.02 — 100 319 — 5.0 — 30 — 3.
4d 3,4- 222 — — — 29 0.01 100 405 — 5.6 — 30 — — 34
4e 3,4- 236 — — — 3.0 — — 100 31.0 — 5.2 — 217 — - —
4f 34- 236 — — — — 33 — — 100 294 — 5.0 — 20 — —_ -

2a-c See Table 1.

formula [G,H2,4oN]" (m/z 44, 58, 72, etc.) resulting the N,N-dimethylatedcompoundshaving no nitrogenH
from ana-cleavage reaction (Table 1; see Fig1®)7 2122 atom. Substituentsn the ortho position should decrease
The EI-CID mass spectra of 3,4-methylenedioxy isomeric both rearrangement€Consequentlythe 2,3-ring isomers
compounds2a—c and 4a and b show significant ions  with only one free ortho position show the ion at m/z
at m/z 136. This signal could be due to a rearrange- 136 with lower abundanceFurther, an intermolecular
ment of nitrogen H atoms to the aromatictho position hydrogenbond betweenNH and the ether oxygen may
eliminating an imine, as shown by many phenylethy- leadto an unfavourableconformationfor the discussed
lamine derivative$>23 The peak atn/z 136 could also  rearrangement¥:?® Compounds4e and f do not form
be generated by a specific six-centre H-rearrangement (rH)molecularM** ions with sufficient abundancéor record-
similar to that in alkyloenzene€S~2¢ This second path-  ing EI-CID massspectra.

way may be responsible for the fragmentrat 136 of
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Figure 2. Comparison of the low energy EI-CID mass spectra of
M* ions (m/z 193) of 1-(2,3-methylenedioxyphenyl)-2-butan-
amine (3a) and 1-(3,4-methylenedioxyphenyl)-2-butanamine
(4a).

Copyrightd 2000JohnWiley & Sons,Ltd.

CI-CID massspectraof 2,3-and
3,4-methylenedioxyphenyl-2-popanamine
and -2-butanamine derivatives

The CI-CID spectraof all protonatedmethylenedioxy
ring-substitutedregioisomers(see Fig. 1, 1a—4f) show
very abundanbenzylcationsor the correspondindropy-
lium cationsat m/z 135 (Table2, e.g. 3a and 4a; see
Fig. 3) via cleavageof the benzyl bond by the chage
of the ammoniumcation. The CI-CID massspectraof
the homobenzyl cations, generatedby the elimination
of amines,also show a fragmention at m/z 135 (see
Fig. 4) (P. Rosner,unpublishedCID resultson homoben-
zyl cationswith m/z 163 and 177). This indicates,that,
in addition to other fragmentationprocessesthe ion at
mlz 135 might be generatedby a two-step fragmenta-
tion path (Schemel). From the protonatedmoleculean
amine is eliminatedto give a homobenzylcation?32°
which further eliminatesan alkeneafter an H rearrange-
ment (rH) and an inductive cleavagereaction?33%31 The
2,3-methylenedioxysomericcompoundsla—d and3a—d
form a significant [C;H;O,]" ion at m/z 123 (Table2;
Scheme?) with the massof a protonatednethylenedioxy-
benzenelt is known that CI(CH,4) spectraof alkylben-
zenesshowprotonateenzend[CgH;] ™) ions,generated
by olefindisplacementeactionsby breakingphenylbonds
via ion—-molecule complexes®3?~34 We suggestthat
an analogousfragmentationpath forms the [C;H;0,]*

J. MassSpectom 35, 705-710 (2000)
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Figure 3. Comparison of the low energy CI-CID mass spectra of
[M + H]* ions (m/z 194) of 1-(2,3-methylenedioxyphenyl)-2-buta-
namine (3a) and 1-(3,4-methylenedioxyphenyl)-2-butanamine
(4a).
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Figure 4. CI-CID mass spectrum of the homobenzyl cation

(m/z 177) of 1-(3,4-methylenedioxyphenyl)-2-butanamine (4a)
showing the main fragment with m/z 135.
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ions in the CID massspectraof the 2,3-ring isomeric
compoundsla—d and 3a—d (Scheme?). The chage of
the protonatedaromatic ring leadsto cleavageof the
aminoalkylphenylbond and forms an benzenealkyl -
complex. Within this complex an H-atom transferfrom
the alkyl side-chainto the aromatic part forms a sec-
ond ion—neutral complex consisting of a protonated
methylenedioxybenzengC;H;O,]", m/z 123) and an
enamineor isomerswhich dissociateirreversibly to the
products.From our experimentst is known that the ClI-
CID spectraof the nitrogen dideuterateccompoundsof
la and 3a show an ion at m/z 124 (P. Rdsner,unpub-
lished resultson nitrogendideuterateccompounds)This
suggestarticipationof the H atomsof the alkyl side-
chairr®34 and alsothe H atomsof the nitrogenatomsin
the discussedon—moleculecomplexpathway(P. Rosner,
unpublishedesultson nitrogendideuteratedcompounds).
This view is supportedby the significantly lower abun-
danceof the m/z 123 ion in the spectraof the N,N-
dimethylatedcompoundg1d, 3d; seeTable 2). This pos-
sible ion—molecule complex pathway to a protonated
methylenedioxybenzendemanddurther investigation.
The 3,4-methylenedioxyring-substituted compounds
2a—d and 4a—f do not show this protonatedmethylene-
dioxybenzene([C;H;O]*) ion to a significant extent.
Obviously the neighbouringortho oxygenof 2,3-methy-
lenedioxyphenylethylamineswith its proton-accepting
propertiessupportsthe cleavageof the phenyl bond by
lowering the critical enegy barrierbg forming the inter-
mediatebenzenalkyl 7-complex3?~3* Suchoxygenpar-
ticipationis in agreementvith the observatiorthat neigh-
bouring proton-acceptinggroups play an important role
in the fragmentationof collisionally activatedprotonated
amidesthroughintermediatéion—neutralcomplexes®
The 3,4-methylenedioxy-substitutecbmpounds2a—d
and4a—f showa significanthomologougCgHgO,] ™ ion
at m/z 137 by a formally benzylic bond cleavage’®3637
We suggestthat this ion is formed by an intramolec-
ular hydrogenrearrangemenformally analogousto the
McLafferty rearrangementas shownby many odd- and
even-electrorions (Scheme3) 3638 The protonatedcol-
lisionally activated3,4-methylenedioxyphenylethylamines
undepgo a six-centrey-H atomrearrangemerto the ortho
ring positionsby a g-bond cleavageforming an enamine
and a protonatedmethylidenecyclohexadiendé follow-
ing 1,3-hydrogenshift could possibly form a protonated
3,4-methylenedioxytoluendJsing El it hasbeenshown

+ CH2

m/z 135

Scheme 1. Alkylamine—-alkene loss of 3,4-methylenedioxy ring-substituted phenylethylamine compounds 2a-d and 4a-f (CI(CH,)).

Copyrightd 2000JohnWiley & Sons,Ltd.
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Scheme 2. Alkene loss of 2,3-methylenedioxy ring-substituted phenylethylamine compounds 1a-d and 3a-d generating [C;H;0,]"

ions with m/z 123 due to cleavage of the phenyl bond (CI(CH,)).
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Scheme 3. Alkene loss of 3,4-methylenedioxy ring-substituted phenylethylamine compounds 2a-d and 4a-f generating [CsHyO,]™ ions

at m/z 137 due to cleavage of the benzyl bond (CI(CH,)).

thatblockingthe ortho positionin alkylbenzenegrevents
such hydrogen rearrangementgsompletely’® This may
explain the very low abundance(<1%) of [CgHgO,]*
ions in the CI-CID massspectraof 2,3-methylenedioxy
isomeric compoundswith one ortho position blocked.
Thus, the protonatedmethylenedioxybenzenat m/z 123
andthe protonated3,4-methylenedioxytoluenat m/z 137
allow a regioisomericassignmentto the 2,3- and 3,4-
methylenedioxyphenylethylaminegspectively.

Comparison of El- and CI-CID massspectra

Using EI-CID molecularion MS, all 2,3-methylenedioxy-
phenylethylaminelerivativesshowanimmoniumion base
peak, whereasthe 3,4-ring isomeric compoundsshow
a basepeakat m/z 136, exceptfor 4c and both N,N-
dimethylatedderivatives2d and 4d (Fig. 2). The immo-
nium ionsandtheion at m/z 136 areimportantindicators
for the differentiationof the regioisomers.

Copyrightd 2000JohnWiley & Sons,Ltd.

Using CI-CID molecularion MS, the 2,3-methylene-
dioxy ring isomersshow significant [C;H;O,]™ ions at
mlz 123, whereasthe 3,4-regioisomershow significant
[CgHgO,] ™ ions at m/z 137 (Fig. 3, Table2). There-
fore, the ion at m/z 123 indicatesthe 2,3-ring-substituted
phenylethylaminésomersandtheion at m/z 137 the 3,4-
ring-substitutedisomers.Using CI-CID, an unequivocal
differentiationof all the compoundsstudiedis possible.
Only CI gives protonatedmolecularions [M + H]* of
sufficientabundancén any caseandhasobviouslyadvan-
tagescomparedwith EI-CID-MS.

CONCLUSION

The CID mass spectraof all the compoundsstudied,
la—4f, using ElI and CI(CH,) ionization show analyt-
ically valuable fragmentationprocessesvhich allow an

J. MassSpectom 35, 705-710 (2000)
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unequivocal differentiation of all studied homologues and other methods, such as NMR spectrometry, lack sufficient

regioisomersla—4f

Because of the generally higher abundance of{M

H]* ions during ClI compared with K ions, CI-CID-
MS has a generally superior sensitivity for the detection of Acknowledgement
lower substance levels. This method is advantageous for

differentiating ring regioisomeric methylenedioxypheny- The authors express their gratitude to Dr Ulrich Girreser for his
lalkylamines drug variants at submicrogram levels where continuing support and advice on analytical problems.
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sensitivity.
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