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Abstract

Electron impact mass spectra of iodinated tropane derivatives which are of clinical importance are described. The major
fragment ions were found to come from the cleavage of thedp bond of the bridgehead nitrogen, affording to hydrogenopy-
rrolidine derivatives ions. The fragment ions generated from the El mass spectra were assigned and fragmentation mechanisms
were proposed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction responsible of its psycho stimulant effects. In addi-
tion, as dysfunction of the dopaminergic neurotrans-
Cocainel is a well known psychoactive drud] mission is implicated in several neurodegenerative

which has been shown to bind at the dopamine, sero- disorders such as Parkinson’s disepgethe in vivo
tonin and norepinephrine transporters (DAT, SERT, quantification of the DAT would be helpful to under-
NET, respectively) in the central nervous system stand this disease, as well as to diagnose it earlier
(CNS) [2-5]. Moreover, as the DAT inhibition in-  [8,9]. In this aim, nuclear imaging techniques such
duces an increase in the dopamine concentration inas positron emission tomography (PET) or single
the synapse cleft, affording to the potentiation of the photon emission computed tomography (SPECT) are
dopaminergic neurotransmissif#i, the inhibition of suitable to quantify the DAT concentration in vivo.
dopamine reuptake sites by cocaine was found to be These imaging techniques require the development
of radiopharmaceuticals, labeled wight (PET) orvy
(SPECT) emitters, with high affinity and selectivity
fax: 133-2.47-36-72.24 f_or the biological target (DAT). OL_Jr efforts in this
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Fig. 1. Cocainel and iodinated tropane derivatives

Among these, a compound named PE2),(in which
the nitrogen substituent is &)-3-iodoprop-2-enyl
group and the phenyl substituent is a methyl moiety,
exhibited in vitro the highest affinity and selectiv-
ity for the DAT [10]. Moreover, when labeled with
iodine-125, PE2| showed a sufficient lipophilicity to

cross the blood brain barrier and presented ex vivo, in

rats, a high affinity and selectivity for the DATO]. In
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The following source conditions were maintained:
source temperature 20Q, quadrupole temperature
100°C, trap current 25p.A. All samples (ul) were
introduced using a HP 5890 Series Il gas chromato-
graph with a HP-5 (30 m length, 0.32mm i.d. and
0.25pm film thickness) capillary column, and helium
(99.99%) carrier gas at a flow rate of 1.3mlmin
were used. The injector and interface temperature
were both set at 25C. The column temperature was
programmed to start at 5€C and after 2 min to rise

at 10mImir? to 250°C. Data was collected in full
scan moder{yz 40—600) using ChemSystem software
that was running under HP-UX operating system on
a workstation HP Apollo 9000 Series 400.

3. Results and discussion

In order to develop new dopamine transporter lig-

addition to these goods results, in vivo kinetic param- ands, we have synthesized several iodinated tropane
eters demonstrated that PE2I labeled by iodine-123 gerivatives. The structures of these compounds are

or carbone-11 could be used to explore the DAT in
the living human brain either by PET or SPECIL].

reported inFig. L Comparatively to the cocaine struc-
ture, these compounds exhibit an alkynyl, alkenyl,

As these cocaine-like compounds are now available or henzyl substituent at the bridgehead nitrogen and

as clinical tools to image the DAT in vivo, the general
fragmentation pathway dfl-alkyl tropane derivatives
2a-1, compared to cocaine itself is described here, in
electron impact (El) mass spectral conditions.

2. Experimental

All the tropane derivatives were synthesized in
our laboratory as it was publishg8]. For general
unknown screening in cases of acute poisoning, li-
braries of EI-mass spectra are extremely helpful for
the identification of drugs and organic compounds
and their metabolites. Library search with good fit is
only possible if the same standard ionization condi-

a substituted phenyl ring directly linked at th@-3
position. Usual quantitative methodology for the de-
termination of cocaine in biological matrices includes:
high-performance liquid chromatography (HPLC)
[12], gas chromatography/mass spectroscopy (GC-
MS) [13], eventually coupled to positive ion chem-
ical ionization [14], or liquid chromatography-mass
spectrometry (LC-MS)15,16] The high sensitivity
and selectivity provide by atmospheric pressure ion-
ization mass spectrometry (API/MS) when coupled
to liquid chromatography/tandem mass spectrome-
try (LC/MS/MS) have reduced the time required for
method development and sample analysis of drugs
[17,18] We did the mass spectra of the tropane deriva-
tives under El conditions, without any decomposition

tions are used for the sample as were used for settingby introduction sample through the direct-inlet probe

up the library, i.e., 70 eV electron energy and approx-
imately unit resolution for GC/EI-MS. We have used

heated at 200C. The elemental compositions of the
major ions determined by accurate mass measurement

a quadrupole mass spectrometer (Hewlett-Packardare given inSchemes 1-4and are illustrated by one

5989A, Palo Alto, California) tuning of the source

spectrum inFig. 2 The presence of a nitrogen and an

potentials and mass resolution have been performed,oxygen could lead to two types of primary ionization.

before use, with calibration compound like perfluo-
rotributylamine (PFTBA) to obtain defined ranges of

relative ion abundances for good library search results.

The mass spectrum of cocaine presents a peak in small
amount of 2% am/z 272 (M+ minus OCH) suggest-
ing the ionization of the oxygen of the carbomethoxy
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2a-1 3a-1 4a-1
R X GCtx| mz (MY | m/z (%) | m/z (%)
2 3 (O]
1| Cocaine 23.2 303 (4%) |83 (43%) |82 (100%)
a | CH=CH-CH; I 21.5 425 (16%) | 123 (65%) |122 (100%)
b | C(Br)=CH, 1 26.5 |489-491 187-189 186-188
(3-2%)  [(26-23%) |(22-26%)
c|c#cH i 212 [409 (9%) |107 (100%) 106 (46%)
d | C¢Hs I 28.2 461 (16%)| 159 (12%) | 158 (89%)
¢ | CH=CH-C,H; I 472|487 (22%) | 185 (29%) | 184 (44%)
f | C(CH;)=CH, I 222|425 (24%) 123 (32%) | 122 (100%)
g | CoH40-CH; I 25.7 |475 (19%) | 173 (58%) | 172 (100%)
h | CH=CHI H 25.3 |411 (15%)[235 (39%) |234 (33%)
i | CH=CHI I 31.7 | 537 (26%) |235 (50%) |234 (41%)
j [cH=CHI CH;, 273 |425(24%)|235 (62%) | 234 (40%)
k| CH=CHI CH(CH;), |26.8 |453 (38%) 235 (77%) | 234 (45%)
1| CH=CHI CH,CH,CH; | 27.9 |453 (39%) | 235 (71%) | 234 (45%)

Scheme 1. GC-MS data of the tropane skeleton leading to frag-
ments3 and 4.

with a demethoxylation. This mechanism is observed
for all the derivative2 in a very few amount (less
than 2%). It seemed that the most important ioniza-
tion is on the nitrogen atom as the two general types
of fragmentation have been observed for all these
tropane derivatives and are issued from a homolytic
Ca—Cp bond cleavage of the tropanic skeleton. The
first fragmentation pathway is presentedScheme 1
The G¥'-CB’' cleavage in a concerted push/pull
type mechanism could lead to a radical positive
3,4-dihydro-H-pyrrolinium 3, and, upon subsequent
loss of K, a to cationidN-substituted-Bl-pyrrolinium
4 shifted to lower mass by 1 amu. This fragmentation
pathway is observed for all the compounds and the
abundance of ion8 and4 is given inScheme 1

The second pathway is representedScheme 2
and could be explained by the cleavage of the-C3’
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o CO,CH; @ . N@
Reo— & — &
2a-1 5a-1 6a-1
m/z (%) m/z (%)
O] ©)

1 97 (9%) 96 (19%)

a 137 (9%) 136 (24%)

b | 201-203 (2%) | 200-202 (8%)

c 121 (0%) 120 (44%)

d 173 (13%) 172 (28%)

e 199 (5 %) 198 (13%)

f 137 (7 %) 136 (24%)

g 187 (4 %) 186 (12%)

h 249 (3%) 248 (14%)

i 249 (3%) 248 (15%)

i 249 (4%) 248 (19%)

K 249 (4%) 248 (21%)

1 249 (2%) 248 (20%)

Scheme 2. Fragmentation and abundance leading to 2-methyl-3,4-
dihydropyrrole derivative$ and 6.

bond. These fragments, 2-methylene-3,4-dihydropyr-
role derivatives and®6, led to peaks at 14 amu higher
comparatively to the peaks obtained for the fragments
3 and 4 described above. The fragmehtwith the
methyl radical positive ion is obtained in a very small
amount Gcheme

The loss of an iodo radicaP lof the correspond-
ing iodovinylic compounds2h-) led to the major
abundance fragmentt{-) (100%) (Table J). By con-
trast, for the compounds where the iodine atom was
substituted on the phenyl rin@4-g), the fragment
at m'z (M** minus P), corresponding of the loss
of 1, was observed in a very small amount (1-3%
for (7a—Q)) (Table ). Moreover, compounds2(i-)
showed a peak atvz 167 corresponding to the cation
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A CO,CH e CO,CH. \@ cocth —_— R—Cﬁ9
hCH;3 »CH3 2
:Ix —— :l@ -
\ X
X X
2a-1 10a-1
2 9
m/z (%)
122 (¢
m/z (%) (10)
9
(O] 1 -
1 (5%)
a 55 (77%)
a (100%)
b | 119-121 (10-7%)
b (84%)
c 39 (0%)
c (14%)
d 91 (100%)
d (1%)
e 117 (100%)
e (4%)
f 55 (32%)
f (100%)
g 105 (84%)
1%
& (1%) h 167 (57%)
h (66%) _
i 167 (55%)
i (50%) "
i 167 (56%)
j 83%
! (83%) K 167 (49%)
k (67%)
1 167 (44%)
1 (57%)

Scheme 4. Abundance of the side chain cleavEgye

Scheme 3. Abundance in tropidine fragmentatfn
Table 1
Abundance of the deiodo fragments 7 and abundance of the
fragments coming from the departure of the iodovinylic group

iodopropenylium8 (ICH-CHCH,") in an abundance  (ICH=CHCH") 8

around 50% Table ). mz (%) (7) mz 167 (% ) @)
Interestingly, all derivatives with an allyl group

linked at the nitrogen2a—b, 2f, 2h-) exhibited an ,611 208 1) ~
abundant ion anv/z 122. As compoundb, which b 364 (1) _
bears a bromine atom at tid-substituent, did not ¢ 282 (1) -
presented doublet of peaks around 122 Da, but only d 334 (1) -
a singlet atm'z 122, a fragmentation mechanism in- ¢ ggg 8 -
volving the N-substituent as leaving group could be g 349 (1) _
envisaged. This ion could be obtained by a push/pull 284 (100) 57
mechanism involving the cleavage o&ECB on the [ 410 (100) 55
extra cyclic chain, and the concomitant departure of | 298 (100) 56
the phenyl and the ester grougBcheme R The in- ggg 888; 23

termediate ion fragment is always observed, but in a
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TiC of PE21.d
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Fig. 2. Mass spectrum of the leader compound PEJP). (

very small amount (less than 2%). The corresponding way. It would be useful for the routine analysis of

tropidine fragmen® is characterized atvVz 122. tropane alkaloids in cases of suspected tropane alka-
Both 2a and 2f, which are allylic compounds, loids poisoning.

showed fragments detectednalz 122 with a maximal

abundance. This abundance could be explained with

the both mechanisms explained previouSlgifemes 1 Acknowledgements

and 3 which led to different fragments, but with the

same mass in these cases. The heterolytic cleavage of We thank Mr Pierre Dubois and Mr Frédéric Mon-

the N-C bond of the extra cyclic chain leading to the tigny (SAVIT, Tours, France), for technical support.

cation10 could explained the peaks with a great abun-

dance of 100%, for compoundsl, 2e and2g at m/z

91,m/z 117, andmw/z 105, respectivelygcheme %
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