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The electron ionization mass spectrometric behaviour of melatoninN-acetyl-5-methoxytryptamine) and of

a series of its isomers has been studied with the aid of metastable ion experiments. The data show that the
different positions of the substituents on the indole ring influence the fragmentation patterns and the
relative abundances of the generated ions¢®) 1998 John Wiley & Sons, Ltd.
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The pineal hormone melatonifN{acetyl-5-methoxytrypt- In the present paper we report and discuss the mass
amine (MLT),1) regulates circadian rhythms in humans and spectrometric behaviour of the isomeric compouhd8as

in different animal species,and the entraining of these obtained under electron ionization (El) conditions and with
rhythms by exogenous administration of MLT appears to be the aid of metastable i6f studies. These data may be
beneficial in a number of pathological conditions associated relevant to the study of the behaviour of these compounds
with circadian disorders. The administration of MLT in under oxidative conditions.

humans was shown to alleviate jet fagto induce sleeh®

and to advance the sleep rhythm of subjects with delayed
sleep phase syndromfeA number of studies on elderly EXPERIMENTAL

people and on depressed patients have also reported @l mass spectrometric measurements were obtained using a
decrease in overnight MLT biosynthesis, thus suggesting ayG (Altrincham, UK) ZAB2F instrument operating in El
role for MLT in the aging processand in seasonal depres- (70 ev, 200uA) conditions. Metastable ions were studied
sion® The importance of claims such as antioxiddnt?and by means of mass-analysed ion kinetic energy spectrometry
immunostimulant®*“effects of MLT and its coadjutant role (MIKES).?®

in some antitumour theraps*’ have not been fully Compound2—9 were analytically pure samples synthe-

substantiated as yet. These findings suggest that MLT mightsjzed according to the literatuf8-2°> Compoundl was a
have regulatory activities in humans, and the discovery of commercial sample from Sigma.

selective and long-lasting agonists and antagonists for the

three receptor subpopulations known to date gMeVlel,,

and Meh)*®*° will help clarify these issues. In several RESULTS AND DISCUSSION
instances, mass spectrometry has been used to study th
metabolism of MLT?%?! We present our results on the
behaviour under electron ionization of a series of MLT
analogugs that were designed to invgstigate the radical-160 (see iong'" andb* of Table 1) originating from the
scavenging properties of compounds strictly related to MLT molecular ion through cleavage of the amide substituent

but not necessarily endowed with binding affinity for all or (see Scheme 1). Thus the ioms atnvz 173 are due to the

some of the three receptor subpopulations diel,, cleava ;
ge of the CHN bond with H rearrangement (see
Mel;o). The structures of the compounds-@) are reported Scheme 2). They are responsible for the base peak of the

below. Compounds2—9 are MLT isomers, and their  g,o0tym ‘for all compounds excef The proposed
synthesis and biological evaluation have been descr'bedmechanism for compounds-3 is reported in Scheme 2

22 23 924 2
elsewhereZ and3,** 4728, 9). lonsa® can rearrange, through a ring enlargement reaction,

%0mpound$1—9 behave quite similarly upon El. For all of
them the most abundant peaks are due to the odd-electron
molecular ion at/z232 and to the fragmentsaiz 173 and

Compound  Substituent position to structure @ which is favoured by the acquired
—OCHy -~ NHCOCH; aromaticity. lonsa’ undergo, as proved by metastable ions,
1 5 3 a highly favoured methyl loss, leading to the ionic species at
P § 2 g m/z 158 (ionsc"). In principle, the methyl lost could
T 10 70 Y 4 2 originate either from the methoxy group or from the methyl
CH30R l N)” 5 5 2 substituent of the pyridine ring present in structate
7 s 2 % This process is favoured for the low-internal-energy ions
8 6 1 a originating from1-9. As can be seen in Table 2, the ion at
9 5 4

m/z 158 is, for all compounds, the most abundant species in
the MIKE spectra of ions atw/z 173. For high-internal-
*Correspondence to: P. Tra|d|, CNR, Area della RiCerCa, Corso Stati energy reglmes' as In the usual EI Spectra’ thls process |S

Uniti 4, 1-35100 Padova, Italy.
E-mail: favretto@pdadrl.pd.cnr.it more favoured for compounds-6 and 9. For compounds

tPresented at the 16th Informal Meeting on Mass Spectrometry, 4-6 in the structurea’ the methyl group would be in
Budapest, Hungary, 4-6 May 1998. position 2 with respect to the pyridine nitrogen. This
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Table 1. 70eV El massspectraof compounds1-9

Relative abundances

lonic species mz 1 2 3 4 5 6 7 8 9
M+ 232 52 64 48 45 35 61 37 77 40
at 173 100 100 100 100 100 100 100 53 100
bt 160 90 75 95 60 56 96 46 100 59
ct 158 1 9 2 24 13 22 9 1 18
et 145 3 - - 17 - 9 13 - 10
d*r 130 2 33 1 11 2 1 8 1 49
. —NH,COCH — CH,NHCOCH, - N .
a“] + 2 3 M 23 3 b+ CH; . e-| +
m/z 173 1-9 m/z 160 m/z 145
m/z 232
~CH; 2and 9 |- CH,0
ct +
m/z 158 d
m/z 130
Schemel.

hypothesisis confirmed by comparisonwith the behaviour postions2 and4, while it is completely suppressgin the 3-
of methytsubstitded pyridines, which show a primary methylisomer(seeTable 3).
methyllossonly for theisomersheaing themethylgroupin For compound9, also showingan abundat ion at nv/z

+.
H_—“NHCOCH;

=
HyCO— |
A N
|
H
1-3,M*%
— NH,COCH;
—| +.
CH2 +.
CH,
= = AN
H,CO— — mco—— |
—
™ ]?] a A N a'
H
miz 173 m/z 173

o CH,
\ / \ +
Hy,CO—— |
= =
N” ¢ \ N ¢
m/z 158 m/z 158

Scheme2.
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+.
Table 2. MIKE spectra of El-generated ions at m/z 173 (a*") of NHCOCH—l
compounds1-9 3
mz 1 2 3 4 5 6 7 8 9 -
158 100 100 100 100 100 100 100 100 100 n.co-X
146 - 67 - 5 - 7 4 2 3 3 N
144 6 5 4 3 6 5 9 3 5 I
141 10 4 6 6 6 6 5 4 - H
129 16 18 12 9 11 8 15 6 10 1-3,M*
115 14 11 9 5 4 7 6 4 4
102 6 5 5 4 3 6 5 4 4
89 3 3 2 2 1 - 2 1 1
76 5 3 3 3 2 - 3 2 2 — CH,NHCOCH,
+
CH,
= = A
i idine i 7 HyCO— =  Heoo—— |
Table 3. El-induced methyl lossfrom methylpyridine isomers’ 3 g -— 3 S e ,
N
2-Methylpyridine 3-Methylpyridine 4-Methylpyridine i b N b
M+ 100 100 100 H H
[M—CHg]* 20 2 20 m/z 160 m/z 160
\—CHZO
1" D
NHCOCH,
+ =
Na
H
H,CO \ m/z 130
I}I Scheme4.
H
*- CH.
M -CH, I
0 AY
H o+
~NH,COCH; x A
—_—
+ - s
AN » N
7 "
HCx
— m/z 160 ~CH,0
HCO \ ~CHy HO}
_— \\ /
ITJ N + H
H a | ¢ |
'z 173 m/z158 H 7 /ﬁ
TN P

II\I o' X
m/z 158 H
np”
N

Scheme3. }'I
m/z 130
Scheme5.
158, sucha medanismcannotbe propogd owing to the
different structureof the a” ions In this casethe mech-
anigm depictal in Scheme3 could be constdered. methoxy quinoline cation (Schene 4) canbe propo®d;in
lons b* presimably originate from the cleavageof the thecaseof 8 it leadsto thebasepeakof the EI spectumand

CH>—CH, bond of the amide chan, and the protonated this can be justified by the high stability of the resuling

Rapid CommunMassSpectrom12, 1538-1542(1998) © 1998JohnWiley & Sons,Ltd.
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CH2
@Q
b"

m/z 160

@O

-CH,0

Schemeé.

Table 4. MIKE spectra of El-generated M ions of compounds
1-9

m'z 1 2 3 4 5 6 7 8 9

189 3 2 4 2 3 2 2 4 2

173 100 100 100 100 100 100 100 100 100
160 20 7 15 9 12 14 6 22

©

147 - - - - - - - 25 -

145 3 1 5 4 3 3 3 2 3
141 2 - 2 3 3 2 2 - 2
130 3 4 2 2 2 2 2 3 5
115 2 1 1 1 1 1 1 2 2

ammonum cation. lon b™ shows a further CH,O loss
leadingto theprotonaedquindine ion (d™) atmyz 130.This
lastspeciess of significantabundacein theEl spectraof 2,
4,7 and9 (seeTable 1).

The CH,O loss from anisole has been previoudy
descriled, suggestingthat formaldelyde is the neutal
fragment lost. Djerassiand co-workers’®, on studying a
seriesof aromaic methoxy and ethaxy compoundsunder
El, showedthattheynormally fragment onthe C—O bond,
leadingto the[M —CHjs] * speciesandonly in somecasess
the CH,O lossobservedIn the preentcasethe methylloss
from the b ion is detechble, particulaly in the MIKE
spectraof all compoundsandin the El spectreof 4,6, 7 and
9; the CH,0 lossis favoured only whenthe molecues are
methoxysubstititedin pasition 4 or 7 (compounls 2, 4 and
7) or when a substituehis presentin the positionortho to
the methoxy group (compound 9). In the first casethe
mechansmreporta in Schene 5 canbe propo®d, starting
from thestrucureb’ of Schemet. In thecaseof 9 the CH,O
loss originates from the structureb”, shown in Schemes,
andleadsto the tropilyum structure

The MIKE spectraof M*" ions of compounds1-9 are
similar to thoseobsewed in the usualEl spectraHoweve,
further decompsitions are evidenced, e.g. that due to
CH3CO loss, leading to ions at m/z 189 (see Table 4).
Compounds 1-7 lead to supeimposadle MIKE specta for
their M™ ions with only minor difference in the relative

© 1998JohnWiley & Sons,Ltd.
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Figure 1. MIKE spectraof El-generated ™ ionsof compoundsa) 1,
(b) 8 and(c) 9.

abundace of ions at m/z 160 (seeFig. 1(a) and Table 4).
Same different resuts are obtainedfor compound 8, for
which, asidefrom an abundat ion at m/z 160, a further
fragmention at nvVz 147 is obsewed, corresponéhg to the
lossof the side chain with H rearangemetandleadingto
the odd-electron molecular ion of 6-methoxyirdole (see
Fig. 1(b)). The MIKE spectrumof M*" of compound9
shows a higherabundaceratio of ionsat nvz 130and160,
suggeting thefacile lossof formaldehydefrom theion b” of
Scheme6 (seeFig. 1(c)).

The MIKE spectreof theion a atm/z 173 obtainedfor all
the compoundsare reporte in Table 2. Somedifferences
can be seenin the relative abundacesof produd ions
Compouwnd 2 behaves differently, as it shows a highly
favouredHCN lossleading to theion at m/z 146, detectble

Rapid CommunMassSpectrom12, 1538—-15421998)
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+.
OCH, j
A CH3
=
N

a'

m/z 173

OCHj
CH,

+
\

—HCN

OCH; ™

4

m/z 146

Scheme?.

in the El massspectrun at low abundace (2%). This loss
could be rationalized by the methoxy group in position 4
acfvating the cleavage of the C—N bond, as shown in
Schene 7.
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