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Abstract

The mass spectroscopic behaviors of novel 4-fluoro N'°-substituted acridones were studied by using positive ion electrospray ionization (ESI)
with tandem mass spectrometry. Protonated molecular ions [M + H]** were observed for all the compounds studied, and in the case of the parent
4-fluro acridone molecular ion [M]** peak was obtained. The most interesting feature is that all the novel compounds predominantly gave nitrogen
containing fragment ions. Tandem mass spectrometry was performed on these quasimolecular ions, and the product ions formed provided useful
fragmentation patterns that were characteristic for the compounds. Fragmentation pathways and possible fragment ion structures are discussed. In
order to obtain elemental composition, accurate mass measurements were performed.
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1. Introduction

Calmodulin (CaM) is the main protein involved in calcium
buffering and in the Ca2*-dependent regulation of specific cell
functions. It changes in intracellular calcium levels to modu-
late a variety of biological and biochemical process, affecting
no fewer than two dozen enzymes [1-3]. Higher eukaryotes
have several CaM genes which are differentially regulated while
encoding identical proteins. Because of the importance of Ca2*
in progression of the cell cycle, CaM plays a critical role in the
regulation of cell proliferation [4—6]. It has been shown that dis-
ease states characterized by unregulated growth such as cancer
are correlated with elevated levels of Ca2* bound CaM [7-10].
Thus, CaM is a promising target for the development of drugs
that show preferential activity in tumors and as a result, exhibit
fewer toxic side effects in normal cells [11].
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Various anti-calmodulin acridone derivatives is known to
potentiate the uptake of anticancer agents vincristine and vin-
blastine in multidrug resistant (MDR) GC3/cl and KBChR-8-5
cancer cells to a greater extent than a standard modulator vera-
pamil [12].

Subsequently a set of 13 N'9-substituted 4-fluoroacridones
were prepared and examined for reversing multidrug resistance
in cancer cells. The N'%-substitution includes propyl and butyl
groups attached to different secondary amines.

ESI/MS offers great potential in this area of research since it
can generate information about molecular weight and structure.
It has been successfully used to determine the molecular weight
of small organic molecules at the femtomole level.

Earlier a set of eight anti-MDR 2-trifluro methyl N'0-
substituted phenoxazines and a series of twenty one 2-chloro
N'O_substituted phenoxazines were characterized by using elec-
tron ionization (EI) and liquid secondary ionization mass
spectrometric techniques [13].

Electrospray ionization mass spectrometry (ESI-MS) stud-
ies of acridones are previously not reported. This analytical
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Table 1
Mass spectral data of 4-fluro acridone derivatives (m/z with relative intensities
(%) in parentheses)

Compound m/z with relative intensities (%)

AC-01 213.9(100), 193.8 (10), 185 (17), 166.1 (45), 166.1 (45), 139
24

AC-02 354.4(25),336.3 (30),254.2 (10),237.9 (6), 226.2 (5), 211.9
(20), 142.2 (21), 127.2 (6), 113.1 (100)

AC-03 339.1 (60), 254 (9), 142.1 (17), 126.0 (100), 98.1 (50)

AC-04 341.2 (8), 144 (10), 128.0 (100), 100.1 (13)

AC-05 325.1(70),254.2 (6), 198.0 (13), 128.1 (38), 111.7 (90), 84.2
(100)

AC-06 359.2 (20), 341.3 (16), 245.2 (13), 146.2 (100), 118.1 (80)

AC-07 384.3 (10), 254.2 (30), 226.2 (55), 171.8 (70), 141.1 (81),
100.1 (98), 98.1 (100)

AC-08 368.2 (20), 268.1 (30), 226.2 (28), 154.6 (78), 113.1 (12),
98.1 (100)

AC-09 354.2 (10), 269 (11), 227.2 (12), 156.0 (12), 140.8 (100), 98
(13)

AC-10 355.2 (35),268.2 (13), 158.0 (15), 141.1 (100), 100.1 (36)

AC-11 339.1 (34), 269 (18), 226 (37), 99.9 (100)

AC-12 398.3 (25),267.9 (17), 185 (100)

AC-13 373.1 (30), 355.2 (19), 268 (15), 160.1 (100), 116.2 (30)

technique, one of the most important for the analysis of
non-volatile and thermally labile compounds, produces higher
abundance protonated molecules due to the low residual energy
of the ionization process. In the present study the charac-
teristic fragmentation behavior of some novel N'O-substituted
4-fluroacridone derivatives under ESI conditions is discussed.

The mass spectral fragmentation characteristics of all the thir-
teen newly synthesized acridone derivatives under electrospray
ionization (ESI) conditions are studied. A common structural
feature of (AC#01-AC#13) is substitution of one of the ben-
zene ring of acridone at position C-4 by fluorine. Although the
basic structural units in these compounds are same, the differ-
ence in their structure arises by the substituents attached to the
N'0_position are of diverse functionality. They differ from each
other because of the terminal hydrogen of an alkyl group is
replaced by N-methylpiperazine, piperidine, morpholine, pyrro-
lidine, diethanolamine and (B-hydroxyethyl) piperazine. To
obtain detailed and comprehensive data on fragmentation path-
ways of acridone derivatives, we included thirteen compounds
in this study. Mass spectral characterization data of all the novel
acridone derivatives studied are given in Table 1.

2. Experimental
2.1. Mass spectrometry

Collision-induced dissociation (CID) spectra were acquired
in the positive ion mode on a MDS Sciex (Concord, Ont.,
Canada) API 4000 triple quadrupole mass spectrometer with
direct infusion of each acridone at a concentration of 10 uM in
50% methanol, at flow rate of 25 pl/min. The instrument was
operated with a spray voltage of 5.5kV, a declustering poten-
tial of 50eV a source temperature of 100°C, a GSI value of
and the curtain gas set at 10. Ultra-pure nitrogen was value of
50 and the curtain gas and collision gas. MS/MS spectra of the

protonated molecule of each drug were acquired and multiple
reactions monitoring (MRM) transition for important fragments
was optimised. The data for the fragment ion curves represent
an average of five consecutive experiments.

3. Results and discussion

The mass spectra of all the acridone derivatives were analyzed
under ESI conditions (Table 2). During ESI, a molecular ion can
acquire internal energy leading to extensive fragmentation. Mass
spectral features of the acridone derivatives are observed due to
cleavage of bonds in the N'0-alkyl side chain portion of these
compounds, acridone ring system remains intact. This fact is
manifested in the mass spectra of all the acridone derivatives.

Molecular ions were observed either in the form of M** and
M +H in the spectra of these 4-fluroacridone derivatives. From

Table 2
Acridone derivatives investigated
0O
COC
R F
Compound R MW
AC-01 -H 213.9
AC-02 -CH,-CH,-CH;—N, N—CH, 353.7
AC-03 -CH, -CH, -CH;—N > 339.1
AC-04 CH, -CH, -CH;—N O 341.2
2 2 2 \ h B
AC-05 'CHz 'CHz 'CHz— N 3251
,CH,-CH, -OH
AC-06 -CH,-CH,-CH,—N_ 359.2
CH,-CH,-OH
AC-07 -CH,-CH,-CH;—N N—CH,-CH,-OH 384.3
AC-08 -CH,-CH,-CH,-CH,—N N—CH, 368.2
AC-09 -CH,-CH,-CH,-CH,——N ) 3542
AC-10 -CH z‘CHz‘CH Q'CHZ_N o] 355.2
AC-11 'CHz'CH Q'CHg-CH ;N 339.1
AC-12 -CH ,-CH,-CH,-CH;— N N—CH,-CH,-OH 398.3
,CH ,-CH ,-OH
AC-13 -CH,-CH,-CH,-CH,—N_ 373.1
CH ,-CH ,-OH
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the mass spectral data, it is clear that as such there is no differ-
ence in fragmentation pattern among the set of acridone series
compounds.

To illustrate the fragmentation pattern of the N'O-substituted
acridones, fragmentation pathways of compound is given in
Scheme 1. A characteristic feature of this compound is the pres-
ence of dominant molecular ion and the fission takes place all
along the alkyl side chain. Fission of the bond linking the side
chain to the acridone ring nucleus occurs (reaction 1), produc-
ing peaks at m/z 211.9 and 142.2. Fission of the bond ‘o’ to
the ring nitrogen (reaction 2), produces m/z 226.3 and 127.2.
The prominent fragmentation is the cleavage of the bond to the
fluorine-producing ion (reaction 3) at m/z 336.3 with the relative
abundance of 30%. Fission of the bond linked piperazine ring
to the alkyl side chain also occurs (reaction 4), producing peaks
at m/z 254.2 and 99.0.

In general, mass spectral features of these compounds were
similar and straightforward. Most of the compounds yield abun-
dant molecular ions in the form of M+H. All bonds in the
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N'0-side chain portion are prone to cleavage. In conclusion,
the data presented here demonstrate the usefulness of MS for
characterization of acridone derivatives.

4. Protonated acridones

The product ion mass spectrum for 10-[3-N-
(methylpiperazino) propyl] 4-fluro acridone (AC-02) m/z
354.4, obtained at collision energy of 30eV. Initially, the
collision energy was maintained at 4eV so as to transmit
protonated N'O-substituted acridone ions in order to obtain a
well-shaped peak for this ion species; then after 1min, the
collision energy was increased to 30 eV for the following 3 min
in order to observe the fragment ions of m/z 254.2 and 211.9.
The parent ion peak (m/z 354.4) was used as lock mass for the
product ion mass spectrum.

The primary product ions of the fragmentation of protonated
acridone (AC-02) are shown in Scheme 1. Five primary product
ions were observed and it was proposed that these ions followed
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Scheme 1. Primary fragmentation of protonated 10-[3’-N-(methylpiperazino) propyl] 4-fluro acridone (AC-02).
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Table 3

Formula, observed and calculated mass and mass error of the fragment ions in the
product ion mass spectrum of protonated 10-[3’-N-(methylpiperazino) propyl]
4-fluro acridone (AC-02)

Predicted Observed Calculated Error (mDa)
formula mass (Da) mass (Da)

C,1HpsFN3 O 354.4330 354.4330 0.0
C21HasN3O0* 336.3469 336.3436 +3.3
Ci6H13FNO* 254.2807 254.2836 -29
Ci6HsNO* 237.9502 237.9529 —-2.7
C14HyFNO* 226.2296 226.2260 +3.6
Ci3H7FNO* 211.9782 212.0270 [+48.8]
CgHp7N,* 142.2399 142.2420 -2.1
C7H 6No* 128.2165 128.2150 +1.5
CsHjoN,* 113.1827 113.1810 +1.7
Average 24

4 The mass errors associated with the identification of C;3H7FNO" have not
been included in the calculation of the average error.

four fragmentation pathways. The pathways examined showed
in (Table 3) were tabulated as formula, observed mass, calcu-
lated mass and mass error for the fragment ions observed in the
product ion mass spectra of protonated acridone (AC-02). The
error between the observed and calculated masses ranged from
0 to 3.6 mDa with an average value of 2.4 mDa indicating good
mass accuracy.
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