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ABSTRACT 

The novel N-1-sulfonylcytosine-cyclam conjugates 1 and 2 conjugates are ionized by 

electrospray ionization mass spectrometry (ESI MS) in positive and negative modes (ES
+
 and 

ES
-
) as singly protonated/deprotonated species or as singly or doubly charged metal 

complexes. Their structure and fragmentation behavior is examined by collision induced 

experiments (CID). It was observed that the structure of the conjugate dictated the mode of 

the ionization: 1 was analyzed in ES
-
 mode while 2 in positive mode. Complexation with 

metal ions did not have the influence on the ionization mode. Zn
2+

 and Cu
2+

 complexes with 

ligand 1 followed the similar fragmentation pattern in negative ionization mode.  

The transformation from 2˚-amine to 1 to 3˚-amine of cyclam ring in 2 lead to the different 

fragmentation patterns due to the modification of the protonation priority which changed the 

fragmentation channels within the conjugate itself. Cu
2+

 ions formed complexes practically 

immediately and the priority had the cyclam portion of the ligand 2. The structure of the 
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formed Zn
2+

 complexes with ligand 2 depended on the number of 3˚ amines within the 

cyclam portion of the conjugate and the ratio of the metal: ligand used. The cleavage of the 

cyclam ring of metal complexes is driven by the formation of the fragment that suited the 

coordinating demand of the metal ions and the collision energy applied. Finally, it was shown 

that the structure of the cyclam conjugate dictates the fragmentation reactions and not the 

metal ions. 

 

INTRODUCTION 

The nucleoside analogues are a large class of agents used as antiviral agents or drugs for 

cancer (cytarabine, gemcitabine, mercaptopurine), rheumatologic diseases (azathioprine, 

allpurinol) and even bacterial infections (trimethoprim). Due to their wide spectrum of 

applicability in medicine there is a continuous attempt to prepare new drug candidates with 

novel modes of action against drug-resistant microorganisms. Our group has a long-term 

experience in design, synthesis and characterization of nucleoside derivatives. We have 

described the synthesis of novel N-1-sulfonylpyrimidine derivatives
14

 which showed strong 

antitumor activity in in vitro
5-8

 and in vivo
9-11

 conditions. Inspired by the numerous reports on 

the antitumor activity of metal complexes,
12,13

 we prepared N-1-sulfonylpyrimidine metal 

complexes.
14

 N-1-sulfonylcytosine is capable to form palladium (II)
15,16 

and other transition 

metal complexes including Cu(II)
17

. In addition, we studied their interactions with 

biologically important cations using electrospray ionization mass spectrometry (ESI-MS).
18

 

To further explore the biological potential of this type of molecules, their structure was 

modified by combining them with cyclam
19,20

, which strongly binds a wide range of metal 

ions forming complexes known for their antiviral activity.
21,22

 Recently, a new class of 

nontoxic metal-cyclam complexes (Cu
2+

 and Zn
2+

) was prepared with potency against drug-

resistant mycobacterium tuberculosis.
23

 These results motivated us to prepare also Cu
2+

 and 

Zn
2+

 complexes of our novel conjugates. Despite of the biologically importance of this type 

of molecules, detailed gas phase study and fragmentation reactions are few. This is surprising 

considering the fact that the fragmentation reactions using ionization mass spectrometry are 

an important tool for the structural elucidation and characterization of synthetic and natural 

products. In the past, mass spectrometry was often used for the characterization of new metal 

complexes with cyclam as valuable ligand.
24

 Besides the systematic analysis of the complex 

formation with alkali and transition-metal ions,
25

 the protonation behavior of a cyclam 

derivative with different acids was studied likewise.
26

 Ion mobility mass spectrometry was 
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used in order to elucidate the gas-phase structures.
27

 However, a detailed analysis of the 

collision induced fragmentation (CID) reactions of cyclam derivatives and their 

corresponding metal complexes in the highly diluted gas phase has been carried out only in a 

couple studies. One of them was Schalley's studies of fragmentation reaction of thiourea and 

sugar-substituted cyclams and their transition metal complexes.
28

 The fragmentation occured 

within the side chains through a number of different 1,2-elimination reactions irrespective of 

the absence or presence of a transition metal ion such as Co
2+

, Ni
2+

, or Zn
2+

. A remarkable 

exception was Cu
2+

, which induced ring cleavage reactions. This was traced back to an 

electron transfer from the cyclam nitrogen atoms to the Cu
2+

 ion. The electron transfer 

created a cation or anion-radical within the macrocycle, which induced typical fragmentation 

reactions that lead to fragmentation within the macrocycle. 

The focus of this report is on the detailed MS/MS analysis of the collision induced 

fragmentation reactions of novel N-1-sulfonylcytosine-cyclam conjugates 1 and 2 (Figure 1) 

and their Cu
2+

 and Zn
2+

 complexes. The metal ion position and the structures of the formed 

complex ions were determined. The attention was paid to the effect of the N-substitution of 

macrocycle (2˚ or 3˚ amine) and metal ion in regard to the stability of the ring metal 

complexation in condensed phase towards the gas phase and possible correlation of the 

obtained results. The studies were performed in positive and negative modes and major 

fragmentation reactions were compared. The idea was to prove the effect of substituents and 

metal ions towards the complex formation and fragmentation patterns of conjugates 1 and 2. 

 

EXPERIMENTAL 

Synthesis  

N-1-tosylcytosine 3 was synthesized by condensation of cytosine and p-

toluenesulfonylchloride (TsCl).9 The synthesis of 5-morpholinomethylcytosine
29

 and 5-

morpholinomethyl-N1-tosylcytosine
30

 was described earlier via an acid catalyzed Mannich 

reaction of cytosine/N1-tosylcytosine with paraformaldehyde and morpholine in ethanol. The 

Mannich reaction of 3 with cyclam 4 and paraformaldehyde in the presence of acetic acid 

yielded C-aminomethylated conjugate 1 in which the cyclam was attached at C5 position of 

cytosine by methylene bridge. The same reaction with protected cyclam
31

 5 gave N-

aminomethylated product 2 (Scheme 1). Aminomethylation of the cytosine at C4 position has 

already been reported in the analogous reaction with morpholine and formaldehyde.
32
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General: TLC was carried out on DC-plastikfolien Kieselgel 60 F254 and preparative thick-

layer (2 mm) chromatography was done on Merck 60 F254 (Merck KGaA, Darmstadt, 

Germany). 
1
H and 

13
C NMR spectra were recorded in DMSO-d6 with a Varian Gemini 300 

(300/75 MHz) spectrometer using DMSO-d6 as the internal standard. Microwave assisted 

synthesis was conducted in a borosilicate glass vial sealed by reusable snap-cap with 

polytetrafluoroethylene (PTFE) coated silicone septum. The microwave heating was 

performed in the Anton Paar microwave synthesis reactor Monowave 300 (Anton Paar® 

GmbH, A-8054 Graz, Austria). Reaction mixture was stirred with a magnetic stir bar during 

the irradiation. The temperature, pressure and irradiation power were monitored during the 

course of the reaction. After completed irradiation, the reaction tube was cooled with high-

pressure air until the temperature had fallen below 55 °C (ca. 1 min). 

N-1-tosylcytosine-cyclam conjugate 1 

To a suspension of N-1-tosylcytosine 3 (200.5 mg, 0.75 mmol), cyclam 4 (300.5 mg, 1.50 

mmol) and paraformaldehyde (46.3 mg, 1.54 mmol) in ethanol (5 mL) concentrated acetic 

acid (172 μL, 3 mmol) was added. The suspension was irradiated at 100 °C for 30 min in the 

microwave cavity. After evaporation of solvent, the residue was purified by preparative 

chromatography CH2Cl2/MeOH (3:1) yielding 1 (54 mg, 15 %) as a white powder: 
1
H NMR 

(600 MHz, DMSO-d6) δ/ppm: 8.45 (s, 1H, H-6), 7.62 (d, 2H, J = 8.0 Hz, Ts-b), 7.14 (d, 2H, J 

= 8.0 Hz, Ts-c), 4.26–3.20 (m, NH-cyclam + NH2 + H2O), 3.16 (s, 2H, C5-CH2-N), 2.95–

2.66 (m, 12H, CH2-NH-cyclam), 2.30 (m, 4H, CH2-cyclam), 2.04 (s, 3H, CH3), 1.86 (m, 2H, 

CH2-CH2-CH2), 1.69 (m, 2H, CH2-CH2-CH2); 
13

C NMR (75 MHz, DMSO) δ/ppm: 167.90 (s, 

C-4), 162.37 (s, C-2), 144.26 (s, Ts-d), 138.91 (s, Ts-a), 131.43 (d, C-6), 128.04 (d, Ts-c), 

126.63 (d, Ts-b), 72.41 (s, C-5), 68.87 (t, C5-CH2-N), 53.30 (t, CH2-cyclam), 52.54 (t, CH2-

cyclam), 51.62 (t, CH2-cyclam), 50.79 (t, CH2-cyclam), 49.01 (t, CH2-cyclam), 48.58 (t, CH2-

cyclam), 46.54 (t, CH2-cyclam), 45.46 (t, CH2-cyclam), 25.87 (t, CH2CH2CH2), 23.62 (t, 

CH2CH2CH2), 20.89 (q, CH3). ESI-MS: m/z calcd. for  C22H34N7O3S [M-H]
-
 476.25, found 

476.10.  

 

N-1-tosylcytosine-tri-(trifluoroacetyl)cyclam conjugate 2 

To a suspension of N-1-tosylcytosine 3 (200.5 mg, 0.75 mmol), tri-(trifluoroacetyl)cyclam 5 

(732.2 mg, 1.50 mmol) and paraformaldehyde (46.3 mg, 1.54 mmol) in ethanol (5 mL) 
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concentrated acetic acid (172 μL, 3 mmol) was added. The suspension was irradiated at 100 

°C for 30 min in the microwave cavity. The resulting solid was filtered off, the filtrate was 

evaporated and the residue was purified by preparative chromatography CH2Cl2/MeOH (3:1) 

yielding 2 (76 mg, 27 %) as a white powder: 
1
H NMR (300 MHz, DMSO-d6) /ppm: 9.03–

8.49 (br. s, 1H, NH), 8.30–7.99 (m, 1H, H-6), 7.97–7.70 (m, 2H, Ts-b), 7.46–7.41 (m, 2H, 

Ts-c), 6.12–5.93 (m, 1H, H-5), 4.27–3.94 (br. d, 2H, C5-CH2-N), 3.86–3.21 (m, 12H, N-CH2-

NH + H2O), 2.66–2.64 (m, 2H, CH2-cyclam), 2.46–2.31 (br. s, 3H, CH3), 1.98 (m, 2H, CH2-

CH2-CH2), 1.84–1.55 (m, 2H, CH2-CH2-CH2); 
13

C NMR (75 MHz, DMSO-d6) /ppm: 164.56 

(C-4, multiplets due to existence of conformers), 157.07–155.43 (m, CF3-C=O), 150.77 (br. s, 

C-2), 145.37 (br. s, Ts-d), 138.94 (br. d, C-6), 133.92 (br. s, Ts-a), 129.48 (d, Ts-c), 128.99–

128.80 (m, Ts-b), 121.61–113.98 (quartet, CF3, due to C-F coupling, JC,F~260 Hz, further 

split due to existence of conformers), 97.52 (br. d, C-5), 58.66–56.93 (m, N-CH2-N), 52.88–

43.53 (m, CH2-N), 28.38–23.38 (m, CH2-CH2-CH2), 21.04 (q, CH3). ESI-MS:  m/z calcd. for  

C28H33F9N7O6S [M+H]
+
 766.25, found 766.20.  

 

ESI-MS 

General 

The solvents used for the spectroscopic measurements were HPLC or spectroscopic grade 

(Sigma-Aldrich Chemie GmbH, Steinheim, Germany) and were used without further 

purification. Salts: ZnSO4×7H2O and CuCl2×2H2O, were purchased (Sigma-Aldrich Chemie 

GmbH, Steinheim, Germany) and were used without further purification. 

Instrumentation 

The MS analysis was conducted by electrospray ionization, and the spectra were obtained at 

the same concentrations in both the ES
+
 and ES

-
 modes. Certain ligand and complex 

fragmentations occurred at higher collision energies (for example: Agilent 6420 range 5-40 

eV). The masses of the complexes reported in this paper are the masses containing the most 

abundant, stable isotope of each element in a complex.
33

 The spectra were recorded and 

compared under the same MS conditions. 

 

1. The mass spectral data were acquired using an Agilent 6420 Triple Quad mass 

spectrometer equipped with an electrospray ionization (ESI) interface operated in the positive 
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and negative ion modes (Agilent Technologies, Palo Alto, CA, USA). Stock samples were 

prepared in methanol. Stock solutions were further diluted to a concentration of 

approximately 0.05 mg/mL and directly injected. The infusion into the mass spectrometer 

was performed at a flow rate of 3 µL/min. Nitrogen was used as an auxiliary and sheath gas. 

The spray voltage was set at 4.5 kV. The capillary temperature was 150300 °C, and the 

voltage range of the collision cell was 80180 V. The full mass spectra were acquired over 

the mass range m/z 10-2000. For data acquisition and analysis Mass Hunter software (Agilent 

Technologies, Inc. 2006-2007) was used. A parent ion window of typically 4 amu (i.e., parent 

mass ±2 amu) was chosen to perform further MS/MS experiments. 

2.  The mass spectral data were also acquired using an LCQ Deca ion trap mass spectrometer 

from ThermoFinnigan (San Jose, CA, USA) equipped with an electrospray ionization (ESI) 

interface operated in the positive and negative ion modes. Stock samples were prepared in 

methanol. Stock solutions were further diluted to a concentration of approximately 0.05 

mg/mL and directly injected. The infusion into the mass spectrometer was performed by the 

built-in syringe pump at a flow rate of 5 µL/min. Nitrogen was used both as an auxiliary and 

sheath gas. Helium was used as the collision gas in the ion trap. The sheath gas flow was set 

at 85 and the auxiliary gas flow at 30 (arbitrary units). The spray voltage was set at 4.5 kV, 

while the capillary temperature was 250 °C and the capillary voltage 17 V. The full mass 

spectra were acquired over the mass range m/z 1502000.  

For the MS/MS investigations, characteristic molecular ions were isolated in the ion trap and 

collision activated with different collision energies (CE) to find the optimal CE for distinct 

fragmentation. The product ions in the MS/MS spectra were chosen for further MS
3
 and MS

4
 

experiments by selecting a parent ion window of typically 2 amu (i.e., parent mass ±1 amu). 

3.  The ESI MS
n
 (n>2, a parent ion window of typically 2 amu (i.e., parent mass ±1 amu)) 

experiments were recorded using an amaZon ETD mass spectrometer (Bruker Daltonik, 

Bremen, Germany) equipped with the standard ESI ion source (the nebulizer pressure: 8 psi; 

the drying gas flow rate: 5 L/min; the drying gas temperature: 250 ºC). The mass 

spectrometer was operated in the positive and negative polarity modes, and the potential on 

the capillary cap was –/+ 4500 V. Helium was used as a collision gas. The stock solutions of 

the compounds were diluted in methanol to a concentration of approximately 0.5×10
–6

 

mol/dm
3
 and injected into the ESI source of the mass spectrometer by a syringe pump at a 

flow rate of 1 µL/min. 
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RESULTS AND DISCUSSION 

A brief overview of the MS profile of the ligands 1, 2 is given first, followed by the 

elucidation of the structure of the new species formed due to their interactions with metal 

ions Zn
2+

 and Cu
2+

. Molecular complexes with Cu
2+

 and ionic complexes with Zn
2+

 were 

observed. The differences in the formation rate of complexes were observed as well. The 

detected fragmentation for Cu(II) complexes with ligands 1 and 2 followed processes 

described by Schalley for the thiourea- and sugar-substituted cyclams and their Cu (I or II) 

complexes
28

. The transition metals induced fragmentation reactions, very similarly as 

compared to the protons and could be classified mainly as Lewis acids. 

We observed that the complexation of conjugate 1 with both metal ions (Cu
2+

 and Zn
2+

) 

dictated the place of collision induced cleavage of the cyclam ring. The transformation from 

2˚-amine to 3˚-amine of cyclam ring in 2 lead to different fragmentation patterns due to the 

modification of the protonation priority - the alteration of the intrinsic properties (electronic, 

inductive, steric, vibrational) caused the switch in the fragmentation patterns within the 

conjugate itself. 

The main difference between Cu
2+

 and Zn
2+

 complexes with 2 is that only Zn
2+

 ions formed 

complexes with “broken” conjugate 2. 

 

Cyclam derivatives 

The two main variations under study were the number of the substituents on cyclam ring and 

the scanning mode. The modification of cyclam ring to have all 3˚-amines as potential 

ligands changed the stability of the ring towards the induced fragmentation and the ability to 

bind the metal ions.  

The ligand 1 had mono substituted cyclam ring which fragmented already at the source in 

positive mode. It was not observed any signals corresponding to the whole ligand in ES
+
 

spectrum but rather contained fragment, F,(Scheme 2) formed due to the cyclam ring 

cleavage; e.g. its H
+
 adduct observed at m/z 409.9 respectively its dimer Na

+ 
adducts at m/z 

841.1; 863.1 or 885.1. On the other hand, the signal of molecular ion was present as 

deprotonated signal at m/z 476.6 in the ES
-
 mass spectrum of 1 but still the dominant was the 

signal of fragment F as sodium dimer adduct at m/z 839.3 Figure 2. The collision-induced 

dissociation experiments of the [1-H]
-
 ions were performed. The ring fragmentation pathways 

were observed pointing to the radical fragmentation mechanisms to dominate in channels 

(Scheme 2). 
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Compound 1 contained three 2˚-amine and one 3˚-amine within the cyclam ring and 

therefore, most likely the protonation occurred within cyclam macrocycle cavity at the 

tertiary nitrogen atom which (at least in the gas phase) – could have higher proton affinity 

than the primary group of the cytosine moiety.
34

 This fact led to the cleavage of the 

compound already at the source. Therefore, the compound 1 was analyzed in negative mode 

because the 2˚-amine is stronger Lewis acid then the primary amine and the initial 

deprotonation occurred much easier and energetically far less costly from any of three 2˚-

amines. The introduction of the substituent to the ring (all 3˚-amines in conjugate 2) changed 

the position of the initial protonation and there was no 2˚-amine available for the 

deprotonation of the nitrogen within the ring; therefore, the fragmentation of 2 proceeded 

through several channels in positive mode, out of which two channels were major (Scheme 

3). One channel progressed through radical fragmentation reactions (path A) and the second 

through charge migration fragmentation reaction (CMF) (path B) in positive ions. It is not a 

surprise since carbonyl functions in structures lead to the inductive cleavages assisted by 

adjacent heteroatoms, observed mainly in esters, amides or carboxylic acids.
35

 

 

 

Collision-induced fragmentation of signal m/z 839.0 assigned as sodium dimer adduct of 

fragment F precedded through one channel analog to the deprotonated monomer 1, yielding 

signal at m/z 408.5 (F). Again, the cyclam ring broke dawn producing stabile structure F 

which fragmentation followed the same pathway shown on Scheme 2. 

 

Complexes with Cu
2+ 

Both ligands 1 and 2 formed molecular complexes with the CuCl2 (imbedded spectra in 

scheme 4 respectively 5 for molecular ions) There was not a significant difference in the 

fragmentation processes of either complex. Copper complex with ligand 1 fragmented trough 

two major fragmentation channels via the radical mechanism, Scheme 4. 

 

 

Ligand 2 with all substituted 3˚ amines formed complexes with Cu
2+

 that require higher 

collision energies to fragment trough the radical mechanism (red path), Scheme 5. It is 

interesting that the protonated molecular complex detected as signal at m/z 899.0 fragmented 

mainly via radical mechanism and that the ring cleavage occurred before tosyl or -COCF3 

group departure.  
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The cyclam coordinative bond N-Cu broke primarily and the cyclam ring remained 

untouched at lower CE (blue path), Scheme 5. The fragmentation was channeled in two 

directions: 1. Cu
2+

/CuCl
+
 departure (mainly) and 2. the departure of HCl. The complex ion 

(signal at m/z 863.1) was present at lower CE because the sufficient chelate effect 

discouraged metal ion dissociation from the complex and the signal disappeared by increase 

of the CE. The ring cleavage and the metal ion departure occurred at higher CE. The major 

fragmentation channel preceded further trough radical (signal at m/z 471.0) mechanism via 

the ring cleavage, Scheme 5. 

 

 
Complexes with Zn

2+
 

 

Compound 1 complexed Zn
2+

 ion within the ring, analog to the Cu
2+

 ion and the 

fragmentation in negative mode preferentially occurred within the ring following almost the 

same paths. Precursor ions for each complex were different. Single-charged molecular ion of 

Cu
2+

 complex was observed as signal at m/z 573 (scheme 4). Two molecules of conjugate 1 

coordinated Zn
2+

 ion forming complex ion detected as single-charged molecular ion at m/z 

1033 in the gas phase. First fragmentation step yielded single-charged ion observed at m/z 

537.9 for Cu
2+

 complex and at m/z 539.1 for Zn
2+

 complex. The structures of both complex 

ions were analog and the fragmentation channels from that point followed the same paths, 

Scheme 6 and Figure 3. It could be seen also that the collision induced dissociation caused 

sequential H2 loses for both kind of complex ions at the same applied experimental 

conditions. The abundances of formed species and the level of the H2 eliminations were 

different. 

 
 
Conjugate 2 formed the mixture of the ionic complexes with Zn

2+ 
ions in the condensed 

phase. The composition of the complexes depended on the reaction time and the ratio 

between Zn
2+

 ions and macrocycle 2. The formation of the complexes was slow (several 

days) and the cleavage of the cyclam ring in condensed phase was observed especially if the 

excess of metal ions was used. The formation of the complexes was followed by the 

appearance of the signals belonged to the complex ions. It could be seen that the major 

complex ion was one with signal m/z 377.1 obtained when 1:1 ratio between Zn
2+

 and 

compound 2 was used, whereas the major complex ion observed as signal m/z 421.1 formed 

at 2:1 ratio between Zn
2+

 and compound 2, Figure 4. Namely, lengthening the interaction 
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time promoted the elimination of the substituents from the ring leading by N-1-tosilcytosine 

followed by -COCF3 group.  

 

 
Additionally, the variation of the energy for the collision induced dissociation caused 

sequential H2 loses observed from the single charged complexes, Figure 5. 

 

CONCLUSIONS 

Both metal ions, Cu
2+

 and Zn
2+

, formed complexes with cyclam portions of the conjugate 1  

The signals which belonged to the coordination of Cu
2+

 with the cytosine portion of the 

ligand and/or cyclam were observed only when higher ratio of Cu
2+

 was used. In general, 

CID cause the cleavage of the C-C bond nearest the nitrogen in akylamines yielding an alkyl 

radical and nitrogen containing cation. We observed that the complexation of conjugate 1 

with both metal ions (Cu
2+

 and Zn
2+

) dictated the place of collision induced cleavage. 

The transformation from 2˚-amine to 3˚-amine of cyclam ring in 2 lead to different 

fragmentation patterns due to the modification of the protonation priority which changed the 

fragmentation channels within the conjugate itself. Cu
2+

 ions formed complexes practically 

immediately and the priority had cyclam portion of the ligand 2 again. The structure of the 

formed Zn
2+

 complexes with ligand 2 depended on number of 2˚ or 3˚ amines within the 

cyclam portion of the conjugate and the ratio of the metal : ligand used. The formation of the 

complex was slow (several days) and the ring cleavage of the cyclam in condensed phase was 

observed if the excess of metal ions was used. The main difference between Cu
2+

 and Zn
2+

 

complexes with 2 is that only Zn
2+

 ions formed complexes with “broken” conjugate 2. 

Finally, it was shown in this report that the structure of the cyclam conjugate dictates the 

fragmentation reactions and not the metal ion necessarily as described previously in 

literature.
28

 The place of cleavage is driven by the stability of the fragment that had to suit 

coordinating demand of the metal ions and the collision energy applied.  

Additionally, the variation of the energy for the collision induced dissociation caused 

sequential H2 loses observed from the single-charged complex ions at various CE. 
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Figure 1. Structures of conjugates 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

This article is protected by copyright. All rights reserved. 

                                                                                                                                                                     

400 850 900

0,0

2,0x10
8

4,0x10
8

[F
2
(-H)

2
+Na

3
]
+

[F
2
(-H)+Na

2
]
+

[F+H]
+

C
o

u
n

ts

m/z

409,9

841,1

863,1

885,1

ES
+

[F
2
+Na]

+

460 850 900

0,0

2,0x10
7

4,0x10
7

[F
2
(-H)

2
+Na]

-

C
o

u
n

ts

m/z

476,6

839,3ES
-

[1-H]
-

 
 

Figure 2. The full scan ESI-MS spectra of a 0.05 mg/mL methanol solution of 1 in both (ES
+
 

and ES
-
) modes divided to two m/z regions for clarity. Signals corresponding to fragment F 

and its adducts are the major species observed in ES
+
 mode while the signal of the molecular 

ion was detected in ES
-
 together with the sodium dimer adduct at m/z 839.3. 
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Figure 3. Fragmentation obtained from ESI MS
3
 studies for the dissociation of the Cu

2+
 

complex ion (MS
3
538 @cid 1) and Zn

2+
 complex ion (MS

3
539 @cid 1) by selecting a parent 

ion window of typically 2 amu (i.e. parent mass ±1 amu). Selected precursor ions were 

isolated upon MS
2 

experiment: m/z 537.9 obtained from molecular ion m/z 573 for Cu
2+

 

complex ion and m/z 539.1 obtained from molecular ion m/z 1033 for Zn
2+

 complex ion. It 

could be seen that the collision induced dissociation caused sequential H2 loses for both kind 

of complex ions at same applied experimental conditions during the MS
n
 experiments. 
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Figure 4. Full scan ES
+ 

spectrum for Zn
2+

 complex of compound 2 dissolved in methanol at 

about 10
-5

M. Major fragments and single-charged Zn
2+

complex ions observed due to the 

charge-separating side-chains departures: a) ratio Zn
2+

: 2 = 1:1; b) ratio Zn
2+

: 2 = 2:1. 
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Figure 5. Fraction of the CID mass spectra of mass-selected monoisotopic [2+Zn
2+

-H
+
]
+ 

cation, signal m/z 847 at two different values of CE. Collision induced dissociation caused 

sequential H2 loses detected from the single-charged complex ions observed for the isolated 

ion and for the newly formed species (e.g. inserted signals for the species formed upon 

elimination of H2O and -COCF3 group). 
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Scheme 1. Synthesis of C- and N-aminomethylated derivatives 1 and 2. 
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Scheme 2. The fragmentation pathways obtained from ESI MS
n
 studies for the dissociation 

of the deprotonated molecule 1 observed at m/z 476 in ES
-
 mode. The multiple-stage (MS

n
) 

CID schemes are based on the CID of the m/z 476 peak by selecting a parent ion window of 

typically 2 amu (i.e., parent mass ±1 amu). 
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Scheme 3. The fragmentation pathways obtained from ESI MS
n
 studies for the dissociation 

of the protonated molecule 2 observed at m/z 766 in ES
+
 mode. The multiple-stage (MS

n
) 

CID schemes are based on the CID of the m/z 766 peak by selecting a parent ion window of 

typically 2 amu (i.e., parent mass ±1 amu). Path A proceeded trough radical fragmentation 

reactions (one example is red colored), while path B proceeded several charge-migration 

fragmentation reaction (initiated by protonation on the carbonyl oxygen). The structures 

observed as signals with low abundance are omitted in the scheme. 
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Scheme 4. The fragmentation pathways obtained from ESI MS
n
 studies for the dissociation 

of the single-charged molecular complex Cu(II) ion of 1 observed at m/z 573 in ES
-
 mode. 

The multiple-stage (MS
n
) CID schemes are based on the CID of the m/z 573 peak by 

selecting a precursor ion window of typically 2 amu (i.e., parent mass ±1 amu). 
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Scheme 5. The fragmentation pathways (at higher CE red , at lower CE blue) obtained from 

ESI MS
n
 studies for the dissociation of the protonated Cu (II) complex of 2 observed at m/z 

899 in ES
+
 mode. The multiple-stage (MS

n
) CID schemes are based on the CID of the m/z 

899 peak by selecting a precursor ion window of typically 2 amu (i.e., parent mass ±1 amu). 
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Scheme 6. 
 
An example of the fragmentation pathways obtained from ESI MS

n
 studies for the 

dissociation of the complex ions observed at m/z 537.9 for Cu
2+

 complex ion (MS
3
538 @cid 

1) and at m/z 539.1 for Zn
2+

 complex ion (MS
3
539 @cid 1). The multiple-stage (MS

n
) CID 

schemes are based on the CID of the 
63

Cu and 
 64

Zn isotopic peaks by selecting a precursor 

ion window of typically 2 amu (i.e., parent mass ±1 amu).  

 

 


