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Abstract

The mass spectra behaviour of five 10-alkylthiocolchicine derivatives has been studied using electron ionization and
MALDI-TOF MS techniques. Fragmentation patterns of colchicines derivatives after EI have been investigated, as well
as mass spectra after collision-induced dissociation (CID) MALDI have been used to gain structural information. To the
best of our knowledge, this is the first time that the MALDI MS/MS data for colchicine and its alkylthio derivatives ha-
ve been described. It has been shown also that the data derived from mass spectra can be used for identification/quanti-
tative determination of natural and modified alkaloids of colchicine group. The detailed fragmentation pathways propo-
sed here could be helpful for the characterization of other colchicines of these type. The utility of different ionization
techniques for analysis of compounds of this class has been evaluated. Due to the cytotoxic activity towards tumour cell
lines, 10-alkylthiocolchicines may be considered as the active ingredients of anticancer agents. If these compounds find
use in medical treatment, their distribution in organism and their metabolism will have to be monitored by spectrosco-
pic or spectrometric methods. The characteristic fragment ions may be used by Selected Reaction Monitoring method

for determination of colchicine analogues.

Keywords: Colchicine, 10-alkylthiocolchicine derivatives, EI-MS mass spectra, fragmentation pathways, MALDI-
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1. Introduction

Colchicine is an alkaloid occurring in plants of Li-
liaceae family especially in meadow saffron Colchicum
autumnale and Gloriosa superba and it is best known for
its antimitotic effects.'™ The extract from the plants con-
taining this compound has been well known for ages as a
medicine against gout as first described in De Materia
Medica by Pedanius Dioscorides.* Colchicine can effi-
ciently alleviate the symptoms during gout attacks when
applied in the early phase because of its anti-inflamma-
tory properties. More recently it has been introduced for
the treatment of the Familial Mediterranean Fever (FMF)
and liver diseases.” It is known that colchicine is able to
interfere with the structure of mitotic spindle and hence
inhibit mitosis.” This is one of the reasons that colchicine
and some of its derivatives are useful as anticancer drug
components. Application of colchicine for medical purpo-
ses is however limited due to its poisoning properties. The

modification of molecular structure has a strong influence
on the biological activity of compounds. Introducing
alkylthio groups of different length to the colchicine mo-
lecule not only alters its shape, but also influences its
complexing ability due to the sulfur atom and changes
electron density distribution in the molecule due to the
electron-donating properties of the alkyl group. Such a
modification of colchicine molecule may significantly
transform its mode of action. The introduced alkyl chain
is likely to change the key-lock binding in the living cells
of the compounds obtained. Our research is directed to-
ward the derivatives of decreased toxicity in comparison
with colchicine itself, but of retained pharmacological ac-
tivity. The compounds studied exhibited higher anticancer
activity than doxorubicin and lower toxicity than colchici-
ne.® The modified colchicine derivatives can find applica-
tions as drug components and their metabolism could be
investigated by means of commonly used metabolomic
techniques, involving wide range of mass spectrometric
methods. For detection of metabolites in body fluids most
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often hyphenated techniques GC-MS or HPLC-MS are
used, often in combination with electron ionization (EI).
EI MS spectra are characterized by good repeatability,
therefore knowledge of the fragmentation pattern allows
complete identification of the compound.

Such MS techniques like MALDI-TOF MS enable
extremely high throughput up to thousands samples a
day without a laborious preparation of the sample, so it
is an ideal technique for biomedical screening tests. The
direct measurement of an intrinsic property of the analy-
te molecules, i.e. their molecular weights, is an irrepla-
ceable technique for compound identification, moreover,
it can be supplemented by fragmentation spectra, obtai-
ned through the collisions with neutral gas molecules.
The knowledge of characteristic fragment ions for the
given compound ensures its authentication and can be
used in selected ion monitoring method of drug metabo-
lite identification in complex biological mixtures. Distri-
bution of the chemotherapeutic agents in the tissues of
an organism can be monitored using MALDI imaging.
Taking into account these facts it appears very important
to examine this class of potentially pharmacologically
active compounds using the variety of mass spectral io-
nization techniques in order to learn their behavior under
different mass spectral conditions and establish the frag-
mentation pattern of colchicine derivatives. The collec-
ted data allow to establish basis for the monitoring of
these alkaloids and their metabolites in organisms and
physiological fluids.

A number of colchicine derivatives have been
synthesized and a lot of them have been screened for their
carcinogenic activity.” Some of these derivatives have
been characterized by means of mass spectra methods, but
the mass spectrometry of 10-alkylthiocolchcines has not
been published so far, while the EI and ESI mass spectra
of colchicine itself are known and described in chemical
literature.'®!" The MS methods have been used to estab-
lish fragmentation patterns of some colchicine analogues
and for detection and identification of components in
Colchicum species, whereas mass spectrometry with li-
quid chromatography, LC/ESI-MS/MS or LC-APCI-MS,
have found application in detection of colchicine in sheep
serum and milk and in human blood plasma.'®!>-18

In the present work five 10-alkylthiocolchicine deri-
vatives (Figure 1) were investigated for the principal frag-
mentation pathways of the molecular ions using EI and
protonated molecules using MALDI mass spectrometry.
Colchicine was used as the reference compound and its
fragmentation spectra were compared with literature data,
obtained by using other methods of soft ionization. The
isomers could be differentiated by the data derived from
electron-ionization mass spectra (the relative abundance
of the fragment ions and values of coefficients p) and
through the comparison of the [M+H]" precursor ion sta-
bility in MALDI MS/MS, which is different for the com-
pounds with normal and branched alkyl chains. The frag-
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Fig. 1. Structures of 10-thioalkylcolchicine derivatives studied

mentation rules deduced here could help in the characteri-
zation of other colchicines of these type. The distinctive
ions from MALDI mass spectra may be used for selected
ion monitoring (SIM) / multiple reaction monitoring
(MRM) in detection and determination of colchicine and
its derivatives in pharmaceuticals, herbal medicines and
human fluids, specifically blood and urine of patients un-
dergoing medical treatment with use of natural or modi-
fied colchicine alkaloids.

2. Experimental
2. 1. Material

10-Alkylthiocolchicine derivatives 1-5 were prepa-
red according to the literature.® The melting point measu-
rements and thin layer chromatography data proved purity
of the compounds obtained. The mass spectrometric data
fully confirmed the high purity of 1-5, since there were no
traces of unreacted substrates or side products in the spec-
tra (related [M+H]" ions, originated from impurities, had
not been noticed).

2. 2. Mass Spectrometry

The EI mass spectra were recorded on an AMD-402
two-sector mass spectrometer (AMD Intectra GmbH Co.
Harpstedt, Germany) with an acceleration voltage of 8 kV,
electron energy 70 eV, mass resolution 6000, and an ion
source temperature of ~150 °C. The samples 1-5 were in-
troduced using a direct insertion probe. The linked-scan
at constant B/E and B/E mass spectra of metastable ions
and exact mass measurements for the ions of interest we-
re recorded on the same instrument. High resolution data
were obtained by using a V/E high resolution scan in rela-
tion to perfluorokerosene (PFK), with an error of less
than 10 ppm for all the ions discussed. The B%/E and B/E
linked-scan mass spectra in the first field-free region we-
re recorded using helium as the collision gas at the indi-
cated pressure of 1.73 x 10~ Pa at the ion source tempe-
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rature of 180 °C, the ionization energy of 70 eV, and ac-
celerating voltage of 8 kV.

The matrix-assisted laser desorption/ionization
measurements, including MS/MS experiments, have been
accomplished on Waters Q-TOF Premier instrument,
equipped with nitrogen laser MALDI source and Mass-
Lynx™ software. MALDI measurements have been per-
formed in the positive ion mode. In order to prepare the
target spots, the methanolic solution containing matrix (1
uL, concentration 0.5 mol/L) has been deposited on the
spot and allowed to dry at room temperature. After a few
minutes 1 pL of the solution containing colchicine deri-
vative (the concentration about 1 mmol/L) has been pla-
ced as a next layer over the dried matrix and left to cocry-
stallize.

Four different kinds of matrices (2,5-dihydroxy-
benzoic acid (DHB), sinapic acid (SA), o-cyano-4-
hydroxycinnamic acid (CHCA) and dithranol (DIT))
were used for MALDI-TOF in order to choose the opti-
mal one. All the above mentioned matrices, i.e. DHB,
SA, CHCA and DIT, enabled a sufficient protonation of
the analyte molecules and for all compounds studied
[M+H]* ion peaks have been observed, however dithra-
nol appeared to give the best response and signal-to-noi-
se ratio. CHCA as a matrix seemed to strongly stimulate
the dehydrogenation of analyte molecules, because the
[M-H,+H]" ions appeared in the MALDI spectra of 2, 3,
4 and 5 as the most abundant ones (r.a. 100%) when
CHCA has been applied. The MS/MS experiment with
dithranol as the matrix and argon as the colliding neutral
gas (at flow rate of 0.5 mL/min) has been performed and
the collision-induced fragmentation of protonated mole-
cules [M+H]" has been analyzed, depending on collision
energy CE (Table 4). The product ion MS/MS spectra
were collected at four collision energy values, i. e. 10,
20, 30 and 40 eV.

It should be noticed the nanospray MS of colchicine
and MS? of the m/z 400 + 0.5 ion [M+H]* have already
been reported and representative fragment ions, which
originate from m/z 400, are given, i.e. m/z 382, 368, 358,
341, 326, 310, 298 and 282. MALDI MS/MS fully con-
firms this fragmentation pattern, since the same m/z va-
lues appear in collisionally induced dissociation as well as
in previously published papers.'**

3. Results and Discussion

3. 1. Electron-ionization Mass Spectra

The parameter selected in this study for MS analysis
was the relative abundance of electron-ionization mass
spectra as it easily provided extensive information via EI
induced fragmentations of 10-alkylthiocolchicine. As a
part of the investigation, aiming at the differentiation of
isomeric derivatives of 10-alkylthiocolchicines on the ba-
sis of the values of the coefficients , i.e. the abundances

of selected even or odd-electron fragment ions relative to
the abundances of the corresponding molecular ions, we
reported here a detailed analysis of the EI mass spectra of
compounds 1-5.

In order to validate the mechanism and structures
of the ions proposed, the linked-scan at constant B*/E
and B/E mass spectra of metastable ions in the first-free
region, and exact mass measurements for a few ions of
interest were recorded. Table 1 summarizes the most
characteristic fragments observed for molecular ions of
compounds 1-5, while the proposed fragmentation path-
ways for each type of the ion are shown in Scheme 1.
Although the structures of the fragment ions can be prin-
cipally considered as conjectural, we proposed very cre-
dible ones.

In the present study some common features, such as
the loss of ‘"COCH,;, CO and NH,COCH,, were observed,
consistent with the literature.'®"> As shown in Scheme 1,
the molecular ions of compounds 1-5 studied can lose CO
and NH,COCH, molecules to form odd-electron ions b, g
and h. Ion h, which is very abundant for all compounds,
undergoes further fragmentation by a few pathways. Alt-
hough it is difficult to propose a detailed mechanism for
the loss of 'CH3 from the ion h, it seems to be reasonable
that the dominant structure of [h — 'CH3]’r is that shown in
Scheme 1 of the ion r.

Cleavage at the a bond to the sulphur atom in the ion
h gives peaks at m/z 313 and 281, respectively. During this
type of fragmentation we can observe a single ¢ cleavage
of the C—S bond, with an elimination of the ‘SR or ‘R radi-
cal, and formation of ions k or j. In the next step these
ions lost "CH, or "SCH, radicals and the odd-electron ion o
at m/z 266 was obtained.

The next abundant product ion derived from M*
ions is that formed by the loss of mass 33. This loss invol-
ves a complex skeletal rearrangement related to the loss of
the "SH radical. A similar process has already been discus-
sed for substituted stilbenethiols,?! benzylthiouracils®*
and alkylthio-5-bromouracils for which the mechanism of
the above loss is proposed.”® By analogy, the elimination
of the ‘SH radical leading to the formation of the ion i
from the ion b was observed. The presence of the ions e
and d indicates that the molecular ions lost also 'R and RH
fragments. A detailed analysis of the EI spectra of the
compounds studied showed that the molecular ions under-
go a fragmentation by the loss of the ‘SR radical. Taking
into account that radicals are preferably located on hete-
roatoms using n electron to form a radical site and that the
radical site is a driving force to start a bond cleavage, it
may be assumed the ions f are formed as a result of i-clea-
vage of a structure with the radical site localized on the
sulphur atom.

The [j — 44]" peak 1 is observed at m/z 269 in the
mass spectra of all compounds studied, and the ion formed
should have the same structure as that observed for the eli-
mination of the CO molecule during the fragmentation of

Kurek et al.: Mass Spectrometric Study of Colchicine and ...

607



608 Acta Chim. Slov. 2015, 62, 605616

—0

-'SH P
s (R-H)

1-5 -NH,COCH; — T“
—hoon ‘0
IO

g 0
SR

w%
o
o |

H +
- NH,COCH; “ H
* 0
O o

% | -CO

SR J

0
- Q.
* m 0
13

+ L]
_0
—l m/z 313 89
0
m/z 266
—0
O
LB
1
m/z 297 m/z 269

Scheme 1. Proposed main EI fragmentation pathways of molecular ions of compounds 1-5. * Transition checked by BYE spectra ** Transition
checked by B/E spectra
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Table 1. Selected EI mass spectral data (mm/z and ions abundance in %) for 1-5.

*
Ton Elemental miz

Relative abundance (%)

composition 1 2 3 4 5

C,H,.NOS 415 91.9 - - - =

v C,:H,NO.S 429 - 70.9 - - -
C,,H,,NO.S 443 - - 81.6 100 -

C,:H, NO.S 457 - - - - 79.1

C, H,.NO,S 387 717 - - - -

_ C,,H,NO,S 401 - 335 - - -
[M-COI™ b CLH,NO.S 415 - - 39.1 69.5 -
C,H, NO,S 429 - - - - 3622

C,,H,,NO, 382 359 - - - -

, C,:H,,NO 396 - 100 - - -
[M—"SHJ" ¢ CLH.NO, 410 - - 100 91.0 -
C,sHy NO, 424 - - - - 100

[M_RH" d C, H,NOS 399 19.1 57.0 71 - 79
M_RJ' e C,H,,NO.S 200 75 10.0 107 158 108
[M—SR" f C, H,,NO, 368 82 441 245 618 189
Cpofly0,8 356 164 - - - -

, C,H,,0,8 370 - 38.2 - - -

(M - NH,COCH,]™ g CLH.O.S 384 - - 50.7 75 -
C,H,0,S 398 - - - - 19.1

C oH,0S 328 100 - - - -

, C,H,,0,8 342 - 724 - - -

(b - NH,COCH;1 ™ h CoHLO.S 356 - - 85.2 94.2 -
C,H, 0,8 370 - - - - 91.5

C, H,,NO, 354 85 - - - -

s C,,H,NO 368 - 20 - - -
(b—"SH] " i CNANO, 382 - - 15.6 793 -
C,,HyNO, 396 - - - - 16.6

j C,H,,0,5 313 382 30.0 145 23.9 20.1
k C,H,,0, 281 26.1 33.6 123 251 255
I C,H,,0, 269 102 118 87 173 151
C,H,,0,5 297 20.1 - - - -

- C1oH,,0,8 311 - 33.3 - - -
CyoH, 0,8 325 - - 213 23.9 -

C,H,,0,8 339 - - - - 31.8

n C.H,0, 297 20.1 303 83 146 1438
0 C.H,,0, 266 285 229 239 362 36.7
C,H,,0, 323 98 - - - =

C,H,0, 337 - 115 - - -

P C,,H,;0, 351 - - 16.0 15.0 -
C,:H,.0, 365 - - - - 70.1

C,H,,0,5 313 382 - - -

CuH,40,8 327 - 24.9 - - -

r C,H, 0,8 341 - - 23.7 311 -
C,H,,0,8 355 - - - - 452

S
IN]
@
()

* The accurate mass differences between the calculated and experimental composition of ions range from 1-10 ppm.

colchicine.'™ According to the linked-scan at constant
B’/E spectra, the fragment ion p may be obtained from the
precursor ion ¢ by the elimination of the NH,COCH,
molecule. This investigation was also undertaken to find
out whether it is possible to differentiate between the iso-
meric 10-n-propylthiocolchicine (3) and 10-thio-iso-

propylcolchicine (4) on the basis of the relative abundance
of the selected fragment ions (Figure 2, Table 2).

The differences among the fragmentations within
the couple of isomeric compounds were expressed quanti-
tatively by comparing the calculated values of the coeffi-
cients p, Table 3. It should be emphasized that because
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Fig. 2. The EI mass spectra of 10-thio-propylcolchicines a) n-propyl isomer 3 b) iso-propyl isomer 4
Table 2. Relative abundance of ions in the EI mass spectra of isomeric 3 and 4 compounds.
Elemental Relative abundance (%)
Ion . mlz
composition 3 4
[M*™ —"CH,]" C,,H,,NO,S 428 % 1.7 34.8
[M*" - COJ*" C23H29NO S 415 #* 39.1 69.5
[b-"SH]* C,;H,, 382 15.6 79.2
/z 428 — NH,COCH,]*
Lm/z 428 - NH, 3l C,H, NO,S 369 * 6.5 434
or [g—"CH,]
[M* —"SR]* C,,H,,NO, 368 24.5 61.8
[b - "NHCOCH,]* C H O 357 13.3 42.9
[h — CH,=CHCH,]" C H O 314 9.5 44.5
[m/z 314 - SI* clngo3 282 17.7 50.4
* Transition checked by B/E spectra ** Transition checked by B/E spectra
the values of p are highly dependent on the relative abun- the ions on level of 2-3% between each particular scan
dances of the ions, results of three independent measure- are reliable.
ments were averaged. This procedure guarantees that the As shown in Table 3, 10-thio-n-propylcolchicine (3)
results with the differences of the relative abundances of may be differentiated from the isomeric 10-thio-iso-
_[m-col | _[mr—se] . [+ - co—"sH]
1 M e 2 M +e 3 M .

e, _[% 314}
S il R

M.o

Kurek et al.: Mass Spectrometric Study of Colchicine and ...



Acta Chim. Slov. 2015, 62, 605-616

Table 3. The values of py,—; calculated from the EI mass spectra of
isomeric 3 and 4 compounds.

u values 3 4

M, 0.48 0.69
M, 0.30 0.61
My 0.19 0.79
M, 0.02 0.35
Mg 0.11 0.44

propylcolchicine (4) on the basis of the lower values of all
u, — s coefficients.

The differences between relative abundances of the
selected fragment ions observed in the spectra of com-
pound 3 and 4 (Table 3, Figure 2) may be also sufficient to
differentiate among the isomeric n-propyl and iso-propyl
substituted derivatives.

In the series of isomeric 10-propylthiocolchicines,
isomer 3 shows the lower relative abundance of the all ions
presented in Table 2. In the spectra of 10-iso-
propylthiocolchicine (4) an intense ion [M** —"CH,]" at m/z
428 was observed. One of the possible mechanisms rationa-
lizing this fragmentation is the radical-site initiated a-clea-
vage of the C_ ;—C_ ;bond in the iso-propylthio substituent.
The B*E mass spectra of metastable ions recorded for the
ion at m/z 369 have shown two precursor ions. One can be
attributed to the ion g, and the second to the ion at m/z 428.

3. 2. MALDI Mass Spectra

Till now only colchicine and its interaction with tu-
bulin were examined by MALDI mass spectrometric tech-
niques.?*? This fact has prompted us to examine the se-
ries of other biologically active colchicine derivatives, i.e.
10-alkylthiocolchicines 1-5 by MALDI-TOF MS and
MALDI-QTOF MS/MS techniques.

According to the MALDI MS/MS measurements per-
formed, no fragmentation occurs at CE = 10 eV, whereas at
20 eV a dissociation of Col and 1-5 protonated molecules
is evident, but it proceeds according to another pattern in
comparison with electron-induced fragmentation. In MAL-
DI CID prevails dissociation with neutral losses and radical
reactions are relatively rare. Typical for thioethers electron-
induced MS loss of *SH radical (=33 u) is not observed in
MALDI MS? spectra, however quite abundant ions are
created through the water loss [M+H-H,O]* (-18 u), more
intense for the longer normal alkyl chains R (for Et 27%, n-
Pr 44% and n-Bu 29% of relative abundance), which sug-
gests that carbonyl oxygen atom is involved and one of the
protons is taken from neighboring alkyl (whereas the se-
cond one can originate from the acidic MALDI matrix).
The other characteristic MALDI MS/MS dissociation of
compounds studied feature is the elimination of methanol
(from protonated colchicine) or analogously thiol RSH mo-
lecules from respective thio derivatives 1-5. This loss is de-
picted in Scheme 2 as [M+H-RXH], where X stands for O

miz 382 Col
398 1
412 2
426 3,4

HsCO. . 440 5
H
H -[CH,=C=0] HsCO ,CO H+
HyCO -~ HyCO [NH,COCHy] O.
o} H,CO
m/z 358 Col o YR
374 1
388 2 XR =R =Me, X=0 Col miz 341 Col o
402 3,4 =Me, X=S 1 357 1
416 5 R=Et, X=5 2 [NH,COCHs] 371 2 XR
=Pr, X=S 3 385 3,4
|H+ R=iPr, X=S 4 -CO 399 5
H,CO. =Bu, X=S 5
O. NHCOR - "
3
H,CO C H,CO
HsCO
miz 368 Col, 1-5 = .
CyH22NO5 NH XR
m/z 324 Col
H 342 1
356 2
3703, 4
384 5
m/z 326 Col, 1-5 = o) miz 310
miz 282 C1sH20NO, C1gH1g04
C1gH1503

Scheme 2. Positive ion mode MALDI-QTOF MS/MS fragmentation pattern of [M+H]" ions for Col and 1-5 at collision energy CE =20 eV con-

sidered as the most probable according to the fragment ions observed.
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Fig. 3. MALDI TOF MS/MS spectra of precursor ion [M+H]" i.e. protonated 10-n-propylthiocolchicine 3 (m/z 444) at CE = 10, 20, 30 and 40 eV.
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or S. The resulting fragment ion appears at m/z 368 regard-
less the substituent in position 10 of the colchicine skeleton.
The signal of the highest abundance detected in the spectra
of Col and 1-4 at CE = 20 eV are formed through the kete-
ne (CH,=C=0) elimination from the [M+H]" ions. These
fragment ions appear at m/z corresponding to [M—42] (Tab-
le 4, Figure 3). The loss of ketene (42 u) is very common in
acetyl moiety-containing molecules, for example acetates
or acetamides.’**

Other decomposition reactions include the loss of
acetamide molecule H,NCOCH, (ions E, Table 4) and
more complex losses of two or more species. Combined
loss of ketene (CH,=C=0) and methanol (CH,OH) mole-
cules is intense only for the protonated colchicine mole-
cule, leading to the fragment ion at m/z 326 (ion F, Table
4) whereas for compounds 1-5 respective fragment ions
at m/z 342 (1), 358 (2), 370 (3, 4) and 384 (5) are present
in the spectra, but show low abundances. Much more

Table 4. Characteristic, the most abundant fragment ions derived from precursor ions [M+H]* in MALDI TOF MS/MS for compounds Col and
1-5, matrix DIT; m/z values and relative abundances (%) at collision energies CE = 20, 30 and 40 eV.

Relative abundance (%) at CE = 20/30/40 eV (respectively)

613

Ion Elem. comp. m/z Col 1 2 3 4 5
C,,H,,NO, 400 100/30/0
A C,,H,(NO.S 416 42/22/0
[M+H]* C,,H,(NO.S 430 70/35/0
+ C,,H,,)NO.S 444 98/15/0  90/6/0
C,;H,,NO.S 458 100/55/0
C,,H,,NO, 382 20/4/0
B . C,,H,)NO,S 398 17/0/0
[M+H — H,0] C,H,NO,S 412 27/15/0
[M+H - 18]* C,H,,NO,S 426 44/8/0 18/1/0
C,;H,,NO,S 440 29/15/0
C
[M+H - RXH]* C,,H,,NO, 368 8/3/0 19/0/0 30/40/0 54/28/5 30/10/0  50/20/7
X=0,S
C,,H,,NO, 358 60/21/0
D C,,H,,NO,S 374 100/33/7
[M+H - CH,=C=0]"* C,H,NO,S 388 100/100/0
[M+H - 42]* C,H,NO,S 402 100/75/3  100/40/0
C,,H,,)NO,S 416 90/98/0
C,,H,,0; 341 37/10/0
E C,,H,,0,S 357 31/10/0
[M+H — NH,COCH,]* C,H,;0,8 371 45/43/3
[M+H - 59]* C,H,,0,S 385 60/40/4 30/15/0
C,H,,0,S 399 42/48 /1
C,,H,,NO, 326 40/52/12
F CUHINOS 358 T
M+H - CH,=C=0, CH,OH]* 20022 -3
[M+ 2 ;0H] C,H,,NO,S 370 10/18/0  2/6/0
C,,H,(NO,S 384 10/12/5
G
[M-+H - CH,=C=0, RXHJ" C,,H,,NO, 326 40/52/12  35/80/25 34/45/11 67/93/15  38/64/24  42/80/23
H
[M-+H — 'NHCOCH,, RXH]* C,,H,0, 310 40/90/25  30/65/20  50/55/25 62/95/45  40/85/34  42/100/35
J
H 2 17/40/1 2 20/45/1 1 1 1 4 18/62/4
[M-+H - CH,=C=0, RXH, COJ* C,H,,)NO, 98 7/40/15 3/85/30  20/45/15 6/80/6 7/56/40  18/62/40
K
[M-+H —NHCOCH,, RXH, COJ* C,H,;0, 282 25/82/44  20/55/26  35/30/8 40/83/56  25/95/64  20/85/45
L C,,;H,,0, 267 5/78/100  4/55/95  8/50/85 8/85/100  3/60/91  4/60/85
M C,,H,,0, 251 2/40/70 3/65/100  5/40/100 6/77/90 0/50/100  3/55/100
N C.H,0 234 5/18/10 5/15/8 5/15/7 10/36/28  6/15/18  7/28/25
(0] C,;H,0 181 3/15/25 5/18/45  4/4/35 8/35/15 4/20/27  3/23/22
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abundant are fragment ions G formed through the combi-
ned loss of ketene and RXH molecules (where X stands
for O for colchicine and S for 10-alkylthiocolchicines).
In the case of colchicine RXH = CH,OH, meaning that
CH,O moiety originates mainly from the substituent in
position 10 of colchicine ring and not from the methoxy
group attached to the six-membered aromatic ring. Dis-
sociations leading to the ions H (m/z 310) and K (m/z
282) seem to involve radical cleavage, consisting in eli-
mination of 'NHCOCH,, combined with RXH and CO
losses.

It should be pointed out that the main, most intense
fragment ions from MALDI CID experiment for colchici-
ne and their elemental formula proposed are in perfect
agreement with the colchicine fragment ions reported re-
cently by Vaclavik et al., who used positive ESI full MS-
dd-MS/MS mode.*' The authors gave following distincti-
ve fragment ions which originate from [M+H]* ion of
colchicine: m/z 382, 358, 341, 310, 282. Their m/z values,
measured with high resolution, fully confirm their ele-
mental composition, which are consistent with the ones
given in Table 4 (ion B, m/z 382, C,,H,,NO,; ion D, m/z
358, C,,H,,NO;; ion E, m/z 341, C,,H,,O; ion H, m/z
310, C,,H,;O,;ion K, m/z 282, C,;H ;O,).

The schematic representation of the proposed frag-
mentation of [M+H]"* ions of Col and 1-5 at CE = 20 is
shown in Scheme 2 and main fragment ions present at dif-
ferent CE values (m/z values and relative abundances) are
listed in Table 4.

We have also tested the effect of collision energy
(CE) applied on the precursor ion abundance (absolute va-
lues, measured in counts). CE is the most important factor
of CID conditions, because it determines the kinetic ener-
gy of the sample ion which is transformed into internal
energy by collisions. The increase of CE and, in conse-
quence, of internal energy of the ion results in the ion de-
composition into fragments. The abundances of precursor
ions of interest at different values of cone voltage are li-
sted in Table 5. The profile for isopropyl derivative 4 is di-
stinct from the others because the precursor ion [M+H]* is
very abundant at collision energy 10 eV and its abundance
drops rapidly with increasing collision energy (not shown
graphically, because the plot is out of scale). The abun-

Table 5. Abundances (measured in counts) of precursor ions
[M+H]" at different values of collision energy CE (eV) for Col and
1-5

Abundance, counts x 1073
CE

10 20 30 40

Comp.

Col 0.771 1 0.315 0.001
1 1 0.871 0.047 0.001
2 1 0.972 0.209 0
3 0.667 1 0.062 0
4 2.080 0.571 0.012 0
5 0.341 1 0.365 0

12
7

08 -
Zo6 -

[*10-3 (arb. u

02
0

02
CE(eV)

Fig. 4. Precursor ion [M+H]* (Col, 1, 2, 3, 5) abundance break-
down plot against collision energy.

dances of precursor ion [M+H]" against collision energy
dependence for the precursor ions, derived from com-
pounds Col 1, 2, 3, and 5, present characteristic break-
down plot, shown in Figure 4.

The rate according to which the ion intensity falls
along with increasing collosion energy can be considered
a measure of the stability of this ion, and so if the curve
I = f(CE) falls steeply after the maximum point, the ion
decays quickly with the increase of collision energy, whe-
reas if the curve falls gently after going through a maxi-
mum, it means that the ion is more stable. This can be
quantified by calculating the tangent of the angle of the
slope of the linear portion of the curve to the axis x (tg o,
angle o noted on the chart). The higher the value of tg o,
the more steep is the decrease in intensity of the [M+H]*
ion, and so less stable is this particular ion.

The calculated values of tg o for a linear portion of
the graph showing relationship between the precursor ion
intensity / and collision energy CE for [M+H]" ion of each
tested compound (Col and 1-5) are:

tg o (Col) = 1.53, tg o (1) = 1.22, tg 0. (2) = 1.40, tg
a@)=172,tga (@) =182, tga(5) =125

From the above data can be shown that there is no li-
near relationship between the number of carbon atoms in
the normal alkyl chain of the substituent R in position 10
of alkylthiocolchicines and stability of the [M+H]" ion.
Initially, with increasing chain length the ions of interest
are less stable at higher collision energy CE, but for n-
butyl its stability is increasing. Protonated 4, the only ion
containing branched chain (isopropyl), appears to be more
sensitive to the increase in collision energy than the others
and this feature may be helpful in distinguishing isomers.

4. Conclusions

In this report we examined a series of colchicine de-
rivatives, i.e. 10-alkylthiocolchicines 1-5, which have
been obtained as model compounds of changed geometry
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in comparison with colchicine itself. The introduced alkyl
chain is likely to change the key-lock binding of the com-
pounds obtained in the living cells.

Electron-ionization mass spectra can serve as fin-
gerprints of particular compounds, since they are unique
for every compound studied. Analysis of EI mass spectra
showed that the relative abundance of the molecular ion a
and the fragment ions presented in Table 3, as well as of
coefficients p, — ps were the most useful in the differentia-
tion of isomeric derivatives of the colchicines studied he-
rein. The fragmentation rules discussed here could facili-
tate the rapid screening and structural characterization of
colchicines extracts.

MALDI TOF and Q-TOF spectra not only confirm
the identity of compound (exact mass), but also serve as a
proof of complete derivatization. The common losses ob-
served in MALDI MS/MS technique, i.e. loss of ketene
CH,=C=0, thiol R-XH (or methanol for colchicine, res-
pectively), acetamide NH,COCH,, and combined above
losses, involving also carbon oxide loss can be used as ad-
ditional fingerprints for the investigated species. Colli-
sion-induced dissociation experiments enable the estima-
tion of ion stability. The proper matrix choice for the spe-
cific class of compounds prior to testing their interactions
with macromolecules (for example proteins) is crucial.
Among the matrices used—-DHB, SA, CHCA and DIT-the
last one appeared to give the best response and signal-to-
noise ratio. The MS/MS experiment with dithranol as a
matrix evoked the collision-induced fragmentation of
protonated ions [M+H]*. The [M+H]* ion abundance de-
crease with the increasing CE is the fastest for isopropyl
containing compound and this feature can be the basis for
differentiation between branched and unbranched alkyl
substituted thiocolchicines.
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Povzetek

Raziskali smo obnaSanje petih 10-alkiltiokolhicinskih derivatov v masnem spektrometru pod pogoji elektronske ioniza-
cije in z MALDI-TOF MS tehniko. Preucili smo fragmentacijske vzorce kolhicinskih derivatov po elektronski ionizaci-
ji kot tudi masne spektre, dobljene po kolizijsko-inducirani disociaciji (CID) MALDI ter tako dobili pomembne struk-
turne informacije. Prepri¢ani smo, da gre v prispevku za prvi literaturni opis MALDI MS/MS podatkov za kolhicin in
njegove alkiltio derivate. Znano je namrec, da lahko podatke, dobljene iz masnih spektrov, koristno uporabimo za iden-
tifikacijo in kvantitativno dolocitev naravnih in modificiranih alkaloidov iz kolhicinske skupine. Podrobni fragmentacij-
ski vzorci, ki jih opisujemo, so lahko koristni tudi pri karakterizaciji kolhicinskih derivatov druga¢nih tipov. Zanimala
nas je tudi uporabnost razli¢nih ionizacijskih tehnik za analizo spojin tega tipa. Glede na znano citotoksi¢no aktivnost
proti razli¢nim tumorskim linijam predvidevamo, da bi lahko tudi 10-alkiltiokolhicini nastopali kot aktivne sestavine
zdravil proti raku. ¢e bodo tovrstne spojine kdaj postale uporabne v medicini, bo namre¢ nujno spremljati njihovo raz-
poreditev v organizmu in tudi njihov metabolizem, pri ¢emer se ne bo mogoce izogniti spektroskopskim oz. spektrome-
tricnim metodam. Znacilni fragmentacijski ioni, ki smo jih opazili, bi bili lahko torej uporabni pri selektivnem sprem-
ljanju reakcij (SRM) kot metodi, za dolocanje analogov kolhicina.
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