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Experimental 

Physical Methods 

The X-ray diffraction intensities were measured on a Bruker Smart X2S diffractometer, using micro 

source Mo-K radiation and employing the  scan mode. The data were corrected for Lorentz and 5 

Polarization effects. An absorption correction based on multiple scanned reflections. The crystal 

structures were solved by direct methods using SHELXS-97 [1]. The crystal structures were refined by 

full-matrix least-squares refinement against F2 [1]. Anisotropic displacement parameters were 

introduced for all non-hydrogen atoms. The hydrogen atoms attached to carbon were placed at 

calculated positions and refined allowing them to ride on the parent carbon atom. The hydrogen atoms 10 

bound to nitrogen and the oxygen were constrained to the positions which were confirmed from the 

difference map and refined with the appropriate riding model. The experimental data are summarized 

in Table S1. The powder X-day diffraction measurements were carried out on polycrystalline and/or 

glass samples. The XRD patterns were obtained using a Rigaku MiniFlex powder diffraction system, 

equipped with a horizontal goniometer in the θ/2-θ mode. The X-ray source was nickel-filtered K-α 15 

emission of copper (1.54056 Å). Samples were packed into an aluminium holder using a back-fill 

procedure and will be scanned over the range of 50 to 6 degrees 2-θ, at a scan rate of 0.5 degrees 2-

θ/min. Using a data acquisition rate of 1 point per second, the scanning parameters equate to a step size 

of 0.0084 degrees 2-θ. Calibration of each powder pattern will be effected using the characteristic 

scattering peaks of aluminium at 44.738 and 38.472 degrees 2-θ. 20 

HPLC-MS/MS measurements were made using TSQ 7000 instrument (Thermo Electron Corporation). 

Two mobile phase compositions were used: (A) 0.1 % v/v aqueous HCOOH and (B) 0.1 % v/v 

HCOOH in CH3CN. Electrospray ionization (ESI) mass spectrometry. A triple quadruple mass 

spectrometer (TSQ 7000 Thermo Electron, Dreieich, Germany) equipped with an ESI 2 source was 

used and operated at the following conditions: capillary temperature 180oC; sheath gas 60 psi, corona 25 
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4.5 μA and spray voltage 4.5 kV. Sample was dissolved in acetonitrile (1 mg ml–1) and was injected in 

the ion source by an auto sampler (Surveyor) with a flow of pure acetonitrile (0.2 ml min–1). Data 

processing was performed by Excalibur 1.4 software. 

A standard LTQ Orbitrap XL instrument is used for the MALDI MS measurements, using the UV 

laser source at 337 nm. An overall mass range of m/z 100–1000 is scanned simultaneously in the 5 

Orbitrap analyser. The samples are measures in solid state, using a variant of the spray technique of 

solution, containing the matrix and analyte compound. The solution of thus, obtained thin liquid films 

is fast evaporated to formation of the sample of matrix/matrix/analyte. The habitus of the crystals 

depends strongly of the crystallographic space system. Under these conditions however the obtained 

polycrystalline samples are characterized with the relatively small crystal size, increasing the quality of 10 

the obtained spectra. The technique is also compared with the known solid-sample matrix techniques 

such as dried droplet, method of the crushed crystal, and over layered and sandwich method. The laser 

energy values are within 11.2–15.2 J. The numbers of averaged laser shots lies within 11–103, the 

MALDI flow rate values are within 25.2–23.2; the acquisition time is within 28.3–125.3 min, the 

corresponding elapsed scan time range lies within 20.1 – 3.77 s, respectively.  15 

The diffuse-reflectance spectra were measured on a PerkinElmer Lambda 750 in reflectance mode. 

The reflection spectra were automatically converted to absorbance spectra using Kubelka-Munk 

theory. The UV–VIS–NIR spectra between 190 and 1190 nm, using solvent acetonitrile (Uvasol, 

Merck product) at a concentration of 2.5.10-5 M in 0.921 cm quartz cells were recorded on Tecan 

Safire Absorbance/Fluorescence XFluor 4 V 4.40 spectrophotometer.  20 

 Sample preparation for the MALDI-MS measurements 

The natural alkaloid (I) is obtained according [2]. The matrixes were obtained, using the above 

preparation methods. For each of the obtained solid-samples for MALDI measurements, the 

crystallographic data, including the space groups and systems are compared using the powder X-ray 
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diffraction methods. This experiment is performed with a view to avoid formation of the polymorphs 

of the crystals (1)-(4) during the different matrix/matrix-analyte sample preparation techniques as well 

as controlling the obtaining of the salts with the natural alkaloids [4 in the main text]. As standard 

solvent for sample solutions, a mixture of methanol/water (1:1, v/v) was used. The MALDI 

measurements of the different protonated forms of (I) in the matrixes in the samples, according the 5 

corresponding techniques are compared with the analysis of (I), using the standard dried droplet 

method in 2,5-dihydroxzbenzoic acid (DHB), labeled as (I)-(Sd), respectively.  

The dried droplet preparations were performed, using the 1mol/l concentration of the of matrix 

solution plus and analyte solutions (10-4-10-3 M), both dissolved in methanol/water (1:1, v/v) solvent 

mixtures. The obtained solutions were mixed on the MALDI target and dried by a gentle flow of air. 10 

The same analyte solutions were used for ESI-MS measurements, using however the 

acetonirile:methanol solvent mixtures 1:1. The corresponding samples, obtained by this techniques are 

labeled as (I)-(ia), where i = (1)-(4), respectively. Under these conditions the powder X-ray diffraction 

method shows the formation of the crystals of the matrixes in large amounts as well as the crystals of 

the salts of the natural alkaloids. The aggregations of the crystals (crystal sizes > 5 m), were observed 15 

around the edge of the drop, thus leading to the inhomogeneous and irregular (random) distribution of 

the crystals on MALDI target. 

The samples, using the crushed crystal method were prepared according the following procedure. 

The preconcentrated solutions of the matrixes, obtained in solvent mixtures methanol:water under 

heating at 70oC and reflux are cooled on air up to the r.t. thus prepared samples are slow evaporated in 20 

the presence of the nujol (Merck) with high viscosity (Fig. 1). The obtained crystals under the vacuum 

evaporation of the system, leads to formation of the single crystals with a relatively high crystal size 

(ca. up to 0.20 x 0.12 x 0.14 mm). It is important to note that under these conditions is avoided the 

formation of the crystal aggregates, allowing the application of the further fast evaporation technique 
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under the sandwich methods for deposition of the analyte on the matrix crystal surfaces. In this 

procedure, de facto the obtained data are comparable with those, using the dried droplet method in the 

presence of the DHB as matrix, since the neutral analytes are obtained. The corresponding samples are 

labeled as (I)-(ib), where i = (1)-(4), respectively  

The electrospray method, consists of the electro spraying of the sample-analyte concentrated mixtures 5 

in solvent mixtures methanol:water 1:1 at the ratio 104:1 matrix to analyte of the natural alkaloids from 

a high voltage of 3.1 kV, by the stainless-steel capillary onto a grounded standard metal plates 

advanced rubbing in one direction with the sand paper resulting to a channels with a diameter ca. 0.5 

m. Details are shown in [2]. This modification of the known technique [3] allows crystallization of 

the matrix/matrix-analyte crystals in one direction consisting with the main crystallographic axes (Fig. 10 

S1), characterizing with a relatively small crystal size, under the aggregate dimensions of 1 m (ca. 

0.3–0.9 m). Similar to the samples (I)-(ia), the powder X-ray diffraction data show a formation of the 

polycrystalline samples of the matrixes and the crystals of salts of the natural alkaloids (Scheme 1), 

labeled as (I)-(ic), respectively (i = 1 – 4).          

It must taking into account that the pH values of the obtained matrix/analyte solutions in the dried 15 

droplet and the electrospray method could be change slightly during evaporation of the solvent, as a 

result of the strong acid in character of squaric acid, usually resulting to the full protonation process 

and cations formation with the N-alkyl and Npy-centres of organic compounds. A quantitative measure 

for the reliability of the peak assignments was expressed by the absolute deviation of measured and 

calculated monoisotopic mass values. Direct integration approach depending of the MS method by a 20 

variation of the linear, and quadratic functions are tested, sowing the preference to the non-linear 

extrapolation. The highest r2 values within 0.89723–0.9321 are found at the higher concentrations, 

using ESI-MS method. The corresponding MLR and ANOVA data from the MALDI MSI method are 
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shown in Tables S4 and S5. The integration is performed in the continuous term of the dependences of 

the relative and absolute abundance.     

Computational methods  

Quantum chemistry 

Quantum chemical calculations are performed with GAUSSIAN 09W and Dalton 2.0 program 5 

packages [4]. The geometries of isolated species were optimized, employing B3LYP method, Backe’s 

three-parameter non-local exchange function with the correlation function of Lee, Yang and Parr, 

CAM-B3LYP and M06-2X, respectively. Molecular geometries were fully optimized by the force 

gradient method using Bernys’ algorithm, using 6-31+G(d,p). For every structure the stationary points 

found on the molecule potential energy hyper surfaces were characterized using standard analytical 10 

harmonic vibrational analysis. The UV spectra in methanol were predicted, using the experimental 

geometries by the crystallographic experiment, by TDDFT method, utilizing primarily the polarizable 

continuum model (PCM). The calculations are utilized by large "correlation consistent" basis sets aug-

cc-pVDZ and aug-cc-pVTZ [4].  

Chemometrics 15 

The experimental and theoretical spectroscopic patterns were processed by R4Cal OpenOffice 

STATISTICs for Windows 7 [5] program package. Baseline corrections and curve-fitting procedures 

were applied. The baseline was calculated using the standard linear equation. The curve-fitting 

nonlinear procedure was applied. In the case of the Levenberg-Marquardt method, the merit equation 

used is χ2 the equation. The final solution is found when a minimum in the reduced χ2 equation is 20 

reached. It is a statistical measure of "goodness-of-fit", inversely proportional to the known variance of 

the data set. The statistical significance of each regression coefficient was checked by the use of t-test 

(calculation of the number of significance using data from the experimental error, usually higher than 

0.100). The model fit was determined by F-test. The obtained dependences from the primary ionization 
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MALDI mechanism during the laser pulses ionization are evaluated by the fast Fourier Transform 

(FFT) method [5]. 

The Fourier methods appear especially informative to evaluate and analyses the non-linearity of the 

MALDI MS experiments. Nevertheless the Fourier analysis is suited for the liner systems, all 

experimental systems however are somewhat non-linear such as laser sources, describing as working 5 

in heterodyning regime, i.e. by the Fourier analysis is possible to reorganized the artifacts of the non-

linear responses.  

Levenberg-Marquardt method, provide a numerical solutions in the case of problematic minimizations 

of the non-linear or least-square curve-fitting functions over the space of the parameters of the 

function. It is important to note that the method find only the local minimum, which is nit obligatory 10 

coincide with the global minimum. The application of the is in the least squares curve fitting problem: 

given a set of n-empirical datum pairs of independent and dependent variables, (xi, yi), optimize the 

parameters β of the model curve f(x,β) so that the sum of the squares of the deviations becomes 

minimal: 





n

i
ii xfyS

1

22 )],([)(   15 

The method is an iterative procedure, where to start the minimization has to provide an initial guess for 

the parameter vector . In cases with only one minimum, an uninformed standard guess will work fine. 

In the cases of the  in cases with series of minima, the algorithm converges only if the initial guess is 

already somewhat close to the final solution. In each iteration step, the parameter vector,  is replaced 

by a new estimate . To determine , small deviation, the functions f(xi, ) are approximated by 20 

their linearization where: 


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The Ji is the row-vector in this case of f with respect to . 
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An example of the algorithm could be shown, using the absolute intensity versus the scan number in 

the MALDI-MSI method. The best fitting is obtained (red solid-line, using the 2000 iterations. The 2 

of 1.10-4 is obtained (Fig. S2).  

The perform Multiple Linear Regression (MLR) analysis (Tables S4 and S5), highlighted the 

independent variable columns of data sets. The obtained value t-values for testing if the parameter 5 

equals zero, where t = the parameter estimate/standard error of the estimate; p-value: A partial F-test is 

computed for each of the independent variables still in the equation. F statistic = [RSS2–RSS1]/ESD2 

,where RSS1 = the residual sum of squares with all variables that are presently in the equation; RSS2 = 

the residual sum of squares with one of the variables removed, and ESD1 = the Mean Square for Error 

with all variables. The Analysis of Variance (ANOVA) for MLR, includes Levene's test and the 10 

Brown-Forsythe test for equal variance. It is preformed to test whether or not two or more populations 

have the same mean. The main analysis is based on the assumption that the data sets follow a normal 

distribution with constant variance. The null hypothesis is that the means of all selected data sets are 

equal. The alternative hypothesis is that the means of one or more selected data sets are different. The 

basic equations are SST=SSM+SSE, where SS is notation for sum of squares and T, M, and E are 15 

notation for total, model, and error, respectively. The square of the sample correlation is equal to the 

ratio of the model sum of squares to the total sum of squares: r2=SSM/SST. The interpretation of r2 is 

to explain the fraction of variability in the data explained by the regression model. 

  20 
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