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1. Introduction 

"Logic is the beginning of all wisdom, not the end” Spock 

 

The present work is dedicated to the hard working men and women, whose outstanding 

ideas, experiments and findings fueled the development of Science, Technology and the modem 

way of living; sharing knowledge and discoveries for the greater good of our species.  

Laboratory work has been a life changing experience for me, over the years I tried to 

shed bad habits, and concentrate of positive thinking, because Preparative Organic Chemistry is 

never as easy as one may expect. Sometimes it takes months of rigorous work just to isolate a 

desired compound, and sometimes only one out of a hundred experiments will yield what you 

desire, but the overwhelming joy of isolating a new compound makes it a unique experience.  

Our work addresses three main subjects: synthesis and characterization of beta-carboline 

alkaloids, ferrocene containing heterocycles and C2 chiral phenothiazinyl-salen complexes. We 

have chosen these topics to address issues, which need improvement; we perfected reactions, 

yielded new compounds with possible pharmaceutical applications, which may be feasible to 

produce and to use in anticancer treatment or chemotherapy. 

The thesis is divided in a literature review part, and an original contributions part, that 

contains result, and discussion on our work, and an experimental report of our findings.  



2. Literature review  

2.1 Recent studies of pharmacologically active phenothiazine compounds 

The chemistry of phenothiazine1 has a long tradition in our group and in the Department 

of Organic Chemistry at Babeș-Bolyai University, it was proven to be a molecule of great 

industrial and pharmaceutical value since its discovery. A well-known phenothiazine derivative, 

methylene blue2 is a widely used antiseptic and colorant, and has been used for a variety of 

applications over the course of the 19th and 20th century; it is an important dye, used to this day 

in histology (i.e. staining of several types of cells) it has been proven to possess antimalarial3 

effects as well, it has redox capabilities and is a decent antiseptic. In the 1950’s phenothiazine 

derivatives4 literally emptied the clinics, revolutionizing psychiatric treatment. Phenothiazines 

are the oldest group of synthetic antipsychotic drugs; they do not have precursors among natural 

compounds. 

Recent literature suggests that phenothiazine derivatives could play an important role in 

future development of relatively cheap and effective pharmaceuticals for various applications. 

Aftab5 and coworkers have explored the structure-activity relationships of several known 

phenothiazine related drugs for the inhibition of protein kinase C, and have found, that trifluoro- 

substitution on the second carbon on the phenothiazine nucleus has decreased activity of the 

derivative  and it was dramatically increased if a quinoid structure was added to the nucleus. If 

an alkyl bridge of at least tree carbons connect the terminal amine to the nucleus is essential for 

activity. The most active side chains have proven to be primary amines and unsubstituted 

piperazines (Figure 1,Figure 1).   

Figure 1 General structure and numbering of phenothiazine compounds 



2.2 ββββ-carboline alkaloids 

The oldest use of β-carboline alkaloids, more specifically harmala alkaloids was by 

Amazonian shamans, the drugs were derived from indigenous plants6 (i.e. Banisteriopsis caapi), 

and used in rituals for cleansing the body and the soul.  

2.2.1 General structure and a few examples of important ββββ-carbolines 

Table 1 Some important β-carbolines are presented below 
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3. Original Contributions 

3.1 Perfecting the Pictet-Spengler reaction 

In our work we undertook a comparative evaluation of four methods (Methods A-D) 

employing aromatic aldehydes as substrates and acetic acid as solvent at reflux temperature (120 
oC) in search for more expedient protocols of high efficiency associated with satisfactory yields, 

reasonable reaction time and facile workup process establishing easy access to representative 1-

aryl-β-carbolines 3a-i (Scheme 1). Transformations 1 → 3a-i were first attempted by simple 

heating of the reactants in acetic acid for 2-3 hours (Method A:Table 2). When the reactions 

were conducted in the presence of TFA employed as catalyst no dramatic increase in the yields 

could be achieved (Method B:Table 2). 

 

Scheme 1 Synthesis of 2,3,4,9-tetrahydro-1H-pyrido[3, 4-b]indoles 

At this stage we resorted to the use boric acid suspended in acetic acid (Method C:Table 

2) which had been recognised as an efficient catalytic system promoting Biginelli reactions 7 that 

are related to Pictet-Spengler condensations.  

Since Method C proved to be slightly superior to Methods A and B, respectively, resulting in 

higher yields we attempted its improvement by MW irradiation of the reaction mixture (Method 

D). Under these conditions the reactions were completed in 30-60 minutes (Table 1). Prolonged 

irradiation and heating decreased the isolated yields. It is worth to note that the reaction of 2e 

performed by Method D afforded 3e in a relatively low yield (45%), although the 

transformations of other substrates with decreased electrophilic character including the highly 

sensitive 10-methyl-10H-phenothiazine-3-carbaldehydes (2g-i,Table 2) led to significantly 

higher yields of the targeted β-carbolines. On the other hand, successful transformations of 

chlorophenothiazines 2h,i could only be effected by Method D using MW irradiation, however, 

due to the formation of undefined decomposition products the reaction with 2-chloro derivative 

2h afforded 3h in low yield (10 %). 



Table 2 Yields and reaction times of the used methods (cf. Scheme 1-Error! Reference source 

not found.) 

Yield (%)/ Reaction time (min) 
Method 

Ar-CHO (2a-i) 

A(a) B(b) C(c) D(d)
 

Product 

4-nitro-benzaldehyde (2a) 62 120 76 60 96 120 69 30 3a 

4-chloro-benzaldehyde (2b) 79 120 73 60 75 60 74 30 3b 

1-naphtaldehyde (2c) 51 120 70 120 83 60 83 30 3c 

4-methoxybenzaldehyde (2d) 72 180 84 60 65 90 75 30 3d 

3,4-dimethoxybenzaldehyde (2e) 78 120 37 240 75 60 45 30 3e 

3-methylbenzaldehyde (2f) 70 180 40 240 74 80 69 30 3f 

10-methyl-10H-phenothiazine-3-

carbaldehyde (2g) 
52 360 69 240 83 300 95 30 3g 

2-chloro-10-methyl-10H-phenothiazine-3-

carbaldehyde (2h) 
      10 60 3h 

8-chloro-10-methyl-10H-phenothiazine-3-

carbaldehyde (2i) 
      48 60 3i 

2-formylbenzoic acid (2j)     82 1440 96 60. 4 

2-formyl-5-methyl-1H-indole-3-carboxylic 
acid (2k) 

      62 120 5 

3-formyl-1H-indole-4-carboxylic acid (2l)       55 120 6 

4-formyl-1H-pyrazole-5-carboxylic acid 
(2m) 

      79 120 7 

phtalaldehyde (2n)       50 60 8 
(a)acetic acid (2 mL), 120 oC, normal heating, (b) TFA (35 µL)/acetic acid (2 mL), 120 oC, normal heating, (c) boric 

acid (35 mg)/acetic acid (2 mL), 120 oC, conventional heating, (d) Boric acid (35 mg)/acetic acid (2 mL), 120 oC, 200 

W, MW (mono mode). 

 

 



3.2 2-Arylideneferroceno[e]cyclohexanones and related 3-aryl-3,3a,4,5-

tetrahydroferroceno [g]indazoles: synthesis, NMR-, DFT- and x-ray analysis  

Prompted advances in the literature review, we extended the frame of our research on 

compounds with condensed ferrocene unit of potential biological relevance we envisaged the 

synthesis and structural analysis of several 2-arylidene-3,4-dihydroferroceno[e]cyclohex-1-

enones (II a−−−−n,Scheme 2) and a few related 9errocene[g]in-dazoles (III a,g,h and IV a,Scheme 

2), the first representatives of a novel 9errocene9es-fused heterocyclic skeleton suitable to 

further functionalisations involving the thiocarbamoyl group in position 2. The novel chalcones 

and 9errocene[g]indazoles are expected to display appreciable activities in ongoing in vitro 

assays on tumorous cell lines and several microorganisms.  

General procedures  

3.2.1 Synthesis of novel chalcones and ferroceno[g]indazoles 

Chalcones II a−n were prepared by the condensation of ferrocenocyclohexenone I
8 in 

low to mediocre yields (27−62%). The reactions were conducted in ethanol in the presence of 

catalytic amount of potassium hydroxide (4%) at room temperature. Since ketone I was used in 

racemic form, II a-n were also obtained as racemic mixtures.  

 

Scheme 2 Novel chalcones and ferroceno[g]indazoles 

 

 



 

 

(E)-2-((10-methyl-10H-phenothiazin-3-yl)methylene)-3,4-dihydroferroceno[a]cyclo-hexane-

1(2H)-one (II m) 

Dark orange solid Yield: 0.387 g (27 %). Mp.: 104-107 °C;  IR (cm−1): 1651, 1571, 1461, 1402, 

1329, 1280, 1256, 1140, 1184, 1002, 812, 746, 494; 1H NMR (CDCl3): 7.66 (d, J=2.2 Hz, 1H, 

H8); 7.30 (br d, J=8.2 Hz, 1H, H2’); 7.28 (br s, 1H, H4’); 7.21 (ddd, J=8.2, 7.4 and 1.3 Hz, 1H, 

H8’); 7.17 (dd, J=7.4 and 1.3 Hz, 1H, H6’); 6.98 (t, J=7.4 Hz,, 1H, H7’); 6.86 (two overlapping 

d’s, J=8.2 Hz, 2H, H1’ and H9’); 4.94 (br s, 1H, H7); 4.58 (t, J=2.5 Hz,, 1H, H6); 4.52 (br s, 1H, 

H5); 4.27 (s, 5H, η5-C5H5); 3.43 (s, 3H, NCH3); 3.34 (ddd, J=15.0, 5.2 and 2.2 Hz, 1H, H4eq); 

3.12 (dddd, J=15.0, 11.7, 5.8 and 2.2 Hz, 1H, H3ax); 2.68 (ddd, J=14.8, 5.8 and 2.5 Hz, 1H, 

H4eq); 2.47 (ddd, J=14.8, 11.7 and 5.8 Hz, 1H, H4ax); 
13C NMR (CDCl3): 194.6 (C1); 146.2 

(C10a’); 145.6 (C9a’); 135.1 (C2); 134.2 (C8); 131.0 (C3’); 130.4 (C2’); 128.6 (C4’); 128.0 

(C8’); 127.7 (C6’); 123.7 (C4a’); 123.27 (C5a’); 123.23 (C7’); 114.7 (C1’); 114.3 (C9’); 92.6 

(C4a); 77.1 (C7a); 71.5 (C6); 70.8 (C5); 70.7 (η5-C5H5); 66.0 (C7); 27.9 (C3); 23.3 (C4): Anal. 

Calcd. for C28H23FeNOS (477.40): C: 70.44; H: 4.86; N, 2.93; S, 6.72; Found: C: 70.35; H: 4.90; 

N, 2.83; S, 6.75%. 



 

3.3 Synthesis of novel C2-chiral diphenothiazinyl- salen complexes and ligands 

 

(Sp)-2-hydroxy-1-phenothiazine chiral salene complexes have been prepared in good 

yields. The synthesis of the ligand was achieved from the condensation of 2,2'-[(1S,2S)-1,2-

diaminoethane-1,2-diyl]diphenol with 10- methyl -10-H- phenothiazine-3-carbaldehyde in 

chloroform at 50oC (Scheme 3). 

 

 

Scheme 3 Synthesis of the diphenothiazinlyl-salene ligand 

 

1H NMR confirmed the proposed structure (Figure 2), and all found peeks were correlated. 

 

 

Figure 2 1H NMR (500 MHz, DMSO-d6) spectra assigned to structure 

Having the 1H NMR spectra of the ligand and the palladium complex, we had another 

tool at a disposal to confirm the structural traits of the synthesized complex. 



 

 

 

Figure 3 Comparison of 1H NMR spectra of the ligand (blue) with the palladium complex (red) 

Comparing of the 1H NMR spectra in DMSO-d6 of the starting ligand and the palladium 

(II) complex it is important to note (Figure 3), the disappearance of the proton signal of the OH 

group at 13.21 ppm, the growth of the proton signal at 8.28 ppm (next to the carbon-nitrogen 

double bond), and peak 4.64 ppm of the ligand spectrum changed to 5.24 ppm in the product (the 

chiral protons), we may conclude, that palladium is chelated within our ligand. 



5. Overview, general conclusions 

Two novel phenothiazine carbaldehydes were synthesized and structurally confirmed (2-

chloro-10-methyl-10H-phenothiazine-3-carbaldehyde and 8-chloro-10-methyl-10H-phenothiazi-

ne-3-carbaldehyde), and literature methods, for known compounds were improved to save time, 

and money in the production of starting materials. 

We perfected the synthesis of aromatic 2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indoles, a 

field that is a hot topic in current synthetic research; found innovative methods of purification for 

compounds usually requiring expensive, time and money consuming liquid chromatography. Our 

simple method yields compounds of analytical purity, employs easy to obtain, relatively 

inexpensive and safe materials; catalysts and solvents may be reused if required, and the use of 

microwave reactors has proven to be of great synthetic value. 

By extending the groups of aryl aldehydes and hydrazine reagents the reported syntheses 

of the ferrocene-fused chalcones and ferroceno[g]indazoles, the first representatives of a 

heterocyclic ring system might open up ways to valuable libraries of novel metallocene 

derivatives of potential biological interest. (Note: the use of roman numerals for ferrocene 

compounds eased the administration of the large number of compounds synthesized).Moreover, 

employing a single enantiomer of ketone I as precursor, the racemic compounds described in this 

contribution may become accessible in optically active forms with known relative  and 

consequently – absolute configurations. The elaboration of more efficient conditions and 

separation methods for the thiosemicarbazide-mediated cyclisations and related reactions of the 

chalcones type II of decreased reactivity is in progress.  

Recent literature review of phenothiazine pharmacophores suggested, that there is no 

compound in this class that was effectively used in cancer therapy by itself, not only aiding, or 

facilitating the effects of other drugs, that should target cancer DNA.  

Our mission is to fill this void, with a new concept, a class of compounds, and the newly 

synthesized molecule acts as a tetradentate ligand; it coordinated with metal ions with two Schiff 

base nitrogens and phenolic oxygen atom by deprotonation. The bonding of ligand to metal ion 

was confirmed by spectroscopic investigation. X-ray diffraction and anticancer studies are under 

way for all synthesized compounds; the palladium complex looks promising in cytotoxicity tests. 

Taking control in the synthesis of a chiral ligand is never an easy job, and the lessons 

learned here will fuel our enthusiasm for further development of novel multidentate ligands, that 



may be used as catalysts or anticancer drugs. Our future goals consist of building new platinum 

and other d element complexes of the chiral amine, and therapeutical evaluation of both classes 

of compounds. 

We managed to synthesize and structurally confirm several novel compounds, contribute 

to the chemistry of phenothiazine and ferrocene, publish two articles in the field (a third article is 

under way), and find possible anticancer drug candidates. A total of 52 compounds were 

synthesized, out of which 8 were primary materials, 17 were already known and 36 are new. 
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