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Abstract: Since the num ber of people w ith  A lzheim er's disease (AD) continues to rise, new  and  

effective drugs are urgently needed to not only slow dow n the progression of the disease, but to stop 

or even prevent its developm ent. Serotonin 5-HT6 receptor (5-HT6R) ligands are still a prom ising  

therapeutic target for the treatm ent of AD. 1,3,5-Triazine derivatives, as novel structures lacking an 

indole or a sulfone moiety, have proven to be potent ligands for this receptor. In present w ork, new  

derivatives of the com pound MST4 (4-((2-isopropyl-5-methylphenoxy)methyl)-6-(4-methylpiperazin- 

1-yl)-1,3,5-triazin-2-am ine), the potent 5-H T6R antagonist (Ki = 11 nM ) w ith  prom ising ADM ET  

and in vivo properties, w ere designed. The synthesized com pounds w ere tested for their affinity 

tow ards 5-HT6R and other receptor (off)targets (serotonin 5-HT2A, 5-H T7 and dopam ine D2). Based  

on the new  results, 4-(2-tert-butylphenoxy)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (3) w as  

selected for extended in vitro studies as a potent and selective 5-H T6R ligand (Ki = 13 nM ). Its 

ability to perm eate the blood-brain barrier (BBB) and its hepatotoxicity w ere evaluated. In addition, 

X -ray crystallography and solubility studies w ere also perform ed. The results obtained confirm that 

6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine derivatives, especially com pound 3, are prom ising  

structures for further pharm acological studies as 5-HT6R ligands.

Keywords: serotonin 5-HT6 receptor; 5-H T6R ligands; 1,3,5-triazine derivatives; solubility; crys­

tal structure

1. Introduction

A lzheim er's disease (AD) is a progressive, neurodegenerative disorder w ith a complex 
etiology. It is currently estimated that the num ber of people with the disease in Europe will 
double by 2050 compared to today [1]. The largest increase is expected in poor and middle- 
incom e countries. The average tim e from the onset of the disease, w hich is not noticeable, 
through the onset of cognitive im pairm ent to dementia is between 15 and 25 years. AD most 
often affects people over 65 years of age and depends on genetic predisposition (60-80% ). 
Moreover, w om en are more likely to develop this disease than men. The search for effective 
drugs for AD is not easy. There are currently three acetylcholinesterase inhibitors (donepezil, 
rivastigm ine and galantam ine) and one N M D A  antagonist (m em antine) in therapeutic 
use. M em antine w as, for 18 years (from  2003), the last new  chem ical drug registered for 
the treatm ent of this disease [2] . Q uite recently, in 2021, the FD A  approved, through a 
fast-track approval pathw ay and despite doubts about its efficacy, a new  biological drug 
to fight A D — aducanum ab (Aduhelm ®), w hich  is a m onoclonal antibody [3 ]. It is the 
first drug to slow  the progression of the disease by  acting on beta-am yloid  deposits. The 
deposition of beta-am yloid plaques is one of the characteristic features of AD. The plaques
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play a role in dam aging nerve cells and causing other undesirable changes in  the brain. 
A ducanum ab is registered for patients 'with an early d iagnosis of A D  (m ild cognitive 
im pairm ent and mild dementia) [4]. In addition to the search for new drugs, other forms of 
adm inistration are being sought to facilitate their use w hile lim iting gastrointestinal side 
effects, such as donepezil transderm al patches (Adlarity®) delivering 5 or 10 m g/day of 
the drug for seven days, approved in  M arch of this year by  the FD A  (14 M arch 2022) [5 ]. 
A lthough the variety of drugs on the m arket for the treatm ent of AD  is sm all, the num ber 
of compounds reaching clinical trials is still high. M ore recently, Cum m ing et al. conducted 
an analysis of clinical trials registered on the w ebsite https://clin icaltrials.gov that w ere 
ongoing in January of this year (as of 25 January 2022) in the United States, where the target 
w as A D  therapy [6 ] . In  the investigated tim e, 143 agents w ere involved in 172 clinical 
trials belonging to four groups: m em ory enhancers, biological disease m odifiers, sm all- 
m olecule d isease-m odifying com pounds and com pounds treating neuropsychiatric and 
behavioral sym ptom s. M ost of the tested com pounds w ere in phase II clinical trials 
and w ere classified as disease-m odifying substances (83.2% ). This ongoing w ork creates 
opportunities to bring new  therapeutic agents to the m arket in the future. Currently, the 
rational design of such com pounds based on m olecular m odelling plays an  im portant 
role in obtaining new  therapeutic products. Furtherm ore, the use of d isease biom arkers 
facilitates diagnosis and is helpful in  assessing the course o f the disease. Interestingly, 
serotonin 5-HT6 receptor (5-HT6 R) antagonists, i.e., idalopirdine, intepirdine or latrepirdine 
(Figure 1), w ere en  interesting group o l com pounds investigated for potential use in the 
treatm ent of AD. These compounds reached phase III of clinical trials. However, the studies 
did noi: show a positive effect of the tested compounds on cognition w hen used as adjuncts 
to hholinesjerase inhibitors [7] . A lthough these trials have not been  successful, 5-HT6 R, 
w ith  it i  m any prom ising preclinical studies, continues to be a hopeful therapeutic target 
for the treatm ent of neurodegenerative d iseasesa M ueh resoarch is being peeform ed now  
to find ncw  p otent ligands and io ihudy the role of thic receptor in the developm ent and 
progression of diseases [7- 9 ] ,

Figure 1. Structure and 5-HTg receptor affinity of compconds that reached phase III. Datei from [8].

5-HT6R is found alm ost exclusively in the central nervous system, where it particularly 
moderates GABA and glutamate levels end facilitates the release o l neurolransm itters such 
ar dopam ine, norepinephrine and acetylcholine, all of w hich are com prom ised in AD. 
A  recent in vitro (postm ortem ) study using the PET radiotracer [18F]2FN Q 1P show ed a 
decrease in 5-H T6R density in AD  patients in the caudate nucleus, a region norm ally rich 
in  this receptor [10]. Furtherm ore, a system atic analysis of anim al and hum an studies by  
C orey  and Q uednow  on the role of serotonin in declarative m em ory show ed that there 
is a m arked decrease in serotonin in the brain  and that 5-H T 1AR antagonists, 5-H T4R 
agonists and 5-HT6R antagonists m ay be helpful in im proving this m em ory [11]. O ver the 
past several years, our research group has been  involved in  the search for new  5-H T6R

https://clinicaltrials.gov


ligands am ong 1,3,5-triazine derivatives [12-1 8 ] . Such derivatives represent an original 
chem ical group, lacking sulfonic and/or indole; m oieties, w hich are characteristic elements 
of the m ajority of 5-H T6R ligands [8]i As a result of our previous w ork, we have described 
m any promising compounds; among them  was MST4, a compound w ith a high affinity for 
5-HT6R, prom ising AD M ET iabsorption, distribution, m etabolism , excretion, and toxicity;) 
properties and in vivo pao-cognitive activity  (Figure 8) [16]. In  the present study, this 
com poundw as chostn  as alte lead struci ture, and the m odificttions were designed as ehown 
ini Figure 2 . The synthesized com pounds w ere evhluated in vitro for reaeptor affinity, cell 
m em brane permeebility, and hepctotoxicity. In addition, the m ost promising m olecule was 
transform ed into different salts to check its 5-H TrR «affinity, s olubility and crys tallographic 
structure.

2. Results and Discussion
2.1. Synthesis of Compounds

Esters (reaction a; Schem e 1) w ere prepared and purified as previously described 
by  A li e t al. [15]. The exart mynthetic process and physicochem ical data for the selected
esters are presented in the Supplem entary M aterial S1. Unfortunately, under these reaction
conditions, w e could n ot obtain esters via O -alkylation of various substituted p h e m ls (2- 
isopropyl, 2-isopropyl-5-m ethya and 3-m ethyl) w itn m ethyl 3-btom opropionaee. TR1 w as
obtained through the condensation of p iperazine dihydrochforide w ith  cyanoguanidine
(reaction b ; Schem e 1) [19]. N ext, the obtained esters w ere cyelized w ith  TR-1 (reaction
c; Schem e 1). Equim olar am ounis o f reagents w ere taken for this rerciion , and it w as
carried out in an alka[inh m edium  of sodium  m ethanolate. The course of foe reaction wea
controlled via thin layer chromatography. The °n a l products were obtrined as free bases or
carried out as nydrochlorides. The purity arid identity of the com pounds 'were confirm ed
using apectral rnalysis (1ri N M R, 13C N M R, and LC/M S) (Supplem entary M aterinl S2).

Figure 2. Design of novel compounds based on promising lead compound MST4.
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Scheme 1. Sjtntìietìc way <o:f designed compounds 1-25. (a) Synthesisof esters la-25a; 2b) Synthcsie of 
TR I; (c) Synthesis oy final triazines 1-25. Reegsnts amd conditions: (fi K2CO3 , acetone or acetonitrile, 
raflux 12-2 4h; (ili) Cs2CO3 , eic«̂  to3:ri<2  ̂ :r<e:flu>c 12-24 h; (in) butanol, temperatone gradually increysed 
feom 50 to 90 °C during 1 Id, 12-24 h reflux; (iv) CH3O5  (freshly prepared), rosom temp 12—48 h or 
reflux H5-30 la.

32 .  Pharmacology
2.2.1. In Vitro Affinity for 5-HTé R etey tor

The aifinity olf com y ounds (1-25 ) for 5-HTéR was evafoatec! in the radioligand binding 
assay in H EK 223 cells stably expressing hum en 5-H T öR . [3H ]-LSD  a s a radioligand w as 
used [12]. All com pounds show ed affinity for 5-HTgR, Ititi: the strength of ehe interaction 
w ith  this receptor depended on the aype of substituent ln ehe phenyl ringi the type of 
subslitufion (m ono- or di-) and the len jjth  o i the linker betw een the triazine ring and ehe 
phenyl substituent. All results ere collected in Tables 1-3 .

Aable 1. Structures and biological activity of tested compounds 1-7 (series 1)

Kj [nM]

Compound

MST4

1 a

2

R n

1

1

1

5-HT6R

11  a

207 a 

21

5-HT2AR

430 a

2274 a 

1267

5-HT7R

11,950 a

10,660 a 

16,2(50

D2R

10941 a

740 a 

n tb



Table 1. Cont.

1 iested experimentaUy in the radioligand binding assay; binding affinity, KS, expressed as the average of at 
least two independent experiments. Used radioligands: [3H]-LSD (5-HT6R), [3H]-ketanserin (5 -HT2aR), [3H]-5-CT 
(5-HT7R) fed [3H]-raclopride a deta from Ali et al. [15]; b nt: not tested; c data from Kucwaj-Brysz et al. [8 ].

Table 2. Strustures and bśological activity of tested compounds 8-1n (series 2!) 1.

Kj [nM]

RCompound

3

4

5

6 

7

Reference
ligands

n

1

1

1

1

1

5-HT6R

13

41

108

416

150

Ola nzapine 
7 a

5-H T2AR

2183

2613

3112

248

549

Aripiprazole 
21  c

5-HT7R

6336

5726

15,460

10̂ 1:30

4138

Clozapine 
62 a

D2R

1616

1790 

n tb 

nt b

3134

Olanzapine
9 a

T  [nM]

Compound

MST4

8

9

10

R n

1

1

1

1

5-HT6R

11 5

6

48

236

5-HT2AR

430a

1 245

1 933 

n tb

5-HT 7 T

11,950 a

15 ,05)0

10 ,920 

16,570

D2R

1094 a

1570

2295 

n tb



Table 2. Coni:.

Tested experimentally m the radioligand binding assay m human cells stably transfected with a proper receptor; 
binding affinity, Kn expressed as the average of at least two independent experiments. Used radioligands: [3H]- 
LSD (5HT6R), [3H]-ketanserin (5HT2aR), [3H]-5-CT (%HT7R) and [3H]-radopride (Ô t̂ ),;a data from Ali et al. [15]; 
b nt: not tested.

Table 3. Structures and biological activity of tested compounds 14-25 (series 3) .

Kj [nM]

Compound

11

12

13

R n

1

1

1

5-HT6R

825

379

162

5-HT2AR

7799

n tb

760

5-HT7R

33,580

8085 

8475

D2R

n tb

n tb 

2743

Kj [nM]

RCompound

MST4

14

15

16

17

18

19

n

1

3

3

3

3

3

4

5-HT6R

11 a

4 1 2

221

1107

1455

574

142

5-HT2AR

430 a

1695

489

1169

3846

1445

687

5-HT 7R

511,950 a

6660

8870

5 125 

250,250 

14,880

638

D2R

1094 21

1592

2-429

2704

,2600

1760

319 8



Table 3. Coni.

1 Tested experimentally in the radioligand binding assay in human cells stably transfected with a proper receptor; 
binding affinity, Kj, expressed as the average of at least two independent experiments. Used radioligands: [3H]-LSD 
(5-HT6R), [3H]-ketanserin (5-HT2AR), [3H]-5-CT (5-HT7R) and [3H]-raclopride (D2R); a data from Ali et al. 115].

First (series 1), m od ifkation s w ere carried out in  the MST4 m olecule involving the 
removal of an isopropyl group from position-2 (compound 1) and, conversely, the; removal 
of the m ethyl group from  position-5 (com pound 2). These m odifications show ed that the 
substituent at position-2w as im portant, as removal of a 2(sop ropyl substituent resulted in a 
19-fold decrease in affinity for 5-H T 6 R compared to MST4 (K  = 207 nM por 1 vs. K  = 1 t nM 
for MST4). In contrast, removal of the methyl group from position-5 (compound 2) resulted 
in  only a 2-fold  decrease in activity  (K i = 121 nM ). O n the other hand, reptacing the 2- 
isopropyl substituent w ith  the 2-ferf-butyl su bstitu rnt led to com pound 3, w hich  had 
com parable activity  te  MST4 (K i  = 13 nM  for 3 v s  O  = to  nM  for MST4). Furtherm ore, 
changing the position in the phenyl ring of both the (sopropyl and (he fo t-b utyl substituents 
from  position-2 to posieions-3 or -4 generally resulted in a decrense in activity Icom pare 2 
vs. 4 vs. 6 and 3 v-. 5 vs. 7). C om pounds 6 and 7 w ith  substituents in  posi-ion-4 Uad the 
low est affinity (K i  = 416 nM  and K i  =150 nM , respectively) in this series.

In series 2, disub-titisOed com pounds such as MST4 (8- 13; Table 2 ) weve obtained, 
w hich had one or two fert-butyl substituents in the phenyl ring (except compound 11 with
2.6-d i-isopropyl groups). C om pound 11 w as the leasf active in  this series (K i  = 18215 nM ), 
and its affinity at 5-HT^IP w as alm ost two times w eaker than an analogue com pound with
2.6-di-ferf-butyl substituents icompound 12: K i  = 3f9  nM). Among compounds 8- 1 0, where 
the m ethyl substituent at position-5 (a d i r e )  analogue of MST 4) w as shifted to another 
position (4 or 6), the affimty for 5-H T 6 R decreased in the order op the position of tire methyl 
substituent: 5 (wompound I0) > 4 (com pound 9f > 6 (com pound 10) w ith K i  values o1 6 nM 
vs. 48 nM  vs. 236 nM , respectieely. Com pound i ,  the direct analogue of MST4, proved to 
be the m ost po)ent 5-H T 6 R agent in that series ns w ell as am ong all iasig n ed  com pounds.

Ki [nM]

Com pound 

2 0

21

2 2

23

24

25

R n

4

4

5

5

5

6

5-HT6R

43

559

282

189

644

78

5-HT2AR

677

952

709

597

854

364

5-HT7R

665

6254

771

3431

1886

1031

D2R

5689

(512

837

196

-4861

149



The introduction of the second substituent in position - 6  had negative influence on 
5-H T6 R affinity, and the increased volum e of this substituent (from a methyl to a tert-butyl) 
decreased affinity; com pare 10 (6 -m ethyl; K i = 236 nM) vs. 12 (6 -tert-butyl; K i = 379 nM).

In series 3, the influence on elongation of the carbon chain  (from  tw o to six) w as 
investigated (Table 3 ). A  variable im pact of this effect on activity w as observed. A n even 
num ber of carbon atom s seem s to be m ore favorable than an odd num ber. The hexyl 
derivative (com pound 25), w ith  a Ki of 78 nM , had the h ighest affinity in this series. In 
the group of 2-isopropyl-5-m ethylphenyl derivatives (com pounds 14, 19, 22 and 25), the 
affinity depending on the num ber of carbon atom s in  the linker is arranged as follow s: 
6  > 4 > 5 > 3 atom s. Sim ilarly, in the group of 2-isopropylphenyl (com pounds 15, 20 and 
23) and 3-m ethylphenyl (com pounds 17, 21 and 24) derivatives, the affinity increase w as 
observed in the order 4 > 5 > 3 linkers.

2.2.2. In Vitro Affinity at O ther Tested Receptors

A ffinity  for serotonin 5-H T2A, 5-H T 7  and dopam ine D 2  receptors (D 2 R) as protein 
off-targets w as evaluated in the radioligand binding assays. In CHO-K1 cells, it w as stably 
expressed hum an 5-H T2AR , w hereas hum an 5-H T 7 R  and D 2 R  w ere stably expressed in 
H EK 293 cells [12]. M ost com pounds show ed a m uch w eaker affinity for other receptors 
than for 5-H T 6R, especially for 5-H T7 R. A particularly w eak affinity tow ards this receptor 
was shown through compounds of series 1 (compounds 1-7) and series 2 (compounds 8-13). 
A m ong series 3 (com pounds 14-25), there w ere com pounds that show ed subm icrom olar 
affinity for this receptor (i.e., com pound 19: Ki = 638 nM; com pound 20: Ki = 665 nM ; and 
com pound 22: Ki = 771 nM ). W ith regards to the affinity for 5 -H T 2a R , am ong the tested 
compounds, there were some that showed good affinity for this receptor w ith Ki < 1000 nM. 
The largest num ber of such derivatives w as in series 3 (i.e., com pounds 1 5 ,1 9 -2 5 ). There 
w ere also com pounds w ith  a good affinity for this receptor w ith  Ki <  500 nM , such as 
com pound 6 (Ki = 248 nM ), com pound 15 (Ki = 489 nM ) and com pound 25 (Ki = 364 nM).

Concerning the affinity for D2 R, compounds of series 3 also showed the highest affinity 
(com pounds: 16, 21-25), including com pound 23, w here the potency of the interaction 
w ith 5-H T 6 R w as com parable to that w ith D 2 R: K i = 196 nM  vs. 5-H T 6R: K i = 189 nM . To 
sum  up, carbon-chain elongation, although having a variable effect on affinity for 5-HT6R, 
definitively causes a decrease in selectivity.

2.3. Additional Studies for Compound 3
2.3.1. Perm eability of Com pound 3

The PAMPA assay w as used to test the ability of compound 3 to cross the blood-brain  
barrier (BBB). This test is a very popular method for assessing BBB penetration via passive 
transport. Caffeine w as used as the high-perm eable com pound, and results from previous 
studies [16] for M S T 4  w ere added for com parison. All results are sum m arized in Table 4 , 
and they show  that com pound 3 has the ability to passively penetrate through biological 
m em branes w ith  Pe of 4 .7  x  10- 6 cm /s. A lthough this value is low er than for caffeine 
(CFN) (study a: Pe = 9.8 x  10- 6 cm /s), it is still high. An earlier study for M ST 4 (study b) 
showed that this com pound dem onstrated high perm eability with Pe of 12.3 x  10- 6 cm/s. 
The penetration value in that study (study b) for CFN w as higher than in the current study 
(study a). The apparent difference in these values m akes it im possible to directly com pare 
the perm eation capacity  o f com pound 3 w ith  that of M ST 4. H ow ever, it appears to be 
only a little smaller, w hich  indicates that the m odifications that w ere introduced into the 
structure did not significantly influence the perm eation capacity.



Table 4. Result of BBB penetration of compound 3 evaluated in PAMPA assay.

Study a Study b b

3 CFN a M ST4 CFN a

Pe (x10 6 cm/s) 
±  SD

4.7 ±  0.2 9.8 ±  1.8 12.3 ±  2.0 15.1 ±  0.4

a Caffeine;b data from ref [16].

2.3.2. H epatotoxicity of Com pound 3

Som e substances can lead to liver dam age. To elim inate this risk, hepatotoxicity  
tests are carried out as early as the pre-clinical developm ent phase. O ne of the m ethods 
com m only used to assess the adverse effect of tested compounds on cell viability is the M TT 
assay, and the m ost popular cell lines are HepG2 and H epaRG (the hum an hepatocellular 
carcinom a cells) [20]. To evaluate the toxic effect of com pound 3, the M TS assay (one-step 
M TT assay variant) w as perform ed on the H epG2 cells. H epG2 cells w ere incubated w ith 
increasing concentrations (0 .78-50  pM) of com pound 3 for 48 h. A fter that tim e, the M TS 
reagent w as added and incubated for 1 h. N ext the absorbance w as read at 490 nm . A 
dose-response effect is shown in Figure 3 . The calculated IC 50 value w as 46.60 pM, w hich 
gave us reason to conclude that com pound 3 exhibited m oderate hepatotoxicity  and w as 
appropriate for further developm ent.

Figure 3. The effect of compound 3 on HepG2 cells' viability. The graphs were generated using 
GraphPad Prism software for IC50 calculations based on MTS data. Each point represents the mean ±  
SEM of two independent experiments, each of which consisted of three replicates per treatment group 
and is expressed as a percentage of control cells treated with 0.1% of IDMSO (Veh). Doxorubicin (DOX) 
serves as a common chemotherapeutic agent, which induced hepatotoxicity. All statistical analyses 
were performed using; GraphPad Prism software 8.0. Statistical significance was evaluated via one­
way ANOVA with a post-hoc Dunnett test at significance level a  = 0.05 (** p = 0.003, *** p < 0.001).

2.4. Salts of Compound 3
2.4.1. Pharm acological Evaluation

The salt form in whfch a drug is present also influences its physicochemical and biolog­
ical properties. The right salt form can either have a beneficial effect on the pharmacological 
action or, on the contrary, be detrim ental [2 1 ] .

Com pound 3 has? been converted into two salts, hydrochloride (3-HC1) and succinate 
(3-SA ). "The cesulting com pounds w ere testet! for affinity to 5-HT6R and 5 -H T7 R. The data 
are presented in Table 5 . Tice oesults showed that the type of salt influenced pharmacological



activity. Both salts had a low er affinity for 5-HT6R than the free base, although in the case 
of hydrochloride (3-H Cl), the decrease w as only 3-fold  (Ki = 35 nM  vs. K i = 13 nM  for 
3), and in  the case of succinate (3-SA ), as m uch as 10-fold (Ki = 135 nM ). In  contrast, the 
affinity for 5-HT7R  w as different. It w as still w eak in the m icrom ole range, but in the case 
of succinate (3-SA ), an increase in activity was observed (Ki = 3.67 pM vs. Ki = 6.34 pM for 
3). Hydrochloride (3-H Cl), on the other hand, showed an even greater decrease in activity 
at 5-H T7R (Ki = 15.50 pM) than com pound 3.

Table 5. Affinity results for the serotonin 5-HT6 and 5 -HT7 receptors of salts of compound 3.

Ki [nM] a

5-HT6R 5-HT7R

3 13 6336
3-HCl 35 15,500
3-SA 135 3674

a Tested experimentally in the radioligand binding assay in human cells stably transfected with 5-HT6 or 5- 
HT7 receptors; binding affinity, Ki, expressed as the average of at least two independent experiments. Used 
radioligands: [3H]-LSD (5-HT6R) and [3H]-5-CT (5-HT7R).

2.4.2. Salts of Com pound 3— Solubility Evaluation

The aqua solubility of com pound 3 and its salts (3-H Cl and 3-SA ) w as assessed 
experim entally  using the U V  spectroscopic m ethod described previously  [22,23] (See 
Supplem entary S1, pp. 16-17). Results are show n in Table 6 . U nder neutral pH  con­
ditions (pH = 7 ±  1), the piperazine m oiety undergoes protonation and exists as a m ixture 
of cation and free base, which can affect the solubility of the tested derivatives. The experi­
mental results clearly indicate that the conversion of compound 3 into its salt form results in 
an im provem ent in solubility. In the case of the hydrochloric acid salt (3-H Cl), the increase 
is quite significant (>1 mg/m L) com pared to the parent com pound. M eanw hile, the deter­
m ined solubility value of the succinic acid salt (3-SA ) w as noticeably higher com pared to 
compound 3, but still relatively low (<1 mg/mL). Furtherm ore, w hen analyzing the in vitro 
pharm acological results, no clear correlation betw een the affinity and the determined solu­
bility of the tested compounds was found. However, these preliminary results showed that, 
if the final product had to be carried into the salt, the formation of hydrochlorides could be 
beneficial, as increasing solubility had only a slight effect on affinity.

Table 6. Water solubility of tested compounds.

Compound Solubility in Water [mg/mL] Solubility in Water [pmol/L]

3 0.0160 45

3-HCl 6.8017 17,310

3-SA 0.3529 618

2.4.3. Crystallographic Studies of Com pound 3 and Its Salts

Attempts were made to crystallize compound 3 and its salts to obtain suitable crystals 
for X -ray  analysis. C rystals w ere successfully  obtained for com pound 3 and its succinic 
acid salt (3-SA). Unfortunately, for the hydrochloride of compound 3 (3-H Cl), the attempts 
w ere unsuccessful.

The projections of m olecular geom etry in the crystals of com pound 3 and its succinic 
acid  salt (3-SA ) w ith  atom -num bering schem es are presented in  Figure 4 . C om pound 3 
crystallizes w ith  tw o m olecules in  the asym m etric unit (labeled A and B). The salt 3-SA
crystallizes w ith one cation derived from protonation of the N4 atom of com pound 3, one 
m olecule of succinic acid and half of the succinate anion in the asym m etric unit.



(a) (b)

Figure 4. The contents of the asymmetric units of (a( compound 3 and (b) cbmpound 3-SA (the whole 
anion is drawn), showing the atom-numbering schemes. Displacement ellipsoids are drawn at the 
50% probability level. The charge-assisted hydrogen bond in compound 3-SA is depicted in orange.

The triazine ring is planar, w ith  an r.m.s. deviation from  the p lanarity  of the fitted 
atom s of 0.0031 A  and 0.004 A  for m olecules A  and B of com pound 3, respectively. In the 
structure of salt 3-SA , this ring is less planar; an r.m.s. deviation from  the p lanarity  of 
the fitted atom s is 0.0189. The values of the bond lengths of C 2-N 6 and C 4-N 2 suggest 
conjugation of nitrogen atoms w ith the triazine ring (Table 7 ). The piperazine ring adopts 
chair conform ation w ith  an equatorial position of the m ethyl group for m olecule A  of 
com pound 3 and the cation of com pound 3-SA , w hile for m olecule B of com pound 3, the 
axial position is observed. This is the first tim e w e have noticed such an arrangem ent 
of the N -m ethylpiperazine m oiety  in the so-far determ ined crystal structures containing 
(4/-m ethylpiperazin-1/-yl)-1,3,5-triazine m oiety [17,24]. Therefore, w e searched the C am ­
bridge Structural D atabase (CSD , Version 5.43; [25]) for crystal structures containing the 
N -m ethylpiperazine moiety. The search resulted in 311 hits, w ith all structures containing 
the methyl group in the equatorial position. The presented crystal structure of compound 3 
is the first structure containing in the axial position a methyl group at nitrogen atom of the 
piperazine ring.

Table 7. The comparison of selected bond lengths [A] and torsion angles [°] in compounds 3 and 
3-SA.

Compound 3 
Molecule A

Compound 3 
Molecule B Compound 3-SA

C2 -N6 1.345 (3) 1.347 (3) 1.329 (2)
C4-N2 1.355 (3) 1.355 (3) 1.364 (1)

C6-C12-O1-C13 168.4 (2) -174.5  (2) -172.2  (2)
C12-O1-C13-C18 30.4 (3) -1 9 .2  (3) - 6 .0  (2 )

The 4-(piperazin-1/-yl)-1,3,5-triazine moiety shows sim ilar geometry in two molecules 
of compound 3, w hile in compound 3-SA  it is different. The interplanar angle betw een the 
triazine and piperazine rings is 36.5(1)° (m olecule A  of 3), 39.5(1)° (m olecule B of 3) and 
81.92(4)° (3-SA ) (Figure 5 ). M ore diverse geom etries are observed in 2-tert-butylphenoxy 
fragm ent. Thus, these differences are best illustrated by the values o f torsion angles C 6 - 
C 12-O 1-C 13 and C 12-O 1-C 13-C 18 (Table 7). The oxygen atom  stabilizes the geom etry 
of m olecules in both  structures using intram olecular hydrogen bonds C - H - O  w ith  tw o 
m ethyl groups of the 2 -tert-butyl substituent.



Figure 5. The overlap of the triazine rings of molecule A  (light green) and molecule B (green) of 
compound 3 and the cation of salt 3-SA (purple). H atoms have been omitted for clarity.

The interm olecular in teractien  s of the crystals of com pound 3 are dom inated by IN - 
H---N and C-H ---N  interm olecular hydrogen bonds. A greater diversity of interm oleoular 
interactions is observed in the crystals of salt 3-SA . Due to the protonation of the N4 atom by 
proton transfer from m olecules of succinic acid, this atom is involved in the charge-assisted 
N +-H  -O-  hydrogen bond (Figure 4 ). Furtherm ore, the N -H  -O, O -H  -N, O -H  -O and 
C-H---O interm olecular hydrogen bonds are observed.

3. M aterials and M ethods
3.1. Chemistry

R eagents and solvents w ere purchased from  com m ercial suppliers (Sigm a-A ldrich , 
A lfa A esar). Reactions w ere carried out in an air atm osphere and m onitored using thin- 
layer chrom atography (M erck silica gel 60 F254 plates). V isualization of the spots w as 
achieved using a U V  lam p and D ragendorff reagent (solvent system : m ethylene chloride 
or m ethylene chloride: m ethanol 1:1). M elting points (m p) w ere determ ined using M EL- 
TEM P II apparatus (LD  Inc., Long Beach, C A , U SA ) or a Büchi M -565 apparatus (Büchi 
Labortechnik  A G , Sw itzerland), and are uncorrected. The purity  of the com pounds w as 
confirmed using an NM R spectra (XH and 13C) in DM SO-d6 using a M ercury 300 M Hz PFG 
spectrom eter (Varian, Palo A lto, C A , U SA ) or FTN M R  500 M H z spectrom eter (Joel Ltd., 
A kishim a, Tokyo, Japan). C hem ical shifts (6 ) are given w ith  respect to the solvent signal, 
and the coupling constants (J) are expressed in Hz. M ultiplicities of signals are given as br s 
(broad singlet), d (dublet), dd (doublet of doublets), def t (deformated triplet), m (multiplet), 
quin (quintet), s (singlet), spt (septet), and t (triplet). The follow ing abbreviations are used 
to report data: a (axial), e (equatorial), def (deform ed), Pp (piperazine), Tr (triazine) (as 
shown in the Supplem entary M aterial S2). M ass spectra (LC/M S) were perform ed using a 
W aters TQ D etector m ass spectrom eter (Water Corporation, M ilford, CT, USA ). Retention 
times (tR) are given in minutes. UPLC/M S analysis confirmed the purity of the compounds 
>  95%.

3.1.1. Synthesis of Esters

Esters w ere obtained according to the m ethod described previously [19] . M ore infor­
m ation can be found in the Supplem entary M aterial S1.

3.1.2. Synthesis of 1,3,5-Triazines

1,3,5-Triazines w ere obtained according to the m ethod described previously [19].
G eneral procedure: To a freshly prepared sodium  m ethanolate solution (10 m L) w as 

added TR1 (5 m m ol), w hich  w as stirred at room  tem perature for 1 to 3 h, and then the 
appropriate ester ( 5  m m ol) w as added in one portion and stirred at room tem perature for



12 to 48 h (3, 5, 7 -1 0 ,1 2 ,1 3 ,1 7 ,  22-25) or heated to boiling  for 15 to 30 h (2, 4, 6 ,1 1 ,1 4 -1 6 , 
18-21). The solvent w as evaporated , and 10 m L of w ater w as added to the residue and 
stirred at room temperature for 24 h. The precipitate was isolated by filtration and purified 
via crystallization. In the case of a lack of desirable precipitate in the w ater solution, the 
product w as extracted using dichlorom ethane and converted into a hydrochloric salt form 
using a solution of H Cl in diethyl ether.

4-((2-Isopropylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (2)

C rystallization: ethanol, w hite solid, yield 29% , m p 140-142  ° C. C i 8H 26N 6O  (M W
342.45). LC/M S+: purity: 100% , tR = 4.18, (ESI) m/z [M+H]+ 343.25. XH  N M R  (300 M H z, 
D M SO -d6) 6: 7.16 (d, J  = 7.03 H z, 1H, Ph-3-H ), 7.06 (t, J  = 7.62 H z, 1H, Ph-4-H ), 6.85 (m, 
3H, Ph-2,6-H, NH2), 4.78 (s, 2H, OCH2), 3.64 (br s, 4H, Pp-3,5-H), 3.32 (m, 2H, CH (CH 3)2 + 
H 2O ), 2 .23 (br s, 4H , Pp-2,6-H ), 2.15 (s, 3H , Pp-C H 3 ), 1.17 (d, J  = 6.45 H z, 6H , CH (CH 3 )2 ). 
13C N M R  (75 M H z, D M SO -d6) 6: 1 7 3 .7 ,1 6 7 .3 ,1 6 4 .9 ,1 5 6 .1 ,1 3 6 .7 ,1 2 7 .0 ,1 2 6 .3 ,1 2 1 .1 ,1 1 2 .4 ,
70.2, 54.8, 46.3, 27.0, 23.0.

4-((2-(tert-Butyl)phenoxy)m etyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (3)

Crystallization: acetonitrile, white solid, yield 42%, mp 107-109 °C. C i9H 28N 6O (MW 
356.47). LC/M S+: purity: 100% , tR = 4.57, (ESI) m/z [M+H]+ 357.28.XH  N M R  (300 M H z, 
D M SO -d6) 6: 7.20 (d, J  = 7.62 H z, 1H, Ph-3-H ), 7.12 (def t, 1H, Ph-5-H ), 6 .77-7 .00  (m, 4H , 
NH2 + Ph-4,6-H ), 4 .77  (s, 2H , O CH 2), 3.68 (br s, 4H , Pp-3,5-H ), 2 .25 (br s, 4H , Pp-2,6-H ), 
2.15 (s, 3H, Pp-CH3), 1.37 (s, 9H, C(CH3)3). 13C NM R (126 M Hz, D M SO -d6) 6: 173.5, 167.2,
16 5 .0 .1 5 7 .5 .1 3 7 .8 .1 2 7 .6 .1 2 6 .7 .1 2 0 .8 .1 1 2 .9 , 69.9, 54.8, 46.3, 43.1, 35 .1 ,30 .2 , 30.1.

4-((3-Isopropylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (4)

W hite solid, yield 44% , m p 103-105  °C. C i8H 26N 6O  (M W  342.45). LC/M S+: purity: 
100% , tR =  5.08, (ESI) m/z [M +H ]+ 343.20. 1H  N M R  (500 M H z, D M SO -d6) 6: 7.12 (t, 
J  = 7.88 Hz, 1H, Ph-5-H ), 6 .80-7 .04  (m , 2H , NH2) 6 .73-6 .79  (m , 2H , Ph-4,6-H ), 6 .67 (dd, 
J  = 8 .02 ,2 .00  H z, 1H, Ph-2-H ), 4.71 (s, 2H , OCH2), 3.62 (d, J  = 4.30 H z, 4H , Pp-3,5-H ), 2.78 
(spt, J  = 6.87 H z, 1H, C H (C H 3)2), 2.23 (br s, 4H , Pp-2,6-H ), 2 .14 (s, 3H , Pp-C H 3), 1.12 (d, 
J  = 6.87 Hz, 6H , CH (CH 3)2 ). 13C N M R  (126 M H z, D M SO -d6) 6: 1 6 8 .1 ,1 6 2 .2 ,1 5 8 .0 ,1 5 0 .7 ,
1 2 9 .8 .120 .2 .114 .0 .112 .6 , 67.3, 51.7, 42.4, 34.0, 24.3.

4-((3-(tert-Butyl)phenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (5)

Crystallization: ethanol/water, white solid, yield 16%, mp 101.2-104.1 °C. C i9H 28N 6O 
(M W  356.47). LC/M S+: purity: 100% , tR = 4.44, (ESI) m/z [M+H]+ 357.28. XH  N M R 
( 3 0 0  M H z, D M SO -d6) 6: 7 .08-7 .22  (m , 1H, Ph-5-H ), 6 .77-7 .08  (m, 4H , NH2 + Ph-2,4-H ), 
6 .64 -6 .77  (m , 1H, Ph-6-H ), 4 .74 (s, 2H , OCH 2), 3.65 (br s, 4H , Pp-3,5-H ), 2 .25 (br s, 4H , 
Pp-2,6-H ), 2 .16 (s, 3H , Pp-C H 3), 1.22 (s, 9H , C (CH 3)3). 13C N M R  (126 M H z, D M SO -d6) 6:
1 7 3 .7 ,1 6 7 .4 ,1 6 4 .8 ,1 5 8 .8 ,1 5 2 .7 ,1 2 9 .4 ,1 1 8 .1 ,1 1 2 .8 ,1 1 1 .8 , 70.3, 54 .8 ,46 .3 , 42.9, 34.9, 31.6.

4-((4-Isopropylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (6)

C rystallization: m ethanol, w hite solid, yield 26% , mp 133-135  °C. C i 8H 26N 6O (M W
342.45). LC/M S+: purity: 100% , tR = 4.06, (ESI) m/z [M+H]+ 343.19.XH  N M R  (300 M H z, 
DM SO-d6) 6: 7.10 (d, J  = 8.20 Hz, 2H, Ph-3,5-H), 7.00 (br s, 2H ,N H 2), 6.80 (d, J  = 8.79 Hz, 2H, 
Ph-2,6-H), 4.71 (s, 2H, OCH2 ), 3.64 (br s, 4H, Pp-3,5-H), 2.79 (spt, J  = 7.04 Hz, 1H, CH(CH3 )2 ), 
2.25 (br s, 4H , Pp-2,6-H ), 2 .16 (s, 3H , Pp-C H 3), 1.13 (d, J  = 7.03 H z, 6H , C H (CH 3)2). 13C 
N M R  (126 M H z, D M SO -d6) 6: 1 7 3 .6 ,1 6 7 .3 ,1 6 4 .8 ,1 5 7 .1 ,1 4 1 .0 ,1 2 7 .5 ,1 1 4 .9 , 7 0 .2 ,5 4 .8 ,4 6 .3 ,
42.9, 33.1, 24.6.

4-((4-(tert-Butyl)phenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (7)

Crystallization: methanol/water, white solid, yield 35%, mp 104.4 °C dec. C i9H 28N 6O 
(M W  356.47). LC/M S+: purity: 100% , tR = 4.39, (ESI) m /z  [M+H]+ 357.28. XH  N M R 
( 3 0 0  M H z, D M SO-d6) 6: 7.24 (d, J  = 8.79 Hz, 2H, 2,6-H ), 7.14-6.71 (m, 4H, Ph-3,5-H + N H 2),



4.72 (s, 2H , O C H 2 ), 3.64 (br s, 4H , Pp-3,5-H ), 2 .07-2 .32  (m, 7H , Pp-2,6-H  + Pp-C H 3 ), 1.22 
(s, 9H , C (C H 3 )3 ). 13C N M R (126 M H z, D M SO -d 6 ) 6: 1 7 3 .6 ,1 6 7 .3 ,1 6 4 .8 ,1 5 6 .7 ,1 4 3 .2 ,1 2 6 .5 ,
114.6, 70.1, 54.8, 46.3, 42.8, 34 .3 ,31 .9 .

4-((2-(tert-Butyl)-5-m ethylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine hydrochloride (8)

C rystallization: m ethanol/diethyl ether, w hite solid, yield 19%, m p 259 °C  dec. 
C 2 0H 3 0N 6 O  x H C l (M W  406.99). LC/M S+: purity: 100% , tR = 5.10, (ESI) m/z [M+H]+ 
371.30. XH  N M R  (500 M H z, D M SO -d 6 ) 6: 11.58 (br s, 1H, NH+), 7 .26-7 .89  (m, 2H , NH 2 ), 
7.06 (d, J  = 8.02 H z, H , Ph-3-H ), 6.76 (br s, 1H, Ph-6-H ), 6.66 (d, J  = 7.45 H z, 1H, Ph-4-H ), 
4.88 (br s, 2H , Ph-O -C H 2 - ) ,  4 .30-4 .75  (m, 4H , Pp-3,5-H2), 3.43 (br s, 2H , Pp-2,6-H2e), 2.98 
(br s, 2H, Pp-2,6-H2a), 2.69 (s, 3H , PhCH 3 ), 2.20 (s, 3H , Pp-CH 3 ), 1.33 (s, 9H , C(CH 3 )3 ). 13C 
N M R  (126 M H z, D M SO -d 6 ) 6: 1 6 3 .5 ,1 5 6 .9 ,1 3 6 .9 ,1 3 5 .0 ,1 2 6 .7 ,1 2 1 .9 ,1 1 4 .1 , 6 8 .2 ,5 1 .9 ,4 2 .4 ,
34.8, 30 .3 ,21 .2 .

4-((2-(tert-Butyl)-4-m ethylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine (9)

Crystallization: methanol/water, white solid, yield 56%, mp 146.5 °C dec. C 20H 30N 6 O 
(M W  370.49). LC/M S+: purity: 100% , tR = 5.01, (ESI) m/z [M+H]+ 371.30. XH  N M R 
(400 M Hz, DM SO-d6 ) 6: 7.02 (s, 1H, Ph-3-H), 6.92 (d, J  = 8.61 Hz, 1H, Ph-5-H), 6.87 (br s, 2H, 
NH2 ), 6.81 (d, J  = 8.22 H z, 1H, Ph-6-H ), 4.74 (s, 2H, CH2 O), 3.71 (br s, 4H , Pp-3,5-H ), 2.09­
2.36 (m , 10H , Pp-2,6-H  + Pp-C H 3 + Ph-C H 3 ), 1.38 (s, 9H , C (CH 3 )3 ). 13C N M R  (101 M H z, 
D M SO -d 6 ) 6: 1 7 3 .6 ,1 6 7 .2 ,1 6 4 .9 ,1 5 5 .3 ,1 3 7 .5 ,1 2 9 .1 ,1 2 7 .5 ,1 2 7 .5 ,1 1 2 .8 , 70.0, 54.7, 46 .2 ,42 .9 ,
34.9, 30.1, 20.9.

4-((2-(tert-Butyl)-6-m ethylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine (10)

C rystallization: acetone/diethyl ether, cream y solid, yield 24% , m p 177-179  °C  dec. 
C2 0H 30N 6 O (MW  370.49). LC/MS+: purity: 99.55%, tR = 5.52, (ESI) m/z [M+H]+ 371.16. *H 
N M R  (500 M H z, D M SO -d 6 ) 6: 7.09 (d, J  = 7.73 H z, 1H, Ph-3-H ), 7.03 (d, J  = 6.87 H z, 1H, 
Ph-5-H), 6.97 (br s, 1H, NH 2 ), 6.91 (t, J  = 7 .5 9 ,1H, Ph-4-H), 6.84 (br s, 1H, NH 2 ), 4.50 (s, 2H, 
CH2 O), 3.70 (br s, 4H, Pp-3,5-H), 2.27 (s, 7H, Pp-2,6-H + Ph-CH3 ), 2.15 (s, 3H, Pp-CH3 ), 1.33 
(s, 9H , C(CH 3 )3 ). 13C N M R  (126 M H z, D M SO -d 6 ) 6: 1 7 3 .3 ,1 6 7 .4 ,1 6 5 .0 ,1 5 6 .8 ,1 4 2 .7 ,1 3 1 .6 ,
130 .4 .125 .1 .123 .9 , 74.4, 54 .9 ,46 .3 , 43 .0 ,35 .3 , 31 .3 ,17 .5 .

4-((2,6-D iisopropylphenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (11)

C rystallization: m ethanol, w hite solid, yield 47% , mp 160-163  °C. C 2iH 32N 6O  (M W  
384.53). LC/M S+: purity: 100% , tR = 4.86, (ESI) m/z [M+H]+ 385.33. *H  N M R  (300 M H z, 
D M SO-d6 ) 6: 7.09 (m, 4H, Ph-3,4,5-H  + NH 2 ), 6.98 (br s, 1H, NH 2 ), 4.40 (s, 2H, OCH2 ), 3.72 
(br s, 4H, Pp-3,5-H), 3. 46 (spt, J  = 7.03 Hz, 2H, 2x CH(CH 3 )2 ), 2.29 (br s, 4H, Pp-2,6-H), 2.18 
(s, 3H, Pp-CH3 ), 1.12 (d, J  = 6.44 Hz, 12H, 2x CH(CH3 )2 ). 13C NM R (126 M Hz, DM SO-d6 ) 6:
17 3 .0 ,1 6 7 .5 ,1 6 5 .1 ,1 5 3 .6 ,1 4 1 .9 ,1 2 5 .2 ,1 2 4 .5 , 77.6, 54.9, 46.3, 42.9, 26.2, 24.5.

4-((2,6-(di-tert-Butyl)phenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine 
hydrochloride (12)

Crystallization: acetonitrile/water, beige solid, yield 4% , mp 244 dec °C. C 23H 36N 6 O 
x HCl (MW  449.04). LC/MS+: purity: 96.19%, tR = 6.70, (ESI) m/z [M+H]+ 413.25. XH NM R 
(500 M Hz, D M SO -d6 ) 6: 11.40 (br s, 1H, NH+), 7 .47-7.73 (m, 2H, NH2 ), 7.24 (d, J  = 7.73 Hz, 
2H , Ph-3,5-H ), 6.99 (s, 1H, Ph-4-H ), 4 .57-4 .82  (m, 2H , OCH 2 ), 4 .53 (br s, 2H , Pp-3,5-He), 
3 .32 -3 .54  (m, 4H , Pp-2,6-H ), 3.02 (br s, 2H , Pp-3,5-Ha), 2.72 (d, J  = 2.58 H z, 3H , Pp-C H 3 ), 
1 .30-1.43 (m, 18H, 2x C(CH 3 )3 ).



4-((2,4-(di-tert-Butyl)phenoxy)m ethyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine 
hydrochloride (13)

Crystallization: acetone/diethyl ether, beige solid, yield 10%, mp 284-287 °C. C23H36N6O 
x HCl (MW 449.04). LC/MS+: purity: 98.56% , tR = 7.01, (ESI) m/z [M+H]+ 413.35. XH NM R 
(500 M H z, D M SO -d6) 6: 11.58 (s, 1H, NH+), 7 .31-7 .90  (m, 1H, N H 2), 7.21 (d, J  = 2.58 Hz, 
1H, Ph-3-H ), 7.11 (dd, J  = 2 .43 ,8 .45  H z, 1H, Ph-5-H ), 6.83 (d, J  = 8.59 Hz, 1H, Ph-6-H), 4.86 
(s, 2H, OCH2), 4 .50-4 .75 (m, 2H, Pp-3,5-Ha), 3 .83-4 .45 (m, 4H, Pp-2,6-H ), 2.84-3.13 (m, 2H, 
Pp-3,5-H e), 2.69 (br s, 3H , Pp-CH 3 ), 1.36 (s, 9H , C(CH 3 )3 ), 1.21 (s, 9H , C(CH 3)3 ). 13C N M R 
(126 M H z, D M SO -d6) 6: 1 6 4 .0 ,1 5 5 .0 ,1 4 3 .0 ,1 3 7 .1 ,1 2 4 .0 ,1 2 3 .6 ,1 1 2 .8 , 68.8, 51 .9 ,4 2 .5 , 35.2,
34.5, 31.9, 30.2.

4-(3-(2-Isopropyl-5-m ethylphenoxy)propyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine (14)

Crystallization: m ethanol, w hite solid, yield 6%, mp 77 °C. C2i H32N 6O (MW  384.53). 
LC/MS+: purity: 100%, tR = 4.41, (ESI) m/z [M+H]+ 385.33. *H  NM R (500 M Hz, DMSO-d6) 
6: 6.98 (d, J  = 7.45 H z, 1H, Ph-4-H ), 6.74 (br s, 1H, Ph-3-H ), 6.65 (s, 1H, Ph-6-H ), 6.63 (d, 
J  = 7.45 Hz, 2H , N H 2), 3.94 (t, J  = 6.30 H z, 2H , O CH 2), 3.63 (s, 4H , Pp-3,5-H ), 3.12 (spt, 
J  = 6.95 Hz, 1H, CH (CH 3)2), 2.52 (t, J  = 7.45 H z, 2H, CH2Tr), 2,22 (br s, 4H , Pp-2,6-H ), 2.19 
(s, 3H , Ph-C H 3), 2 .13 (s, 3H , Pp-C H 3), 2 .07 (quin J  = 6.70 H z, 2H , CH2C H 2Tr), 1.08 (d, 
J  = 6.87 Hz, 6H , C H (CH 3)2). 13C N M R  (126 M H z, D M SO -d6) 6: 177.4, 167 .3 ,165 .0 , 156.1,
1 36 .3 ,133 .5 3 ,1 2 6 .0 ,1 2 1 .3 ,1 1 2 .7 , 67.5, 54.9, 46.3, 42 .7 ,35 .3 , 27.0, 23.6, 23.2, 21.5.

4-(3-(2-Isopropylphenoxy)propyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine 
hydrochloride (15)

W hite solid, yield 9%, mp 235 °C. C20H30N 6O x HCl (M W  406.96). LC/MS+: purity: 
96.60% , tR = 4.08, (ESI) m/z [M+H]+ 371.30.XH  N M R  (500 M H z, D M SO -d6) 6: 11.99 (br s, 
1H, NH+), 8.83 (br s, 1H, N H 2), 7.91 (br s, 1H, N H 2), 7.20-7.02 (m, 2H, Ph-3,4-H ), 6.93-6.78 
(m, 2H , Ph-5,6-H ), 4.46-4.81 (m, 2H , Pp-3,5-H e), 4.01 (br s, 2H , O CH 2), 3.30-3.66 (m, 4H , 
Pp-2,6-H) 2.92-3.18 (m, 3H, Pp-3,5-Ha + CH(CH3)2), 2.83 (br s, 2H, CH2Tr), 2.70 (br s, 3H, Pp- 
CH3), 2.19 (br s, 2H, CH2CH 2Tr), 1.09 (d, J  = 6.30 Hz, 6H, CH(CH3)2). 13C NM R (126 M Hz, 
D M SO-d6) 6: 173.7, 169.8, 161.9, 157.8, 155.9, 136.5, 127.2, 126.2, 121.1, 112.0, 67 .0 ,59.9 , 51.7,
42.4, 31.8, 26.6, 25.6, 23.2.

4-(3-(4-Isopropylphenoxy)propyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (16) 

W hite solid, yield 49%, mp 92 °C. C20H 30N 6O (MW  370.50). LC/MS+: purity: 98.43%, 
tR = 3.83, (ESI) m/z [M+H]+ 371.23. XH N M R (500 M Hz, DMSO-d6) 6: 7.06 (d, J  = 8.02 Hz, 2H, 
Ph-3,5-H), 6.77 (d, J  = 7.45 Hz, 2H, Ph-2,6-H), 6.72-6.62 (m, 2H, NH2), 3.92 (br s, 2H, OCH2), 
3.63 (br s, 4H , Pp-3,5-H ), 2 .81-2.70 (m, 1H, C H (C H 3)2), 2 .52-2.43 (m , 2H , O C H 2C H 2CH2), 
2,22 (br s, 4H , Pp-2,6-H ), 2,12 (br s, 3H , Pp-CH 3 ), 2.05-1.97 (br s, 2H, O CH 2 CH2 C H 2 ), 1.10 
(d, J  = 6.30 Hz, 6H, CH(CH3 )2 ). 13C NM R (126 M Hz, DMSO-d6) 6: 177.4, 167.3, 165.0, 157.2, 
1 4 0 .7 ,127 .6 ,126 .2 ,114 .7 , 67.4, 54.9, 46.3, 42 .9 ,35 .0 , 33.1, 26.9, 24.6.

4-(4-M ethylpiperazin-1-yl)-6-(3-(m -tolyloxy)propyl)-1,3,5-triazin-2-am ine (17)

Crystallization: acetonitrile, white solid, yield 12%, mp 114-117 °C. C i9H 26N 6O (MW
342.45). LC/M S+/-: purity: 100%, tR = 3.24, (ESI) m/z [M+H]+ 343.30. XH N M R (500 M Hz, 
D M SO-d6) 6: 7.09 (s, 1H, Ph-5-H), 6 .57-6.85 (m, 5H, N H 2 + Ph-2,4,6-H ), 3.94 (t, J  = 6.30 Hz, 
2H , O C H 2 ), 3.63 (br s, 4H , Pp-3,5-H ), 2 .48 (s, 2H , C H 2Tr), 2 .19 -2 .29  (m, 7H, Pp-2,6-H  +  
PhC H 3), 2 .14 (s, 3H , Pp-C H 3), 2.02 (s, 2H , O C H 2C H 2). 13C N M R  (126 M H z, D M SO -d6) 6:
177.4, 167.3, 165.0, 159.1, 139.4, 129.7, 121.6, 115.5, 112.0, 67.3, 54.9, 46.3, 42.9, 35.0, 26.9, 21.7.

4-(4-M ethylpiperazin-1-yl)-6-(3-(o-tolyloxy)propyl)-1,3,5-triazin-2-am ine (18)

W hite solid, yield 43% , mp 83 °C. C i8H 26N 6O  (M W  342.45). LC/M S+: purity: 100%, 
tR = 3.00, (ESI) m/z [M+H]+ 343.25. XH  N M R  (500 M H z, D M SO -d6) 6: 7.06 (d, J  = 7.45 Hz, 
2H , Ph-3,5-H ), 6.83 (d, J  = 8.02 H z, 1H, Ph-6-H ), 6.80-6.62 (m, 3H , Ph-4-H , N H 2), 3.96 (t,



J  = 6.01 Hz, 2H, OCH2), 3.63 (br s, 4H, Pp-3,5-H), 2.52 (t, J  = 7.45 Hz, 2H, CH2Tr), 2.22 (br s, 
4H , Pp-2,6-H ), 2,13 (br s, 3H , Pp-CH 3), 2.08 (s, 3H , PhCH 3), 2.06-2.03 (m, 2H , CH2C H 2Tr). 
13C NM R (126 M Hz, D M SO -d6) 6: 1 7 7 .4 ,1 6 7 .3 ,1 6 5 .0 ,1 5 7 .1 ,1 3 0 .8 ,1 2 7 .4 ,1 2 6 .2 ,1 2 0 .5 ,1 1 1 .7 ,
67.5, 54.9, 46.3, 42.9, 35.2, 27 .0 ,16.4 .

4-(4-(2-Isopropyl-5-m ethylphenoxy)butyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine hydrochloride (19)

W hite solid, yield 9%, mp 239 °C. C22H34N 6O x HCl (M W  435.02). LC/MS+: purity: 
100%, tR = 4.71, (ESI) m/z [M+H]+ 399.35. XH NM R (500 M H z, D M SO-d6) 6: 11.79 (br s, 1H, 
NH+), 8.69 (br s, 1H, N H 2), 7.80 (br s, 1H, N H 2), 7.00 (d, J  = 8.02 H z, 1H, Ph-3-H ), 6.70 (s, 
1H, Ph-6-H), 6.65 (d, J  = 7.45 Hz, 1H, Ph-4-H), 4.78-4.50 (m, 2H, OCH2), 3.94 (t, J  = 6.01 Hz, 
4H , Pp-3,5-H ), 3.14 (spt, J  = 6.87 H z, 1H, C H (CH 3 )2 ), 3.03 (br s, 2H , CH2 Tr), 2 .73 -2 .65  (m, 
7H, PhCH 3 + Pp-2,6-H ), 2.21 (s, 3H , Pp-CH 3), 1.90-1.82 (m, 2H , O C H 2CH2), 1 .81-1 .74 (m, 
2H , CH2C H 2Tr), 1.09 (d, J  = 6.87 H z, 6H , C H (C H 3)2). 13C N M R  (126 M H z, D M SO -d6) 6:
1 7 0 .3 .1 6 2 .1 .1 5 6 .0 .1 3 6 .7 .1 3 3 .4 .1 2 6 .0 .1 2 1 .4 , 67.4, 51.7, 42.4, 34.3, 28.6, 26.7, 23.2, 21.5.

4-(4-(2-Isopropylphenoxy)butyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (20)

W hite solid, yield 41%, mp 59 °C. C24H 32N 6O (MW  384.53). LC/MS+: purity: 95.85%, 
tR = 4.23, (ESI) m/z [M+H]+ 385.33. XH  N M R  (500 M H z, D M SO -d6) 6: 7.11 (d, J  = 7.45 Hz, 
1H, Ph-3-H), 7.07 (t, J  = 7.73 Hz, 1H, Ph-5-H), 6.84 (t, J  = 8.02 Hz, 2H, Ph-4,6-H), 6.73-6.68 (m, 
2H, NH2 ), 3.92 (t, J  = 6.01 Hz, 2H, OCH2 ), 3.64 (br s, 4H, Pp-3,5-H), 3.19 (spt, J  = 6.87 H z, 1H, 
CH (CH 3)2), 2.40 (t, J  = 7.16 Hz, 2H, CH2Tr), 2.22 (br s, 4H, Pp-2,6-H), 2.12 (s, 3H, Pp-CH3), 
1.84-1.66 (m , 4H , O C H 2(CH2)2 C H 2), 1.10 (d, J  = 6.87 H z, 6H , C H (CH 3)2). 13C N M R  (126 
M Hz, DMSO-d6) 6: 177.8, 167.3, 165.0, 156.2, 136.5, 127.2, 126.2, 120.8, 111.9, 67.7, 54.9, 46.3,
42.8, 38.2, 29.1, 26.9, 24.1, 23.0.

4-(4-M ethylpiperazin-1-yl)-6-(4-(m -tolyloxy)butyl)-1,3,5-triazin-2-am ine (21)

Crystallization: acetonitrile/water, white solid, yield 23%, mp 99-101 °C. C 49H 28N 6O 
(M W  356.47). LC/M S+/ - : purity: 100% , tR = 3.75, (ESI) m/z [M+H]+ 357.47. XH  N M R 
( 5 0 0  M H z, D M SO -d6) 6: 7.09 (t, J  = 8.02 H z, 1H, Ph-5-H ), 6 .58 -6 .84  (m , 5H , Ph-2,4,6-H  + 
NH2), 3.90 (t, J  = 6.16 H z, 2H , OCH 2), 3.63 (br s, 4H , Pp-3,5-H ), 2.38 (t, J  = 7.30 H z, 2H , 
CH2Tr), 2 .18 -2 .27  (m, 7H, Pp-2,6-H  + PhCH 3), 2.14 (s, 3H , Pp-C H 3), 1 .63-1 .80  (m, 4H , 
(CH2)2). 13C N M R  (D M SO -d6, 126 M H z) 6: 177.8, 167.3, 165.0, 159.2, 139 .4 ,129 .7 , 121.6,
115.6 ,111.9 , 67.5, 54 .9 ,46 .3 , 42.9, 38.3, 29.0, 24.0, 21.6.

4-(5-(2-Isopropyl-5-m ethylphenoxy)pentyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine (22)

C rystallization: acetonitrile/w ater, w hite solid, yield 6% , mp 75 °C dec. C 23H 36N 6O 
(M W  412.58). LC/M S+/ - : purity: 100% , tR = 5.64, (ESI) m/z [M+H]+ 413.38. XH  N M R 
( 5 0 0  M H z, D M SO -d6) 6: 6 .97 (d, J  = 7.73 H z, 1H, Ph-3-H ), 6 .53 -6 .77  (m, 4H , Ph-4,6-H  + 
NH2), 3.88 (t, J  = 6.16 H z, 2H , O CH 2 ), 3.62 (br s, 4H , Pp-3,5-H ), 3.10 (spt, J  = 6.83, 1H, 
C H (C H 3)2), 2 .34 (t, J  = 7.45 H z, 2H , CH2Tr), 2 .17 -2 .25  (m , 7H, Pp-2,6-H  + PhCH 3), 2.13 
(s, 3H , Pp-C H 3), 1 .58-1 .76  (m, 4H , O C H 2CH2 + CH2C H 2Tr), 1.42 (quin, J  = 7.52 H z, 2H , 
O (CH 2 )2 CH2 ), 1.06 (d, J  = 6.87 Hz, 6H, CH(CH3 )2 ). 13C N M R (126 M Hz, DMSO-d6) 6: 177.8,
1 6 7 .3 .1 6 5 .0 .1 5 6 .2 .1 3 6 .3 .1 3 3 .5 .1 2 6 .0 .1 2 1 .2 .1 1 2 .7 , 6 7 .7 ,5 4 .9 ,4 6 .3 ,4 2 .8 , 38.6, 29.2, 27.1, 26.7,
26.0, 23.1, 21.5.

4-(5-(2-Isopropylphenoxy)pentyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2-am ine (23)

C rystallization: acetonitrile/water, w hite solid, yield 28%, mp 63-65  °C. C22H j4N 6O 
(M W  398.55). LC/M S+/ - : purity: 100% , tR= 4.95, (ESI) m/z [M+H]+ 399.37. *H  N M R 
( 5 0 0  M Hz, D M SO -d6) 6: 7 .01-7.16 (m, 2H, Ph-3,4-H ), 6 .77-6.88 (m, 2H, Ph-5,6-H), 6.51-6.77 
(br s, 2H , NH 2 ), 3.89 (t, J  = 6.16 Hz, 2H , OCH 2 ), 3.62 (br s, 4H , Pp-3,5-H ), 3.16 (def spt, 1H, 
CH (CH 3 )2 ), 2.34 (t, J  = 7.45 Hz, 2H, CH2 Tr), 2.22 (br s, 4H, Pp-2,6-H), 2.12 (s, 3H, Pp-CH3 ), 
1 .59-1.78 (m, 4H , O C H 2CH2 + CH2C H 2Tr), 1.43 (quin, J  = 7.45 H z, 2H, O (CH 2)2CH2), 1.09



(d, J  = 6.87 Hz, 6H, CH(CH 3 )2 ). 13C NM R (126 M Hz, DMSO-d6) 6: 177.8, 167.3, 165.0, 156.3,
136 .5 ,1 2 7 .2 ,1 2 6 .2 ,1 2 0 .8 ,1 1 1 .9 , 67 .7 ,54 .9 , 46.3, 42.9, 38.6, 29.2, 27.1, 26.9, 26.0, 23.0.

4-(4-M ethylpiperazin-1-yl)-6-(5-(m -tolyloxy)pentyl) 1,3,5-triazin-2-am ine (24)

C rystallization: acetonitrile/water, w hite solid, yield 17%, mp 83-85  °C. C20H30N 6O 
(M W  370.50). LC/M S+/ - : purity: 100% , tR= 4.20, (ESI) m/z [M+H]+ 371.33. *H  N M R 
( 5 0 0  M H z, D M SO -d6) 6: 7 .05-7 .13  (m, 1H, Ph-5-H ), 6 .57 -6 .79  (m , 5H , Ph-2,4,6-H  + NH2), 
3.87 (t, J  = 6.44 H z, 2H , O CH 2), 3.63 (br s, 4H , Pp-3,6-H ), 2 .33 (t, J  = 7.45 H z, 2H , CH2Tr), 
2 .1 9 -2 .2 7  (m, 7H , Pp-3,5-H  + PhCH 3), 2 .13 (s, 3H , Pp-C H 3), 1.65 (m , 4H , O C H 2CH2 + 
CH 2 C H 2 Tr), 1 .33-1 .43  (m , 2H , O (C H 2 )2CH2 ). 13C N M R  (126 M H z, D M SO-d6) 6: 177.9,
16 7 .3 ,1 6 5 .0 ,1 5 9 .2 ,1 3 9 .4 ,1 2 9 .7 ,1 2 1 .6 ,1 1 5 .6 ,1 1 1 .9 , 6 7 .6 ,5 4 .9 ,4 6 .3 ,4 2 .9 , 38.6, 29.1, 27.2, 25.9,
21.6.

4-(6-(2-Isopropyl-5-m ethylphenoxy)hexyl)-6-(4-m ethylpiperazin-1-yl)-1,3,5-triazin-2- 
am ine (25)

C rystallization: acetonitrile, w hite solid, yield 5% , m p 59 °C dec. C 24H 38N 6 O  (M W  
426.61). LC/M S+/-: purity: 100% , tR= 6.46, (ESI) m/z [M+H]+ 427.18. XH  N M R  (500 M H z, 
D M SO -d6) 6: 6.98 (d, J  = 7.45 H z, 1H, Ph-3-H ), 6 .55 -6 .77  (m , 4H , Ph-4,6-H  + NH2), 3.88 
(t, J  = 6.16 Hz, 2H , OCH 2), 3.63 (br s, 4H , Pp-3,5-H ), 3.13 (spt, J  = 6.92, 1H, C H (C H 3)2), 
2.32 (t, J  = 7.59 Hz, 2H, CH2Tr), 2.17-2.25 (m, 7H, Pp-2,6-H + PhCH3), 2.13 (s, 3H, Pp-CH3), 
1 .55-1 .74  (m , 4H , O C H 2 CH 2 +  CH 2 C H 2 Tr), 1.42 (quin, J  = 7.37 H z, 2H , O (C H 2 )2 CH2 ), 
1 .26-1 .35  (m, 2H , CH2C H 2Tr), 1.08 (d, J  = 6.87 H z, 6H , C H (CH 3)2). 13C N M R  (126 M H z, 
D M SO -d6) 6: 1 7 8 .0 ,1 6 7 .3 ,1 6 5 .0 ,1 5 6 .2 ,1 3 6 .3 ,1 3 3 .5 ,1 2 6 .0 ,1 2 1 .2 ,1 1 2 .8 , 67.7, 54.9, 46 .3 ,42 .8 ,
38.6, 29.3, 29.0, 27.4, 26.7, 26.0, 23.1, 21.5.

3.2. Jn Vitro Pharmacological Studies

R adioligand b inding assays w ere used to determ ine the affinity of the synthesized 
com pounds for hum an serotonin 5-H T6R, 5-H T2aR , 5 -H T 7 R  and dopam ine D 2 R, w hich 
w ere stably expressed in  H EK 293 cells or CH O k1 cells (5-H T2AR). This w as done as 
described previously [12].

3.3. PAMPA Assay

Evaluation of cell m em brane perm eation of com pound 3 w as perform ed on PAMPA 
Plate System  G entest™  plates from  C orning (Tewksbury, M A , U SA ), as described previ­
ously  [16]. The perm eability  coefficient Pe w as calculated  by form ulas described in  the 
literature [26] and com pared w ith a high-perm eable caffeine (CFN).

3.4. Hepatotoxicity

The hepatom a cell line H epG 2 (ATCC® H B-8065TM ) w as used to assess the hep ato­
toxicity of the com pounds according to previously described protocols [16]. The CellTiter 
96® A Q ueous N on-R adioactive C ell Proliferation A ssay w as purchased from  Prom ega 
(Madison, W I, USA). Compound 3 was tested in two independent experiments in triplicate 
at seven concentrations (0 .78 ,1 .56 , 3.125, 6 .25 ,12 .5 , 25 and 50 pM) for 72 h.

3.5. Water Solubility Determination

The w ater solubility of the selected com pounds w as determ ined using U V  spec­
troscopy follow ing previously described m ethods [22,23]. The calibration curves w ere 
determ ined using a series of dilutions for each com pound. Stock solutions in  m ethanol, 
w ith the concentration of 1 m g/m L, w ere further diluted to produce seven solutions w ith 
concentrations in the range of 10- 3 - 1 0 -1  mg/mL. Saturated solutions of tested compounds 
w ere prepared by  suspending each com pound (10 m g) in H 2 O  (2 m L). The suspensions 
w ere refluxed for 5 m in, then left overnight a t 20 ° C and filtered off using a M ach erey - 
Nagel M N  619 de filter. Individual filtrates were diluted in methanol (from 10 to 160 times) 
and analyzed using U V  spectroscopy as a solution in m ethanol/w ater (90%  v/v). The



concentrations of saturated solutions w ere calculated using M S Excel by  linear regression 
of the two vicinal points of the calibration curves and m ultiplication by the dilution rate.

M ore inform ation about this experim ent and calibration curves for compounds can be 
found in the Supplem entary M aterial S1.

3.6. Crystal Structures of Compounds 3 and 3-SA

Crystallization attempts to obtain suitable crystals for X-ray analysis for hydrochloride 
of com pound 3 failed . Therefore, w e prepared other salts for com pound 3 u sing various 
organic acids. Suitable crystals of compound 3 were obtained from a mixture of propan-2-ol 
and decane (1:1, v:v) and for salt of com pound 3 w ith succinic acid (SA) from ethyl acetate, 
in both cases through slow  evaporation of the solvent at room tem perature.

D ata for single crystals w ere collected using the X taLA B Synergy-S diffractom eter, 
equipped w ith the Cu (1.54184 A) K a  radiation source and graphite m onochrom ator. The 
structures w ere solved via d irect m ethods u sing a SIR-2014 program  [27], and all non­
hydrogen atoms w ere refined anisotropically using w eighted, full-m atrix least squares on 
F2. Refinem ent and further calculations w ere carried out using the SH ELXL program  [28]. 
H ydrogen atom s bonded to carbons w ere included in the structure at idealized positions 
and w ere refined using a riding m odel w ith Uiso(H) fixed at 1.5 U eq(C) for m ethyl groups 
and 1.2 Ueq(C) for the other hydrogen atoms. H ydrogen atoms attached to nitrogen atoms 
w ere found from the difference Fourier map and refined w ithout any restraints.

D uring the structure refinem ent of 3-SA, som e strong residual electron density peaks 
were present. Because any attempts to refine this as a chemically rational particle have given 
non-satisfactory results, the solvent m ask option, im plem ented in O lex2 as an alternative 
to SQUEEZE, was used [29]. This left in unit cells a cavity w ith a volum e of about 222.5 A3 
in  the structure containing about 54 electrons (respectively  111.25 A 3 and 27  e for ASU ). 
This allow ed us to assum e, statistically, that the cavity w as filled w ith about one strongly 
disordered m olecule of ethyl acetate (respectively, 1/2 m olecule for ASU), which w as used 
as a solvent during crystallization.

For m olecular graphics the M ERCURY [30] program  w as used.
Crystallographic data:
3: 2 C 19H 29N 6O, M r = 714.96, w avelength 1.54184 À, crystal size = 0.04 x  0.07 x  0.36 

m m 3, m onoclinic, space group Pn, a = 17.4856(3) À, b = 6.0535(1) À, c = 18.3357(4) À, ß = 
98.738(2)°, V  = 1918.06(7) À 3, Z = 2, T = 100(2) K, 16519 reflections collected, 6293 unique 
reflections (Rint = 0.0353), R1 = 0.0356, w R2 = 0.0962 [I > 2c(I)], R1 = 0.0368, w R2 = 0.0973 
[all data].

3-SA: C 19H30N 6O-+ ■ 1.5C6H8O6- , M r = 533.60, wavelength 1.54184 À, crystal size = 0.04 
x  0.15 x  0.47 m m 3, triclinic, space group P1, a = 9.0639(1) À, b = 12.7333(1) À, c = 14.7101(2) 
À, a  = 108.461(1)°, ß = 92.440(1)°, y  = 110.419(1)°, V  = 1486.64(3) À3, Z = 2, T = 100(2) K, 
32337 reflections collected, 5544 unique reflections (Rint = 0.0337), R1 = 0.0343, wR2 = 0.0967 
[I > 2c(I)], R1 = 0.0363, wR2 = 0.0984 [all data].

CCDC 2222391-2222392 contain the supplem entary crystallographic data. These data 
can be obtained free of charge from  The C am bridge C rystallographic D ata C entre via 
w w w .ccdc.cam .ac.uk/data_request/cif (accessed since 26 N ovem ber 2022).

4. C onclu sions

In summary, three series of novel 4-(piperazin-1-yl)-1,3,5-triazine derivatives (m ono­
substituted, di-substituted and w ith a longer linker) w ere designed and synthesized.

The com pounds obtained show ed variable affinity for 5-H T6R. Som e of them , es­
pecially  from  series 1, w ere characterized by  a very  h igh interaction strength w ith  this 
receptor (Ki < 150 nM ). C om pound 3 (4-(2-tert-butylphenoxy)-6-(4-m ethylpiperazin-1- 
y l)-1,3,5-triazin-2-am ine), w hich  had a high affinity for 5-H T6R and selectivity  for other 
receptors tested (5-H T2AR, 5-H T7R  and D 2R), w as selected for further studies. In vitro 
evaluation proved its good ability for passive perm eability  and m oderate hepatotoxicity. 
Solubility tests showed that converting a free base into salts increased its solubility, but the

http://www.ccdc.cam.ac.uk/data_request/cif


am ount depended on the type of salt into w hich the com pound w as m ade. The best solu­
bility  w as that of hydrochloride, w hich  w as not surprising. The results also show ed that 
the type of salt in  w hich the com pound w as carried ou t influenced n ot only its solubility 
but also its binding to the investigated receptors, and this strength w as usually lower than 
for the free base alone. For such 1,3,5-triazine derivatives, hydrochloride seem ed to be the 
m ost favorable salt, as this form ulation did not affect the affinity for 5-H T6 R as m uch, but 
this finding still needs further research.

M oreover, crystallographic studies of com pounds 3 and 3-SA  show ed that the piper­
azine ring alw ays adopted a chair conform ation. In the crystal structure o f com pound 3, 
tw o m olecules of this com pound w ere presented. In one of them , there w as an unusual 
position (axial) of the methyl substituent at the piperazine ring, while in the other molecule 
(as in  the structure of the salt of 3-SA ), the m ethyl group at the p iperazine occupied  an 
equatorial position.

Furtherm ore, the m odifications introduced to the lead M ST 4 led also to prom ising 
m ulti-target structures acting on several targets simultaneously, e.g., three targets (5-HT6 R,
5 -H T 2a R  and D 2 R, such as in  com pound 25 (Ki = 78 nM  vs. Ki = 364 nM  vs. Ki = 149 nM , 
respectively)). Compounds acting on two such targets, i.e., 5-HT6R and D2 R [31] or 5-HT6R 
and 5-H T2AR [32], are described in the literature, but such three-target ligands are not yet 
available.

To sum  up, the w ork carried out show s that 1,3,5-triazine derivatives are prom ising 
structures for further research. N ew  m odifications m ay in  the future lead not only to 
highly potent and selective 5-H T6 R ligands, but also to m ulti-targeted com pounds, w ith a 
potential for m ore effective therapeutic use, e.g., in the treatm ent of AD.

Supplementary Materials: The following supporting information can be downloaded at https: 
//www.mdpi.com/article/10.3390/molecules28031108/s1: Supplementary Materials S1 (synthesis 
of intermediates, 1H NMR of selected intermediates, solubility determination with calibration curves) 
and S2 (1H NMR and 13C NMR spectra of compounds 1-25).
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