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4.1. Instrumental

Melting points (mp) and decomposition temperatures (decomp.) were measured on opened
capillars on a Bichi-Tottoli 530 instrument and were not corrected.

Infrared spectra (IR) were recorded in a Nicolet Magna 560 FTIR spectrophotometer, at the
Organic Chemistry Department at 1QS, by Ms. M. Carmen Meca and Ms. Nuria Ruiz, supervised by Dr. X.
Batllori. Wave numbers are expressed in cm™. The used notation is: st (stretching), b (bending), KBr
(potassium bromide pellet), film (evaporated film in CHCI3), soln (solution in CHCls).

Nuclear Magnetic Ressonance spectra ("H-NMR and C-NMR) were recorded in a Varian Gemini
300HC instrument (operating at a field strength of 300 MHz and 75.5 MHz respectively) or a Varian
Gemini 400-MR instrument ("H-NMR 400 MHz and C-NMR 100.6 MHz), at the Organic Chemistry
Department at 1QS, by Dr. X. Batllori, Ms. Ndria Ruiz or myself, supervised by Dr. X. Batllori. Chemical
shifts are reported in parts per million (3-scale) and coupling constants (J) in Hz by using, in the case of
'H-NMR spectroscopy, tetramethylsilane (TMS) or sodium 2,2,3,3-tetradeutero-3-
(trimethylsilil)propionate (TSPNa) as an internal standard. In the case of BC-NMR spectra, solvent
residual peak was taken as reference: CDCl; at 77.0 ppm, d6-DMSO at 39.5 ppm, d-TFA at 163.8 ppm,
CD;0D at 49.0 ppm. Standard and peak multiplicities are designated as follows: s (singlet), d (doublet),
dd (doublet of doublets), t (triplet), g (quartet), gn (quintet), m (multiplet), br (broad signal), cs (complex
signal). Interchangeable signals are marked with an asterisk (*).

Organic elemental analyses (OEA) were obtained on a Carlo Erba CHNS-O/EA 1108 analyzer, at
the Organic Chemistry Department at I1QS, by Ms. Nuria Ruiz, supervised by Dr. X. Batllori.

Low resolution mass spectra (MS) were recorded at the Organic Chemistry Department at IQS by
Ms. M. Carmen Meca and Ms. Ndria Ruiz, supervised by Dr. X. Batllori, using an Agilent Technologies
5975 spectrometer, and at the Mass Spectrometry Service at the Universidad de Santiago de
Compostela, supervised by Dr. E. Gutian, by using a Hewlett Packard HP5988A quadrupole mass
spectrometer operating in electronic ionisation (El) mode at 70 eV and at 4 kV accelerating potential, or
a Bruker Biotoff Il spectrometer operating in electrospray ionization (ESI) mode with a Time of Flight
(TOF) detector.

High resolution mass spectra (HRMS) were recorded at the Mass Spectrometry Service at the
Universidad de Santiago de Compostela, supervised by Dr. E. Gutian, by using a VG AutoSpec
(Micromass Instruments) Trisector EBE high resolution spectrometer (El mode), a Bruker Biotof Il mass
spectrometer (ESI-TOF mode) or a Bruker Autoflex spectrometer (MALDI-TOF mode, HCCA matrix).

Specific optical rotations ([a]y) were measured with a Perkin Elmer 241 polarimeter at the
Organic Chemistry Department at IQS, by Ms. Ndria Ruiz. Sodium D line (589 nm) and a path length of
1 dm were used for measuring at room temperature.

Anti-HIV activities (ECsy) and cytotoxicity (CCsg) measurements in MT-4 cells were based on the
viability of cells that had been infected or not infected with HIV-1, all of them having been exposed to
various concentrations of the test compouds. After the MT-4 cells were allowed to proliferate for 5 days,
the number of viable cells was quantified by a tetrazolium-based colorimetric method (MTT method).
Biological evaluations were carried out by Dr. Imma Clotet-Codina and Ms. Maria Pau Mena, at the
Retrovirology Laboratory IrsiCaixa, Hospital Universitari Germans Trias i Pujol, Universitat Autonoma de
Barcelona, under the leadership of Dr. José A. Esté.

I thank them all for their excellent work.
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4.2. Synthesis of methyl 2-phenylacrylate (15{4})

COOMe 1CcoOMe’
K,COs / CaO 4
+ (HCHO), —223 "=, 2N e Ha
DMF 3
6 Hb
33 34 15{4)

To a solution of 30.04 g (0.2 mol) of phenylacetate (33) in 100 ml of DMF were added, in this
order, 11.22 g (0,2 mol) Ca0O, 27.64 g (0.2 mol) K,CO; and 6.00 g (0,2 mol) paraformaldehyde. The
mixture was heated to 40 C for 48 h, in which the starting material ran out (reaction can be followed by
TLC). The mixture was cooled to room temperature and the milky suspension was dissolved in the
minimum water volume and extracted with CH,Cl, (3 - 100 ml). The organic extracts were combined,
dried over MgSQ,, and the solvent was removed to give 17.77 g (0.11 mol, 55%) of 15{4} as a colourless
oil.

Spectroscopic data

'H-NMR (300 MHz, CDCl5) & (ppm): 7.31 (m, 5H, H-C4, H-C5, H-C6), 6.36 (s, 1H, Ha), 5.89 (s, 1H,
Hb), 3.82 (s, 3H, H-C7)
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Chapter 4

4.3. Synthesis of 2-methoxy-6-ox0-1,4,5,6-tetrahydropyrido-3-
carbonitriles 18

4.3.1. Synthesis of 2-methoxy-4-methyl-6-o0x0-1,4,5,6-tetrahydropyridine-3-
carbonitrile (18{1})

H
NaOMe 0.6 N_ _OMe’
JCOOMG . <CN MeOH | >
5
Me CN W 3 CN
Me?
15{1} 16 18{1}

8.2 g (0.36 mmol) of sodium were dissolved in 250 ml of methanol. Once reacted, 25.0g
(0.30 mol) of methyl crotonate (15{1}) and 19.8 g (0.30 mol) of malononitrile (16) were added. The
mixture was heated at reflux for 1.5 h, cooled to room temperature and the solvent was removed under
reduced pressure. The residue was dissolved in the minimum water volume (150 ml), cooled to 0 2C and
slowly neutralized with HCI 6 M until pH = 8-9. The precipitate was filtered when appearing, rinsed with
cold water and dried over P,0s. The desired product 18{1} was obtained as a pale yellow solid (22.0 g,
0.13 mol, 53%), mp = 92-95 °C.

Spectroscopic data

IR (KBr) v (cm™): 3191, 3107 (st N-H), 2968, 2935 (st Csp>-H), 2203 (st C=N), 1693 (st C=0), 1645
(st C=C)

'H-NMR (300 MHz, dg-DMSO) & (ppm): 3.88 (s, 3H, H-C7), 2.65 (dd, *J = 7 Hz, *J = 7 Hz, 1H, H-C4),
2.56 (dd, % = 16 Hz, >/ =7 Hz, 1H, H-C5), 2.20 (dd, %/ = 16 Hz, *J = 7 Hz, 1H, H-C5), 1.06 (d, >J = 7 Hz,3H,
H-C8)
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Experimental

4.3.2. Synthesis of 2-methoxy-4-phenyl-6-0x0-1,4,5,6-tetrahydropyridine-3-
carbonitrile (18{2})

H 7
COOMe CN NaQlte Oxg- N OMe
oL N
Ph CN 5 27 3 CN
Ph
15(2) 16 182}

The procedure was the same as stated above for 18{1} using 4.1 g (0.18 mol) of sodium, 150 ml of
methanol, 24.3 g (0.15 mol) of methyl cynnamate (15{2}) and 19.8 g (0.30 mol) of malononitrile (16).
The mixture was held at reflux for 2 h. Once the solvent was removed under reduced pressure, the
residue was dissolved in the minimum water volume (150 ml). The desired product 18{2} was obtained

as a yellow solid (26.7 g, 0.12 mol, 78%), mp = 136 2C.

Spectroscopic data
IR (KBr) v (cm™): 3204, 3104 (st N-H), 3037, 3009 (st Csp>-H), 2936 (st Csp>-H), 2207 (st C=N),
1697 (st C=0), 1641 (st C=C), 774, 708 (b C-H)

'H-NMR (300 MHz, ds-DMSO) & (ppm): 10.78 (s, 1H, N-H), 7.40-7.24 (m, 5H, H-Ph), 3.97 (s, 3H,
H-C7), 3.90 (dd, > =6Hz, >)=7Hz, 1H, H-C4), 2.95 (dd, =16 Hz, *J=7 Hz, 1H, H-C5), 2.56 (dd,
’J=16 Hz, *J = 6 Hz, 1H, H-C5)
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4.3.3. Synthesis of 2-methoxy-5-methyl-6-0x0-1,4,5,6-tetrahydropyridine-3-
carbonitrile (18{3})

H 7
Me._COOMe oN  NaoMe  OgeN. OMe
T RS O &
CN Me 3°CN
8 4
15(3} 16 18(3}

The procedure was the same as stated above for 18{1} using 8.2 g (0.36 mol) of sodium, 250 ml of
methanol, 25.0 g (0.30 mol) of methyl metacrylate (15{3}) and 19.8 g (0.30 mol) of malononitrile (16).
The mixture was held at reflux for 1.5 h. Once the solvent was removed under reduced pressure, the
residue was dissolved in the minimum water volume (150 ml) and the desired product 18{3} was
obtained as a yellow solid (17.6 g, 0.11 mol, 42%), mp = 138-140 °C.

Spectroscopic data
IR (KBr) v(cm'l): 3207, 3108 (st N-H), 2995, 2968, 2955,2934 (st Cspa-H), 2196 (st C=N), 1694 (st
C=0), 1638 (st C=C), 1261 (st C-O)

'H-NMR (300 MHz, dg-DMSO) & (ppm): 10.53 (s, 1H, N-H), 3.89 (s, 3H, H-C7), 2.53 (dd, >/ = 10 Hz,
) =7 Hz, 1H, H-C5), 2.41 (dd, *J = 15 Hz, *J = 7 Hz, 1H, H-C4), 2.18 (dd, %J = 15 Hz, *J = 10 Hz, 1H, H-C5),
1.07 (d, *J = 7 Hz,3H, H-C8)
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4.3.4. Synthesis of 2-methoxy-5-phenyl-6-0x0-1,4,5,6-tetrahydropyridine-3-
carbonitrile (18{4})

H 7
Ph._COOMe CN Naoe Oxg N OMe
T By
CN Ph” >3 "CN
15{4} 16 18{4}

The procedure was the same as stated above for 18{1} using 1.6 g (70 mmol) of sodium, 60 ml of
methanol, 9.7 g (60 mmol) of phenyl acrylate 15{4} and 4.0 g (61 mmol) of malononitrile (16). The
mixture was held at reflux for 2 h. Once the solvent was removed under reduced pressure, the residue
was dissolved in the minimum water volume (200 ml). The desired product 18{4} was obtained as a

yellow solid (5.5 g, 24 mmol, 40%), mp = 115-120 2C.

Spectroscopic data
IR (KBr) v (cm™): 3210, 3117 (st N-H), 3032 (st Csp’-H), 2955, 2923 (st Csp>-H), 2201 (st C=N),
1709 (st C=0), 1645 (st C=C), 1225 (st C-0), 762, 700 (b C-H)

'H-NMR (300 MHz, d-DMSO) & (ppm): 10.79 (s, 1H, N-H), 7.37-7.23 (m, 5H, H-Ph), 3.94 (s, 3H,
H-C7), 3.85 (dd, *J=8Hz, *J=10Hz, 1H, H-C5), 2.73 (dd, °J= 15 Hz, *J =10 Hz, 1H, H-C4), 2.57 (dd,

?J= 15 Hz, *J = 8 Hz, 1H, H-C4)
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4.4. Synthesis of p-xylylene spacers

4.4.1. Synthesis of p-xylylenbisisothiouronium dibromide (23-2HBr)

NH
S AL )k
DO EEIIT S— S
Br H,N” “NH HN_ S
2 2 g 2 HBr
NH
35a 20{3} 23-2HBr

A heterogeneous mixture of 5.28 g (20 mmol) of o,a’-dibromo-p-xylene (35a) and 3.04 g
(40 mmol) of thiourea (20{3}) in 350 ml of isopropanol was held at reflux until total conversion of
reagents (3 h, reaction can be followed by TLC). The resulting mixture was cooled to 4 2C overnight and
the white precipitate was collected by filtration and washed with cold isopropanol.

After drying, 8.04 g (19 mmol, 96%) of 23-2HBr were obtained, mp = 252-253 2C.

Spectroscopic data

IR (KBr) v (cm™): 3284, 3234, 3172 (st N-H), 3066 (st Csp’-H), 2951, 2913 (st Csp>-H), 1653, 1623
(st C=C, st C=N), 815 (b C-H)

'H-NMR (300 MHz, D,0) & (ppm): 7.51 (s, 4H, H-C2), 4.44 (s, 4H, H-C3)
3C-NMR (75.5 MHz, D,0) & (ppm): 170.7 (C4), 134.8 (C1), 130.0 (C2), 35.3 (C3)

OEA calculated for CygHy6BrNsS,: C 28.86%, H 3.87%, N 13.46%, S 15.41%; found C 28.90%,
H 3.86%, N 13.36%, S 15.71%
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4.4.2. Synthesis of p-xylylendiguanidinium sulphate (24-H,S0,)

by
2 3
NH 1
HoN MeS”~ “NH, HZNTN
11,H,S0, NH H,S0O4
37 20{4}-",H,S0, 24-H,S0,

A heterogeneous mixture of 1.36 g (10 mmol) of p-xylylenediamine (37) and 2.78 g (20 mmol) of
S-methylthiourea sulphate (20{4}) in 10 ml of water was stirred at room temperature for 48 h. The
reaction mixture was repeatedly concentrated, adding water until deplacing all methylmercaptane. The
residue was stirred with 3 ml water for 10 minutes and crystalized at 4 °C.

The white solid was recrystallized from water to obtain 2.25g (7 mmol, 71%) of
p-xylylendiguanidinium sulphate (24:-H,S0,) as a white solid, mp > 250 2C. A second, less pure fraction
can be obtained by concentration of the filtrate, to reach a total yield of 81%.

Spectroscopic data

IR (KBr) v(cm™): 3353, 3279, 3164 (st N-H), 3029 (st Csp’-H), 2891 (st Csp>-H), 1672, 1634 (st C=C,
st C=N)

'H-NMR (300 MHz, D,0) & (ppm): 7.37 (s, 4H, H-C2), 4.44 (s, 4H, H-C3)
BC-NMR (75.5 MHz, D,0) & (ppm): 157.4 (C4), 136.3 (C1), 127.9 (C2), 44.8 (C3)

OEA calculated for CigH1gNgO4S: C 37.73%, H 5.70%, N 26.40%, S 10.07%; found C 37.60%,
H 5.86%, N 25.81%, S 10.29%
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4.4.3. Synthesis of 2-(p-hydroxymethylbenzyl)isothiouronium chloride

(27b-HCl)
S 2 5 )NJ\H
Cl iPrOH 1
H0v©/\ Tk NJ\NH \;©/\S 6 NH,
2 2 HO
4 HCI
7
36 203} 27b-HCI

A heterogeneous mixture of 3.13 g (20 mmol) of a-chloro-a’-hydroxy-p-xylene (36) and 1.52 g
(20 mmol) of thiourea (20{3}) in 300 ml of isopropanol was heated at reflux until complete conversion of
reagents (3 h, reaction can be followed by TLC). The mixture was cooled to 4 2C overnight and the white
precipitate was collected by filtration and rinsed with cold isopropanol.

After drying over P,0s, 3.26 g (14 mmol, 85%) of 2-(p-hydroxymethylbenzyl)isothiouronium
chloride (27b-HCI) were obtained, mp = 193-194 2C.

Spectroscopic data

IR (KBr) v(cm™): 3358, 3272, (st N-H, st O-H), 3012 (st Csp>-H), 1647 (st C=C, st C=N, b N-H), 1008
(st C-0), 831 (b C-H)

'H-NMR (300 MHz, D,0) & (ppm): 7.46 (m, 2H, H-C3), 7.42 (m, 2H, H-C2), 4.63 (s, 2H, H-C7), 4.41
(s, 2H, H-C5)

3C-NMR (75.5 MHz, D,0) & (ppm): 170.9 (C6), 140.9 (C4), 134.0 (C1), 129.6 (C2), 128.5 (C3), 64.0
(C7), 35.5 (C5)

MS (EI) m/z (%): 196 (100) [M-11", 121 (78) [CgHsO]", 91 (37) [CsH-]", 77 (17) [CeHs]®

OEA calculated for CyH;5CIN,0OS: C 46.45%, H 5.63%, N 12.04%, S 13.78%; found C 46.55%,
H 5.75%, N 11.94%, S 13.62%
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Experimental

4.4.4. Synthesis of 4-(guanidinomethyl)benzyl-tert-butylcarbamate sulphate

(28-%H,S04)
X
2 5
NH H 3 1
HM©/\NH2 ¥ /lL = HM©/\H o e
Boc™ MeS™ “NH, >(078fN .
9
1/,H,S0, o ! 11,H,S0,
10
40 20{4)-/,H,S0, 28-1/,H,80,

A heterogeneous mixture of 0.974 g (4 mmol) of p-(aminomethyl)benzyl-tert-butylcarbamate (40)
and 0.557 g (4 mmol) of S-methylthiourea sulphate (20{4}) in 10 ml of water was stirred at room
temperature for 60 h. The reaction mixture was repeatedly concentrated, adding water until deplacing
all methylmercaptane. The residue was stirred with 3 ml water for 10 minutes and crystalized at 4 °C.

The white solid was recrystallized from water to obtain 0.332 g (1 mmol, 25%) of the desired
product (28:%:H,S0,) as a white solid. A second, less pure fraction can be obtained by concentration of
the filtrate, to reach a total yield of 40%.

Spectroscopic data

IR (KBr) v (cm™): 3358, 3335 (st N-H), 3051 (st Csp’-H), 2977, 2931 (st Csp>-H), 1685 (st C=0),
1645 (st C=C, st C=N), 1180 (st C-0)

'H-NMR (300 MHz, D,0) & (ppm): 7.32-7.16 (m, 4H, H-C2, H-C3), 4.73 (t, >/ = 6 Hz, 1H, NHCO),
4.09 (d, *J = 6 Hz, 2H, H-C7), 1.38 (s, 9H, H-C10)
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4.5. Synthesis of pyrido[2,3-d]pyrimidine derivatives

4.5.1. Synthesis of 4-amino-2,5-dimethyl-7-o0x0-5,6,7,8-tetrahydropyrido[2,3-
d]pyrimidine (21{1,1})

H H 9
O.__N_ _OMe NaOMe Oy _N N CHj
| . HNYCH3 MeOH T2
CN NH 6 _N
2 Hcl 5[4
Me 10 Me NH2
18{1} 20{7}-HCI 21{1,1}

0.41 g (18 mmo) of sodium were dissolved in 15 ml of methanol. 1.75 g (18 mmol) of acetamide
hydrochloride (20{1}) were added and the mixture was heated at reflux for 15 minutes. After cooling to
room temperature, the mixture was filtered to remove NaCl. 1.07 g (6 mmol) of carbonitrile 18{1},were
added to the so prepared amidine solution and heated at reflux for 24 hours.

The formed precipitate was collected by filtration and washed thoroughly with cold methanol
and dried over P,0s, providing 0.18 g (1 mmol, 15%) of 21{1,1} as a white solid, whose spectral data
were in agreement with authentic material.

Spectroscopic data

IR (KBr) v (cm™): 3420, 3365, 3184, 3124 (st N-H), 2966, 2953, 2922 (st Csp>-H), 1699 (st C=0),
1649, 1610, 1569 (st C=C, st C=N, b N-H)

'H-NMR (300 MHz, d-DMSO) & (ppm): 10.18 (s, 1H, NH), 6.58 (s, 2H, NH,), 3.05 (m, *J =7 Hz,
3)=7Hz,* =1 Hz, 2H, H-C5), 2.70 (dd, % = 16 Hz, *J = 7 Hz, 1H, H-C6), 2.27 (dd, *J = 16 Hz, *J = 1 Hz, 1H,
H-C6), 2.22 (s, 3H, H-C9), 0.97 (d, *J = 7 Hz, 3H, H-C10)

152



Experimental

4.5.2.

Synthesis of 2,4-diamino-5-methyl-7-0x0-5,6,7,8-tetrahydropyrido[2,3-

d]pyrimidine (21{1,2})
NaOMe

H
Os_N.__OMe NH,

18{1} 20{2}-1/,H,CO,

HN
| . Y MeOH
CN NH,
1/,H,CO4

H
O«_N_ _N._2 NH,
S

68 _N
4
9Me NH,

21{1,2}

The procedure was the same as stated above for 21{1,1} using 0.48 g (21 mmo) of sodium, 2.52 g

(28 mmol) of guanidine carbonate (20{2}-%2H,C0;) and 1.15 g (7 mmol) of 2-methoxycarbonitrile 18{1}.

agreement with authentic material.

Spectroscopic data

(st C=C, st C=N, b N-H)

0.59 g (3 mmol, 44%) of the desired product 21{1,2} were obtained, whose spectral data were in

IR (KBr) v(cm™): 3454, 3339, 3225, 3104 (st N-H), 2987, 2938, 2883 (st Cspa—H), 1666, 1642, 1570

'H-NMR (300 MHz, ds-DMSO0) & (ppm): 9.95 (s, 1H, NH), 6.14 (s, 2H, NH,-C4), 5.70 (s, 1H, NH,-C2),

2.98 (m, J=7Hz, >J=7Hz, *J=1Hz, 1H, H-C5), 2.64 (dd, °J=16 Hz, /=7 Hz, 1H, H-C6), 2.18 (dd,
?J =16 Hz, *J = 1 Hz, 1H, H-C6), 0.93 (d, >/ = 7 Hz, 3H, H-C9)
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Chapter 4

4.5.3. Synthesis of 2-((p-(4-amino-2-sulphanyl-5,6-dihydro-5-methylpyrido[2,3-
d]pyrimidin-7(8H)-one)-benzyl)sulphanyl)-4-amino-5,6-dihydro-5-
methylpyrido[2,3-d]pyrimidin-7(8H)-one (25{1,1})

HoN
(0]
H,N N D—nNH
H S S
(@) N OMe
NaOMe
2 | +
UCN MeOH
Me S 2 HBr S

HN=( N=(

NH, £|<\1:§\_/<N
o)
18{1} 23-2HBr NH, 25{1,1}

Me

0.05g (2.2 mmol) of sodium were dissolved in 40 ml of methanol and 0.42 g (1 mmol) of
p-xylylenbisisothiouronium dibromide (23-2HBr) were added to the solution. The mixture was held at
reflux for 15 minutes. Then a solution of 0.50 g (3 mmol) of the carbonitrile 18{1} in 10 ml of methanol
was added and the resulting mixture was heated at reflux for 5 days.

After collection by filtration, the precipitate was washed with methanol and cold water, and
dried over P,0s to yield 30 mg (0.06 mmol, 6%) of the desired product 25{1,1}, as a light coloured solid,
mp = 145-149 °C.

Spectroscopic data

IR (KBr) v (cm™): 3392 (st N-H), 3048, 3023, 3003 (st Cspz-H), 2957, 2911, 2854 (st Csp3-H), 1697
(st C=0), 1605, 1558, 1509 (st C=C, st C=N, b N-H), 836 (b C-H)

MS (MALDI-TOF, HCCA) m/z (%): 523.1 (100) [M+1]"
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Experimental

4.5.4. Synthesis of 2-((p-(4-amino-2-sulphanyl-5,6-dihydro-5-phenylpyrido[2,3-
d]pyrimidin-7(8H)-one)-benzyl)sulphanyl)-4-amino-5,6-dihydro-5-
phenylpyrido[2,3-d]pyrimidin-7(8H)-one (25{2,2})

H,N
o)
H,N N D—NH
=NH )=N
H s S
Os_N.__OMe
NaOMe
2 | +
UCN MeOH
Ph S 2 HBr S
HN= N=(
NH, HN— N
o)
18{2} 23-2HBr o NH, 25{2,2}

The procedure was the same as stated above for 25{1,1} using 0.05 g (2.2 mmol) of sodium, 40 ml
of methanol, 0.42 g (1 mmol) of p-xylylenbisisothiouronium dibromide (23:2HBr) and 0.68 g (3 mmol) of
the carbonitrile 18{2} in 10 ml of methanol.

After 5 days at reflux, the precipitate was collected by filtration, rinsed with methanol and cold
water and dried over P,0; to yield 48 mg (0.07 mmol, 6%) of 25{2,2} as a pale yellow solid, mp = 155-
159 oC.

Spectroscopic data

IR (KBr) v (cm™): 3464, 3376, 3213 (st N-H), 3084, 3050, 3024 (st Cspz-H), 2957, 2912 (st Csp3-H),
1700 (st C=0), 1610, 1556, 1510 (st C=C, st C=N, b N-H), 837 (b C-H)

HRMS (MALDI-TOF, HCCA) m/z (%): calculated for Cs4Hs;NgS,0, [M+1]": 647.2011; found
647.1225 (100) [M+1]"
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Chapter 4

4.5.5. Synthesis of 2-((p-(4-amino-2-sulphanyl-5,6-dihydro-6-methylpyrido[2,3-
d]pyrimidin-7(8H)-one)-benzyl)sulphanyl)-4-amino-5,6-dihydro-6-
methylpyrido[2,3-d]pyrimidin-7(8H)-one (25{3,3})

H,N
o)
H,oN N D—NH
=NH )=N
H s S
Os_N.__OMe
NaOMe
Me cN MeOH g
10
S 2 HBr .5
HN=( N=X(
NH, HN—\ N
o=7 4
18{3} 23-2HBr s 5 NH 25(3,3}
Me

The procedure was the same as stated above for 25{1,1} using 0.05 g (2.2 mmol) of sodium, 40 ml
of methanol, 0.42 g (1 mmol) of p-xylylenbisisothiouronium dibromide (23:2HBr) and 0.50 g (3 mmol) of
the carbonitrile 18{3} in 10 ml of methanol.

After 5 days at reflux, the precipitate was collected by filtration, rinsed with methanol and cold
water and dried over P,0; to yield 80 mg (0.15 mmol, 15%) of 25{3,3} as a pale yellow solid,
mp > 215 °C.

Spectroscopic data

IR (KBr) v (cm™): 3472, 3308, 3178, 3124 (st N-H), 3048, 3024 (st Cspz-H), 2967, 2930 (st Csp3-H),
1692 (st C=0), 1638, 1599, 1557 (st C=C, st C=N, b N-H), 836 (b C-H)

'H-NMR (300 MHz, d-DMSO) & (ppm): 10.27 (s, 2H, NH), 7.36 (s, 4H, H-C11), 6.74 (s, 4H, NH,)
4.24 (s, 4H, H-C9), 2.78 (m, J = 16 Hz, *J = 7 Hz, 2H, H-C5), 2.28 (m, °J = 16 Hz, >/ = 7 Hz, 2H, H-C5), 1.13
(d, ) =7 Hz, 6H, H-C12)

MS (MALDI-TOF, HCCA) m/z (%): 545,4 (100) [M+23]", 523.6 (45) [M+1]"
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4.5.6.

0.07g

Synthesis of 2-((p-(4-amino-2-amino-5,6-dihydro-5-phenylpyrido[2,3-
d]pyrimidin-7(8H)-one)benzyl)amino)-4-amino-5,6-dihydro-5-
phenylpyrido[2,3-d]pyrimidin-7(8H)-one (26{2,2})

H,N
o)
H,N N>_ N—NH

NH NH
(0]

H
N OMe
NaOMe
2 | +
UCN MeOH g
10
Ph

HN H,SO, HN

HN=( N=(2 o
NH, HN— N
o=<7 4
18{2} 24-H,S0, 5 f}; . NH; 26(2,2}

0.32 g (3.0 mmol) of p-xylylendiguanidinium sulphate (24-H,SO,) were dissolved in a solution of
(3.0 mmol) of sodium in 30 ml of methanol, and the resulting solution was heated at reflux for

15 minutes. Then 0.91 g (4 mmol) of 18{2} were added and the mixture was held at reflux for 4 days

The mixture was cooled to room temperature and the solvent was removed under reduced

pressure. The residue was dissolved in 30 ml of water and neutralized with 6 M HCI. The desired product

26{2,2} was collected by filtration, washed with cold water and methanol and dried over P,0s to yield
97 mg (0.16 mmol, 16%) of a light coloured solid, mp = 2102C.
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4.5.7. One-pot synthesis of 2-((p-(4-amino-2-amino-5,6-dihydro-5-
phenylpyrido[2,3-d]pyrimidin-7(8H)-one)benzyl)amino)-4-amino-5,6-
dihydro-5-phenylpyrido[2,3-d]pyrimidin-7(8H)-one (26{2,2})

H,N
o]
2 >:N
>=NH
NH NH
COOMe CN NaOMe
J|/ +< + MeOH
Ph CN w 10 1
HN H,SO0, N_H<2N 0
AN HN—( N
NH, \
o=7 4
15(2} 16 24-H,S0, 5 e NH; 26{2,2}

Ph

To a solution of 0.06 g (2.5 mmol) of sodium in 10 ml of methanol were added 0.32 g (1 mmol) of
p-xylylendiguanidinium sulphate (24-H,SO,) and the mixture was heated at reflux for 15 minutes. Then
the solution was cooled to room temperature and the precipitated was filtered before addition of 0.41 g
(2.5 mmol) of methyl cynnamate (15{2}) and 0.20 g (3 mmol) of malononitrile (16). The mixture was
heated at reflux for 24 hours.

The precipitate was collected by filtration, rinsed with methanol and water and dried over P,0s,
yielding 0.164 g (0.27 mmol, 27%) of 26{2,2} as a pale yellow solid, mp > 2502C.

Spectroscopic data

IR (KBr) v (cm™): 3448, 3341, 3192 (st N-H), 3064, 3028 (st Csp>-H), 2970, 2922, 2852 (st Csp>-H),
1679 (st C=0), 1627, 1587, 1545(st C=C, st C=N, b N-H)

'H-NMR (300 MHz, ds-DMSO) & (ppm): 9.79 (s, 2H, NHCO), 7.28-7.10 (m, 14H, H-C11, H-Ar), 6.81
(s, 4H, NH,), 5.98 (S, 2H, NH), 4.06 (s, 4H, H-C9), 3.02 (dd, /=7 Hz, ¥ = 14 Hz, 2H, H-C6), 2.38 (dd,
?J=14 Hz, ) = 7 Hz, 2H, H-C6)

HRMS (ESI-TOF) m/z (%): calculated for CssH33NigO, [M+1]": 613.2782; found 613.2763 (53)
[M+1]", 358.1357 (100)
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4.5.8. Synthesis of 2-((p-(4-amino-2-amino-5,6-dihydro-6-methylpyrido[2,3-
d]pyrimidin-7(8H)-one)benzyl)amino)-4-amino-5,6-dihydro-6-
methylpyrido[2,3-d]pyrimidin-7(8H)-one (26{3,3})

Me
H,N
(o}
H,N N D—NH
=NH )=N
H NH NH
O._N._ _OMe
NaOMe
MeOH
Me CN e 0 11
HN HN
HN:< H2804 N:<2 9
NH, HN— N
o=7 4
18{3} 24-H,S0, s 5 NH 26(3,3)
Me

The procedure was the same as stated above for 26{2,2} using 0.07 g (3.0 mmol) of sodium,

0.32 g (1 mmol) of p-xylylendiguanidinium sulphate (24-H,S0,) and 0.66 g (4 mmol) of the carbonitrile
18{3}.

The solvent was removed under reduced pressure and the residue was neutralized with 6 M HCI.
A pale coloured solid (26{3,3}) was collected (255 mg, 0.52 mmol, 52%), washed with water and cold
methanol and dried over P,05, mp = 2159C.
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4.5.9. One-pot synthesis of 2-((p-(4-amino-2-amino-5,6-dihydro-6-
methylpyrido[2,3-d]pyrimidin-7(8H)-one)benzyl)amino)-4-amino-5,6-
dihydro-6-methylpyrido[2,3-d]pyrimidin-7(8H)-one (26{3,3})

HN ){%‘
o
\
HoN N )—NH
>:NH N
NH NH
Me COOMe CN NaOMe
W RO MeOH ”
N HN H,s0, ™V HN 910
N=<2
HN=( N _<N
NH, \
o=7 4
15{3} 16 24-H,50, 8 5 NH; 26{3,3}

12

The procedure was the same as stated above for 26{2,2} using 0.06 g (2.5 mmol) of sodium,
0.32 g (1 mmol) of p-xylylendiguanidinium sulphate (24:-H,S0,), 0.25 g (2.5 mmol) of methyl metacrylate
(15{3}) and 0.20 g (3 mmol) of malononitrile(16).

A yellow solid was obtained after 24 h, which was filtered, rinsed with cold water and methanol
and dried over P,0s, yielding 0.150 g (0.30 mmol, 33%) of 26{2,2} as a pale colourless solid, mp > 2502C.

Spectroscopic data

IR (KBr) v (cm™): 3466, 3333, 3197 (st N-H), 2962, 2927, 2869 (st Cspa-H), 1636, 1588, 1555 (st
C=C, st C=N, b N-H)

'H-NMR (300 MHz, ds-DMSO) & (ppm): 9.76 (s, 2H, NHCO), 7.05 (s, 4H, H-C11), 6.79 (s, 4H, NH,),
6.44 (s, 2H, NH), 4.33 (s, 4H, H-C9), 2.60 (dd, *J = 6 Hz, °J = 14 Hz, 2H, H-C5), 2.12 (dd, J = 14 Hz, >J = 7 Hz,
2H, H-C5), 1.01 (d, *J = 7 Hz, 6H, H-C12)

HRMS (ESI-TOF) m/z (%): calculated for CysH,gN1oO, [M+1]": 489.2469; found 489.2455 (36)
[M+1]", 296.1497 (100)

Biological activity

ECSO >25 ug/ml, CCSO >25 Hg/ml
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4.5.10. Synthesis of 2-(p-(hydroxymethyl)benzyl)sulphanyl-4-amino-5,6-dihydro-
5-methylpyrido[2,3-d]pyrimidin-7(8H)-one (29{1})

15
NH H 4NH2 Me
)J\ Os_N OMe NZ 6
NaOM
ST, - [ _tieoH el K,
HO CN —————— 12 2 N7 N0
HCI Me HO H
14 13
27b-HCl 18{1} 29(1}

0.55 g (2.4 mmol) of 2-(p-hydroxymethylbenzyl)isothiouronium chloride (27b-HCl) were added to
a solution of 0.08 g (3.6 mmol) of sodium in 20 ml of methanol, and the mixture was heated at reflux for
15 minutes. Then 0.83 g (5 mmol) of the carbonitrile 18{1} in 10 ml of methanolwere added to the
mixture and held at reflux for 3 days.

The mixture was cold to room temperature and the solvent was removed under reduced
pressure. The residue was dissolved in 20 ml of water and neutralized with 6 M HCI. The precipitate was
filtered, washed with cold methanol and dried over P,0s, to yield 78 mg (0.24 mmol, 10%) of 29{1} as a
white solid, mp > 2502C

Spectroscopic data

IR (KBr) v (cm™): 3343, 3256 (st N-H), 3050, 3024 (st Cspz-H), 2962, 2927, 2918 (st Csp3-H), 1697
(st C=0), 1655, 1617, 1577 (st C=C, st C=N, b N-H), 1011 (st C-O), 834 (b C-H)

'H-NMR (300 MHz, ds-DMSO) & (ppm): 7.28 (m, 2H, H-C12), 7.22 (m, 2H, H-C11), 5.17 (t, > = 6 Hz,
1H, OH), 4.47 (d, *J = 6 Hz, 2H, H-C14), 3.75 (s, 2H, H-C9), 1.01 (d, ®J = 7 Hz, 3H, H-C15)

HRMS (ESI-TOF) m/z (%): calculated for CigHigN,0,S [M+1]": 331.1223; found 331.1223 (89)
[M+1]", 327.1451 (100)
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4.5.11. Synthesis of 2-(p-(hydroxymethyl)benzyl)sulphanyl-4-amino-5,6-dihydro-
6-methylpyrido[2,3-d]pyrimidin-7(8H)-one (29{3})

27b-HCl 18{3} 29(3}

The procedure was the same as stated above for 29{1} using 0.82 g (3.6 mmol) of sodium, 0.54 g
(2.4 mmol) of 2-(p-hydroxymethylbenzyl)isothiouronium chloride (27b-HCl) and 0.83 g (5 mmol) of the
carbonitrile 18{3}.

After concentration, the residue was dissolved in 20 ml water and neutralized with 6 M HCI. The
precipitate was filtered, washed with cold methanol and dried over P,0s, to yield 64 mg (0.20 mmol, 9%)
of 29{3} as a white solid, mp > 2509C

Spectroscopic data

IR (KBr) v (cm™): 3474, 3364, 3280, 3233 (st N-H), 3055, 3026 (st CspZ-H), 2965, 2930, 2876 (st
Csp3-H), 1699 (st C=0), 1625, 1575(st C=C, st C=N, b N-H), 1013 (st C-O), 836 (b C-H)

'H-NMR (300 MHz, ds-DMSO) & (ppm): 10.27 (s, 1H, NH), 7.39 (d, *J = 8 Hz, 2H, H-C12), 7.22 (d,
%)= 8 Hz, 2H, H-C11), 6.74 (s, 2H, NH,), 5.12 (t, >J = 6 Hz, 1H, OH), 4.44 (d, >/ = 6 Hz, 2H, H-C14), 4.25 (s,
2H, H-C9), 2.78 (dd, *J = 7 Hz, *J = 16 Hz, 1H, H-C5), 2.58 (m, *J = 7 Hz, *J = 7 Hz, ¥ = 11 Hz, 1H, H-C6), 2.24
(dd, J = 16 Hz, *J = 11 Hz, 1H, H-C5), 1.12 (d, *J = 7 Hz, 3H, H-C15)

BC-NMR (75.5 MHz, ds-DMSO) & (ppm): 173.4 (C7), 166.2 (C2), 160.7 (C4), 155.7 (C8,), 140.9
(C13), 137.0 (C10), 128.7 (C11), 126.2 (C12), 89.7 (C4,), 62.6 (C14), 34.1 (C6), 33.5 (C9), 25.2 (C5), 15.5
(C15)

HRMS (ESI-TOF) m/z (%): calculated for CigHigN,0,S [M+1]": 331.1223; found 331.1211 (52)
[M+1]%, 233,1018 (100)

Biological activity

ECso > 25 pug/ml; CCsq > 25 pg/ml
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4.5.12. Synthesis of N,N’-bis(3,4-dihydro-1H-imidazole-2-yl)-1,4-
bis(aminomethyl)benzene diiodine (39-2HI)

N
L2 s

N

NH | H,0 ¢ N/4/\N
2 /L

+ H H H H

H,N Mes™ "N No _N
HI </\/f 2 HI

N
37 38-HlI 39-2HI

A heterogeneous mixture of 1.36 g (10 mmol) of p-xylylenediamine (37) and 4.88 g (20 mmol) of
2-methylmercapto-2-imidazoline iodine (38-Hl) in 10 ml of water was stirred at room temperature for
48 h. The reaction mixture was repeatedly concentrated, adding water until deplacing all

methylmercaptane.

The residue was stirred with 3 ml water for 10 minutes and crystalized at 4 2C overnight. The
precipitate was filtered to yield 3.39 g (6.4 mmol, 64%) of the desired product (39-2HI) as a white solid,
mp > 250 2C. A second, less pure fraction can be obtained by concentration of the filtrate.

Spectroscopic data

IR (KBr) v(cm'l): 3314, 3274, 3210, 3172, 3132 (st N-H), 3071, 3048 (st CspZ-H), 2972, 2938, 2898
st Csp™-H), , st C=C, st C=N, -
(st C 3H)16671605( C=C, st C=N, b N-H)

'H-NMR (300 MHz, D,0) & (ppm): 7.38 (s, 4H, H-C1), 4.46 (s, 4H, H-C3), 3.71 (s, 8H, H-C5)
3C-NMR (75.5 MHz, D,0) & (ppm): 160.3 (C4), 136.5 (C2), 127.9 (C1), 46.0 (C5), 43.4 (C3)

OEA calculated for C14H»,Ngl,: C 31.84%, H 4.20%, N 15.91%, found C 31.95%, H 4.47%, N 15.96%

Biological activity

ECso > 25 ug/ml; CCso > 25 ug/ml
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4.6. Synthesis of new amines 5{x}

4.6.1. Synthesis of N-(4-aminobutyl)-2-pipecoline (5{13})

0 6a 4a
B Me Me 53 3a
N 2 L HCI 1 3
—_— N
HN H2N/\/\/ 2a
2 4

1a

49 50 5{13}

2.828 g (10 mmol) of N-(4-bromobutyl)phthalimide (49), 2.36 ml (20 mmol) of 2-pipecoline (50)
and 40 ml of acetone were held at reflux for 12 hours. The piperidine bromide formed was then filtered

and the solvent was removed under reduced pressure. The solid residue was redissolved in ethyl acetate
and was washed with K,CO; (2 M) and extracted with HCI (2 M). The aqueous phase was basified with
NaOH and extracted with dichloromethane. The solvent was removed under reduced pressure,
redissolved in 25 ml of HCI (6 M) and held at reflux for 12 hours. The result mixture was filtered, the
aqueous phase was washed with dichloromethane and then basified and extracted again with
dichloromethane. Finally, the solution was dried over MgSO, and the solvent was removed under

reduced pressure to give 0.204 g (1.2 mmol, 12%) of a yellow oil 5{13}.

Spectroscopic data

IR (film) v (cm™): 3303 (st N-H), 2930, 2856,2786 (st Cspa-H), 1576, 1469 (b N-H), 1373 (b Csp3-H)

'H-NMR (400 MHz, CDCl3) & (ppm):2.84 (m, 2H, H-C1), 2.72 (m, 2H, H-C4), 2.33 (m, 2H, H-Cla)
2.16 (m, 1H, H-C5a), 1.46-1.60 (m, 10H, H-C2, H-C3, H-C2a, H-C3a, H-C4a), 1.1 (d, J = 6.5 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCls) & (ppm): 55.6 (C5a), 53.7 (Cla), 51.9 (C4), 41.9 (C1), 34.4 (C4a), 31.8

(C2a), 25.9 (C2), 23.8 (C3), 22.5 (C3a), 18.9 (C6a)
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4.6.2. Synthesis of N-(4-aminobutyl)piperidine (5{14})

O
NS Br . HCI ) , Q 3a
HN - HZN/\/\/ N 2a
(@) 2 4 1a
49 51 5{14)

Procedure was the same as stated above for 5{13} using 2.828 g (10 mmol) of N-(4-
bromobutyl)phthalimide (49) and 2 ml (20 mmol) of piperidine (51) to obtain 0.941 g (6.03 mmol, 60%)
of a yellow oil 5{14}.

Spectroscopic data

'H-NMR (400 MHz, CDCl3) & (ppm): 3.22 (s, 2H, NH,), 2.76 (t, J = 6.5 Hz, 2H, H-C1), 2.42 (m, 4H,
H-C1a), 2.33 (m, 2H, H-C4), 1.58 (m, 8H, H-C2, H-C2a, H-C3a), 1.45 (m, 2H, H-C3)
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4.6.3. Synthesis of (S)-N-(3-(2-pipecolin-1-yl)propyl)phthalimide (525)

K,COs
@EéNMBr + \O ,\i's)j

o}
67 50S

A solution of 0.41 ml (0.339 g, 3.3 mmol) of (S)-(+)-2-pipecoline (50S) in 10 ml of acetonitrile was
treated with 0.822g (3.0 mmol) of N-(3-bromopropyl)phthalimide (67) and 0.698 g (5.0 mmol)
anhydrous K,CO; under reflux for 8 h. After concentration, the residue was diluted with 30 ml CH,Cl,
and washed with water. The organic layers were combined, dried over MgSQO,, filtered and concentrated

to give 528 as a yellow oil (0.789 g; 92%).

Spectroscopic data
IR (film) v(cm'l): 2931, 2854, 2790 (st Csp3-H), 1772, 1712 (st C=0), 1396, 1032 (st C-N), 720 (b
C-H)

'H-NMR (400 MHz, CDCl;) & (ppm): 7.84 (dd, */=5.5Hz, “J=3.0Hz, 2H, H-C6), 7.71 (dd,
*)=5.5Hz, % = 3.0 Hz, 2H, H-C7), 3.70 (m, 2H, H-C1), 2.78 (m, 2H, H-C3, H-C1a), 2.38 (m, 1H, H-C3), 2.24
(m, 1H, H-C5a), 2.09 (m, 1H, H-C1a), 1.85 (qn, *J = 7.5, 2H, H-C2), 1.62-1.42 (m, 4H, H-C2a, H-C3a, H-C4a),
1.24 (m, 2H, H-C3a, H-C4a), 1.03 (d, J = 6.5 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 168.3 (C4), 133.8 (C7), 132.2 (C5), 123.1 (C6), 55.8 (C5a),
51.8 (C3), 51.4 (Cla), 36.7 (C1), 34.5 (C4a), 26.1 (C2), 24.6 (C2a), 23.8 (C3a), 18.7 (C6a)

MS (ESI-TOF) m/z (%): 287.2 (100) [M++H], 214.1 (2), 158.0 (5), 141.0 (4), 105.0 (6)
HRMS (ESI-TOF) calculated for C;7H,3N,0, [M+1]": 287.1754; found: 287.1750

OEA calculated for C;7H»,N,0,: C 71.30%, H 7.74%, N 9.78%; found: C 70.95%, H 8.03%, N 9.78%

[a]p = + 39.4 2 (concentration 10 mg/ml, CHCl5)
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4.6.4. Synthesis of (S)-N-(3-aminopropyl)-2-pipecoline (5{8S})

6a

NH2NH2 1 3 5a
NN o HNTTNTIY 40
2
0 1a 3a
2a
52S 5{8S}

A solution of 0.654 g (2.3 mmol) of (S)-N-(3-(2-pipecolin-1-yl)propyl)phthalimide (528) in 10 ml of
ethanol was treated with 0.43 ml (8.8 mmol) of hydrazine hydrate under reflux for 1 h. The white
precipitate of phthalhydrazide was filtered and the filtrate was concentrated. After diluting the residue
with 5 ml of AcOEt, a new precipitate of phthalhydrazide appeared, which was filtered off. The filtrate
was concentrated to dryness to give 0.283 g (1,81 mmol, 79%) of (S)-N-(3-aminopropyl)-2-pipecoline
(5{8S}) as a pale yellow oil.

Spectroscopic data

IR (film) v (cm™): 3293 (st N-H), 2930, 2855, 2788 (st Csp>-H), 1575, 1470 (b Csp>-H), 1374, 1329
(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 2.87 (m, 1H, H-C3), 2.72 (m, 3H, H-C1, H-Cla), 2.35 (m, 1H,
H-C3), 2.26 (m, 1H, H-C5a), 2.12 (m, 1H, H-C1a), 1.80-1.50 (m, 8H, H-C2, H-C2a, H-C3a, H-C4a, NH,), 1.28
(m, 2H, H-C3a, H-C4a), 1.06 (d, *J = 6.0 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 55.9 (C5a), 52.0 (C3), 51.7 (C1a), 41.0 (C1), 34.6 (C4a), 29.4
(C2), 26.1 (C2a), 23.9 (C3a), 19.0 (C6a)

MS (El) m/z (%): 156.2 (7) [M]", 112.2 (100), 98.2 (100)
HRMS (E1) calculated for CoHyoN, [M]': 156.1626; found: 156.1621

[a]p = + 69.5 2 (concentration 15 mg/ml, CHCl5)
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4.6.5. Synthesis of (R)-N-(3-(2-pipecolin-1-yl)propyl)phthalimide (52R)

O

6 =
‘,,, K,CO 5 Nag 1 3 : 5a
N - T (R s ! N~ "ONTRY 4a
HN 2
1a 3a
O O 2a
67 50R 52R

A solution of (R)-(+)-2-pipecoline hydrochloride (50R-HCI) in 10% NaOH was extracted with CH,Cl,
to obtain the free amine 50R.

A solution of 0.826 g (8.3 mmol) of (R)-(+)-2-pipecoline (50R) in 20 ml acetonitrile was treated
with 1.653 g (6.0 mmol) N-(3-bromopropyl)phthalimide (67) and 1.50 g (11 mmol) of anhydrous K,CO;
under reflux for 8 h. After concentration, the residue was diluted with 30 ml CH,Cl, and washed with
water. The organic layers were combined, dried over MgSO,, filtered and concentrated to give 52R as a
yellow oil (1.665 g; 97%).

Spectroscopic data

IR (film) v (cm™): 2930, 2856, 2791 (st Csp>-H), 1772, 1713 (st C=0), 1378, 1031 (st C-N), 720 (b
C-H)

'H-NMR (400 MHz, CDCls) & (ppm): 7.84 (m, 2H, H-C6), 7.71 (m, 2H, H-C7), 3.70 (m, 2H, H-C1),
2.77 (m, 2H, H-Cla, H-C3), 2.38 (m, 1H, H-C3), 2.26 (m, 1H, H-C5a), 2.10 (dt, J = 10.0 Hz, *J = 4.0 Hz, 1H,
H-Cla), 1.85 (qn, /= 7.5, 2H, HC2), 1.64-1.43 (m, 4H, H-C2a, H-C3a, HC4a), 1.24 (m, 2H, H-C3a, H-C4a),
1.03 (d, J = 6.5 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCls) & (ppm): 168.3 (C4), 133.8 (C7), 132.2 (C5), 123.1 (C6), 55.8 (C5a),
51.8 (C3), 51.4 (Cla), 36.7 (C1), 34.5 (C4a), 26.1 (C2), 24.6 (C2a), 23.8 (C3a), 18.7 (C6a)

[o]p = - 11.7 2 (concentration 11 mg/ml, CHCl3), 30% ee
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4.6.6. Synthesis of (R)-N-(3-aminopropyl)-2-pipecoline (5{8R})

(0] - _6a
: NH2NH2 1 3 T 5a
NTONRY = HNTONTRY 4
2
o) 1a 3a
2a
52R 5{8R}

A solution of 0.740 g (2.6 mmol) (R)-N-(3-(2-pipecolin-1-yl)propyl)phthalimide (52R) in 10 ml of
ethanol was treated with 0.50 ml (10 mmol) of hydrazine hydrate under reflux for 1 h. The white
precipitate of phthalhydrazide was filtered and the filtrate was concentrated. After diluting the residue
with 5 ml of AcOEt a new precipitate of phthalhydrazide appeared, which was filtered off. The filtrate
was concentrated to dryness to give 0.299 g (1.9 mmol, 73%) of (R)-N-(3-aminopropyl)-2-pipecoline

(5{8R}) as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 3273 (st N-H), 2930, 2855, 2789 (st Csp°>-H), 1576, 1472 (b Csp>-H), 1374, 1329

(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 2.86 (dt, °J = 11.5 Hz, *J = 4.0 Hz, 1H, H-C3), 2.73 (m, 3H, H-C1,
H-Cla), 2.35 (m, 1H, H-C3), 2.26 (m, 1H, H-C5a), 2.11 (dt, >J = 11.0 Hz, *J = 3.0 Hz, 1H, H-Cla), 1.67-1.51
(m, 8H, H-C2, H-C2a, H-C3a, H-C4a, NH,), 1.27 (m, 2H, H-C3a, H-C4a), 1.06 (d, *J = 6.0 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCls) & (ppm): 55.9 (C5a), 52.1 (C3), 51.8 (Cla), 41.0 (C1), 34.7 (C4a), 29.5

(C2), 26.2 (C2a), 24.0 (C3a), 19.1 (C6a)
MS (El) m/z (%): 156.1 (2) [M]", 112.2 (100), 98.1 (68)
HRMS (E1) calculated for CoHyoN, [M]*: 156.1626; found: 156.1624

[a]lp = - 17.5 2 (concentration 10 mg/ml, CHCl5)
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4.7. Synthesis of symmetric substituted analogs

4.7.1. Synthesis of N-(4-((4-(2-methylpiperidin-1-
yl)butanamino)methyl)benzyl)-4-(2-methylpiperidin-1-yl)butan-1-amine
(2{13,13})

6a 4a

0.177 g (1.3 mmol) of terephthalaldehyde (4), 0.442 g (2.6 mmol) of 4-piperidinobutylamine
(5{14}) and Na,SO, were mixed in 5 ml of anhydrous MeOH and placed in a microwave process vial
containing a stir bar, sealed and subjected to microwave irradiation for 2 hours at 100 °C. The solid was
filtered and 0.1 g (3 mmol) of NaBH, were added to the intermediate imine in MeOH. After 12 hours,
water was added and the product was extracted with CH,Cl,. The organic layers were combined, washed
with brine, dried over MgS0O, and the solvent was removed to give 2{13,13} (0.230 g, 0.52 mmol; 40%).

Spectroscopic data

'H-NMR (400 MHz, CDCls) & (ppm): 7.5 (s, 4H, H-C2b), 3.76 (s, 4H, H-Cav), 2.92 (m, 2H, H-C1), 2.71
(m, 6H, H-Cla, H-C5a), 2.40 (m, 4H, H-C4), 1.63 (m, 20H, H-C2, H-C3, H-C2a, H-C3a, H-C4a), 1.11 (m, 6H,
H-C6a)

3C-NMR (106.5 MHz, CDCl5) & (ppm): 139.8 (C1b), 128.4 (C2b), 56.0 (C5a), 54.5 (Ca), 51.7 (Cla),
49.0 (C1), 33.9 (C4a), 27.9 (C2), 25.6 (C3), 22.8 ( C3a), 18.5 (C6a)

MS (FAB) m/z (%): 443.5 (82) [M+1]", 291.3 (66), 154.2 (60), 152.2 (31), 137.0 (32), 112.1 (100)

HRMS (CI) calculated for C,gHsoN, [M+1]": 443.4114; found: 443.4114

Biological activity

ECso = 0.336 pg/ml; CCs > 25 pg/ml
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4.7.2. Synthesis of  N-(4-((4-(piperidin-1-yl)butanamino)methyl)benzyl)-4-
(piperidin-1-yl)butan-1-amine (2{14,14})

3a
CHO w2 A2 O
NaBH, N/\/\/ 2a
+ N —3 H H 2 4 1a
OHC HQN/\/\/ O/\/\/ 2b

4 5(14} 2(14,14}

Procedure was the same as stated above for 2{13,13} using 0.4g (3 mmol) of 5{14}, 0.2 g
(1.5 mmol) of 4 to give 0.35 g (0.85 mmol, 57%) of dark yellow oil 2{13,13}.

Spectroscopic data
IR (film) v(cm™): 3264 (st N-H, st O-H), 2932 (st C-H), 1444 (b Csp3—H), 1123 (st C-0)

'H-NMR (300 MHz, CDCl5): & (ppm) 7.30 (s, 4H, H-C2b), 3.76 (s, 4H, H-Ca), 2.78 (s, 2H, NH), 2.63
(m, 4H, H-C1), 2.52 (m, 12H, H-C1a, H-C4), 1.50 (m, 20H, H-C2a, H-C3a, H-C2, H-C3)

BC-NMR (75 MHz, CDCl5) 6 (ppm): 138.9 (C1b), 128.2 (C2b), 59.2 (Cau), 54.5 (Cla), 53.5 (C4), 49.1
(C1), 28.0 (C2), 25.8 ( C2a), 24.7 (C3a), 24.4 (C3)

MS (FAB) m/z (%): 415.4 (74) [M+1]", 277.2 (50), 154.0 (30), 140.1 (100), 138.1 (32), 137.0 (42)

HRMS (CI) calculated for CogHaN, [M+1]": 415.3801; found: 415.3802

Biological activity

ECso = 0.288 pg/ml; CCsq > 25 pg/ml
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4.7.3. Synthesis of N-(1-(4-((3-(2-methylpiperidin-1-
yl)propylamino)methyl)phenyl)ethyl)-3-(2-methylpiperidin-1-yl)propan-
1-amine (9{8,8})

NaBH,

6a'
CHO 2a 2b' 1b o 1' 3 53’
; 3a 1a 2b N "N 42
0o + HNTTON Ti(OPr), 2 H 4 H 2
4a N\/\/N 1a 3a'
5a 3 1 a 2a'
6a B

11 5(8} 9(8,8}

General procedure without catalysis

1.569 g (10 mmol) of 5{8}, 0.745 g (5 mmol) of 11 and Na,SO, were mixed in 5 ml of anhydrous
MeOH and placed in a microwave process vial containing a stir bar, sealed and subjected to microwave
irradiation for 2 hours at 100 2C. The solid was filtered and the product was extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgS0O, and the solvent was removed to
give 1.424 g of crude product (83% purity), which represent 1.182 g (2.77 mmol, 55%) of 9{8,8}.

The crude product can be partially purified by column chromatography (neutral alumina,
CH,Cl,:MeOH 80:20).

General procedure with catalysis

2.274 g (8 mmol) of titanium isopropoxide (IV) were added to a mixture of 0.629 g (4 mmol) of
5{8} and 0.246 g (2 mmol) of 11 and stirred in 20 ml of ethanol at room temperature under N,
atmosphere overnight. 0.306 g (8 mmol) of NaBH, were added and the mixture was stirred for 6 hours
at room temperature. Water was added until no more precipitate was formed. The solid was
centrifuged, filtered and the product was extracted with CH,Cl,. The organic layers were combined,
washed with brine, dried over MgSO, and the solvent was removed to give 0.587 g (1.37 mmol, 69%) of
9{8,8} as a yellow ail.

Spectroscopic data and biological activity

'H-NMR (300 MHz, CDCls): & (ppm) 7.27 (m, 4H, H-C2b, H-C2b’), 3.75 (m, 3H, H-Ca, H-Co’), 2.8
(m, 4H, H-C1, H-C1’), 2.6 (m, 4H, H-C3, H-C3’), 2.4 (m, 2H, H-C5a, H-C5a’), 2.1 (m, 4H, H-Cla, H-C1a’), 1.6
(m, 14H, H-C2a, H-C2a’, H-C3a, H-C3a’, H-C4a, H-C4a’, H-C4, H-C4’), 1.34 (d, J = 5Hz, 3H, H-CB), 1.26 (m,
2H, H-C4a, H-C44a’), 1.03 (m, 6H, H-C6a, H-C6a’)

3C-NMR (75 MHz, CDCls) & (ppm): 144.2 (C1b), 138.1 (C1b’), 128.2 (C2b), 126.6 (C2b’), 58.1(Ca),
55.8 (C5a, C5a’), 54.0 (Co'), 51.9 (Cla’), 48.4 (C3'), 46.8 (C1, C1'), 34.6 (Cda, C4a’), 36.1 (C2, C2'), 24.1
(C3a, C32’), 23.8 (CPB), 18.9 (C6a, C6a’)

MS (FAB) m/z (%): 429.3 (45) [M+1], 427.3 (14), 126.1 (25), 112 (100)
HRMS (Cl) calculated for C,7H,gN, [M+1]": 429.3957; found: 429.3958

ECso = 0.110 pg/ml; CCso > 25 pg/ml

172



Experimental

4.7.4. Synthesis of N-(1-(4-((3-(piperidin-1-
yl)propylamino)methyl)phenyl)ethyl)-3-(piperidin-1-yl)propan-1-amine
(9{12,12})

CHO 2 - NN
HzN/\/\I\O Ti(OPr), % Gm 2 Mo H 2 ’\O
(0} + B N\/\/N 1a' 3a'
NaBH, s ) « g
11 5{(12} 9{12,12}

Procedure was the same as stated above for 9{8,8} without catalysis using 0.431 g (3 mmol) of
5{12}, 0.225 g (1.5 mmol) of 11 and 0.114 g (3 mmol) of NaBH,, to give 0.159 g of crude product (81%
purity), which represent 0.129 g (0.32 mmol, 21%) of 9{12,12}.

Spectroscopic data

'H-NMR (300 MHz, CDCl3): & (ppm) 7.32 (m, 4H, H-C2b, H-C2b’), 3.77 (m, 3H, H-Co, H-Ca’), 2.67
(m, 4H, H-C1, H-C1’), 2.38 (m, 12H, H-C3, H-C3’, H-Cla, H-C1a’), 2.0 (m, 2H, NH), 1.7 (m, 4H, H-C2, H-C2’),
1.56 (m, 15H, H-CB, H-C2a’, H-C3a’)

BC-NMR (75 MHz, CDCl3) & (ppm): 128.2 (C2b’), 126.6 (C2b), 58.0 (Ca'), 57.8 (Ca), 54.6 (Cla,
C1a’), 53.5 (C3, C3’), 46.8 (C1, C1’), 30.9 (C2, C2’), 25.2 (C3a, C3a’), 24.4 (CP)

MS (FAB) m/z (%): 401.3 (54) [M+1]", 277.2 (36), 231.0 (45), 126.1 (51), 112.1 (52)

HRMS (CI) calculated for CosHasN, [M+1]": 401.3644; found: 401.3647

Biological activity

ECso = 0.404 pg/ml; CCs > 25 pg/ml
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4.7.5. Synthesis of N-(1-(4-((4-(piperidin-1-yl)butylamino)methyl)phenyl)ethyl)-
4-(piperidin-1-yl)butan-1-amine (9{14,14})

1a 4 2 H 1b H 2' 4 1a'

NaBH4 2a Ol/\/\/N
3 1

B
1 5{14} 9{14,14}

3a'
+ H2N/\/\/

Procedure was the same as stated above for 9{8,8} with catalysis using 0.543 g (3.48 mmol) of
5{14}, 0.26g (1.74 mmol) of 11, 1.978 g (6.96 mmol) of titanium isopropoxide (IV) and 0.132g
(3.48 mmol) of NaBH,, to give 0.502 g of crude product (80%) which represent 0.402 g (0.94 mmol, 54%)
of 9{14,14}.

Spectroscopic data

'H-NMR (300 MHz, CDCls): & (ppm) 7.29 (m, 4H, H-C2b, H-C2b’), 3.76 (m, 3H, H-Ca, H-Co’), 2.6
(m, 4H, H-C1, H-C1’), 2.3 (m, 12H, H-C4, H-C4, H-Cla, H-C1a’), 1.5 (m, 23H, H-C2, H-C2’, H-C3, H-C3’,
H-C2a, H-C2a’, H-C3a, H-C3a’, H-CP)

3C-NMR (75 MHz, CDCl5) & (ppm): 145.0 (C1b’), 139.0 (C1b’), 128.3 (C2b), 125.5 (C2b’), 59.2 (Cav),
54.5 (Cla, C1a’), 53.6 (Cal'), 49.2 (C4, C4’), 49.1 (C1’), 47.5 (C1), 27.9 (C2, C2’), 25.8 (C3, C3’), 25.3 (C2a,
C2a’), 24.5 (C3a, C3a’), 24.1 (CP)

MS (FAB) m/z (%): 429.3 (12) [M+1]", 219.2 (100), 231.0 (54), 140.1 (28), 136.9 (97), 108.9 (26)

HRMS (CI) calculated for C,sH4gN, [M+1]": 429.3957; found: 429.3945

Biological activity

ECso = 0.513 pg/ml; CCsq > 25 pg/ml
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4.7.6. Synthesis of N-(1-(4-(1-(3-(2-methylpiperidin-1-
yl)propylamino)ethyl)phenyl)ethyl)-3-(2-methylpiperidin-1-yl)propan-1-
amine (12{8,8})

b 6a

o 1 3 5a
O + HZN/\/\N M4 Q H o H/\Z/\,\é%
© NaBH, N ~N 2 1a 3
2a

14 5{8} 12{(8,8}

Procedure was the same as stated above for 9{8,8} with catalysis, using 0.625 g (4 mmol) of 5{8},
0.324 g (2 mmol) of 14, 2.274 g (8 mmol) of titanium isopropoxide (IV) and 0.306 g (8 mmol) of NaBH,,
to give 0.190 g (0.43 mmol, 21%) of 12{8,8}.

Spectroscopic data

'H-NMR (300 MHz, CDCl5): & (ppm) 7.27 (s, 4H, H-C2b), 3.75 (q, 2H, J = 6.5 Hz, H-Cat), 2.8 (m, 4H,
H-C1), 2.6 (m, 4H, H-C3), 2.27 (m, 4H, H-Cla), 2.1 (m, 2H, H-C5a), 1.8 (m, 12H, H-C2a, H-C3a, H-C4a,
H-C2), 1.34 (d, J = 6.5 Hz, 6H, H-CB), 1.26 (m, 2H, H-C4a), 1.03 (d, J = 6.3 Hz, 6H, H-C6a)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 143.8 (C1b), 126.2 (C2b), 58.2 (Cau), 55.9 (C5a), 51.7 (Cla),
46.9 (C3), 46.7 (C1), 34.5 (C4a), 25.9 (C2), 23.9 (C2a), 23.6 (C3a), 18.9 (CP)

MS (FAB) m/z (%): 443.4 (84) [M+1]", 126.1 (28), 112.1 (100), 109.1 (18)

HRMS (Cl) calculated for CogHsoN, [M+1]": 443.4114; found: 443.4113

Biological activity

ECso = 0.075 pg/ml; CCs > 25 pg/ml
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4.7.7. Synthesis of N-(1-(4-(1-(3-(piperidin-1-
yl)propylamino)ethyl)phenyl)ethyl)-3-(piperidin-1-yl)propan-1-amine
(12{12,12})

0 . HN >N NaBH, NN
+ H 1b H 2
o) N_~_N 2b 1a 3a

14 5{12} 12{12,12}

Procedure was the same as stated above for 9{8,8} without catalysis using 2.84 g (20 mmol) of
5{12}, 1.62 g (10 mmol) of 14 and 0.76 g (20 mmol) of NaBH,, to give 0.602 g of crude product (85%
purity), which represent 0.511 g (1.23 mmol, 12%) of 12{12,12}.

Spectroscopic data

'H-NMR (300 MHz, CDCl3): & (ppm) 7.3 (s, 4H, H-C2b), 3.72 (q, J = 6.5 Hz, 2H, H-Cat), 2.49 (m, 4H,
H-C1), 2.32 (m, 12H, H-C3, H-Cla), 1.62 (m, 4H, H-C2), 1.55 (m, 12H, H-C2a, H-C3a), 1.33 (d, J = 6.5 Hz,
6H, H-CB)

13C-NMR (100.6 MHz, CDCl) & (ppm): 144.3 (C1b), 126.5 (C2b), 58.0 (Cat), 57.9 (Cla), 54.6 (C3),
46.8 (C1), 27.1 (C2), 26.0 (C2a, C3a), 24.6 (CP)

Biological activity

ECso = 0.162 pg/ml; CCs > 25 pg/ml
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4.7.8. Synthesis of N-(1-(4-(3-(2-(2-methylpiperidin-1-
yl)butylamino)ethyl)phenyl)ethyl)-3-(2-methylpiperidin-1-yl)butan-1-
amine (12{13,13})

o \Q o
+ Ti(O'Pr), H ®oH 2 4 Ta
N
(@) HzN/\/\/ 2b

N
NaBH, C"(\/\/

14 5(13} 12{13,13}

A solution of 0.061 g (0.36 mmol) of 5{13} and 0.029 g (0.18 mmol) of 14 was prepared in 5 ml of
ethanol. Then 0.10 g (0.37 mmol) of titanium isopropoxide (IV) were added and the reaction was stirred
under N, atmosphere for 24 hours at room temperature. 0.020 g of NaBH, (0.5 mmol) was added and
the mixture was stirred for 6 hours. Afterwards, 20 ml of water with some drops of NH; were added to
stop the reaction. The solution was filtered and the product was extracted with CH,Cl,. The organic
layers were combined, washed with brine, dried over MgS0O, and the solvent was removed to give

12{13,13} with a yield < 5%.

Spectroscopic data

'H-NMR (400 MHz, CDCl3): 6 (ppm) 7.3(s, 4H, H-C2b), 3.72 (m, 2H, H-Ca), 2.63 (m, 14H, H-C1,
H-C4, H-Cla, H-C5a), 1.46 (m, 26H, H-CB, H-C2, H-C3, H-C2a, H-C3a, H-C4a), 1.04 (m, 6H, H-C6a)

3C-NMR (100.6 MHz, CDCl3) § (ppm): 145.2 (C1b), 126.5 (C2b), 55.7 (Cau), 53.7 (C5a), 52.1 (C4),
47.6 (C1), 34.5 (C4a), 28.3 (C2), 25.1 (C3, C2a), 23.0 (C3a), 22.6 (CP), 19.1 (C6a)

MS (FAB) m/z (%): 471.5 (6.2), 409.4 (14, 320.3 (25), 319 .3 (63), 172.2 (27), 169.2 (32), 137.0
(25), 112.1 (100)

HRMS (CI) calculated for C3oHssN, [M+1]": 471.4427; found: 471.4421

Biological activity

ECso = 1.848 pg/ml; CCs > 25 pg/ml

177



Chapter 4

4.8. Synthesis of asymmetric substituted analogs

4.8.1. Synthesis of 1-4((3-(2-methylpiperidin-1-
yl)propylimino)methyl)phenyl)ethanone (66{8})

CHO S /1\/3\ 5a
2b N N 4a
o + H2N /\/\ N . N
(e} 1a 3a
2a
B
11 5{8} 66{8}

A solution of 0.375 g (2.53 mmol) of 4-acetylbenzaldehyde (11) and 0.395 g (2.53 mmol) of 5{8} in
20 ml of methanol was prepared. Na,SO, was added and the mixture was stirred for 6 hours at room

temperature and under N, atmosphere.

Na,SO, was filtered and 20mL of water were added. The product was extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgSO, and the solvent was removed
under reduced pressure to give 0.651 g (2.27 mmol, 90%) of 66{8} as an orange oil.

Spectroscopic data

'H-NMR (300 MHz, CDCls): & (ppm) 8.34 (s, 1H, H-Cat), 7.99 (d, J = 8.5 Hz, 2H, H-C2b), 7.81 (d,
J=8.5Hz, 2H, H-C1b), 3.65 (m, 2H, H-C1), 2.85 (m, 2H, H-C3), 2.63 (s, 3H, H-CB), 2.46 (m, 1H, H-C5a),
2.20 (m, 2H, H-C1a), 1.90 (m, 2H, H-C2), 1.40 (m, 6H, H-C2a, H-C3a, H-C4a), 1.03 (d, J = 4.5 Hz, 3H, H-C6a)
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4.8.2. Synthesis of 1-4((3-(piperidin-1-yl)propylimino)methyl)phenyl)ethanone

(66{12})
1b < 3
CHO NN " \N)\/\N
2 2
O + O (6] 1a 3a
2a
B
11 5{12} 66{712}

A solution of 0.597 g (4.03 mmol) of 11 and 0.574 g (4.03 mmol) of 5{12} in 30 ml of methanol
was prepared. Na,SO, was added and the mixture was stirred for 2 hours at room temperature and
under N, atmosphere.

Na,SO, was filtered and 10 ml of water were added. The product was extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgSO, and the solvent was removed
under reduced pressure to give 1.018 g (3.74 mmol, 93%) of 66{12} as a yellow oil.

Spectroscopic data

'H-NMR (300 MHz, CDCl): & (ppm) 8.34 (s, 1H, H-Ca), 8.0 (d, J =8 Hz, 2H, H-C2b), 7.81 (d,
J=8Hz, 2H, H-C1b), 3.68 (t, J = 7 Hz, 2H, H-C1), 2.63 (s, 3H, H-CP), 2.40 (m, 1H, H-Cla, H-C3), 1.9 (m, 2H,
H-C2), 1.6 (m, 6H, H-C2a, H-C3a)
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4.8.3. Synthesis of 1-4((4-(piperidin-1-yl)propylimino)methyl)phenyl)ethanone
(66{13})

2a
1a 3a
1b “\ 1 3 N
N/\/\/
2 4

CHO @
2b
o + H2N/\/\/ N OY@/\
B

11 5{13} 66{14}

A solution of 0.627 g (4.02 mmol) of 5{13} and 0.595 g (4.02 mmol) of 11 in 20 ml of methanol
was prepared. Na,SO, was added and the mixture was stirred for 48 hours at room temperature and
under N, atmosphere.

Na,SO, was filtered and 15 ml of water were added. The product was extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgS0O, and the solvent was removed
under reduced pressure to give 0.792 g (2.77 mmol, 70%) of 66{13}.

Spectroscopic data

'H-NMR (400 MHz, CDCl3): & (ppm) 8.32 (s, 1H, H-Ca), 8.0 (d, J =8 Hz, 2H, H-C2b), 7.80 (d,
J=8Hz, 2H, H-C1b), 3.68 (t, J = 7 Hz, 2H, H-C1), 2.63 (s, 3H, H-CP), 2.38 (m, 6H, H-Cla, H-C4), 1.92 (m,
2H, H-C2), 1.6 (m, 6H, H-C2a, H-C3a), 1.43 (m, 2H, H-C3)
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4.8.4. Synthesis of N-(1-(4-((3-(2-methylpiperidin-1-
yl)propylamino)methyl)phenyl)ethyl)-3-(piperidin-1-yl)propan-1-amine
(9{12,8})

& 2a'
N/\/\b HZN/\/\'\O 33'@15 !
(0] + - 2

N A~N -
SO T

66{5} 5(12} 9{12,8}

1.137 g (4 mmol) of titanium isopropoxide (IV) were added to a mixture of 0.284 g (2 mmol) of
5{12} and 0.572 g (2 mmol) of 66{8} and stirred in 20 ml of ethanol at room temperature under N,
atmosphere for 6 hours. Afterwards, 0.151 g (4 mmol) of NaBH, were added and the mixture was stirred
for 6 hours. Water with some drops of NH;, was added until no precipitate was formed. The solid was
filtered and the product was extracted with CH,Cl,. The organic layers were combined, washed with
brine, dried over MgS0O, and the solvent was removed to give 0.633 g of crude product (85% purity),
which represent 0.538 g (1.292 mmol, 65%) of 9{12,8} as a yellow oil.

Spectroscopic data

'H-NMR (300 MHz, CDCl5): & (ppm) 8.29 (m, 4H, H-C2b, H-C2b’), 3.77 (m, 3H, H-Ca,, H-Co’), 2.85
(m, 2H, H-C4), 2.63 (2, 3H, H-C6), 2.46 (m, 1H, H-C1a), 2.2 (m, 1H, H-C5a), 1.9 (m, 2H, H-C3), 1.4 (m, 6H,
H-C2a, H-C3a, H-C4a), 1.03 (d, J = 4.5 Hz, 3H, H-C6a)

B3C-NMR (100.6 MHz, CDCl3) & (ppm): 145.2 (C1b), 143.9 (C2b), 58.0 (Ca), 55.9 (C5a), 55.4 (C1a’),
53.5 (Cla) 52.3 (C3’), 51.9 (C3), 48.2 (C1), 46.7 (C1’), 35.4 (C4a), 26.6 (C2, C2’), 25.8 (C2a), 25.4 (C2a’,
C3a’), 24.3 (C3a), 23.8 (CP), 18.8 (C6a)

MS (FAB) m/z (%): 415.4 (58) [M+1]", 401.4 (25), 126.1 (27), 112.1 (100)

HRMS (FAB) calculated for CpgHaeN, [M+1]": 415.3801; found: 415.3801

Biological activity

ECso = 0.123 pg/ml; CCsq > 25 pg/ml
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4.8.5. Synthesis of N-(1-(4-((3-(2-methylpiperidin-1-
yl)propylamino)methyl)phenyl)ethyl)-3-(piperidin-1-yl)butan-1-amine
(9{14,8})

2 a1 3 5a
\N P N H 4a
+ —_— 1w Y2 g H 2
(o) Ao~ N . N 1a 3a
H2N 2a N § A
3a'

66{5) 5{14} 9{14,8}

Procedure was the same as stated above for 9{12,8} using 0.858 g (3 mmol) of 66{8}, 0.468 g
(3 mmol) of 5{14}, 1.705 g (6 mmol)of titanium isopropoxide (IV) and 0.113 g (3 mmol) of NaBH,, to give
1.089 g of crude product (80% purity), which represent 0.871 g (2.04 mmol, 68%) of 9{14,8}.

Spectroscopic data

'H-NMR (300 MHz, CDCl5): & (ppm) 7.33 (m, 4H, H-C2b, H-C2b’), 4.2 (s, 2H, NH), 3.81 (m, 3H,
H-Ca, H-Ca'), 2.63 (m, 4H, H-C1, H-C1’), 2.3 (m, 8H, H-C4’, H-C3, H-Cla, H-C1a’), 2.1 (m, 1H, H-C5a), 1.5
(m, 16H, H-C2a, H-C2a’, H-C3a, H-C3a’, H-C4a, H-C2, H-C2’, H-C3’), 1.34 (d, J = 5.0 Hz, 3H, H-CB), 1.26 (m,
3H, H-C6a)

3C-NMR (100.6 MHz, CDCls) & (ppm): 128.7 (C1b’), 126.9 (Clb), 125.6 (C2b, C2b’), 58.9 (Co.'),
58.0 (C5a), 56.1 (Ca), 54.4 (C1a’), 54.1 (C4’), 52.9 (Cla), 51.6 (C3), 48.1 (C1), 46.7 (C1’), 33.9 (C4a), 27.8
(C2’), 27.5 (C2), 25.5 (C2a), 25.4 (C3a’, C4a’), 24.4 (C3'), 24.1 (C3a), 23.3 (CB), 18.5 (C6a)

MS (FAB) m/z (%): 429.4 (56) [M+1]", 291.2 (41), 231.0 (35), 154.0 (84), 136.9 (100), 112.1 (48),
109.9 (28)

HRMS (CI) calculated for C,7H4gN, [M+1]": 429.3957; found: 429.3958

Biological activity

ECso = 0.346 pg/ml; CCs > 25 pg/ml
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4.8.6. Synthesis of N-(4-(1-(3-(2-methylpiperidin-1-
yl)propylamino)ethyl)benzyl)-3-(piperidin-1-yl)propan-1-amine (9{8,12})

f ) 3
X 2a 1b 1
N N N 3a' 1a' H 2b N/\/\ N
0 +H2N/\/\N — 42 N\/Z'\/N H 2 1a 3a
52’ 3 1o 2a
6a' B
66{712} 5{8} 9{8,12}

0.853 g (3 mmol) of titanium isopropoxide (V) were added to a mixture of 0.408 g (1.5 mmol) of
66{12} and 0.234 g (1.5 mmol) of 5{8} in 20 ml of ethanol and stirred under N, atmosphere at 602 of
temperature overnight. 0.113 g (3 mmol) of NaBH, was added and the mixture was stirred for 4 hours.
Water with some drops of NH; was added to stop the reaction. The TiO, obtained was filtered and the
product was extracted with CH,Cl,. The organic layers were combined, washed with brine, dried over
MgS0, and the solvent was removed to give 0.200 g (0.48 mmol, 32%) of 9{8,12}.

Spectroscopic data

HRMS (CI) calculated for CogHagN, [M+1]": 415.380; found: 415.3799

Biological activity

ECso = 0.158 pg/ml; CCsq > 25 pg/ml

183



Chapter 4

4.8.7. Synthesis of N-(4-(1-(3-(2-methylpiperidin-1-
yl)propylamino)ethyl)benzyl)-4-(piperidin-1-yl)butan-1-amine (9{14,12})

2b

1b N/\/\N
H 2
1a 3a
2a

66{12) 5{14} 9(14,12}

+ I 1a' 4' g N
° H2N/\/\/ N 2a' O\l /\Ar o
3a' s .

B

Procedure was the same as stated above for 9{8,12} using 0.544 g (2 mmol) of 66{12}, 0.312 g
(2 mmol) of 5{14}, 1.137 g (4 mmol)of titanium isopropoxide (IV) and 0.151 g (4 mmol) of NaBH,, to give
0.278 of crude product (83% purity), which represent 0.231 g (0.56 mmol, 28%) of 9{14,12} as red oil.

Spectroscopic data

'H-NMR (300 MHz, CDCl3): & (ppm) 7.27 (m, 4H, H-C2b, H-C2b’), 3.78 (m, 3H, H-Co,, H-Ca’), 2.68
(m, 4H, H-C1, H-C1’), 2.37 (m, 12H, H-C4’, H-C3, H-Cla, H-C1a’, H-N), 1.48 (m, 14H, H-C2a, H-C2a’, H-C3a,
H-C3a’, H-C4a, H-C2), 1.42 (m, 4H, H-C2’, H-C3’), 1.36 (q, J = 6.5 Hz, 3H, H-CB)

BC-NMR (100.6 MHz, CDCl;) & (ppm): 128.2 (C1b), 126.6 (C1b’), 125.4 (C2b, C2b’), 59.2 (Car), 58.0
(Ca'), 54.4 (Cla, Cl1a’), 53.6 (C4’), 49.3 (C3), 48.3 (C1), 47.6 (C1’), 28.2 (C2’), 28.0 (C2), 26.8 (C3’), 25.9
(C2a, C2a’, C3a, C32’), 24.2 (CP)

MS (FAB) m/z (%): 415.5 (100) [M+1]", 155.2 (34), 154.0 (72), 140.2 (89), 124.1 (34), 112.1 (37)

HRMS (Cl): calculated for CygHagN, [M+1]": 415.3801; found: 415.3803

Biological activity

ECso = 0.290 pg/ml; CCso > 25 pg/ml

184



Experimental

4.8.8. Synthesis of N-(4-(1-(3-(piperidin-1-yl)propylamino)ethyl)benzyl)-4-
(piperidin-1-yl)butan-1-amine (9{12,14})

2a'

\N/\/\/'O+ H2N/\/\N sa 1a' > H
N AN
EINE

66{14} 5{12} 9{12,14}

Procedure was the same as stated above for 9{8,12} using 0.264 g (0.92 mmol) of 66{14}, 0.128 g
(0.9 mmol) of 5{12}, 0.508 g (1.8 mmol)of titanium isopropoxide (IV) and 0.07 g (1.8 mmol) of NaBH,, to
give 0.327 g (0.79 mmol, 86%) of 9{12,14} as yellow oil.

Spectroscopic data

'H-NMR (300 MHz, CDCl3): & (ppm) 7.33 (m, 4H, H-C2b, H-C2b’), 3.79 (m, 3H, H-Co, H-Ca’), 2.84
(m, 4H, H-C1, H-C1’), 2.70 (m, 4H, H-C4’, H-C4), 2.39 (m, 10H, H-Cla, H-C1a’, H-N), 1.74 (m, 14H, H-C2a,
H-C2a’, H-C3a, H-C3a’, H-C2’) 1.40 (m, 7H, H-C2, H-C3, H-CP)

BC-NMR (100.6 MHz, CDCl;) & (ppm): 128.5 (C1b’), 128.4 (Clb), 125.5 (C2b, C2b’), 58.9 (Ca.'),
57.7 (Ca), 54.5 (Cla, C1a’, C4), 53.3 (C3’), 48.8 (C1), 48.1 (C1’), 26.1 (C2), 25.7 (C2’), 25.5 (C2a, C2a’, C3a,
C3a’), 25.2 (C3), 24.1 (CP)

MS (FAB) m/z (%): 415.4 (33) [M+1]",401.4 (26), 291.3 (66), 278.2 (21), 277.2 (100), 157.2 (26),
155.2 (22), 140.2 (47), 124.1 (25), 112.1 (35)

HRMS (CI) calculated for CogHagN, [M+1]": 415.3801; found: 415.3799

Biological activity

ECso = 0.695 pg/ml; CCso > 25 pg/ml
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4.8.9. Synthesis of 1-(4-(1-(3-(2-methylpiperidin-1-
yl)propylamino)ethyl)phenyl)ethanone (110{8})

B 6a
20 R /1\/3\ %
(@] + H N/\/\N N S N 4a
2 — 1y
(@) (@) 1a 3a
2a
B

14 5(8) 110{8}

0.780 g (5 mmol) of 5{8} were slowly added into a solution of 1.62 g (10 mmol) of 14 and 2.84 g
(10 mmol) of titanium isopropoxide (V) in 20 ml of ethanol, under N, atmosphere. The mixture was
stirred at room temperature for 24 hours.

Water with some drops of NH;, was added to stop the reaction. The solid was filtered and the
product was extracted with CH,Cl,. The organic layers were combined, washed with brine, dried over
MgS0O, and the solvent was removed under reduced pressure. A mixture of the desired product 110{8}
and 14 was obtained, which was partially purified by column chromatography (neutral alumina, ethyl
acetate:hexane 1:2).

Spectroscopic data

'H-NMR (300 MHz, CDCl3): 6 (ppm) 7.8 (m, 4H, H-C2b, H-C2b’), 3.48 (m, 2H, H-C3), 2.8 (m, 4H,
H-C3, H-C8), 2.6 (m, 4H, H-C5, H-C10), 2.4 (m, 2H, H-C1a, H-Clc), 2.1 (m, 4H, H-C5a, H-C5c), 1.6 (m, 14H,
H-C2a, H-C2c, H-C3a, H-C3c, H-C4a, H-C4c, H-C4, H-C9), 1.34 (d, J = 5.0 Hz, 3H, H-C2), 1.26 (m, 2H, H-C23,
H-Cc), 1.03 (m, 6H, H-C6, H-C11)
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4.9. Synthesis of 2{8,8} stereoisomers

4.9.1. Synthesis of (S)-N,N’'-(1,4-phenylenebis(methylene))bis(3-((S)-2-
methylpiperidin-1-yl)propan-1-amine) (2{8S5,85})

6a

CHO 2 i A2 5a
NaBH N
O + HNTONTY ——= Hﬁ” BN
OHC S N\/\/N 1a 3a
2a
4 5{8S} 2{85,8S}

0.0954 g (0.71 mmol) of terephthalaldehyde (4), 0.2259 g (1.45 mmol) of (S)-N-(3-aminopropyl)-
2-pipecoline (5{8S}) and Na,SO, were mixed in 6 ml of anhydrous MeOH and the mixture heated at
reflux under N, atmosphere for 24 h. The solid was filtered and the intermediate imine in MeOH was
cooled to 0 oC and treated with 0.056 g (1.45 mmol) of solid NaBH,. The reaction mixture was stirred at
rt overnight. Then water was added and the product was extracted with CH,Cl,. The organic layers were
combined, washed with brine, dried over MgSO, and the solvent was removed to give 0.286 g (0.67
mmol, 97%) of 2{85,8S} as a yellow oil.

Spectroscopic data
IR (film) v(cm™): 3282 (st N-H), 2929, 2854, 2793 (st Csp3-H), 1449,1372 (b Csp3-H)

'H-NMR (400 MHz, CDCl5): & (ppm) 7.30 (m, 4H, H-C2b), 3.79 (d, 4H, H-Ca), 2.92 (m, 2H, H-Cla),
2.79 (m, 2H, H-C3), 2.68 (m, 4H, H-C1), 2.44-2.33 (m, 8H, H-C3, H-C5a, H-Cla), 2.16 (m, 2H, NH), 1.80-
1.48 (m, 12H, H-C2, H-C2a, H-C4a, H-C3a), 1.29 (m, 4H, H-C4a, H-C3a), 1.07 (d, 6H, ,*J = 8.0 Hz, H-C6a)

C-NMR (100.6 MHz, CDCl3) & (ppm): 138.7 (C1b), 127.8 (C2b), 55.8 (C5a), 53.6 (Ca), 52.2 (C3),
52.1 (Cla), 48.2 (C1), 34.7 (C4a), 26.2 (C2a), 25.7 (C2), 23.9 (C3a), 19.1 (C6a)

MS (Cl) m/z (%): 415.3 (100), 258.2 (42), 112.0 (51)
HRMS (Cl) calculated for C,6H,7N, [M+1]": 415.3801; found: 415.3811

[alo = + 35.4 2 (concentration 11 mg/ml, CHCIs)

Biological activity

ECso = 0.070 pg/ml; CCsq > 25 pg/ml
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4.9.2. Synthesis of (R)-N,N'-(1,4-phenylenebis(methylene))bis(3-((R)-2-
methylpiperidin-1-yl)propan-1-amine) (2{8R,8R})

_6a

- 2% o 1 3 5a

5
CHO : NaBH b SN
4 N N (R 4a
ey 2= g TS
OHC "-?N\/\/N 1a 3a

= 2a

4 5{8R} 2{8R,8R}

0.0653 g (0.48 mmol) of terephthalaldehyde (4), 0.150 g (0.96 mmol) of (R)-N-(3-aminopropyl)-2-
pipecoline (5{8R}) and Na,SO, were mixed in 5 ml of anhydrous MeOH and the mixture heated at reflux
under N, atmosphere for 24 h. The solid was filtered and the intermediate imine in MeOH was cooled to
09C and treated with 0.037 g (0.96 mmol) of solid NaBH,. The reaction mixture was stirred at rt
overnight. Then water was added and the product was extracted with CH,Cl,. The organic layers were
combined, washed with brine, dried over MgSO, and the solvent was removed to give 0.167 g
(0.4 mmol, 83%) of 2{8R,8R} as a yellow oil.

Spectroscopic data

'H-NMR (400 MHz, CDCl3): & (ppm) 7.31 (s, 4H, H-C2b), 3.79 (d, 4H, H-Ca), 2.91 (m, 2H, H-C1a),
2.78 (m, 2H, H-C3), 2.68 (m, 4H, H-C1), 2.43-2.32 (m, 8H, H-C3, H-C5a, H-Cla), 2.16 (m, 2H, NH), 1.79-
1.49 (m, 12H, H-C2, H-C2a, H-C3a, H-C4a), 1.28 (m, 4H, H-C4a, H-C3a), 1.07 (d, 6H, ,*J = 8.0 Hz, H-C6a)

MS (Cl) m/z (%): 415.3 (100), 258.1 (31), 112.0 (53)
HRMS (Cl): calculated for CygHssN, [M+1]": 415.3801; found: 415.3800

a]p = - 12.9 2 (concentration 12 mg/ml, CHCl;), 36% ee
[alo g 3

Biological activity

ECso = 0.077 pg/ml; CCso > 25 pg/ml
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4.9.3. Synthesis of (S)-N-(4-(diethoxymethyl)benzyl)-3-(2-methylpiperidin-1-
yl)propan-1-amine (64{8S})

CHO b * ]
3b 1o N/\/\N (S 4a
EtO + HQN/\/\N (s NaBH, O H 2

OEt 2a

6 5{8S} 64{8S}

0.345g (1.6 mmol) of 4-(diethoxymethyl)benzaldehyde (6), 0.2505g (1.6 mmol) of (S)-N-(3-
aminopropyl)-2-pipecoline (5{8S}) and Na,SO, were mixed in 5 ml of anhydrous MeOH and the mixture
was held at reflux under N, atmosphere for 24 h. The solid was filtered and the intermediate imine in
MeOH was cooled to 0 2C and treated with 0.056 g (1.45 mmol) of solid NaBH,. The reaction mixture
was stirred at rt overnight. Then water was added and the product was extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgS0O, and the solvent was removed to
give 0,466 g (1.3 mmol, 84%) of the corresponding 4-(diethyoxymethyl)benzylamine 64{8S} as a brown
oil.

Spectroscopic data

IR (film) v (cm™): 3283 (st N-H), 2973, 2930, 2798 (st Csp°>-H), 1663 (st C=C), 1444, 1371 (b Csp’-
H), 1114, 1055 (st C-O)

'H-NMR (400 MHz, CDCly): 6 (ppm) 7.44 (m, 2H, H-C3b), 7.34 (m, 2H, H-C2b), 5.49 (s, 1H, H-C5b),
3.82 (d, *J=9.0 Hz, 2H, H-Ca), 3.72-3.44 (m, 4H, H-C6b), 2.94 (m, 1H, H-C1a), 2.83 (m, 1H, H-C3), 2.71
(m, 2H, H-C1), 2.48-2.36 (m, 3H, H-C3, H-C5a, Cla), 2.21 (m, 1H, NH), 1.84-1.55 (m, 8H, H-C2, H-C2a, H-
C3a, H-C4a), 1.24 (m, 6H, H-C7b), 1.09 (d, ’)=6.5 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 140.1 (C1b), 137.8 (C4b), 127.9 (C2b), 126.7 (C3b), 101.4
(C5b), 64.7 (C5a), 61.0 (C6b), 56.0 (C1a), 53.6 (C3), 52.2 (C1), 48.2 (Cau), 34.4 (C4a), 25.9 (C2), 25.5 (C2a),
23.8 (C3a), 18.9 (C6a), 15.1 (C7b)

MS (El) m/z (%): 348 (3), 303 (6), 165 (14), 155 (11), 126 (15), 112 (100), 98 (34), 91 (12)

HRMS (CI) calculated for C,;H3¢N,0, [M]: 348.2777; found: 348.2778
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4.9.4. Synthesis of (S)-4-((3-(2-methylpiperidin-1-
yl)propylamino)methyl)benzaldehyde (65{8S})

6a

P 2b o« 1 3 5a
” NS HOI 36 1b N/\/\N 7S 4a
EtO —_— H 2
OHC 4b 1a 3a

OEt 5b 2a
64{8S} 65{8S}

0.495 g (1.42 mmol) of the intermediate aminoacetal 64{85} were treated with 5ml of 2 M HCI at
room temperature for 2h. The resulting mixture was basified with NaOH and extracted with CH,Cl,. The
organic layers were combined, washed with brine, dried over MgS0O, and the solvent was removed to
give 0.314 g (1.14 mmol, 80%) of the desired product 65{8S} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3281 (st N-H), 2929, 2852, 2797, 2729 (st Csp>-H), 1701 (st C=0), 1606 (st C=C),
1444, 1371 (b Csp>-H), 1209 (st C-N)

"H-NMR (400 MHz, CDCls): & (ppm) 10.00 (s, 1H, H-C5b), 7.84 (d, *J = 8.0 Hz, 2H, H-C3b), 7.50 (d,
3)=8.0 Hz, 2H, H-C2b), 3.87 (s, 2H, H-Cay), 2.90 (m, 1H, H-Cla), 2.79 (m, 1H, H-C3), 2.66 (t, *J = 7.0 Hz,
2H, H-C1), 2.42-2.36 (m, 2H, H-C3, H-C5a), 2.20-1.96 (m, 2H, H-Cla, NH), 1.75-1.55 (m, 6H, H-C2, H-C2a,
H-C4a, H-C3a), 1.34-1.24 (m, 2H, H-C4a, H-C3a), 1.09 (d, *J = 6.5 Hz, 3H, H-C6a)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 192.0 (C5b), 147.8 (C1b), 135.3 (C4b), 129.9 (C3b), 128.5
(C2b), 56.1 (C5a), 53.7 (Ca), 52.3 (C3), 52.0 (Cla), 48.5 (C1), 34.5 (C4a), 26.0 (C2a), 25.8 (C2), 23.8 (C3a),
18.9 (C6a)

MS (El) m/z (%): 274 (6), 183 (3), 155 (7), 126 (9), 119 (10), 112 (100), 98 (39), 91 (14)

HRMS (El) calculated for C;7H,6N,0 [M]*: 274.2045; found: 274.2037
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4.9.5. Synthesis of 3-((R)-2-methylpiperidin-1-yl)-N-(4-((3-((S)-2-
methylpiperidin-1-yl)propylamino)methyl)benzyl)propan-1-amine
(2{8s,8R})

—6a

B 2 /1\/3\ i5a
/@/\N/\/\N 9N + H2N/\/\N (é) NaBH, CP HV@AN : ,\@ 4a
H S N\/\/N 1a 3a

OHC 2a
65(8S} 5{8R} 2(8S,8R}

0.314g (1.14 mmol) of (S)-4-((3-(2-methylpiperidin-1-yl)propylamino)methyl)benzaldehyde
(65{8S}), 0.178 g (1.44 mmol) of (R)-N-(3-aminopropyl)-2-pipecoline (5{8R}) and Na,SO, were mixed in
8 ml of anhydrous MeOH and the mixture was heated at reflux under N, atmosphere for 24 h. The solid
was filtered and the intermediate imine in MeOH was cooled to 09C and treated with 0.044 g
(1.14 mmol) of solid NaBH,. The reaction mixture was stirred at room temperature overnight. Then
water was added and the product was extracted with CH,Cl,. The organic layers were combined, washed
with brine, dried over MgS0O, and the solvent was removed to give 0.394 g (0.95 mmol, 83%) of 2{8S,8R}
as a yellow oil.

Spectroscopic data

'H-NMR (400 MHz, CDCl3): & (ppm) 7.30 (s, 4H, H-C2b), 3.79 (d, 4H, H-Ca), 2.89 (m, 2H, H-Cla),
2.77 (m, 2H, H-C3), 2.67 (m, 4H, H-C1), 2.41-2.27 (m, 8H, H-C3, H-C5a, H-C1a), 2.16 (m, 2H, NH), 1.75-
1.48 (m, 12H, H-C2, H-C2a, H-C4a, H-C3a), 1.29 (m, 4H, H-C4a, H-C3a), 1.06 (d, 6H, , > = 8.0 Hz, H-C6a)

MS (Cl) m/z (%): 415.4 (56), 199.1 (100), 157.1 (71), 112.0 (95)

HRMS (CI) calculated for CogH47N, [M+1]": 415.3801; found: 415.3803

Biological activity
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4.10. Synthesis of privileged structures derivatives

4.10.1. Synthesis of 3-((4-methylpiperazin-1-yl)methyl)-10,11-dihydro-5H-
dibenzo[b,flazepine (71{3})

H H
N o SN Eton O N2, N
' HJ\H ' LN ) . O O

68 69 70(3} 71{3}

To 2.8 ml (25 mmol) of N-methylpiperazine (70{3}) cooled in an ice bath were added slowly
1.5ml (20 mmol) of formaldehyde (69) 37% in water. 2.01g (10 mmol) of 10,11-dihydro-5H-
dibenzo(b,flazepine (68), 1.7 ml (30 mmol) of acetic acid and 40 ml of ethanol were added and the
reaction mixture was heated under reflux for 30 h. After concentration, the residue was neutralized with
NaClO 1% and extracted with CHCl;. The organic layers were combined, washed with water, dried over
MgS0,, filtered and concentrated. The brown residue was digested from hexane to give 1.44¢g
(4.7 mmol, 47%) of 71{3} as a light brown solid.

Spectroscopic data

'H-NMR (400 MHz, CDCl3) & (ppm): 7.03 (m, 4H, H-C10, H-C8, H-C5, H-C3), 6.73 (m, 3H, H-C2,
H-C11, H-C9), 5.96 (s, 1H, NH), 3.40 (s, 2H, H-C12), 3.07 (s, 4H, H-C6, H-C7), 2.70-2.30 (br, 8H, H-C13,
H-C14), 2.28 (s, 3H, H-C16)

MS (EI) m/z (%): 307.3 (55) [M]’, 208.2 (100), 195.2 (72), 99.2 (71)

HRMS (E1) calculated for CyH,N5 [M]: 307.2048; found: 307.2045

Biological activity

ECso > 9.9 ug/ml; CCso = 9.9 ug/ml
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4.10.2. Synthesis of N-((1H-indol-2-yl)methyl)-3-(4-methylpiperazin-1-
yl)propanamine (79{9})

H 8 9 11 12
H NaBH
N . HZN/\/\N/\ —4> . N - N/\/\N/\B
)—CHo LN [z H oo
~ 6 3 ~ 14
5 4
72 5(9) 79(9)

0.314g (2.1 mmol) of 1H-indole-2-carbaldehyde (72), 0.36 ml (2.1 mmol) of 3-(4-
methylpiperazin-1-yl)propanamine (5{9}) and Na,SO, were mixed in 30 ml of anhydrous MeOH and the
mixture was heated at reflux under N, atmosphere for 24 h. The solid was filtered and the intermediate
imine in MeOH was cooled to 0 2C and treated with 0.081 g (2.1 mmol) of solid NaBH,. The reaction
mixture was stirred at room temperature overnight. Then water was added and the product was
extracted with CH,Cl,. The organic layers were combined, washed with brine, dried over MgSO, and the
solvent was removed to give 0.572 g (2.0 mmol, 95%) of 79{9} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3185 (st N-H), 3080 (st Csp’-H), 2937, 2798, 2680 (st Csp>-H), 1457, 1287 (b
Csp>-H), 1164 (st C-N), 745 (b N-H)

'H-NMR (400 MHz, CDCl3) & (ppm): 9.21 (s, 1H, NH), 7.54 (d, *J=8.0 Hz, 1H, H-C7), 7.37 (d,
%)= 8.0 Hz, 1H, H-C4), 7.15 (t, >/ = 7.0 Hz, 1H, H-C5), 7.07 (t, *J = 7.0 Hz, 1H, H-C6), 6.36 (s, 1H, H-C3), 4.2
(br, 1H, NH), 4.03 (s, 2H, H-C8), 2.80 (t, *J = 6.5 Hz, 2H, H-C9), 2.6-2.2 (br, 10H, H-C12, H-C13, H-C11),
2.16 (s, 3H, H-C14), 1.76 (qn, *J = 6.5 Hz, 2H, H-C10)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 136.5 (C7a), 133.2 (C2), 127.8 (C3a), 122.0 (C6), 120.2 (C4),
119.8 (C5), 111.3 (C7), 102.0 (C3), 57.0 (C11), 54.6 (C13), 52.9 (C12), 47.9 (C8), 45.7 (C14), 24.2 (C9), 22.8
(C10)

MS (EI) m/z (%): 286.3 (20) [M]", 214.2 (13), 130.1 (100)

HRMS (E1) calculated for Cy5H,N, [M]: 286.2157; found: 286.2156

Biological activity

ECso > 3.8 ug/ml; CCso = 3.8 ug/ml
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4.10.3. Synthesis of N-((1H-indol-3-yl)methyl)-3-(4-methylpiperazin-1-
yl)propanamine (80{9})

CHO 5

0.311g (2.1 mmol) of 1H-indole-3-carbaldehyde (73), 0.36 ml (2.1 mmol) of 3-(4-
methylpiperazin-1-yl)propanamine (5{9}) and Na,SO, were mixed in 30 ml of anhydrous MeOH and the
suspension was held at reflux under N, atmosphere for 24 h. The solid was filtered and the intermediate
imine in MeOH was cooled to 0 2C and treated with 0.081 g (2.1 mmol) of solid NaBH,. The reaction
mixture was stirred at room temperature overnight. Then water was added and the product was
extracted with CH,Cl,. The organic layers were combined, washed with brine, dried over MgS0O, and the
solvent was removed to give 0.5560 g (1.9 mmol, 92%) of 80{9} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 3176 (st N-H), 3055 (st Csp>-H), 2938, 2800, 2684 (st Csp>-H), 1456, 1356, 1285
(b Csp’-H), 1163 (st C-N), 745 (b N-H)

'H-NMR (400 MHz, CDCl5) & (ppm): 8.67 (s, 1H, NH), 7.63 (d, */=8.0 Hz, 1H, H-C4), 7.40 (d,
3)=8.0 Hz, 1H, H-C7), 7.27 (s, 1H, H-C2), 7.20 (m, 1H, H-C5), 7.14 (m, 1H, H-C6), 4.05 (s, 2H, H-C8), 2.89
(t, >/ = 6.5 Hz, 2H, H-C9), 2.6-2.2 (br, 10H, H-C11, H-C12, H-C13), 2.15 (s, 3H, H-C14), 1.81 (qn, >J = 6.5 Hz,
2H, H-C10)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 136.2 (C7a), 126.5 (C3a), 125.7 (C2), 122.3 (C6), 120.0 (C5),
117.8 (C4), 112.0 (C7), 111.4 (C3), 57.4 (C11), 54.5 (C13), 52.8 (C12), 48.4 (C8), 45.6 (C14), 42.8 (C9), 22.9
(C10)

MS (EI) m/z (%): 286.1 (1) [M]", 245.1 (9), 158.0 (16), 130.0 (100), 113.1 (52), 70.1 (66)

HRMS (El) calculated for C;7H,6N, [M]": 286.2157; found: 286.2152

Biological activity
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4.10.4. Synthesis of N-((1H-indol-3-yl)methyl)-3-morpholinopropanamine
(80{11})

73 5{11} 80{171}

0.311g (2.1mmol) of 1H-indole-3-carbaldehyde (73), 0.31ml (2.1 mmol) of
3-morpholinopropanamine (5{11}) and Na,SO, were mixed in 30 ml of anhydrous MeOH and the
mixture heated at reflux under N, atmosphere for 24 h. The solid was filtered and the intermediate
imine in MeOH was cooled to 0 2C and treated with 0.081 g (2.1 mmol) of solid NaBH,. The reaction
mixture was stirred at room temperature overnight. Then water was added and the product was
extracted with CH,Cl,. The organic layers were combined, washed with brine, dried over MgSO, and the
solvent was removed to give 0.5624 g (2.06 mmol, 98%) of 80{11} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 3183 (st N-H), 3055 (st Csp’-H), 2928, 2854, 2813 (st Csp’-H), 1458, 1356 (b
Csp>-H), 1116 (st C-N), 747 (b N-H)

'H-NMR (400 MHz, CDCls) & (ppm): 8.78 (s, 1H, NH), 7.62 (d, >/ = 8.0 Hz, H-C4), 7.38 (d, >/ = 8.0 Hz,
H-C7), 7.20-7.12 (m, 3H, H-C5, H-C6, H-C2), 4.03 (s, 2H, H-C8), 3.70 (br, 1H, NH), 3.55 (t, > = 4.5 Hz, 4H,
H-C13), 2.86 (t, >J = 6.5 Hz, 2H, H-C9) 2.41 (m, 6H, H-C11, H-C12), 1.79 (qn, *J = 6.5 Hz, 2H, H-C10)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 136.3 (C7a), 126.8 (C3a), 123.6 (C2), 122.2 (C5), 119.6 (C6),
118.3 (C4), 112.1 (C3), 111.5 (C7), 66.7 (C13), 57.6 (C11), 53.6 (C12), 48.3 (C9), 44.1 (C8), 25.1 (C10)

MS (EI) m/z (%): 273.1 (6) [M]", 245.1 (11), 130.0 (100), 100.1 (80)

HRMS (El) calculated for C4gH,3N;0 [M]*: 273.1841; found: 273.1847

Biological activity

ECso > 51.4 ug/ml; CCsq = 51.4 pg/ml
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4.11. Synthesis of de novo desighed amides with ethylene spacer

4.11.1. Synthesis of 2-chloro-N(3-(2-methylcyclohexyl)propyl)acetamide (93¢{8})

0 12
O 4 6 1
+HNTTN CI\)J\/\/\
a My é_. NN
7 9
8

94c 5(8) 93¢{8}

0.92 ml (5.0 mmol) of 5{8} and 2.00 g (14.5 mmol) of K,CO; were mixed in 10 ml of anhydrous
ACN and cooled to 0 2C under N, atmosphere. A solution of 0.44 ml (5.5 mmol) of chloroacetyl chloride
(94c) in 8 ml of anhydrous ACN was added dropwise for 1 hour. The suspension was stirred overnight,
filtered and the solvent was removed under reduced pressure. 1.16 g (5.0 mmol, quantitative) of the
desired product 93c¢{8} were obtained as a brown oil without further purification.

Spectroscopic data
IR (film) v(cm™): 3293 (st N-H), 2931, 2856, 2793 (st Csp™-H), 1666 (st C=0), 1532 (st C-N)

'H-NMR (400 MHz, CDCl5) & (ppm): 8.39 (br, 1H, NH), 4.03 (s, 2H, H-C1), 3.58-3.48 (m, 1H, H-C4),
3.31-3.21 (m, 1H, H-C4), 2.98-2.82 (m, 2H, H-C7, H-C6), 2.30-2.19 (m, 2H, H-C6, H-C11) 2.06-1.97 (m, 1H,
H-C7), 1.83-1.51 (m, 6H, H-C10, H-C9, H-C5*, H-C8*), 1.41-1.22 (m, 2H, H-C10, H-C9), 1.08 (d, >/ = 6.5 Hz,
3H, H-C12)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 166.2 (C2), 57.1 (C11), 53.9 (C6), 52.6 (C7), 42.9 (C1), 41.0
(C4), 34.6 (C10), 26.0 (C5*), 25.0 (C8*), 24.0 (C9), 19.2 (C12)

MS (EI) m/z (%): 232.2 (3) [M]", 217.2 (34), 112.2 (100)

HRMS (El) calculated for C;;H,;CIN,O [M]: 232.1342; found: 232.1346
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4.11.2. Synthesis of 2-chloro-N(3-(4-methylpiperazin-1-yl)propyl)acetamide

(93¢{9})
A
4 6
(6] H2N/\/\N/\ Cl 5 N/\/\N
CI\)J\Q * N\ - k H ° 7 /\'l\l\
94c 5(9} 93¢{9}

Procedure was the same as stated above for 93c{8} but using 0.87 ml (5.0 mmol) of 1-(3-
aminopropyl)-4-methylpiperazine (5{9}), 1.42 g (10.3 mmol) of K,CO; and 0.44 ml (5.5 mmol) of
chloroacetyl chloride (94c). After stirring overnight, the suspension was filtered, and the solvent
removed under reduced pressure. 1.16 g (5.0 mmol, quantitative) of the desired product 93c{9} were
obtained as a brown oil without further purification.

Spectroscopic data

IR (film) v (cm™): 3212 (st N-H), 2938, 2877, 2795, 2679 (st Csp>-H), 1674 (st C=0), 1557 (b N-H),
1459 (st Csp’-H), 1372 (st Csp>-H)

'H-NMR (400 MHz, CDCl3) & (ppm): 8.08 (br, 1H, NH), 4.04 (s, 2H, H-C1), 3.41 (q, */=6.2 Hz, 2H, H-
C4), 2.67-2.40 (m, 10H, H-C6, H-C7, H-C8), 2.30 (s, 3H, H-C9), 1.72 (qn, >/=6.2 Hz, 2H, H-C5)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 166.2 (C2), 58.1 (C6), 54.9* (C8), 53.5* (C7), 46.1 (C9), 42.8
(C1), 40.6 (C4), 24.6 (C5)

MS (ESI-TOF) m/z (%): 268.1 (100) [M+CI]’, 160.8 (36)

HRMS (ESI-TOF) calculated for C;oH,oCIl;,N350 [M+Cl]: 268.0978; found: 268.0977
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4.11.3. Synthesis of 2-chloro-N(3-morpholinopropyl)acetamide (93c{11})

o)
4 6
cl
e SR e
c cl o v 750
94c 511} 93c{11}

Procedure was the same as stated above for 93c{8} but using 0.29 ml (2.0 mmol) of
3-morpholinopropylamine (5{11}), 0.80 g (5.8 mmol) of K,CO; and 0.23 ml (2.0 mmol) of chloroacetyl
chloride (94c). 0.40 g (1.8 mmol, 90%) of the desired amide 93c{11} were obtained as a brown oil
without further purification.

Spectroscopic data

IR (film) v (cm™): 3301 (st N-H), 2953, 2857, 2813 (st Csp°-H), 1666 (st C=0), 1535 (b N-H), 1117
(st C-O-C), 862 (st C-0-C)

'H-NMR (400 MHz, CDCl3) & (ppm): 8.02 (br s, 1H, NH), 4.05 (s, 2H, H-C1), 3.80-3.67 (m, 4H, H-
C8), 3.46-3.38 (m, 2H, H-C4), 2.55-2.40 (m, 6H, H-C7, H-C6), 1.80-1.67 (m, 2H, H-C5)

3C-NMR (100.6 MHz, CDCls) & (ppm): 166.2 (C2), 66.9 (C8), 58.6 (C6), 54.1 (C7), 42.9 (C1), 40.5
(C4), 24.4 (C5)

MS (ESI-TOF) m/z (%): 255.1 (100) [M+CI]

HRMS (ESI-TOF) calculated for C4H45Cl,N,0, [M+Cl]: 255.0667; found: 255.0662
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4.11.4. Synthesis of 2-bromo-N(2-morpholinoethyl)acetamide (93b{10})

o K\O O (\O
Br\)J\CI * HZN/\/NJ Br\)i\N/“\/NQ 7

1 H 5 6

94b 5{10} 93b{70}

0.46 ml (5.8 mmol) of bromoacetyl chloride at 0 2C were added dropwise to a solution of 0.66 ml
(5.0 mmol) of 4-(2-aminoethyl)morpholine (5{10}) and 0.85 ml of NEt; (6.2 mmol) in 25 ml of anhydrous
CH,CI, at 0 9C and under N,. The mixture was stirred overnight at room temperature. Then, 75 ml of
K,CO; solution (40%) were added and the aqueous layer was separated and extracted with CH,Cl,. The
combined organic extracts were washed with 50 ml of water, dried over MgSO,, filtered and
concentrated. Purification of the residue by flash chromatography (silica, CH,Cl,:MeOH:NH; 100:0.0 to
80:20:1 in 18 minutes) afforded 0.280 g (1.1 mmol, 22%), of the desired product 93b{10} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3305 (st N-H), 2955, 2855, 2813 (st Csp°>-H), 1668 (st C=0), 1534 (b N-H), 1117
(st C-O-C), 867 (st C-0-C)

'H-NMR (400 MHz, CDCl5) & (ppm): 7.18 (br, 1H, NH), 4.06 (s, 2H, H-C1), 3.78-3.68 (m, 4H, H-C7),
3.44-3.36 (m, 2H, H-C4), 2.54 (t, *J=6.1 Hz, 2H, H-C5), 2.51-2.45 (m, 4H, H-C6)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 165.9 (C2), 67.0 (C7), 56.4 (C5), 53.2 (C6), 42.7 (C1), 35.9
(C4)

MS (El) m/z (%):171.1(2), 157.1 (4), 100.2 (100), 70.1 (20), 56.1 (44), 42.1 (27)
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4.11.5. Synthesis of N-(3-(2-methylcyclohexyl)propyl)-2-(4-methylpiperazin-1-
yl)acetamide (92{3,8})

12

g (0] 15\N/\ O . 6
UH + C|\/U\”/\/\N @’» 14%3/'\]\1/‘2]\”/\5/\,\] 1 °

7 9

70{3} 93¢{8} 92(3,8}

1.16 g (5.0 mmol) of 93¢{8} , 0.55 ml (4.9 mmol) of 1-methylpiperazine (70{3}) and 3.65 g
(26.4 mmol) of K,CO; were mixed in 20 ml ACN and heated under microwave irradiation at 100 oC for
1 hour. The mixture was filtered and the solvent was removed under reduced pressure. 0.72 g of crude
product were purified using flash chromatography (basic alumina, CH,Cl,:MeOH 100:0 to 95:5 in 14
minutes) to afford 0.260 g (0.9 mmol, 18%) of the desired 92{3,8} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3332 (st N-H), 2933, 2794 (st Csp>-H), 1674 (st C=0), 1519 (b N-H), 1456, 1374
(b Csp*-H)

'H-NMR (400 MHz, CDCl5) & (ppm): 7.49 (br, 1H, NH), 3.41-3.22 (m, 2H, H-C4), 3.00, 2.99 (s, 2H,
H-C1), 2.90-2.80 (m, 1H, H-C7), 2.80-2.70 (m, 1H, H-C6), 2.65-2.20 (m, 13H, H-C15, H-C14, H-C13, H-C11,
H-C6), 2.13-2.03 (m, 1H, H-C7), 1.72-1.48 (m, 6H, H-C10, H-C9, H-C8, H-C5), 1.38-1.23 (2H, H-C10, H-C9),
1.06 (d, 3H, *=6.2 Hz, H-C12).

3C-NMR (100.6 MHz, CDCl5) & (ppm): 170.1 (C2), 61.8 (C1), 56.3 (C11), 55.2 (C14*), 53.6 (C13*),
52.2 (C7), 52.0 (C6), 43.1 (C15), 38.0 (C4), 34.7 (C10), 26.2 (C8), 25.9 (C5), 24.0 (C9), 19.2 (C12)

MS (EI) m/z (%): 296.3 [M]" (10), 183.2 (95), 113.1 (100), 70.1 (87)

HRMS (El) calculated for CgH3,N,0 [M]*: 296.2576; found: 296.2574

Biological activity

ECso > 125 pg/ml; €CCso = 70 pg/ml
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4.11.6. Synthesis of 2-(4-methylpiperazin-1-yl)-N-(3-(4-methylpiperazin-1-
yl)propyl)acetamide (92{3,9})

o) ga\N/\l o)
\UH + CI\)kN/\/\Nﬂ KqCOy SaK/N\)}N}\/e\N/\
: NN 7 NN

1 H
8 9

70{3} 93c{9} 92{3,9}

Procedure was the same as stated above for 92{3,8}, using 1.16 g (5.0 mmol) of 93¢{9}, 0.56 ml
(5.0 mmol) of 1-methylpiperazine (70{3}) and 4.03 g (28.9 mmol) of K,CO;.

The crude product was purified using flash chromatography (basic alumina, CH,Cl,:MeOH 100:0
to 95:5 in 20 minutes) to afford 0.327 g (1.1 mmol, 22%) of the desired 92{3,9} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3343 (st N-H), 2937, 2877, 2796, 2693 (st Csp>-H), 1667 (st C=0), 1522 (b N-H),
1457, 1373 (b Csp>-H)

'H-NMR (400 MHz, CDCl;) & (ppm): 7.36 (br, 1H, NH), 3.34 (g, *J=6.6 Hz, 2H, H-C4), 3.00 (s, 2H,
H-C1), 2.78-2.33 (m, 18H, H-C7, H-C8, H-C6, H-C7a, H-C8a), 2.30 (s, 6H, H-C9, H-C9a), 1.70 (gn, >/=6.8 Hz,
2H, H-5).

3C-NMR (100.6 MHz, CDCl5) & (ppm): 170.2 (C2), 61.7 (C1), 56.4 (C6), 55.2 (C7), 55.2 (C7a), 53.6
(C8*), 53.4 (C8a*), 46.1 (C9), 46.1 (C9a), 37.7 (C4), 26.7 (C5)

MS (EI) m/z (%): 297.3 [M]" (14), 184.2 (53), 113.1 (100), 70.1 (85)

HRMS (El) calculated for CisH3iNsO [M]*: 297.2529; found: 297.2528

Biological activity

ECso > 125 pg/ml; €CCsp = 95 pg/ml
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4.11.7. Synthesis 2-(4-methylpiperazin-1-yl)-N-(2-morpholinoethyl)acetamide
(92{3,10})

~ o) ﬁo 10\Nﬁ o) ﬁo
PRI SR S A A AN,
H 8 1 5 6

70{3} 93b{10} 92(3,10}

Procedure was the same as stated above for 92{3,8}, using 0.253 g (5.0 mmol) of 93¢c{10} ,
0.11 ml (0.8 mmol) of 1-methylpiperazine (70{3}) and 0.22 g (1.6 mmol) of K,COs.

The crude product was purified using flash chromatography (basic alumina, CH,Cl,:MeOH:NH;
100:0:0 to 74:25:1 in 32 minutes) to afford 0.159 g (0.6 mmol, 60%) of the desired product 92{3,10} as a
brown oil.

Spectroscopic data

IR (film) v (cm™): 3351 (st N-H), 2937, 2795, 2694 (st Csp>-H), 1679 (st C=0), 1516 (b N-H), 1456,
1374 (b Csp>-H), 1118 (st C-0), 866

'H-NMR (400 MHz, CDCl5) & (ppm): 7.56 (br s, 1H, NH), 3.80-3.65 (m, 4H, H-C7), 3.42-3.34 (m, 2H,
H-C4), 3.01 (s, 2H, H-C1), 2.70-2.35 (m, 14H, H-C5, H-C6, H-C8, H-C9), 2.30 (s, 3H, H-C10).

3C-NMR (100.6 MHz, CDCl3) & (ppm): 170.2 (C2), 67.2 (C7), 61.5 (C1), 57.2 (C5), 55.5 (C6), 53.5
(C8*), 55.5 (C9*), 46.2 (C10), 35.2 (C4).

MS (El) m/z (%):270.3 [M]" (28), 157.2 (8), 113.2 (93), 100.1 (100), 70.1 (84), 56.1 (28), 42.1 (38)
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4.11.8. Synthesis of 2-(4-methylpiperazin-1-yl)-N-(3-
morpholinopropyl)acetamide (92{3,11})

1

el UL
\\/NH + N/\/\N/\ K2COs 10 5 N/\/\N/\
H K/O 9 5 7l\/o

1 H
8
70{3} 93c{11} 92{3,11}

Procedure was the same as stated above for 92{3,8}, using 1.00 g (4.4 mmol) of 93c{11}, 0.50 ml
(4.5 mmol) of 1-methylpiperazine (70{3}) and 0.92 g (6.7 mmol) of K,COs.

The crude product was purified using flash chromatography (basic alumina, CH,Cl,:MeOH 100:0
to 95: 5 in 30 minutes) to afford 0.646 g (2.3 mmol, 52%) of the desired product 92{3,11} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3338 (st N-H), 2937, 2849, 2796, 2693 (st Csp>-H), 1674 (st C=0), 1519 (b N-H),
1456, 1374 (st Csp°-H), 1118 (st C-0), 867

'H-NMR (400 MHz, CDCl5) & (ppm): 7.38 (br, 1H, H-C3), 3.78-3.68 (m, 4H, H-C8), 3.35 (q, >/=7.0 Hz,
2H, H-C4), 3.00 (s, 2H, H-C1), 2.65-2.35 (m, 14H, H-C7, H-C6, H-C9, H-C10), 2.30 (s, 2H, H-C11), 1.71 (gn,
3)=7.0 Hz, 2H, H-C5)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 170.2 (C2), 67.1 (C8), 61.8 (C1), 57.0 (C6), 55.3 (C7), 53.9
(C9), 53.6 (C10), 46.2 (C11), 37.6 (C4), 26.5 (C5)

MS (EI) m/z (%): 284.2 [M]" (30), 171.1 (35), 113.2 (100), 100.1 (28), 70.1 (70)

HRMS (El) calculated for C;4H,sN,0, [M]": 284.2212; found: 284.2215

Biological activity

ECso > 125 pg/ml; €CCsp =91 pg/ml
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4.12. Synthesis of de novo desighed amines with ethylene spacer

4.12.1. Synthesis of 3-(2-methylcyclohexyl)-N-(2-(4-methylpiperazin-1-
yl)ethyl)propan-1-amine (83{3,8})

13

~ 12
\N/\ o 15 I\Il\/)\l . 6 .
K/N\/U\N/\/\N BMS 14 \1/2\H/\5/\N 10
H 7 9
8
92(3,8 83(3,8)

0.584 g (2 mmol) of 92{3,8} were dissolved in 9 ml of anhydrous THF and 0.65 ml (6.9 mmol) of
borane dimethylsulfide complex were added dropwise. The solution was held at reflux for 5 days, cooled
to room temperature and diluted with 10.1 ml of 1.25 M HCI/MeOH.

The new solution was heated at reflux for 1 hour. The solvent was removed under reduced
pressure and the crude was diluted with NaOH 1 M until pH = 14. The aqueous solution was extracted
twice with CH,Cl, and dried over MgSQ,. After concentration, the crude product was purified using flash
chromatography (basic alumina, CH,Cl,:MeOH 100:0 to 95:5 in 11 minutes) to afford 0.237 g (1.0 mmol,
50%) of the desired amine 83{3,8} as a brown oil.

Spectroscopic data
IR (film) v(cm™): 3300 (st N-H), 2931, 2793 (st Csp>-H), 1456, 1373 (b Csp>-H)

'H-NMR (400 MHz, CDCl5) & (ppm): 2.96-2.87 (m, 1H, H-C7), 2.84-2.22 (m, 21H, H-C1, H-C2, NH,
H-C4, H-C6, H-C11, H-C13, H-C14, H-C15), 2.19-2.07 (m, 1H, H-C7), 1.83-1.46 (m, 6H, H-C5, H-C8, H-C9,
H-C10), 1.42-1.19 (m, 2H, H-C9, H-C10), 1.08 (d, 3H, */=6.3 Hz, H-C12)

3C-NMR (100.6 MHz, CDCls) & (ppm): 57.6 (C1), 56.2 (C11), 55.2 (C14*), 53.4 (C13*), 52.4 (C6),
52.1(C7), 49.1 (C4), 46.5 (C2), 46.2 (C15), 34.6 (C10), 26.1 (C8), 25.4 (C5), 23.9 (C9), 19.1 (C12)

MS (El) m/z (%): 183.2 (7), 169.2 (80), 126.2 (15), 112.2 (100), 98.2 (21), 70.1 (46)

HRMS (El) calculated for C;gH3sN, [M+1]": 283.2862; found: 283.2869

Biological activity

ECso = 0.71 pg/ml; CCsq > 25 pg/ml
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4.12.2. Synthesis of 3-(4-methylpiperazin-1-yl)-N-(2-(4-methylpiperazin-1-
yl)ethyl)propan-1-amine (83{3,9})

\N o 9a N/\ . 6
K/)\‘MU\”/\/\N/\ avs s N TN

92{3,9} 83(3,9)

0.350 g (1.2 mmol) of 92{3,9} were dissolved in 9 ml of anhydrous THF and 0.4 ml (4.2 mmol) of
borane dimethylsulfide complex were added dropwise. The solution was held at reflux for 5 days, cooled
to room temperature and diluted with 7 ml of 1.25 M HCl/MeOH.

The new solution was heated at reflux for 1 hour. The solvent was removed under reduced
pressure and the crude was diluted with NaOH 1 M until pH = 14. The aqueous solution was extracted
with CH,Cl,, dried over MgSO, and the solvent was removed under reduced pressure to afford 0.103 g
(0.4 mmol, 33%) of 83{3,9} as a yellow oil without further purification.

Spectroscopic data
IR (film) v(cm™): 3299 (st N-H), 2936, 2876, 2794 (st Csp’-H), 1457, 1372 (b Csp>-H)

"H-NMR (400 MHz, CDCl5) & (ppm): 2.90-1.90 (cs, 19H, H-C7, H-C7a, H-C8, H-C8a, H-C6, NH), 2.69
(t, >/=6.0 Hz, 2H, H-C2), 2.65 (t, >J=7.0 Hz, 2H, H-C4), 2.49 (t, >J=6.0 Hz, 2H, H-C1), 2.28 (s, 3H, H-C9%),
2.28 (s, 3H, H-C9a*), 1.75-1.63 (m, 2H, H-C5)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 57.9 (C1), 56.9 (C6), 55.3 (C7*), 55.2 (C7a*), 53.3 (C8, C8a),
48,7 (C4), 46,6 (C2), 46.1 (C9, C9a)

MS (EI) m/z (%):283.3 (1) [M]", 170.1 (39), 113.1 (100), 70.1 (51)

HRMS (E1) calculated for C;sHs3Ns [M]': 283.2736; found: 283.2730

Biological activity

ECSO >25 ug/ml, CCSO >25 Hg/ml
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4.12.3. Synthesis of N-(2-(4-methylpiperazin-1-yl)ethyl)-3-morpholinopropan-1-
amine (83{3,11})

92(3,11} 83(3,11}

0.367 g (1.2 mmol) of 92{3,11} were dissolved in 9 ml of anhydrous THF and 0.5 ml (5.3 mmol) of
borane dimethylsulfide complex were added dropwise. The solution was held at reflux for 3 days, cooled
to room temperature and diluted with 8 ml of 1.25 M HCI/MeOH.

The new solution was heated at reflux for 1 hour. The solvent was removed under reduced
pressure and the crude was diluted with NaOH 2 M until pH = 14. The aqueous solution was extracted

with CH,Cl, and dried over MgSO,.

After concentration, the crude product was purified by preparative TLC chromatography (basic
alumina, CH,Cl,:MeOH 93:7) to afford 26 mg (0.1 mmol, 7%) of 83{3,11} as a yellow oil.

Spectroscopic data
IR (film) v(cm™): 2924, 2853, 2809 (st Csp>-H), 1457, 1376 (b Csp>-H), 1121 (st C-0)

'H-NMR (400 MHz, CDCl5) & (ppm): 3.77-3.71 (cs, 4H, H-C8), 2.90-2.81 (m, 4H, H-C6, H-C2), 2.67-
2.60 (m, 2H, H-C1), 2.58-2.37 (m, 15H, H-C10, H-C9, H-C7, H-C4, H-N3), 2.29 (s, 3H, H-C11), 1.88 (gn,
*J=6.5 Hz, 2H, H-C5)

3C-NMR (100.6 MHz, CDCl) & (ppm): 67.1 (C8), 58.0 (C6), 56.2 (C1), 55.1 (C10*), 53.9 (C7), 53.4
(C9*), 49.3 (C4), 46.2 (C11), 45.9 (C2), 24.5 (C5)

MS (EI) m/z (%): 270.2 [M]" (1), 157.2 (48), 113.2 (73), 100.1 (100), 70.1 (64)

HRMS (ESI-TOF) calculated for Cy4H3;N,O [M+1]": 271.2498; found: 271.2492

Biological activity

ECs > 125 pg/ml; CCso = 76 ug/ml
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4.13. Synthesis of de novo desighed amides with tetramethylene
spacer

4.13.1. Synthesis of 1-(3-(4-methylpiperazin-1-yl)propyl)pyrrolidin-2-one (98{9})

0
(0] HN/\/\Nﬁ . 6 . .

v o AN

BrMm K/N\ Schotten- 4" N 7 N/\m
Baumann K/N

3 2 ~N
1

7 5{9% 98(9}

0.61 ml (5 mmol) of 4-bromobutyryl chloride (97) was added dropwise to an ice-bath cooled
solution of 0.87ml (5mmol) 3-(4-methylpiperazin-1-yl)propanamine (5{9}) in anhydrous
dichloromethane (15 ml). The mixture was stirred for an additional half hour at room temperature and
15 ml of a solution of 50% K,CO; was added. The organic layer was separated, dried over MgSQO,, filtered
and concentrated to give 0.953 g (4.2 mmol, 85%) of 98{9} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 2936, 2795 (st Csp>-H), 1705 (st C=0), 1459, 1284 (b Csp>-H), 1166, 1146, 1032,
1014 (st C-N)

'H-NMR (400 MHz, CDCl) & (ppm): 4.24 (t, *J = 7.0 Hz, 2H, H-C2), 3.25 (t, *J = 7.0 Hz, 2H, H-C6),
2.51-2.39 (m, 12H, H-C8, H-C9, H-C4, H-C10), 2.28 (s, 3H, H-C11), 2.09 (gn, >/ = 7.0 Hz, 2H, H-C3), 1.74
(gn, *J = 7.5 Hz, 2H, H-C7)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 163.2 (C5), 70.1 (C2), 56.8 (C8), 55.2 (C10), 53.2 (C9), 46.0
(C6), 45.5 (C11), 28.8 (C4), 28.3 (C7), 23.5 (C2)

MS (EI) m/z (%): 225.2 (1) [M]", 155.1 (18), 113.1 (63), 70.0 (100)

HRMS (El) calculated for C;,H,3N50 [M]*: 225.1841; found: 225.1844

Biological activity

ECso > 125 pg/ml; CCso > 125 ug/ml
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4.13.2. Synthesis of 1-(3-morpholinopropyl)pyrrolidin-2-one (98{11})

O
(0] N SN . 6 8 9
Bng * i @ Schotten- 4&'\‘/\7/\'\]/\ 10
Baumann s 2 ‘\/O

97 5{11} 98{11}

0.61 ml (5 mmol) of 4-bromobutyryl chloride (97) was added dropwise to an ice-bath cooled
solution of 0.75ml (5 mmol) of 3-morpholinopropanamine (5{11}) in 15 ml of anhydrous
dichloromethane. The mixture was stirred for an additional half hour at room temperature and a
solution of 50% K,CO; (15 ml) was added. The organic layer was separated, dried over MgSQ,, filtered
and concentrated to give 0.730 g (2.5 mmol, 50%) of 98{11} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 2949, 2893, 2853, 2808 (st Csps—H), 1707 (st C=0), 1181, 1118, 1033 (st C-N),
991, 862

'H-NMR (400 MHz, CDCl3) & (ppm): 4.24 (t, >J = 7.0 Hz, 2H, H-C2), 3.71 (t, *J = 4.5 Hz, 4H, H-C10),
3.26 (d, *J = 7.0 Hz, 2H, H-C6), 2.54-2.38 (m, 8H, H-C4, H-C8, H-C9), 2.10 (gn, >J = 7.0 Hz, 2H, H-C3), 1.74
(gn, *J = 7.0 Hz, 2H, H-C7)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 163.2 (C5), 70.1 (C2), 67.0 (C10), 57.2 (C8), 53.7 (C9), 45.4
(C6), 28.8 (C4), 27.9 (C7), 23.4 (C3)

MS (El) m/z (%): 213.0 (1) [M+1]", 127.0 (12), 114.0 (9), 100.0 (100)

HRMS (El) calculated for C;;H,oN,0, [M+1]": 213.1603; found: 213.1602

Biological activity

ECso > 125 pg/ml; CCsp > 125 pg/ml
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4.13.3. Synthesis of ethyl 4-(pyrrolidin-1-yl)butanoate (106{1})

6
O 5 O
+ K,COs C\ 3 7
B — oy N
Cl\\lH r\/\)J\OEt :/\)j\o/\ 8
2

70{1} 107 106{1}

A suspension of 0.73ml (8.7 mmol) of pyrrolidine (70{1}), 1.437g (7 mmol) of ethyl
4-bromobutyrate (107) and 0.977 g (7 mmol) of anhydrous K,CO3 in 25 ml of ACN was heated at reflux
for 2 h. After concentration, 25 ml of water were added and the reaction mixture was extracted with
dichloromethane (2:30 ml). The organic layers were combined, dried over MgSQO,, filtered and
concentrated to give 1.130 g (87%) of ethyl 4-(pyrrolidin-1-yl)butanoate (106{1}) as a brown oil.

Spectroscopic data
IR (film) v(cm™): 2964, 2788 (st Csp-H), 1737 (st C=0), 1373 (b Csp>-H), 1177 (st C-O)

'H-NMR (400 MHz, CDCl3) & (ppm): 4.12 (q, *J = 7.0 Hz, 2H, H-C7), 2,51 (m, 6H, H-C5, H-C2), 2.35
(t, >/ = 7.5 Hz, H-C4), 1.84 (qn, > = 7.5 Hz, 2H, H-C3), 1.77 (m, 4H, H-C6), 1.25 (t, *J = 7.0 Hz, 3H, H-C8)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 173.5 (C1), 60.1 (C7), 55.6 (C4), 54.0 (C5), 32.4 (C2), 24.3
(C3), 23.4 (C6), 14.2 (C8)

MS (EI) m/z (%): 184.1 (32) [M-1], 84.1 (100)

HRMS (El) calculated for C;oH1sNO, [M-1]: 184.1338; found: 184.1338
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4.13.4. Synthesis of ethyl 4-(piperidin-1-yl)butanoate (106{2})

6
(0] 7 5 O
+ K2CO; O 3 8
NH BrMOEt N MO/\ 9
4 2

70{2} 107 106{2}

A suspension of 0.88 ml (8.7 mmol) of piperidine (70{2}), 1.437g (7 mmol) of ethyl
4-bromobutyrate (107) and 0.977 g (7 mmol) of anhydrous K,CO3 in 25 ml ACN was heated at reflux for
2 h. After concentration, 25 ml of water were added and the reaction mixture was extracted with
dichloromethane (2:30 ml). The organic layers were combined, dried over MgSO,, filtered and
concentrated to give ethyl 4-(piperidin-1-yl)butanoate (106{2}) as a yellow oil (1.199 g; 86%).

Spectroscopic data

IR (film) v (cm™): 2935, 2854, 2802, 2763 (st Csp>-H), 1737 (st C=0), 1445, 1372 (b Csp>-H), 1161
(st C-0)

'H-NMR (400 MHz, CDCl3) & (ppm): 4.12 (q, >/ = 7.0 Hz, 2H, H-C8), 2.36-2.29 (m, 8H, H-C5, H-C2,
H-C4), 1.81 (gn, >/ =7.0 Hz, 2H, H-C3), 1.56 (gn, *J=5.5 Hz, 4H, H-C6), 1.42 (m, 2H, H-C7), 1.25 (t,
*J=7.0 Hz, 3H, H-C9)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 173.6 (C1), 60.2 (C8), 58.5 (C4), 54.4 (C5), 32.4 (C2), 26.0
(C6), 24.4 (C7), 22.3 (C3), 14.2 (C9)

MS (EI) m/z (%): 199.2 (3) [M]", 167.1 (13), 149.1 (36), 112.1 (17), 98.2 (100)

HRMS (El) calculated for C;1H,;NO, [M]*: 199.1572; found: 199.1571
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4.13.5. Synthesis of ethyl 4-(4-methylpiperazin-1-yl)butanoate (106{3})

7 6
~ o) ~
N KCOs N7 s o)
+ 3 8
4 2
70{3} 107 106{3}

A suspension of 0.98 ml (8.7 mmol) of N-methylpiperazine (70{3}), 1.437 g (7 mmol) ethyl
4-bromobutyrate (107) and anhydrous K,CO3; (0.977 g, 7 mmol) in ACN (25 ml) was heated at reflux for
2 h. After concentration, water (25 ml) was added and the reaction mixture was extracted with
dichloromethane (2:30 ml). The organic layers were combined, dried over MgSO,, filtered and
concentrated to give 1.139 g (76%) of ethyl 4-(4-methylpiperazin-1-yl)butanoate (106{3}) as a yellow oil

Spectroscopic data
IR (film) v(cm™): 2937, 2794 (st Csp>-H), 1736 (st C=0), 1459, 1372 (b Csp>-H), 1165 (st C-0)

'H-NMR (400 MHz, CDCl3) & (ppm): 4.13 (q, >/ = 7.0 Hz, 2H, H-C8), 2.5-2.3 (m, 12H, H-C2, H-C4,
H-C5, H-C6), 2.28 (s, 3H, H-C7), 1.81 (gn, >J = 7.0 Hz, 2H, H-C3), 1.26 (t, >/ = 7.0 Hz, 3H, H-C9)

BC-NMR (100.6 MHz, CDCl;) & (ppm): 173.4 (C1), 60.1 (C8), 57.5 (C4), 55.1 (C6), 53.0 (C5), 46.0
(C7), 32.2 (C2), 22.1 (C3), 14.1 (C9)

MS (EI) m/z (%): 214.2 (28) [M]’, 169.1 (29), 113.1 (100), 70.1 (70)

HRMS (El) calculated for C;,H,,N,0, [M]": 214.1681; found: 214.1679
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4.13.6. Synthesis of ethyl 4-morpholinobutanoate (106{4})

o o} o/ﬁs o
I\/)\IH * Br\/\)J\OEt K800 I\/N\/SJ\)J\O/S\Q

1

70{4} 107 106{4}

A suspension of 0.77ml (8.7 mmol) of morpholine (70{4}), 1.437g (7 mmol) ethyl
4-bromobutyrate (107) and anhydrous K,CO; (0.977 g, 7 mmol) in 25 ml ACN was heated at reflux for
2 h. After concentration, water (25 ml) was added and the reaction mixture was extracted with
dichloromethane (2:30 ml). The organic layers were combined, dried over MgSQO,, filtered and
concentrated to give ethyl 4-morpholinobutanoate (106{4}) as a yellow oil (1.338 g; 95%).

Spectroscopic data
IR (film) v(cm™): 2958, 2855, 2809 (st Csp’-H), 1735 (st C=0), 1447, 1372 (b Csp>-H), 1185 (st C-O)

'H-NMR (400 MHz, CDCl5) & (ppm): 4.13 (t, *J = 7.0 Hz, 2H, H-C7), 3.70 (t, *J = 4.5 Hz, H-C6), 2.43
(t, ) = 4.5 Hz, H-C5), 2.35 (m, 4H, H-C2, H-C4), 1.81 (qgn, *J = 7.0 Hz, 2H, H-C3), 1.26 (t, /= 7.0 Hz, 3H,
H-C8)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 173.5 (C1), 67.0 (C6), 60.2 (C7), 58.0 (C4), 53.6 (C5), 32.2
(C2), 21.8 (C3), 14.2 (C8)

MS (El) m/z (%): 201.1 (2) [M]’, 156.1 (16), 114.1 (18), 110.1 (100)

HRMS (El) calculated for C4oH1gNO; [M]*: 201.1365; found: 201.1360
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4.13.7. Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-(pyrrolidin-1-
yl)butanamide (95{1,9})

5 o}
O HZN/\/\N/\ PhCH;3 C’\“M /7\/9\ 10
G\I\/\)I\OEt i K/N\ tBUOK P2 'N e Uﬂ
12

106(7} 5{9} 95(1,9}

A mixture of 0.278 g (1.5 mmol) of ethyl 4-(pyrrolidin-1-yl)butanoate (106{1}), 0.241 g (1.5 mmol)
of 1-(3-aminopropyl)-4-methylpiperazine (5{9}) and 0.241 g (1.5 mmol) of tBuOK in toluene (4 ml) was
placed in a microwave process vial containing a stir bar, sealed and subjected to microwave irradiation
for 20 min at 180 2C. After gas jet cooling to room temperature, the formed gel was neutralized with
2.3 ml methanolic HCI (1.25 M) and salts were filtered thereoff. Solvents were removed under reduced
pressure to give 0.401 g (1.35 mmol, 90%) of 95{1,9} as white solid.

Spectroscopic data

IR (film) v (cm™): 3359 (st N-H), 2939, 2800 (st Csp’-H), 1570 (st C=0), 1460, 1400 (b Csp>-H),
1165 (st C-0)

'H-NMR (400 MHz, CDCl5) & (ppm): 4.19 (br, 1H, NH), 2.76 (t, *J = 7.0 Hz, 2H, H-C7), 2.71 (m, 4H,
H-C5), 2.62 (t, *J=7.0 Hz, 2H, H-C4*), 2.58-2.38 (br, 8H, H-C10, H-C11), 2.41 (t, *J=7.0 Hz, 2H,
H-C9*)2.29 (s, 3H, H-C12), 2.27 (t, *J = 7.0 Hz, 2H, H-C2*), 1.83 (m, 4H, H-C6), 1.77 (m, 2H, H-C4**), 1.64
(gn, *J = 7.0 Hz, 2H, H-C8**)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 178.8 (C1), 56.5 (C5), 56.3 (C4), 55.2 (C11), 53.6 (C9), 53.3
(C10), 46.0 (C12), 40.8 (C7), 36.2 (C3), 30.4 (C8), 24.3 (C3), 23.3 (C6)

MS (EI) m/z (%): 296 (0.2) [M]", 157 (19), 127 (13), 113 (30), 101 (14), 84 (100), 70 (56), 56 (19)

HRMS (El) calculated for C;5H3,N,0 [M]*: 296.2576; found: 296.2582

Biological activity

ECs > 125 pg/ml; CCsp = 86 ug/ml

213



Chapter 4

4.13.8. Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-(piperidin-1-
yl)butanamide (95{2,9})

7 5 (]
fe) H2N/\/\N PhCH3 C,L 3 8 10 1
O\IMOH . ) ALAAA

N
N 1
~ tBuOK 4 2 H 9 K/

106{2} 5{9} 95(2,0}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(piperidin-1-yl)butanoate
(106{2}) (0.302 g, 1.5 mmol), 1-(3-aminopropyl)-4-methylpiperazine (5{9}) (0.241 g, 1.5 mmol), tBuOK
(0.310 g, 2.6 mmol) and 1.25 M HCI/MeOH (2.1 ml). Concentration yielded 95{2,9} as a white solid
(0.456 g, 1.47 mmol; 98%).

Spectroscopic data

IR (film) v (cm™): 3359 (st N-H), 2935, 2801 (st Csp>-H), 1569 (st C=0), 1459, 1401 (b Csp>-H),
1165(st C-O)

'H-NMR (400 MHz, CDCl5) & (ppm): 4.38 (br, 1H, NH), 2.77 (t, >/ = 7.0 Hz, 2H, H-C8), 2.47-2.39 (cs,
16H, H-C4, H-C5, H-C10, H-C11, H-C12), 2.29 (m, 5H, H-C13, H-C2), 1.76 (qn, *J = 7.0 Hz, 2H, H-C3), 1.66
(m, 6H, H-C6, H-C7), 1.48 (m, 2H, H-C9)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 178.7 (C1), 59.1 (C4), 56.5 (C5), 55.1 (C12), 54.0 (C10), 53.2
(C11), 45.9 (C13), 40.7 (C8), 36.4 (C2), 29.9 (C9), 24.8 (C6), 23.7 (C7), 22.3 (C3)

MS (EI) m/z (%): 310 (0.1) [M]", 171 (13), 127 (14), 113 (31), 101 (16), 98 (100), 84 (15), 70 (55)

HRMS (El) calculated for C;7H34N,O [M]*: 310.2733; found: 310.2743

Biological activity

ECso > 125 pg/ml; €CCsp = 63 pg/ml
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4.13.9. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(2-(pyrrolidin-1-
yl)ethyl)butanamide (95{3,4})

7
O oo VY L8 D
()“\/\)J\oa ' NN K/'\'\/3\)LN/8\/N "

tBuOK

106{3} 5{4} 95{3,4}

Procedure was the same as stated above for 95{1,9} using 0.259 g (1.2 mmol) of ethyl 4-(4-
methylpiperazin-1-yl)butanoate (106{3}), 0.142g (1.2 mmol) of 1-(2-aminoethyl)pyrrolidine (5{4}),
0.282 g (2.4 mmol) of tBuOK and 1.9 ml methanolic HCI (1.25 M). Concentration yielded 95{3,4} as white
solid (0.332 g, 1.18 mmol; 98%).

Spectroscopic data

IR (film) v (cm™): 2936, 2793 (st Csps—H),1704, 1564 (st C=0), 1459, 1399 (b Csp3—H), 1164 (st C-0),
1013 (st C-N)

'H-NMR (400 MHz, CDCl5) & (ppm): 5.59 (br, 1H, NH), 2.86 (t, >/ = 6.5 Hz, 2H, H-C8), 2.65-2.45 (cs,
16H, H-C10, H-C9, H-C6, H-C5, H-C4), 2.30 (m, 5H, H-C7, H-C2), 1.80 (m, 6H, H-C11, H-C3)

3C-NMR (100.6 MHz, CDCl) & (ppm): 177.9 (C1), 58.8 (C9), 58.5 (C4), 54.3 (C6), 54.0 (C10), 52.7
(C5), 45.7 (C7), 40.4 (C8), 35.7 (C2), 23.4 (C11), 22.4 (C3)

MS (Cl) m/z (%): 283.2 (24) [M+1]", 215 (26), 187 (100), 115 (72), 113 (50), 98 (49)

HRMS (CI) calculated for C;5H3;N,O [M+1]": 283.2498; found: 283.2504

Biological activity

ECso > 125 pg/ml; CCso = 69 pg/ml
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4.13.10.Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-(pyrrolidin-1-
yl)propyl)butanamide (95{3,5})

106{3} 5(5} 95(3,5}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.260 g, 1.2 mmol), 1-(3-aminopropyl)pyrrolidine (5{5}) (0.160g, 1.2 mmol),
tBuOK (0.284 g, 2.4 mmol) and 1.25 M HCI/MeOH (1.9 ml). Concentration yielded 95{3,5} as a white
solid (0.338 g, 1.14 mmol; 95%).

Spectroscopic data

IR (film) v(cm™): 2936, 2792 (st Csp>-H), 1568 (st C=0), 1459, 1398 (b Csp>-H), 1164 (st C-0), 1013
(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 5.87 (br, 1H, NH), 2.83 {(t, ’J = 6.5 Hz, 2H, H-C8), 2.61-2.40 (cs,
16H, H-C10, H-C11, H-C5, H-C6, H-C4), 2.28 (m, 5H, H-C7, H-C2), 1.82-1.71 (cs, 8H, H-C12, H-C3, H-C9)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 178.3 (C1), 58.5 (C4), 54.5 (C6), 54.4 (C10), 53.9 (C11), 52.8
(5), 45.8 (C7), 40.5 (C8), 35.7 (C2), 30.5 (C9), 23.4 (C12), 22.7 (C3)

MS (Cl) m/z (%): 297 (30) [M+1]", 215 (36), 186 (49), 129 (100), 112 (59), 84 (45)

HRMS (CI) calculated for CigH33N,O [M+1]": 297.2654; found: 297.2653

Biological activity

ECso > 125 pg/ml; €CCso = 71 pg/ml
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4.13.11.Synthesis of 4-(4-methylpiperazin-1-yl)-N-(2-(piperidin-1-
yl)ethyl)butanamide (95{3,7})

106{3} 5{7} 95(3,7}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.325 g, 1.5 mmol), 1-(2-aminoethyl)piperidine (5{7}) (0.197 g, 1.5 mmol), tBuOK
(0.354 g, 3.0 mmol) and 2.4 ml methanolic HCI (1.25 M). Concentration yielded 95{3,7} as a white solid
(0.428 g, 1.44 mmol; 96%).

Spectroscopic data

IR (soln) v (cm™): 3356 (st N-H), 2939, 2802 (st Csp>-H), 1637, 1563 (st C=0), 1460, 1398 (b
Csp>-H), 1162 (st C-0), 1010 (st C-N)

'H-NMR (400 MHz, CDCl5) & (ppm): 5.82 (br, 1H, NH), 2.85 (t, >J = 6.5 Hz, 2H, H-C8) 2.70-2.35 (cs,
16H, H-C5, H-C6, H-C9, H-C10, H-C4), 2.29 (s, 3H, H-C7), 2.19 (t, J=7.0 Hz, 2H, H-C2), 1.74 (gn,
3= 7.0 Hz, 2H, H-C3), 1.58 (m, 2H, H-C11), 1.44 (m, 2H, H-C12)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 178.8 (C1), 60.9 (C9), 58.4 (C4), 54.5 (C6*), 54.4 (C10), 52.8
(C5*), 45.7 (C7), 38.3 (C8), 35.6 (C2), 25.8 (C11), 24.3 (C12), 22.8 (C3)

MS (EI) m/z (%): 296 (1) [M]", 186 (49), 113 (81), 98 (100), 70 (77)

HRMS (El) calculated for CigH3,N,0 [M]*: 296.2576; found: 296.2580

Biological activity

ECs > 125 pg/ml; CCsp = 96 ug/ml
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4.13.12.Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-(2-methylpiperidin-1-
yl)propyl)butanamide (95{3,8})

7
~ 16
\N/\ o P~ PhCH3; Us\/e,\)oj\ 8 10 15
K/N\/\)J\oEt roneN \ NN 14

tBuOK 4 2 ' H 9

106{3} 5(8} 95(3,8}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.326 g, 1.5 mmol), N-(3-aminopropyl)-2-pipecoline (5{8}) (0.245 g, 1.5 mmol),
tBuOK (0.345 g, 2.9 mmol) and 2.3 ml methanolic HCI (1.25 M). Concentration yielded 95{3,8} as a white
solid (0.438 g, 1.35 mmol; 90%).

Spectroscopic data

IR (soln) v (cm™): 3343 (st N-H), 2933, 2795 (st Csp>-H), 1639, 1564 (st C=0), 1449, 1397 (b
Csp>-H), 1162 (st C-0), 1011 (st C-N)

'H-NMR (400 MHz, CDCl5) & (ppm): 4.78 (br, 1H, NH), 2.88 (m, 1H, H-C11), 2.77 (m, 3H, H-C8,
H-C10), 2.7-2.3 (cs, 12H, H-C4, H-C5, H-C6, H-C10, H-C 15), 2.28 (s, 3H, H-C7), 2.15 (m, 3H, H-C2, H-C11),
1.8-1.3 (cs, 8H, H-C3, H-C9, H-C12, H-C13, H-C14), 1.32 (m, 2H, H-C13, H-C14), 1.08 (d, */ = 6.5 Hz,3H,
H-C16)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 179.2 (C1), 58.5 (C15), 56.0 (C4), 54.8 (C6), 53.0 (C5), 51.9
(C11), 51.7 (C10), 45.9 (C7), 40.8 (C8), 35.7 (C14), 34.3 (C2), 27.9 (C9), 25.9 (C12), 23.6 (C3), 23.3 (C13),
18.6 (C16)

MS (EI) m/z (%): 324 (2) [M]", 186 (58), 113 (100), 98 (99), 70 (94)

HRMS (El) calculated for CigH3gN,O [M+1]": 324.2889; found: 324.2896

Biological activity

ECSO =9.20 H,g/ml, CC50 =99 Hg/ml
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4.13.13.Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-(4-methylpiperazin-1-
yl)propyl)butanamide (95{3,9})

W
SN 0 NN PhCH; N5 s 0 8 10 1
13
106{3) 5(9) 95(3,9)

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.325g, 1.5 mmol), 1-(3-aminopropyl)-4-methylpiperazine (5{9}) (0.241g,
1.5 mmol), tBuOK (0.359 g, 3.0 mmol) and 1.25 M HCI/MeOH (2.4 ml). Concentration yielded 95{3,9} as
a pale yellow solid (0.474 g, 1.46 mmol; 97%).

Spectroscopic data

IR (soln) v (cm™): 3347 (st N-H), 2941, 2803 (st Cspa—H), 1635, 1564 (st C=0), 1461, 1400 (b
Cspg—H), 1162 (st C-0), 1010 (st C-N)

'H-NMR (400 MHz, CDCl5) & (ppm): 4.44 (br, 1H, NH), 2.79 (t, *J = 7.0 Hz, 2H, H-C8), 2.70-2.30 (m,
20H, H-C5, H-C6, H-C12, H-C12, H-C10, H-C4), 2.29 (s, 3H, H-C7), 2.29 (s, 3H, H-C13), 2.18 (t, >/ = 7.0 Hz,
2H, H-C2), 1.65-1.75 (m, 4H, H-C3, H-C9)

3C-NMR (100.6 MHz, CDCls) & (ppm): 179.1 (C1), 58.4 (C4), 56.6 (C10), 55.0 (C11*), 54.6 (C6*),
53.2 (C5*), 52.9 (C12*), 45.9 (C7), 45.9 (C13), 40.7 (C8), 35.7 (C2), 29.4 (C9), 23.0 (C3)

MS (EI) m/z (%): 325 (1) [M]", 186 (37), 127 (31), 113 (83), 70 (100)

HRMS (El) calculated for C;7H3sNsO [M]*: 325.2842; found: 325.2853

Biological activity

ECso > 125 pg/ml; €CCso = 90 pg/ml
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4.13.14.Synthesis of

4-(4-methylpiperazin-1-yl)-N-(2-
morpholinoethyl)butanamide (95{3,10})

3 8
N\/\)J\OE,[ * HZN/\/NJ {BUOK K/NY\Z)‘{\”/\Q/N:O)H

106{3} 5{10} 95(3,10}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.258 g, 1.2 mmol), 4-(2-aminoethyl)morpholine (5{10}) (0.160g, 1.2 mmol),

tBuOK (0.283 g, 2.4 mmol) and 1.25 M HCI/MeOH (1.9 ml). Concentration yielded 95{3,10} as a white
solid (0.347 g, 1.16 mmol; 97%).

Spectroscopic data

IR (film) v (cm™): 2936, 2794 (st Csp>-H), 1562 (st C=0), 1458, 1397 (b Csp>-H), 1164 (st C-0), 1012
(st C-N)

'H-NMR (400 MHz, CDCl3) 6 (ppm): 5.14 (br, 1H, NH), 3.71 (¢, ’J=5.0 Hz, 4H, H-C11), 2.81 {(t,

*) = 6.0 Hz, 2H, H-C8), 2.70-2.42 (cs, 16H, H-C5, H-C6, H-C4, H-C10, H-C9), 2.29 (m, 5H, H-C7, H-C2), 1.76
(gn, *J = 7.0 Hz, 2H, H-C3)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 177.9 (C1), 67.0 (C11), 61.1 (C9), 58.4 (C4), 54.2 (C6), 53.7
(C10), 52.7 (C5), 45.6 (C7), 38.2 (C8), 35.8 (C2), 22.3 (C3)

MS (Cl) m/z (%): 299 (27) [M+1]", 187 (100), 143 (57), 131 (91), 114 (97), 100 (81)

HRMS (Cl) calculated for C;sH3;N,O, [M+1]": 299.2447; found: 299.2443

Biological activity

ECso > 125 pg/ml; CCso = 90 ug/ml
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4.13.15.Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-
morpholinopropyl)butanamide (95{3,11})

~ 7\N/HS le)
U\/\)OJ\ * HZN/\/\N/\ Pt K/N\/a\)]\ /8\/1&N/11\12
OEt

O  tBuOK 4 2 1 H 9 K/

106{3} 5{11} 95(3,11}

Procedure was the same as stated above for 95{1,9} using ethyl 4-(4-methylpiperazin-1-
yl)butanoate (106{3}) (0.323 g, 1.5 mmol), 3-morpholinopropylamine (5{11}) (0.219 g, 1.5 mmol), tBuOK
(0.352 g, 3.0 mmol) and 2.4 ml of 1.25 M HCI/MeOH. Concentration yielded 95{3,11} as a white solid
(0.464 g, 1.49 mmol; 99%).

Spectroscopic data

IR (soln) v(cm-l): 2944, 2806 (st Csps—H), 1637, 1564 (st C=0), 1461, 1401 (b Cspa—H), 1162, 1009
(st C-N)

'H-NMR (400 MHz, CDCl;) & (ppm): 3.97 (br, 4H, H-C12), 3.36 (br, 4H, H-C11), 3.25-3.12 (cs, 10H,
H-C10, H-C6, H-C5), 3.08 (m, 2H, H-C8), 2.95 (m, 2H, H-C4), 2.74 (s, 3H, H-C7), 2.32 (t, >/ = 7.0 Hz, 2H,
H-C2), 2.15 (m, 2H, H-C9), 1.92 (m, 2H, H-C3)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 176.8 (C1), 66.7 (C12), 57.9 (C4), 57.6 (C10), 53.4 (C11),
53.1 (C5*), 51.6 (C6*), 44.7 (C7), 39.9 (C8), 35.1 (C2), 22.9 (C9*), 22.7 (C3*)

MS (EI) m/z (%): 312 (1) [M]", 186 (33), 127 (27), 113 (85), 100 (100), 70 (71)

HRMS (El) calculated for C;gH3,N,0, [M]: 312.2525; found: 312.2530

Biological activity

ECso > 125 pg/ml; €CCso = 94 pg/ml
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4.13.16.Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-
morpholinobutanamide (95{4,9})

106{4} 5(9} 95({4,9}

Procedure was the same as stated above for 95{1,9} using ethyl 4-morpholinobutanoate (106{4})
(0.307 g, 1.5 mmol), 1-(3-aminopropyl)-4-methylpiperazine (5{9}) (0.243 g, 1.5 mmol), tBuOK (0.344 g,
2.9 mmol) and 2.3 ml of methanolic HCI (1.25 M). Concentration yielded 95{4,9} as a white solid
(0.436 g, 1.4 mmol; 92%).

Spectroscopic data

IR (film) v (cm™): 3374 (st N-H), 2941, 2811 (st Csp>-H), 1567 (st C=0), 1462, 1402 (b Csp>-H),
1164 (st C-0), 1009 (st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 4.24 (br, 1H, NH), 3.70 (t, >J = 4.0 Hz, 4H, H-C6), 2.80 (t,
3J = 6.5 Hz, 2H, H-C7), 2.70-2.40 (cs, 14H, H-C5, H-C9, H-C10, H-C11), 2.35 (t, >/ = 7.0 Hz, 2H, H-C4), 2.29
(s, 3H, H-C12), 2.17 (t, *J = 7.5 Hz, 2H, H-C2), 1.65-1.72 (m, 4H, H-C3, H-C8)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 179.4 (C1), 66.6 (C6), 58.8 (C4), 56.6 (C5), 55.0 (C11), 53.6
(C9), 53.1 (C10), 45.9 (C12), 40.7 (C7), 35.4 (C2), 29.1 (C8), 22.8 (C3)

MS (EI) m/z (%): 312 (1) [M]", 173 (8), 127 (7), 113 (14), 100 (100), 84 (6), 70 (51), 56 (30), 42 (29)

HRMS (El) calculated for C;gH3,N,0, [M]": 312.2525; found: 312.2513

Biological activity

ECso > 125 pg/ml; CCso = 90 ug/ml
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4.14. Synthesis of de novo desighed amides with tetramethylene
spacer

4.14.1. Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-(pyrrolidin-1-
yl)butan-1-amine (84{1,9})

6
o) 5
C’\\l\/\)J\N/\/\N/\ THF C’\\l\/s\}\N/k/g\N/m\ﬂ
4 K/N\ BMS ) ’ 4 ° K/N\12

95{1,9} 84{1,9}

0.296 g (1 mmol) of 95{1,9} were dissolved in 10 ml of anhydrous THF and 0.57 ml (6 mmol) of
borane dimethylsulfide complex were added dropwise. The solution was held at reflux for 48 hours,
cooled to room temperature and diluted with 8 ml of methanolic HCI (1.25 M).

The new solution was heated at reflux for 1 hour. The solvent was removed under reduced
pressure and the crude was diluted with NaOH 1 M until reaching pH = 14. The aqueous solution was
extracted twice with CH,Cl, and dried over MgSQ,. After concentration, the crude product was purified
using flash chromatography (basic alumina, CH,Cl,:MeOH 100:0 to 95:5 in 15 minutes) to afford 0.148 g
(0.5 mmol, 50%) of the desired amine 84{1,9} as a brown oil.

Spectroscopic data
IR (film) v(cm™): 3330 (st N-H), 2931, 2853 (st Csp-H), 1457, 1373 (b Csp’-H)

'H-NMR (400 MHz, CDCl5) & (ppm): 3.05 (t, >J = 7.0 Hz, 2H, H-C4), 2.62-2.27 (cs, 10H, H-C1, H-C5,
H-C7, H-C9), 2.33 (m, 8H, H-C10, H-C11), 2.31 (s, 3H, H-C12), 1.80-1.63 (cs, 6H, H-C6, H-C3), 1.47 (m, 2H,
H-C8), 1.34 (m, 2H, H-C2)

BC-NMR (100.6 MHz, CDCl5) & (ppm): 57.0 (C9), 56.7(C5), 56.3 (C4), 55.3 (C10), 53.4 (C11), 50.0
(C1), 48.7 (C7), 46.1 (C12), 38.3 (C8), 23.9 (C3), 23.3 (C6), 18.9 (C2)

HRMS (El): calculated for CigHs4N, [M]': 282.2783; found: 282.2782

Biological activity

ECso > 25 pug/ml; CCsq > 25 pg/ml
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4.14.2. Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-(piperidin-1-
yl)butan-1-amine (84{2,9})

6
Q THE 7 GS
O\l\/\)J\N/\/\N/\ N\/S\/1\N/8\/10\N/11\’12
H ‘\/N\ BMS 4 2 H 9 k/N\

95(2,9} 84{2,9} "

Procedure was the same as stated above for 84{1,9} using 0.310 g (1 mmol) of 95{2,9}, 0.57 ml
(6 mmol) BMS and 8 ml HCl/MeOH (1.25 M). Column chromatography with basic alumina (CH,Cl,:MeOH
100:0 to 95:5 in 20 minutes) and concentration afforded 98 mg (0.33 mol, 33%) of the desired amine
84{2,9} as a yellow oil.

Spectroscopic data
IR (film) v(cm™): 3361 (st N-H), 2932, 2856, 2783 (st Csp™-H), 1462, 1368 (b Csp>-H), 1130 (st C-N)

'H-NMR (400 MHz, CDCl3) 6 (ppm): 3.02 (t, ’J=7.0Hz, 2H, H-C4), 2.60-2.29 (cs, 10H, H-C1, H-C5,
H-C8, H-C10), 2.32 (m, 8H, H-C11, H-C12), 2.29 (s, 3H, H-C13), 1.80-1.60 (cs, 8H, H-C6, H-C7, H-C3), 1.45
(m, 2H, H-C9), 1.30 (m, 2H, H-C2)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 57.2 (C10), 56.5 (C5), 56.3 (C4), 55.0 (C11), 53.5 (C12), 49.7
(C1), 48.8 (C8), 46.3 (C13), 38.3 (C9), 24.5 (C3), 24.3 (C6), 23.7 (C7), 19.8 (C2)

HRMS (ESI-TOF): calculated for C;7H3;N, [M+1]": 297.3018; found: 297.3022

Biological activity

ECso > 25 pg/ml; CCsq > 25 pg/ml
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4.14.3. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(2-(pyrrolidin-1-yl)ethyl)butan-
1-amine (84{3,4})

7
>N o THF SN
k/)\‘\/\)J\N/\/D . @\/3\/1\’\]/8\/@ 11
H 4 2 H

95(3,4} 84({3,4}

Procedure was the same as stated above for 84{1,9} using 0.283 g (1 mmol) of 95{3,4}, 0.57 ml
(6 mmol) BMS and 8 ml HCl/MeOH (1.25 M). The crude product was purified by column chromatography
with basic alumina (CH,Cl,:MeOH 100:0 to 95:5 in 20 minutes). Concentration afforded 127 mg
(0.47 mol, 47%) of the desired amine 84{3,4} as a yellow oil.

Spectroscopic data
IR (film) v(cm™): 3362 (st N-H), 2930, 2856 (st Csp>-H), 1455, 1370 (b Csp>-H), 1150 (st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 3.69 (t, > = 6.5 Hz, 2H, H-C4), 2.8-2.5 (cs, 10H, H-C1, H-C5,
H-C6), 2.48-2.30 (cs, 8H, H-C8, H-C9, H-C10), 2.25 (s, 3H, H-C7), 1.83-1.57 (cs, 8H, H-C3, H-C2, H-C11)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 58.5 (C1), 55.0 (C9), 54.6 (C6), 54.0 (C10), 52.9 (C5), 46.8
(C7, C8), 45.8 (C4), 25.5 (C2, C3), 23.5 (C11)

HRMS (El) calculated for CysH3,oN, [M]': 268.2627; found: 268.2620

Biological activity

ECso > 25 pg/ml; CCsq > 25 pg/ml
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4.14.4. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-(pyrrolidin-1-
yl)propyl)butan-1-amine (84{3,5})

1
k/N\/\)J\N/\/\N N\/\/\N/\/\N
A S S SR et
95(3,5} 84{3,5}

Procedure was the same as stated above for 84{1,9} using 0.296 g (1 mmol) of 95{3,5}, 0.57 ml
(6 mmol) BMS and 8 ml HCl/MeOH (1.25 M). The crude product was purified by column chromatography
with basic alumina (CH,Cl,:MeOH 100:0 to 95:5 in 18 minutes) and concentration afforded 130 mg
(0.46 mol, 46%) of the desired amine 84{3,5} as a brown oil.

Spectroscopic data
IR (film) v(cm™): 3358 (st N-H), 2929, 2850 (st Csp>-H), 1452, 1373 (b Csp>-H), 1152 (st C-N)

'H-NMR (400 MHz, CDCls) 6 (ppm): 3.65 (t, ’J=7.0Hz, 2H, H-C4), 2.9-2.55 (cs, 10H, H-C1, H-C5,
H-C6), 2.50-2.35 (cs, 8H, H-C8, H-C10, H-C11), 2.27 (s, 3H, H-C7), 1.9-1.6 (cs, 8H, H-C3, H-C2, H-C12), 1.52
(m, 2H, H-C9)

3C-NMR (100.6 MHz, CDCl5) & (ppm): 58.6 (C1), 55.5 (C11), 54.7 (C6), 52.9 (C5), 52.0 (C10), 46.8
(C8), 46.2 (C7), 45.9 (C4), 28 (C9), 25.6 (C2, C3), 23.5 (C12)

MS (ESI-TOF) m/z (%): 283.3 (1) [M+1], 201.2 (2), 173.2 (100), 155.2 (5), 116.1 (13)

HRMS (ESI-TOF) calculated for CigH3sN, [M+1]": 283.2862; found: 283.2856

Biological activity

ECso > 25 pg/ml; CCsq > 25 pg/ml
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4.14.5. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(2-(piperidin-1-yl)ethyl)butan-
1-amine (84{3,7})

7

ON o THE N7 Y5 i 12

‘\/)\l\/\)J\N/\/’Q @\/3’\/1\ /8\/0@
H

BMS

95(3,7} 84{3,7}

Procedure was the same as stated above for 84{1,9} using 0.296 g (1 mmol) of 95{3,7}, 0.57 ml
(6 mmol) BMS and 8 ml HCl/MeOH (1.25 M). Column chromatography with basic alumina (CH,Cl,:MeOH
100:0 to 95:5 in 20 minutes) and concentration afforded 103 mg (0.36 mol, 36%) of the desired amine
84{3,7} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3357 (st N-H), 2929, 2856, 2811 (st Csp>-H), 1460, 1372 (b Csp>-H), 1149, 1045
(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 3.66 (t, *J = 6.5 Hz, 2H, H-C4), 3.2-2.8 (cs, 10H, H-C1, H-C8,
H-C9, H-C10), 2.6-2.4 (br, 8H, H-C5, H-C6), 2.27 (s, 3H, H-C7), 1.90 (m, 2H, H-C3), 1.71 (m, 2H, H-C2), 1.60
(m, 2H, H-C11), 1.45 (m, 2H, H-C12)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 58.6 (C1), 55.5 (C9), 54.8 (C6), 54.5 (C10), 53.0 (C5), 49.2
(C8), 45.8 (C7, C4), 25.9 (C11), 25.5 (C2, C3), 24.5 (C12)

HRMS (El) calculated for CigH34N, [M]': 282.2783; found: 282.2789

Biological activity

ECso > 25 pg/ml; CCsq > 25 pg/ml
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4.14.6. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-(4-methylpiperazin-1-
yl)propyl)butan-1-amine (84{3,9})

7
\N/\ o \N/\‘S
K/NNJ\”/\/\N THF |\/N\/3\/1\”/8\/10\N/11\1

2
o K/N\m

95(3,9} 84{3,9}

Procedure was the same as stated above for 84{1,9} using 0.326 g (1 mmol) of 95{3,9} and
0.57 ml (6 mmol) BMS. Treatment with 8 ml HCI/MeOH (1.25 M) afforded 0.128 mg (0.4 mol, 40%) of
84{3,9} as a yellow oil without further purification.

Spectroscopic data

IR (film) V(cm-l): 3333 (st N-H), 2932, 2857, 2803 (st Csp3—H), 1460, 1373 (b Csp3—H), 1162, 1010
(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 3.69 (t, ®J = 6.5 Hz, 2H, H-C4), 3.58 (m, 6H, H-C1, H-C8, H-C10),
2.8-2.2 (br, 16H, H-C5, H-C6, H-C11, H-C12), 2.29 (s, 6H, H-C7, H-C13), 1.90 (m, 2H, H-C3), 1.69 (4H, H-C2,
H-C9)

3C-NMR (100.6 MHz, CDCls) & (ppm): 58.5 (C1), 56.9 (C10), 54.6 (C6, C12), 52.9 (C11, C5), 48.7
(C8), 46.1 (C13), 45.9 (C7), 45.8 (C4), 32.7 (C9), 25.5 (C2, C3)

Biological activity

ECso > 25 pg/ml; CCsq > 25 pg/ml
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4.14.7. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(2-morpholinoethyl)butan-1-
amine (84{3,10})

7
\N/\ (0] ﬁo THF \N/\5 . ; . K\O

K/NMN/\/N\) K/NV\/\N/\/N\)’I’I
H BMS 4 2 H 9 10
95(3,70} 84{3,10}

Procedure was the same as stated above for 84{1,9} using 0.300 g (1 mmol) of 95{3,10}, 0.57 ml
(6 mmol) BMS and 8 ml HCI/MeOH (1.25 M). The crude residue was purified by column chromatography
with basic alumina (CH,Cl,:MeOH 100:0 to 90:10 in 17 minutes) and concentration afforded 148 mg
(0.52 mol, 52%) of 84{3,10} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 3345 (st N-H), 2924, 2853 (st Csp>-H), 1458, 1377 (b Csp>-H), 1115 (st C-O), 1080
(st C-N)

'H-NMR (400 MHz, CDCl3) & (ppm): 3.75 (t, J = 7.0 Hz, 4H, H-C11), 3.72 (t, >/ = 6.5 Hz, 2H, H-C4),
2.8-2.5 (cs, 10H, H-C1, H-C5, H-C6), 2.48 (cs, 8H, H-C8, H-C9, H-C10), 2.28 (s, 3H, H-C7), 1.80 (m, 4H, H-
C3, H-C2)

3C-NMR (100.6 MHz, CDCl) & (ppm): 67.1 (C11), 60.2 (C9), 58.5 (C1), 54.6 (C6), 54.0 (C10), 53.0
(C5), 47.1 (C8), 45.8 (C7, C4), 25.5 (C2, C3)

HRMS (El) calculated for C4sH3,N,0 [M]*: 284.2576; found: 284.2576

Biological activity

ECso = 3.00 pg/ml; CCsq > 25 pg/ml
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4.14.8. Synthesis of 4-(4-methylpiperazin-1-yl)-N-(3-morpholinopropyl)butan-1-
amine (84{3,11})

7 6
\N/\ o THF \N/ﬁs 3 18 10 11
” K/O BMS 4 2 9 bo

95(3,11} 84(3,11}

Procedure was the same as stated above for 84{1,9} using 0.312 g (1 mmol) of 95{3,11}, 0.57 ml
(6 mmol) BMS and 8 ml HCI/MeOH (1.25M). The crude product was purified using column
chromatography with basic alumina (CH,Cl,:MeOH 100:0 to 95:5 in 28 minutes) and concentration
afforded 153 mg (0.51 mol, 51%) of the desired amine 84{3,11} as a yellow oil.

Spectroscopic data

IR (film) v (cm™): 3298 (st N-H), 2940, 2883, 2853 (st Csp°>-H), 1447, 1372 (b Csp>-H), 1115 (st
C-0), 1101 (st C-N)

"H-NMR (400 MHz, CDCl3) & (ppm): 3.72 (t, %/ = 7.0 Hz, 4H, H-C12), 3.68 (t, >/ = 6.5 Hz, 2H, H-C4),
2.8-2.5 (cs, 10H, H-C1, H-C5, H-C6), 2.5-2.35 (cs, 8H, H-C8, H-C10, H-C11), 2.28 (s, 3H, H-C7), 2.15 (m, 2H,
H-C9), 1.83 (m, 4H, H-C3, H-C2)

3C-NMR (100.6 MHz, CDCl;) & (ppm): 67.0 (C12), 58.9 (C10), 58.3 (C1), 54.5 (C6), 54.0 (C11), 52.8
(C5), 47.8 (C8), 45.9 (C7), 45.7 (C4), 25.5 (C2, C3), 24.5 (C9)

Biological activity

ECso = 18.25 pg/ml; CCsq > 25 pg/ml
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4.14.9. Synthesis of N-(3-(4-methylpiperazin-1-yl)propyl)-4-morpholinobutan-1-
amine (84{4,9})

95{4,9} 84{4,9}

Procedure was the same as stated above for 84{1,9} using 0.310 g (1 mmol) of 95{2,9}, 0.57 ml
(6 mmol) BMS and 8 ml HCl/MeOH (1.25 M). The crude product was purified by column chromatography
with basic alumina (CH,Cl,:MeOH 100:0 to 90:10 in 20 minutes) and concentration afforded 98 mg
(0.33 mol, 33%) of the desired amine 84{4,9} as a brown oil.

Spectroscopic data

IR (film) v (cm™): 3305 (st N-H), 2940, 2853 (st Csp>-H), 1446, 1370 (b Csp>-H), 1118 (st C-0), 1079
(st C-N)

"H-NMR (400 MHz, CDCl3) & (ppm): 3.81 (br, 4H, H-C6), 3.69 (t, > = 6.5 Hz, 2H, H-C4), 2.68 (m, 8H,
H-C1, H-C5, H-C7), 2.55-2.35 (cs, 10H, H-C10, H-C11, H-C9), 2.30 (s, 3H, H-C12), 1.85 (m, 4H, H-C3, H-C2),
1.68 (m, 2H, H-C8)

3C-NMR (100.6 MHz, CDCl3) & (ppm): 67.1 (C6), 55.3 (C10), 57.3 (C4), 56.9 (C7), 54.5 (C1), 54.0
(C9), 53.2 (C11), 52.8 (C5), 46.1 (C12), 25.5 (C2*), 25.4 (C3*), 24.5 (C8)

HRMS (E1): calculated for C1gH3,N,0 [M]": 298.2733; found: 298.2731

Biological activity

ECso > 25 ug/ml; CCso > 25 ug/ml
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Conclusions

S’han sintetitzat els espaiadors bi i monodentats 23, 24, 27 i 28. Els derivats sulfurats 23 i 27
s’han obtingut a partir de p-xilens halogenats i tiourea, amb rendiments satisfactoris, mentre que
els derivats nitrogenats 24 i 28 s’han sintetitzat per reaccid de p-xililendiamines amb
S-metiltiourea amb rendiments més discrets. La inestabilitat a I’aire dels espaiadors ha forgat la
seva obtencidé com a sals. Els derivats sulfurats han resultat també inestables en medis basics,
rendint el disulfur de p-hidroximetilbenzil.

NH
NH
A" NH,
HoN_ A A" NH
s R
NH
23 A=S 27 A=S R=OH
24 A=NH 28 A=NH R=NHBoc

Els carbonitrils 18{x}, obtinguts a partir d’un éster a,B-insaturat 15{x} i malononitril (16) s’han fet
reaccionar amb els espaiadors 23, 24 i 27 per tal d’obtenir els corresponents adductes
bis(pirido[2,3-d]pirimidinics) (25{x,x} i 26{x,x}) i pirido[2,3-d]pirimidinics (29{x}) objectiu. S’han
obtingut els bisadductes 26{2,2} i 26{3,3} i els monoadductes 29{1} i 29{3}. S’ha avaluat I’activitat
biologica de 26{3,3} i 29{3}, que no han resultat ni actius ni toxics a la maxima concentracié
assajada de 25 ug/ml. Els adductes 25{1,1}, 25{2,2} i 25{3,3} només s’han pogut caracteritzar per
espectroscopia d’infraroig i espectroscopia de masses d’alta resolucié degut a la seva elevada

insolubilitat en dissolvents comuns, la qual cosa no ha permes avaluar-ne I'activitat biologica.
Me

H,N
(6]
N \ NH

=N

NH NH, CHs
N/
Ny
S N N O
HN HO H
N=
HN N
o) )\ 26(3,3} 29(3}

La quimioteca d’analegs de ’AMD3100 anteriorment descrita al GEM s’ha ampliat amb 36
compostos a partir de dos nous substrats, p-acetilbenzaldehid (11) i p-acetilacetofenona (14), i
les dues amines N-(4-aminobutil)-2-pipecolina (5{13}) i N-(4-aminobutil)piperidina (5{14}),
obtingudes per sintesi de Gabriel. S’han seleccionat, per a ésser sintetitzats, deu compostos
simétricament disubstituits d’estructura 2{x,x}, 9{x,x} i 12{x,x} i sis asimétricament disubstituits
d’estructura 9{x,y}. Dels 16 nous compostos seleccionats se n’ha aconseguit obtenir 14 per
aminacid reductora, emprant isopropoxid de titani (IV) com a catalitzador en els derivats dels

:
N/Hn\N
Ot L0
R

2{x,y} R=R'=H
9{x,y} R=Me,R'=H
12{x,y} R=R'=Me

precursors 11 14.
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S’ha avaluat I'activitat antiviral dels 14 compostos objectiu sintetitzats, arribant a valors d’ECs, de
I'ordre del cap de série 2{8,8} anteriorment descrit al GEM, pero sense aconseguir millorar-la en
cap cas. El compost sintetitzat que ha presentat major activitat biologica ha estat 9{8,13}
(ECso = 0,060 pg/ml), reafirmant I'amina 5{8} com un precursor idoni de cara a inhibir el
coreceptor CXCR4. S’ha demostrat que ni I'augment de la distancia entre els dos atoms de
nitrogen que es troben al mateix costat de |'espaiador aromatic ni la preséncia de substituents
metil en posicié benzilica no millora considerablement I'activitat anti-VIH.

P
S

9(8,13)
ECqo = 0,060 pg/ml
CC50 >25 pg/ml

S’han obtingut els tres estereoisomers del compost més actiu identificat al grup: 2{8S,8S},
2{8R,8R} i 2{8S,8R} a partir de les amines homoquirals préviament sintetitzades per sintesi de
Gabriel. L'avaluaci6 de [I'activitat anti-VIH de les tres mostres enriquides en els tres
estereoisomers corresponents no ha presentat valors substancialment diferents de la mescla
estereoisomerica.

y NN y NN
N ~N 4 N ~N :

-4 HCI 4 HCI
2{8S,8S}-4HCI 2{8R,8R}-4HCI
ECs = 0,070 pg/ml ECsy = 0,077 pg/ml
CCsg > 25 pg/ml CCsg > 25 pg/ml
N/\/\N
H H
N _~N

-4 HCl

2(8S,8R}-4HCI
ECsp = 0,078 pg/m
CCso = 18 pg/ml

S’ha dissenyat de novo una quimioteca virtual de potencials inhibidors del coreceptor CXCR4 a
partir de I'estructura del coreceptor modelada al GEM i mitjancant el programari Ludi. De la
quimioteca virtual obtinguda s’han identificat els fragments més rellevants i se n’ha generat una
segona de major accessibilitat sintética. El cribratge de la nova quimioteca virtual ha permeés
seleccionar 16 compostos de tres families diferents: derivats d’heterocicles aromatics privilegiats,
derivats amb dues baules metileniques i derivats amb quatre baules metiléniques.

S’ha avaluat I'activitat antiviral de tots els compostos finals obtinguts, aixi com de 14 amides
precursores. De la primera familia, tan sols I'indole 80{9} ha resultat més actiu que toxic, mentre
que I'amida 95{3,8} i I'amina 84{3,11} han presentat activitats moderades.



Conclusions

HN H/\/\N/\

NN

80{9}
ECgo = 15,9 ng/ml
CCsq = 50,8 pug/ml

95(3,8) 84(3,11}
ECsp = 9,20 ug/ml ECso = 18,25 ug/ml
CC50 =99 p.g/ml CC5O >25 pg/ml

El disseny de novo i la posterior sintesi i avaluacid de I'activitat anti-VIH dels candidats
seleccionats ha permeés identificar les amines 83{3,8} i 84{3,10} com a compostos prototip de
noves families d’inhibidors de I'agent etiologic de la sida, per a futurs processos d’optimitzacio a
precandidats.

'\(j ONTY o

N\/\H/\/\N K/N\/\/\N/\/N\)
H
83{3,8} 84(3,10}
ECs0 = 0,71 pg/ml ECs = 3,00 ug/ml
CC50 >25 ug/ml CCso >25 ug/ml
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