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In the aim of identifying new privileged structures, we describe the 5-steps synthesis of cyclic guanidine
compounds “tetrahydroisoquinoline-iminoimidazolines” derived from tetrahydroisoquinoline-hydantoin
core. In order to evaluate this new minimal structure and the impact of replacing a carbonyle by a
guanidine moiety, their affinity towards adenosine receptor A2A was evaluated and compared to those of
tetrahydroisoquinoline-hydantoin compounds.

© 2015 Elsevier Masson SAS. All rights reserved.
1. Introduction

In the field of medicinal chemistry, privileged structures are
considered as a promising source of ligands able to interact with
antoin; A2AR, adenosine A2A
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various targets [1e3]. In fact, these minimal structures constitute a
powerful starting point to identify original compounds by varying
the nature of their substituents. They constitute an anchor point
enabling to orientate substituents in various positions, giving ac-
cess to potentially promising structures and to modulate their af-
finity and activity. Therefore, identification of novel privileged
structures appears as an interesting challenge.

Our group described a series of tetrahydroisoquinoline-
hydantoins (Tic-H 1, Fig. 1) derived compounds with potent affin-
ity for the sigma-1 receptor in the nanomolar range ensuing various
therapeutical in vivo applications [4e9]. This heterocycle presents
an interesting hydrogen bond acceptor group on the hydantoin
cycle and is amenable to various decorations. In this study we
proposed to identify a new potential privileged structure and
decided to evaluate the consequence of replacing the hydantoin's
(1) hydrogen bond acceptor by a hydrogen bond donor group
resulting in the guanidine moiety of compound 2 (Fig. 1). This new
heterocycle could be the central core for the design of new active
compounds. Guanidines are present in a large variety of natural
products with potent biological activities in many fields [10e13]
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Fig. 1. Tic-guanidine derivatives of series A and B.
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and more specifically in the central nervous system area [14,15].
This approach was exemplified by preparing the guanidine de-

rivative “Tic-guanidine” and its derivatives (2e13) in order to
evaluate the affinity of this new series on the adenosine receptor
A2AR [16]. In fact, in addition to its affinity towards sigma-1 re-
ceptor, Tic-H 1 showed a promising affinity constant towards
adenosine receptor A2A (Ki ¼ 44 mM). This receptor is widely
expressed in the central nervous system. Expressed at different
levels (neurons, astrocytes, microglial cells) [17e21], it acts at
various levels of regulation [22e25]. Therefore, A2ARs are viewed as
promising targets in various neurodegenerative diseases, mainly
Parkinson's and Alzheimer's diseases [26e28].

Docking studies, based on the crystal structure of A2A bound to
the high affinity antagonist (ZM241385) [29], showed that Tic-
guanidine restored hydrogen bonds that were missing for Tic-H
leading us to expect a better affinity of these compounds [30].

We therefore aim to develop a new series of Tic-guanidine
compound. We set up an original and efficient chemical synthesis
allowing pharmacomodulations that concern the nature of the
substituents on the original tricyclic structure Tic-guanidine (series
A, Fig. 1) but also modifications by the central cyclic core's opening
(series B, Fig. 1).
2. Results and discussion

2.1. Modeling studies

Jaakola et al. published in 2008 a crystal structure of A2AR with
the high affinity antagonist ZM241385 [29]. Tic-H and Tic-
guanidine were both docked in A2AR's binding site. Results
showed both molecules place in a same manner as ZM241385 does
(Fig. 2). Mainly, important hydrogen bonds with Glu169 and Asn253

missing in the case of Tic-H are being restored with the guanidine
function. Finally, upper carbonyl moiety of Tic-H was not main-
tained, as it doesn't seem to play an essential role in the interactions
with amino acids of the binding site.

Supported by our docking studies, pharmacomodulations are
presented: various N-substituents on the guanidine core (series A,
Fig.1) and the central tricyclic core's opening (series B, Fig.1). Series
A enables us to evaluate the effect of the modification of the benzyl
group in the hydrophobic upper pocket of the binding site. On the
other hand, series B was prepared in order to evaluate the impor-
tance of the central core's nature and especially how its geometry
impacts compounds' affinity. We wanted to establish whether a
planar conformation was essential as described for many A2A's
antagonists [16,28,31] or if less restricted structures could improve
affinity as compared to already published non planar A2A antago-
nists [16,28,31,32]. Finally, B series would bring additional in-
formations on structure activity relationships of our Tic-guanidine
compounds.
2.2. Chemical synthesis

Synthesis of Tic-guanidine derivatives of series A and B was
achieved thanks to a unique chemical pathway as depicted in
Scheme 1. This enabled us to access desired compounds starting
from commercially available amino acids and therefore to easily
access various pharmacomodulations. We optimized the syn-
thetic pathway of compound 2 starting from commercially
available Boc-protected L-tetrahydroisoquinoline carboxylic acid I
whose chemistry is well mastered in our group [7,9,33]. Key step
of this synthesis was the final formation of the cyclic guanidine.
Various methods are described in the literature to access gua-
nidines [12] and cyclic guanidines [34e36] but could not be
applied to our strategy. Indeed, we previously described the
synthesis of Tic-thiohydantoins, which could be an interesting
intermediate for the synthesis of these Tic-guanidines. However
their chemical and enantiomeric instability precluded their use
in this study [37]. For final formation of guanidine cycle, direct
cyclization of the free diamine in the presence of cyanogen
bromide [38e44] was unsuccessful. Some adjustments were then
required and we finally chose to maintain Boc-protection in order
to selectively functionalize the free amine of compounds 2be13b
with cyanogene bromide [45]. Expected guanidines were ob-
tained after Boc-deprotection and subsequent cyclization of
intermediate.

Synthesis of series A started from Boc-protected L-tetrahy-
droisoquinoline carboxylic acid I. Corresponding aldehyde was
obtained via reduction of Weinreb amide II [46,47] using LiAlH4 in
THF at 0 �C [46]. Reductive aminationwith appropriate amine in the
presence of sodium triacetoxyborohydride in CH2Cl2 gave expected
Boc-monoprotected derivatives 2be6b [48]. Free amine of this last
compound was then functionalized by cyanogen bromide in
ethanol to give corresponding nitrile derivatives [45]. Finally, gua-
nidine cyclizationwas achieved thanks to acidic deprotection of the
carbamate and in situ cyclization of the intermediate diamine
compound with yields from 46 to 88%.

Depending on the nature of the amine in the reductive
amination step, compounds 2 to 6 were first obtained (Scheme
1), as depicted in Fig. 3. On the other hand, opening of the up-
per part of the central cycle while maintaining N-benzyl sub-
stitution of the guanidine (Scheme 2) core resulted from
modification of starting amino acid (compounds 7e13, Fig. 4).
Compound 12, derived from tyrosine, was prepared from Boc-
Tyr(tBu)-OH. The tert-butyl protection was removed in the final
cyclization step.

Structure of final compounds was confirmed by various analysis
methods. LCeMS gave expected mass, discarding the formation of
the dimer. FT-IR indicated the disappearance of the nitrile band
(2260e2240 cm�1) and appearance of the guanidine C]NH bond
(1690e1640 cm�1) confirming cyclization of the compound (see
Supporting information). Finally, 1D and 2D 1H and 13C NMR
showed appropriate signals and correlations, especially the gua-
nidine C]NH bond.

Some of our compounds were able to crystallize. X-ray
spectroscopy thus enabled us to confirm not only the structure
and enantiopurity of compounds 2 and 3 (Fig. 5) but also com-
pounds 7, 9 and 11 whose absolute configuration was maintained
(Fig. 6) [49].

On the other hand, crystallographic data showed compound 8
was present as a racemic mixture (for details, see Supporting
information). This compound differs from the other ones, as it is
N-methylated. N-methylation was achieved following a protocol
described in the literature to be a non-epimerizing route [50].
However, in our case, the basic conditions of methylation afforded
complete racemization (Fig. 6).



Fig. 2. A2AR's crystal structure with (i) high-affinity antagonist ZM241385, (ii) Tic-H 1 and (iii) Tic-guanidine 2. Hydrogen bonds with Glu169 and Asn253 missing with Tic-H (ii) are
being restored with the guanidine function (iii).
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Scheme 1. i) HNMe(OMe)$HCl, EDC, HOBt, NMM, CH3CN, CH2Cl2, 61%; ii) LiAlH4, THF 0 �C then aq. KHSO4, 66%; iii) R-NH2, NaHB(OAc)3, CH2Cl2 then aq. NaHCO3, 92%-quant; iv)
BrCN, NaHCO3, EtOH, 54e97%; v) HCl, dioxane, 46e88%.
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Fig. 3. Pharmacomodulations of compounds 2e6 of the Tic-guanidine core using various amines in the reductive amination step.
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Scheme 2. i) HNMe(OMe)$HCl, EDC, HOBt, NMM, CH3CN, CH2Cl2, 36e86%; ii) LiAlH4, THF 0 �C then aq. KHSO4, 20e97%; iii) Bn-NH2, NaHB(OAc)3, CH2Cl2 then aq. NaHCO3, 19e99%;
iv) BrCN, NaHCO3, EtOH, 44e94%; v) HCl, dioxane, 23e90%.
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Fig. 4. Opening of the central Tic-guanidine core.

Fig. 5. Thermal ellipsoid drawing [49] (30% probability) of the asymmetric unit of compound 2 (left) and 3 (right) showing the molecular structure and the labeling scheme.
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Fig. 6. Thermal ellipsoid drawing [49] (30% probability) of the asymmetric unit of compound 7e9 and 11 showing the molecular structure and the labeling scheme.
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2.3. Affinity of Tic-guanidine compounds

Affinity of our compounds was evaluated on human A2A re-
ceptor membranes stably expressed in HEK293 cells. Results
(Table 1) showed no improvement of binding compared to initial
Tic-H compound 1 (Ki ¼ 44 mM) except for the tricyclic guanidine
substituted with phenylbutylamine 5 (Ki ¼ 35 mM). More specif-
ically, affinity was drastically decreased for open guanidines.

Except compound 5 (35 mM) that gives an affinity comparable to
the one of Tic-H 1 (44 mM), binding was not improved with our Tic-
guanidine compounds. For sure, rigid tricyclic structures are
Table 1
A2A receptor affinity (Ki) and cytotoxicity assays of compounds 1e13.

Cpd Ki (mM)a CC50 (mM)b

1 44 >100
2 64 >100
3 >200 >100
4 >200 >100
5 35 >100
6 >200 >100
7 >200 >100
8 >200 >100
9 >200 >100
10 >200 >100
11 >200 >100
12 >200 >100
13 >200 >100

a A2AR's agonist CGS-21680 used as a reference (Ki ¼ 0.503 mM). Displacement of
specific [3H]-ZM 241385 binding in membranes obtained from hA2a receptor stably
expressed in HEK293 cells.

b Cytotoxicity assays on SY5Y cells.
necessary to bind the A2AR receptor as open structures (7e13)
showed no affinity at all. X-ray analysis helped understanding this
observation. In fact, as shown in Fig. 5, open Tic-guanidine from
series B adopt a curved conformation that does not allow the
binding of the molecule in the pocket of the receptor whereas tri-
cyclic structures keep a flat conformation [51]. On the other hand,
compared to already published non-planar structures [16,28,31,32],
our open Tic-guanidines compounds are not aromatic and this
could explain the lack of efficacy as regards to the affinity.

Concerning the tricyclic structures (2e6), we therefore assume
the replacement of carbonyle moiety of 1 by a hydrogen bond
donor does not give us expected improved affinity for the A2AR.

More generally, low affinities of our Tic-guanidine compounds
of both series might be improved by adding functionalized chains
likely to favor interactions in the binding site.

2.4. Cytotoxicity of Tic-guanidine compounds

Cytotoxicity assays have been conducted on SY5Y cells and
showed no toxicity of our compounds at 100 mM.

3. Conclusion

As Tic-H core was a structure of interest for the design of various
biologically active compounds, we proposed the Tic-guanidine core
as a new privileged structure. This work therefore presented a new
and efficient synthesis of guanidine cycles derived from amino
acids. We applied this concept to the design of A2AR ligands. Un-
fortunately, binding results established that our initial hypothesis
was not confirmed: replacement of the hydrogen bond acceptor
moiety carbonyl of compound 1 by the hydrogen bond donor
guanidine did not improve the affinity for A2AR. Other decorations
are needed to improve the affinity for A2AR. The lack of cytotoxicity
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of this new scaffold constitutes a major advantage. Thus valoriza-
tion of this new scaffold for other receptors is currently under
evaluation.

4. Experimental section

4.1. General information

Chemicals and solvents were obtained from commercial sour-
ces, and used without further purification unless otherwise noted.
Reactions were monitored by TLC performed on MachereyeNagel
Alugram® Sil 60/UV254 sheets (thickness 0.2 mm). Purification of
products was carried out by either column chromatography or thick
layer chromatography. Column chromatography was carried out
using MachereyeNagel silica gel (230e400 mesh). Thick layer
chromatography was performed on glass plates coated with
MachereyeNagel Sil/UV254 (thickness 2 mm), from which the pure
compounds were extracted with the following solvent system:
DCM/MeOH (NH3), 90:10. NMR spectra were recorded on a Bruker
DRX 300 spectrometer (operating at 300 MHz for 1H and 75 MHz
for 13C). Chemical shifts are expressed in ppm relative to either
tetramethylsilane (TMS) or to residual proton signal in deuterated
solvents. Chemical shifts are reported as position (d in ppm), mul-
tiplicity (s¼ singlet, d¼ doublet, t¼ triplet, q¼ quartet, p¼ pentet,
dd ¼ double doublet, br ¼ broad and m ¼ multiplet), coupling
constant (J in Hz), relative integral and assignment. The attributions
of protons and carbons were achieved by analysis of 2D experi-
ments (COSY, HSQC and HMBC). Mass spectra were recorded on a
Varian triple quadrupole 1200Wmass spectrometer equipped with
a non-polar C18 TSK-gel Super ODS (4.6 � 50 mm) column, using
electrospray ionization and a UV detector (diode array). HRMS-ESI
spectra were recorded on a Thermo Scientific Exactive spectrom-
eter. The purity of final compounds was verified by two types of
high pressure liquid chromatography (HPLC) columns: C18 Inter-
chrom UPTISPHERE and C4 Interchrom UPTISPHERE. Analytical
HPLC was performed on a Shimadzu LC-2010AHT system equipped
with a UV detector set at 254 nm and 215 nm. Compounds were
dissolved in 50 mL methanol and 950 mL buffer A, and injected into
the system. The following eluent systems were used: buffer A (H2O/
TFA, 100:0.1) and buffer B (CH3CN/H2O/TFA, 80:20:0.1). HPLC
retention times (HPLC tR) were obtained at a flow rate of 0.2 mL/
min for 35 min using the following conditions: a gradient run from
100% of buffer A over 1 min, then to 100% of buffer B over the next
30 min. The melting point analyses were performed on Barnstead
Electrothermal Melting Point Series IA9200 and are uncorrected.
Infrared spectra were performed on Bruker FT-IR spectrometer
model a. Preparative HPLC were performed using a Varian PRoStar
system using an OmniSphere 10 column C18 250 mm � 41.4 mm
Dynamax fromVarian, Inc. A gradient starting from 20% CH3CN/80%
H2O/0.1% formic acid and reaching 100% CH3CN/0.1% formic acid at
a flow rate of 80mL/minwas used. Optical rotationsweremeasured
at 20 �C on a PerkineElmer 343 polarimeter.

Crystallographic data (excluding structure factors) for the
structures in this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication
1401476, 1401477, 1401478, 1401480, 1401481 and 1401479. Copies
of the data can be obtained, free of charge, on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: þ44-(0)1223-336033
or email: deposit@ccdc.cam.ac.uk).

4.2. Preparation of Weinreb amide compounds

4.2.1. General method 1
To a solution of appropriate amino protected carboxylic acid

derivative (1 eq.) dissolved in a mixture of CH2Cl2 and CH3CN (1:1,
3.7 mL/mmol of carboxylic acid), EDC (1.3 eq.), HOBt (1.3 eq.), NMM
(6.5 eq.) and HN(Me)OMe.HCl (2.1 eq.) were added. The mixture
was stirred at room temperature over 24e72 h and then evapo-
rated. The resulting crude product was dissolved in CH2Cl2, washed
three times with saturated NaHCO3 solution, three times with 1 M
HCl and once with brine. Organic layer was dried over MgSO4,
filtered and concentrated in vacuo. Purification via flash chroma-
tography was performed.

4.2.2. tert-Butyl (3S)-3-[methoxy(methyl)carbamoyl]-3,4-dihydro-
1H-isoquinoline-2-carboxylate (II)

According to general method 1, IIwas obtained as a colorless oil
(5.13 g, 61%). 1H NMR (CDCl3, 300 MHz), d (ppm) indicates the
presence of 2 conformers: 7.15e7.20 (m, 4H); 5.23 and 4.86 [X part of
ABX system (ft, J ¼ 6.0 Hz, 0.5H) and (ft, J ¼ 7.5 Hz, 0.5H)]; 4.70 and
4.69 [(AB system, J ¼ 16.5 Hz, 1H, Dn ¼ 36 Hz) and (AB system,
J ¼ 16.5 Hz, 1H, Dn ¼ 123 Hz)]; 3.85 and 3.78 (2s, 3H); 3.19 and 3.16
(2s, 3H); 3.19e2.94 (unresolved AB part of ABX system, m, 2H); 1.51
and 1.45 (2s, 9H). 13C NMR (CDCl3, 75 MHz), d (ppm) indicates the
presence of 2 conformers: 175.6, 174.9, 173.0, 155.3, 154.9, 154.7,
135.5, 134.7, 134.2, 133.9, 133.0, 132.9, 132.9, 132.7, 132.1, 129.9,
129.4, 128.8, 127.9, 127.7, 127.6, 127.1, 125.8, 83.9, 81.6, 80.4, 61.7,
61.5, 61.3, 54.8, 53.5, 53.2, 52.3, 50.745.4, 44.5, 43.4, 32.7, 32.5, 32.2,
30.9, 30.4, 30.1, 29.8, 28.4, 28.3, 28.1. MS (ESIþ): m/z ¼ 321.1 [M,H]þ

found; C17H25N2O4 calculated m/z ¼ 321.2 [M,H]þ.

4.2.3. tert-Butyl N-[(1S)-1-benzyl-2-[methoxy(methyl)amino]-2-
oxo-ethyl]carbamate (7a)

According to general method 1, 7a was obtained as a brown oil
(0.94 g, 66%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.29e7.12 (m,
5H); 5.18 and 5.03e4.86 [X part of ABX system (d, J ¼ 6.0 Hz, 0.5H)
and (m, 0.5H)]; 3.65 (s, 3H); 3.16 (s, 3H); 2.95 [AB part of ABX
system (dd, J¼ 12.0 and 6.0 Hz,1H) and (dd, J¼ 15.0 and 9.0 Hz,1H),
Dn ¼ 60 Hz]; 1.39 (s, 9H) [52].

4.2.4. tert-Butyl N-[(1S)-1-benzyl-2-[methoxy(methyl)amino]-2-
oxo-ethyl]-N-methyl-carbamate (8a)

According to general method 1, 8a was obtained as a yellow oil
(0.942 g, 86%). 1H NMR (CDCl3, 300 MHz), d (ppm): indicates the
presence of 2 conformers. 7.27e7.16 (m, 5H); 5.64e5.07 [unresolved
X part of ABX system, m, 1H); 3.64 and 3.61 (2s, 3H); 3.16 and 3.19
(2s, 3H); 3.06e2.87 [unresolved AB part of ABX system,m, 2H]; 2.85
(s, 3H); 1.35 and 1.23 (2s, 9H). 13C NMR (CDCl3, 75 MHz), d (ppm):
indicates the presence of 2 conformers. 171.5, 155.6, 154.9, 138.0,
137.5, 129.4, 129.2, 128.4, 128.2, 126.4, 79.8, 61.3, 57.2, 54.7, 34.9,
30.2, 29.8, 28.2, 26.8. MS (ESIþ): m/z ¼ 323.0 [M,H]þ found;
C17H26N2O4 calculated m/z ¼ 323.2 [M,H]þ.

4.2.5. tert-Butyl N-[(1S)-1-[(4-fluorophenyl)methyl]-2-
[methoxy(methyl)amino]-2-oxo-ethyl]carbamate (9a)

According to general method 1, 9awas obtained as a colorless oil
(0.810 g, 70%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.18e7.09 (m,
2H); 7.02e6.90 (m, 2H); 5.28e5.17 (d, J ¼ 12.1 Hz, 1H), 5.00e4.82
(unresolved X part of ABX system, m, 1H); 3.67 (s, 3H); 3.16 (s, 3H);
2.87 [AB part of ABX system (dd, J ¼ 12.2 and 6.3 Hz, 1H) and (dd,
J ¼ 12.1 and 6.6 Hz, 1H), Dn ¼ 60 Hz]; 1.38 (s, 9H). 13C NMR (CDCl3,
75 MHz), d (ppm): 172.0, 163.5, 160.2 (JCeF ¼ 234 Hz); 155.1, 132.3,
131.0, 130.9, 115.3, 115.0, 79.6, 61.6, 51.5, 38.1, 32.0, 28.3. MS (ESIþ):
m/z ¼ 327.1 [M,H]þ found; C16H24FN2O4 calculated m/z ¼ 327.2
[M,H]þ.

4.2.6. tert-Butyl (2S)-2-[methoxy(methyl)carbamoyl]piperidine-1-
carboxylate (10a)

According to general method 1, 10awas obtained as a yellow oil
(0.986 g, 83%). 1H NMR (CDCl3, 300 MHz), d (ppm): 5.18e4.87 (m,

mailto:deposit@ccdc.cam.ac.uk
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1H); 4.10e3.84 (m,1H); 3.76 (s, 3H); 3.58e3.39 (m,1H); 3.18 (s, 3H);
2.01 (d, J ¼ 15.0 Hz, 1H); 1.75e1.57 (m, 3H); 1.44 (s, 9H); 1.34e1.20
(m, 2H). 13C NMR (CDCl3, 75 MHz), d (ppm): 173.5, 156.2, 79.7, 61.3,
50.8, 42.3, 32.2, 29.7, 28.5, 26.5, 19.6. MS (ESIþ):m/z¼ 273.1 [M,H]þ

found; C13H25N2O4 calculated m/z ¼ 273.2 [M,H]þ.

4.2.7. tert-Butyl N-[(1S)-2-(methoxy(methyl)amino)-1-methyl-2-
oxo-ethyl]carbamate (11a)

According to general method 1, 11awas obtained as a yellow oil
(0.566 g, 64%). Analyses similar to literature description [53].

4.2.8. tert-Butyl N-[(1S)-1-[(4-tert-butoxyphenyl)methyl]-2-
[methoxy(methyl)amino]-2-oxo-ethyl]carbamate (12a)

According to general method 1, 12a was obtained as a yellow
solid (0.722 g, 76%). Analyses similar to literature description [54].

4.2.9. tert-Butyl N-[(1S)-2-[methoxy(methyl)amino]-1-methyl-2-
oxo-ethyl]carbamate (13a)

According to general method 1, 13a was obtained as a yellow
solid (0.225 g, 48%). Analyses similar to literature description [55].

4.3. Preparation of amine compounds 2be13b

4.3.1. General method 2
To a solution of Weinreb amide (1 eq.) in THF was added LiAlH4

(0.9 eq. of commercial solution 1 M in THF) dropwise under N2 at
0 �C and stirred for 1 h at 0 �C. Then saturated KHSO4 solution was
added dropwise. THF was evaporated off. The resulting crude
product was dissolved in CH2Cl2, washed twice with saturated
NaHCO3 solution, twice with 1 M HCl, once with brine. Organic
layer was dried over MgSO4, filtered and concentrated in vacuo. No
further purification was performed. To a solution of resulting
aldehyde (1 eq.) in CH2Cl2, benzylamine (1.2 eq.) was added under
N2. The mixture was stirred at room temperature for 30 min,
NaBH(OAc)3 (3 eq.) was added portion wise (at least for 10 min).
The mixture was stirred overnight, diluted with CH2Cl2 (3 mL) and
saturated NaHCO3 solution (3 mL) was added. The mixture was
stirred for 10 min. The organic layer was separated and the aqueous
phase washed twice with CH2Cl2 (15 mL). Combined organic layers
were dried over MgSO4, filtered and evaporated in vacuo. Purifi-
cation via flash chromatography was performed.

4.3.2. tert-Butyl (3S)-3-[(benzylamino)methyl]-3,4-dihydro-1H-
isoquinoline-2-carboxylate (2b)

According to general method 2, 2b was obtained as a colorless
oil (0.55 g, 95%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.36e7.21 (m,
5H); 7.20e7.03 (m, 4H); 5.53 (s, 1H); 4.92e4.45 (m, 2H); 4.22 and
4.17 (2s, 1H); 3.85 (dd, J¼ 19.5 Hz and 13.4 Hz, 2H); 2.93 [AB part of
ABX system (dd, J ¼ 18.0 and 6.0 Hz, 1H) and (dd, J ¼ 15.0 and
3.0 Hz, 1H), Dn ¼ 90 Hz]; 2.72e2.58 (unresolved AB part of ABX
system, m, 2H); 1.49 (s, 9H). 13C NMR (CDCl3, 75 MHz), d (ppm):
155.4, 140.5, 132.9, 129.1, 128.4, 128.0, 126.9, 126.6, 126.1, 79.9, 53.5,
50.1, 50.1, 48.3, 43.1, 31.1, 28.5. MS (ESIþ): m/z ¼ 353.3 [M,H]þ

found; C22H29N2O2 calculated m/z ¼ 353.2 [M,H]þ.

4.3.3. tert-Butyl (3S)-3-[[2-(2-pyridyl)ethylamino]methyl]-3,4-
dihydro-1H-isoquinoline-2-carboxylate (3b)

According to general method 2, 3b was obtained as a light
brown oil (0.386 g, quantitative). 1H NMR (CDCl3, 300 MHz),
d (ppm): 8.53 (s, 1H); 7.69e6.78 (m, 8H); 5.01e4.63 (unresolved AB
system, m, 2H); 4.39e4.13 (m, 1H); 3.32e2.64 (m, 8H); 1.45 (s, 9H).
13C NMR (CDCl3, 75 MHz), d (ppm): 159.4, 136.8, 132.6, 132.0, 129.1,
126.7,126.38,123.5,121.6, 80.5, 49.3, 48.6, 47.8, 31.4, 29.0, 28.6, 28.1,
27.7. MS (ESIþ): m/z ¼ 368.2 [M,H]þ found; C22H30N3O2 calculated
m/z ¼ 368.2 [M,H]þ.
4.3.4. tert-Butyl (3S)-3-[(2-morpholinoethylamino)methyl]-3,4-
dihydro-1H-isoquinoline-2-carboxylate(4b)

According to general method 2, 4b was obtained as a colorless
oil (0.428 g, 99%). 1H NMR (CDCl3, 300MHz), d (ppm): 7.22e7.08 (m,
4H); 4.83e4.49 (unresolved AB system, m, 2H); 4.25 [X part of ABX
system (d, J ¼ 18.0 Hz, 1H, CH(b))]; 3.70 (ft, J ¼ 3.0 Hz, 4H); 2.92 [AB
part of ABX system (dd, J ¼ 16.4 and 6.7 Hz, 1H) and (d, J ¼ 12.0 Hz,
1H), Dn ¼ 96 Hz]; 2.75e2.68 (m, 2H); 2.44e2.42 (m, 8H); 1.51 (s,
9H). 13C NMR (CDCl3, 75 MHz), d (ppm): 155.3, 133.1, 129.1, 126.6,
126.2, 79.9, 67.0, 58.3, 53.7, 53.4, 50.8, 45.9, 42.7, 31.1, 28.5. MS
(ESIþ): m/z ¼ 376.1 [M,H]þ found; C21H34N3O3 calculated m/
z ¼ 376.2 [M,H]þ.

4.3.5. tert-Butyl (3S)-3-[(4-phenylbutylamino)methyl]-3,4-
dihydro-1H-isoquinoline-2-carboxylate (5b)

According to general method 2, 5b was obtained as a colorless
oil (0.416 g, 92%). 1H NMR (CDCl3, 300 MHz), d (ppm): 8.19 (br s,
1H); 7.30e7.10 (m, 9H); 4.65 (m, 2H); 4.30 [X part of ABX system (d,
J¼ 15.0 Hz,1H)]; 3.12e2.59 (m, 8H); 1.70e1.52 (m, 4H); 1.49 (s, 9H).
13C NMR (CDCl3, 75 MHz), d (ppm): 156.0, 154.9, 141.8, 132.8, 132.4,
128.9, 128.3, 127.0, 126.6, 126.1, 125.8, 80.8, 50.4, 49.3, 48.1, 47.8,
43.9, 42.7, 35.4, 31.7, 28.4, 27.6, 27.0, 22.7. MS (ESIþ): m/z ¼ 395.2
[M,H]þ found; C25H35N2O2 calculated m/z ¼ 395.3 [M,H]þ.

4.3.6. tert-Butyl (3S)-3-[(hexylamino)methyl]-3,4-dihydro-1H-
isoquinoline-2-carboxylate (6b)

According to general method 2, 6b was obtained as a colorless
oil (0.386 g, 97%). 1H NMR (CDCl3, 300MHz), d (ppm): 7.23e7.10 (m,
4H); 4.88e4.13 (m, 2H); 4.37e4.15 (m, 1H); 3.09 (AB part of ABX
system, dd, J ¼ 16.2 Hz and 6.9 Hz, 1H); 2.85e2.67 (m, 5H); 2.04 (s,
3H); 1.50 (s, 9H); 1.33e1.23 (m, 6H); 0.87 (t, J¼ 7.5 Hz, 3H). 13C NMR
(CDCl3, 75 MHz), d (ppm): 170.0, 133.0, 132.7, 128.9, 126.9, 126.4,
126.0, 80.5, 50.9, 50.4, 48.3, 39.7, 31.5, 29.6, 28.7, 28.2, 28.0, 22.5,
13.9. MS (ESIþ): m/z ¼ 347.2 [M,H]þ found; C21H35N2O2 calculated
m/z ¼ 347.3 [M,H]þ.

4.3.7. tert-Butyl N-[(1S)-1-benzyl-2-(benzylamino)ethyl]carbamate
(7b)

According to general method 2, 7b was obtained as a brown
solid (0.498 g, 90%). Analyses similar to literature description [56].

4.3.8. tert-Butyl N-[(1S)-1-benzyl-2-(benzylamino)ethyl]-N-
methyl-carbamate (8b)

According to general method 2, 8b was obtained as a light yel-
low oil (0.120 g, 52%). 1H NMR (CDCl3, 300 MHz), d (ppm): indicates
the presence of 2 conformers. 7.44e7.05 (m, 10H); 4.71e4.34 (un-
resolved X part of ABX system, m, 1H); 3.89 and 3.71 [AB part of
ABX system (d, J ¼ 13.1 Hz, 1H) and (m, 1H)]; 2.93e2.55 (m, 7H);
2.00 (br s, 1H); 1.38 and 1.28 (2s, 9H). 13C NMR (CDCl3, 75 MHz),
d (ppm): 156.3, 138.6, 129.0, 128.4, 128.2, 127.1, 126.6, 79.6, 55.6,
53.2, 50.1, 49.6, 36.9, 28.2. MS (ESIþ): m/z ¼ 355.1 [M,H]þ found;
C22H30N2O2 calculated m/z ¼ 355.2 [M,H]þ.

4.3.9. tert-Butyl N-[(1S)-1-[(benzylamino)methyl]-2-(4-
fluorophenyl)ethyl]carbamate (9b)

According to general method 2, 9b was obtained as a light yel-
low oil (0.510 g, 70%). 1H NMR (CDCl3, 300 MHz), d (ppm):
7.38e7.22 (m, 5H); 7.16e7.08 (m, 2H); 7.01e6.89 (m, 2H); 4.74 (br s,
1H), 3.99e3.85 (unresolved X part of ABX system, m, 1H); 3.77 (AB
system, J¼ 12.4 Hz, Dn¼ 24 Hz, 2H); 2.90e2.71 (unresolved AB part
of ABX system, m, 2H); 2.71e2.54 (unresolved AB part of ABX
system, m, 2H); 2.10 (br s, 1H); 1.41 (s, 9H). 13C NMR (CDCl3,
75MHz), d (ppm): 163.2, 160.0 (JCeF¼ 242.2 Hz); 155.6,139.9,133.8,
130.8, 130.7, 128.5, 128.2, 127.1, 115.3, 115.0, 79.4, 53.7, 51.4, 51.2,
38.3, 28.4. MS (ESIþ): m/z ¼ 359.0 [M,H]þ found; C21H28FN2O2
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calculated m/z ¼ 359.2 [M,H]þ.

4.3.10. tert-Butyl (2S)-2-[(benzylamino)methyl]piperidine-1-
carboxylate (10b)

According to general method 2,10bwas obtained as a yellow oil
(0.453 g, 62%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.37e7.20 (m,
5H); 4.45e4.32 (unresolved X part of ABX system, m, 1H);
4.02e3.87 (m, 1H); 3.83 (AB system, d, J ¼ 12.0 Hz, Dn ¼ 24.2 Hz,
1H); 2.79 [AB part of ABX system (dd, J ¼ 12.3 and 3.1 Hz, 1H) and
(dd, J ¼ 12.0 and 6.6 Hz, 1H), Dn ¼ 81.2 Hz); 2.73e2.69 (m, 1H);
1.76e1.53 (m, 6H); 1.44 (s, 9H). 13C NMR (CDCl3, 75 MHz), d (ppm):
155.1, 140.4, 128.3, 128.0, 126.9, 124.8, 79.4, 53.4, 49.9, 48.0, 39.3,
28.5, 26.7, 25.4, 19.3. MS (ESIþ): m/z ¼ 305.0 [M,H]þ found;
C18H28N2O2 calculated m/z ¼ 305.2 [M,H]þ.

4.3.11. tert-Butyl N-[2-(benzylamino)-1-methyl-ethyl]carbamate
(11b)

According to general method 2,11bwas obtained as a yellow oil
(0.286 g, 19%). Analyses similar to literature description [57].

4.3.12. tert-Butyl N-[(1S)-1-[(benzylamino)methyl]-2-(4-tert-
butoxyphenyl)ethyl]carbamate (12b)

According to general method 2,12bwas obtained as a yellow oil
(0.252 g, 58%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.33e7.20 (m,
5H); 7.14e6.98 (m, 2H); 6.91e6.82 (m, 2H); 4.98 (br s, 1H);
3.94e3.84 (unresolved X part of ABX system, m, 1H); 3.77 (AB
system, J ¼ 13.1 Hz, Dn ¼ 26.8 Hz, 2H); 3.12e2.91 (unresolved AB
part of ABX system, m, 1H); 2.90e2.69 (unresolved AB part of ABX
system, m, 3H); 1.41 and 1.32 (2s, 19H). 13C NMR (CDCl3, 75 MHz),
d (ppm): 155.8, 153.7, 139.0, 132.8, 129.7, 128.5, 127.2, 124.1, 79.2,
78.2 53.2, 51.0, 38.5, 28.8, 28.4. MS (ESIþ): m/z ¼ 413.1 [M,H]þ

found; C25H37N2O3 calculated m/z ¼ 413.3 [M,H]þ.

4.3.13. tert-Butyl N-[(1S)-3-(benzylamino)-1-[(4-methoxyphenyl)
methyl]-2-oxo-propyl]carbamate (13b)

According to general method 2,13bwas obtained as a yellow oil
(0.032 g, 22%). 1H NMR (CDCl3, 300 MHz), d (ppm): 7.31e7.15 (m,
5H); 7.09 (d, J ¼ 8.6 Hz, 2H); 6.82 (d, J ¼ 9.5 Hz, 2H); 4.74 (br s, 1H);
3.89e3.78 (unresolved X part of ABX system, m,1H); 3.77e3.68 (m,
5H); 2.80e2.65 (unresolved AB part of ABX system, m, 2H);
2.63e2.57 (unresolved AB part of ABX system, m, 2H); 1.75e1.66
(m, 1H, NH); 1.43 (s, 9H). 13C NMR (CDCl3, 75 MHz), d (ppm): 158.2,
155.7, 140.2, 130.3, 130.1, 128.4, 128.2, 127.0, 113.8, 79.8, 55.2, 53.8,
51.33, 42.9, 38.2, 28.4. MS (ESIþ): m/z ¼ 371.2 [M,H]þ found;
C22H31N2O3 calculated m/z ¼ 371.2 [M,H]þ.

4.4. Preparation of guanidine compounds 2e13

4.4.1. General method 3
To a solution of appropriate secondary amine (1 eq.) in EtOH

(1.6 mL/mmol of amine), NaHCO3 (3 eq.) and BrCN (1.1 eq.) were
added. The mixture was stirred at room temperature for 5 h. The
mixture was diluted with H2O and extracted twice with CH2Cl2.
Combined organic layers were dried under MgSO4. The solution
was filtered and evaporated in vacuo. No further purification was
performed unless specified. The nitrile compound (1 eq.) was dis-
solved in 3 M HCl/dioxane (0.08 M) and stirred at room tempera-
ture overnight. Dioxane was evaporated in vacuo. Purification via
flash chromatography was performed.

4.4.2. (10aS)-2-Benzyl-1,5,10,10a-tetrahydroimidazo[1,5-b]
isoquinolin-3-imine monohydrochloride (2)

According to general method 2, 2 was obtained (chromatog-
raphy, CH2Cl2/methanol 94/6) as a white powder (0.13 g, 46%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.41e7.36 (m, 5H); 7.26e7.18 (m,
4H); 4.72e4.54 (m, 4H); 4.11e4.01 (m, 1H); 3.61 [AB part of ABX
system (t, J ¼ 9.0 Hz, 1H) and (t, J ¼ 6.0 Hz, 1H), Dn ¼ 144 Hz]; 2.95
[AB part of ABX system (dd, J¼ 18.0 and 9.0 Hz,1H) and (dd, J¼ 15.0
and 9.0 Hz, 1H), Dn ¼ 72 Hz]. 13C NMR (CD3OD, 75 MHz), d (ppm):
156.7,134.4,132.0,129.9,129.1,128.8,128.1,127.7,127.0,126.8,126.2,
53.2, 51.7, 48.5, 43.9, 33.4. HRMS (ESIþ): m/z ¼ 278.16548 [M,H]þ

found; C18H19N3 calculated m/z ¼ 278.16517 [M,H]þ. Mp: 198.5 �C.
aD (20 �C, CH3OH) ¼ �0.548� (0.500 mg/mL). IR, n (cm�1): 3089,
1660 (C]N). HPLC: C4 column: tR ¼ 11.7 min, purity >99% C18
column: tR ¼ 20.5 min, purity >99%.

4.4.3. (10aS)-2-[2-(2-Pyridyl)ethyl]-1,5,10,10a-tetrahydroimidazo
[1,5-b]isoquinolin-3-imine dihydrochloride (3)

According to general method 2, 3 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) as a white powder (0.10 g, 67%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 8.84 (d, J ¼ 6.0 Hz, 1H); 8.64 (t,
J ¼ 9.0 Hz, 1H); 8.23 (d, J ¼ 6.0 Hz, 1H); 8.04 (t, J ¼ 9.0 Hz, 1H); 7.23
(s, 4H); 4.67 (AB system, J¼ 15.0 Hz, Dn¼ 75 Hz, 2H); 4.15e3.91 (m,
4H); 3.63 [AB part of ABX system (t, J ¼ 9.0 Hz, 1H) Dn ¼ 114 Hz];
3.56 (t, J ¼ 8.0 Hz, 2H); 2.99 [AB part of ABX system (d, J ¼ 15.0 Hz,
1H] and (t, J ¼ 9.0 Hz, 1H), Dn ¼ 51 Hz). 13C NMR (CD3OD, 75 MHz),
d (ppm): 156.6, 152.9, 147.1, 141.4, 131.9, 129.7, 129.1, 128.1, 127.0,
126.8, 126.1, 125.7, 53.4, 52.6, 43.8, 44.2, 33.4. HRMS (ESIþ): m/
z ¼ 293.17595 [M,H]þ found; C18H20N4 calculated m/z ¼ 293.17607
[M,H]þ. Mp: 123.8 �C. aD (20 �C, CH3OH) ¼ �0.449� (0.500 mg/mL).
IR, n (cm�1): 3039, 1668 (C]N). HPLC: C4 column: tR ¼ 6.7 min,
purity >99% C18 column: tR ¼ 12.9 min, purity 98%.

4.4.4. (10aS)-2-(2-Morpholinoethyl)-1,5,10,10a-tetrahydroimidazo
[1,5-b]isoquinolin-3-imine dihydrochloride (4)

According to general method 2, 4 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) as a brown oil (0.282 g, 69%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.34e7.18 (m, 4H); 4.66 (AB
system, J ¼ 16.0 Hz, Dn ¼ 70 Hz, 2H); 4.17e3.99 (m, 1H); 3.71 (t,
J¼ 4.6 Hz, 4H); 3.67e3.48 (m, 4H); 3.03 [AB part of ABX system (dd,
J ¼ 15.0 and 3.7 Hz, 1H) and (dd, J ¼ 15.4 and 10.3 Hz, 1H),
Dn¼ 51 Hz]; 2.69 (t, J¼ 5.8 Hz, 2H); 2.60 (t, J¼ 4.5 Hz, 4H). 13C NMR
(CD3OD, 75 MHz), d (ppm): 157.4, 132.0, 129.9, 129.1, 127.0, 126.8,
126.0, 66.4, 55.7, 53.5, 53.2, 43.7, 42.3, 30.7. HRMS (ESIþ): m/
z ¼ 301.20265 [M,H]þ found; C17H25N4O calculated m/
z¼ 301.20229 [M,H]þ. HPLC: C4 column: tR ¼ 12.3 min, purity >94%
C18 column: tR ¼ 4.7 min, purity 97%.

4.4.5. (10aS)-2-(4-Phenylbutyl)-1,5,10,10a-tetrahydroimidazo[1,5-
b]isoquinolin-3-imine hydrochloride (5)

According to general method 2, 5 was obtained (chromatog-
raphy, CH2Cl2/methanol 94/6) as a light brown oil (0.206 g, 82%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.29e7.13 (m, 9H); 4.62 ([AB
system (dd, J ¼ 18.0 Hz, Dn ¼ 81 Hz, 2H)]; 4.03e3.97 [unresolved X
part of ABX system (m, 1H)]; 3.87 and 3.46e3.32 [AB part of ABX
system (t, J ¼ 9.0 Hz, 1H) and (m, 1H), Dn ¼ 144 Hz]; 3.46e3.39 (m,
2H); 2.95 [AB part of ABX system (dd, J ¼ 15.0 and 3.0 Hz, 1H) and
(dd, J ¼ 15.0 and 9.0 Hz, 1H), Dn ¼ 72 Hz]; 2.69 (t, J ¼ 9.0 Hz, 2H);
1.83e1.60 (m, 4H). 13C NMR (CD3OD, 75MHz), d (ppm): 156.6, 141.8,
132.0, 129.9, 129.7, 128.8, 128.0, 127.3, 126.9, 126.8, 126.1, 125.5,
124.8, 53.1, 51.9, 45.4, 43.3, 35.0, 33.3, 28.0, 26.1. HRMS (ESIþ): m/
z ¼ 320.21259 [M,H]þ found; C21H26N3 calculatedm/z ¼ 320.21212
[M,H]þ. aD (20 �C, CH3OH) ¼ �0.499� (0.500 mg/mL). IR, n (cm�1):
2929, 1664 (C]N). HPLC: C4 column: tR ¼ 12.7 min, purity 98% C18
column: tR ¼ 23.7 min, purity 98%.

4.4.6. tert-Butyl (3S)-3-[(hexylamino)methyl]-3,4-dihydro-1H-
isoquinoline-2-carboxylate (6)

According to general method 2, 6 was obtained (chromatog-
raphy, CH2Cl2/methanol 85/15) as an orange oil (228 mg, 88%). 1H
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NMR (CD3OD, 300 MHz), d (ppm): 7.29e7.14 (m, 4H); 4.68 (AB
system, J ¼ 15.7 Hz, Dn ¼ 90.6 Hz, 2H); 4.03e3.94 (m, 2H);
3.64e3.32 (m, 3H); 2.97 [AB part of ABX system (dd, J ¼ 15.5 and
2.7 Hz, 1H) and (dd, J ¼ 15.5 and 10.0 Hz, 1H), Dn ¼ 87.7 Hz]; 1.66
(quin, J ¼ 6.9 Hz, 2H); 1.49e1.31 (m, 6H); 0.93 (t, J ¼ 6.2 Hz, 3H). 13C
NMR (CD3OD, 75 MHz), d (ppm): 156.6, 132.1, 130.1, 129.1, 127.0,
126.8, 126.2, 53.2, 52.0, 44.9, 43.9, 33.4, 31.3, 26.6, 25.9, 22.3, 13.1.
HRMS (ESIþ): m/z ¼ 272.21249 [M,H]þ found; C17H26N3 calculated
m/z¼ 272.21212 [M,H]þ. HPLC: C4 column: tR ¼ 3.3 min, purity 98%
C18 column: tR ¼ 26.9 min, purity 97%.

4.4.7. (4S)-1,4-Dibenzylimidazolidin-2-imine hydrochloride (7)
According to general method 2, 7 was obtained (chromatog-

raphy, CH2Cl2/methanol 95/5) as a white powder (19 mg, 27%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.38e7.22 (m, 6H); 7.21e7.10 (m,
4H); 4.35 (dd, J ¼ 28.9 and 13.5 Hz, 2H); 4.29e4.21 (unresolved X
part of ABX system, m, 1H); 3.61 and 3.33e3.27 [AB part of ABX
system (ft, J ¼ 9.6 Hz, 1H) and (m, 1H), Dn ¼ 93 Hz]; 2.87 (d,
J ¼ 5.9 Hz, 2H). 13C NMR (CD3OD, 75 MHz), d (ppm): 157.9, 135.7,
134.2, 129.2, 128.8, 128.4, 127.9, 127.4, 126.7, 53.8, 51.1, 48.5, 39.9.
HRMS (ESIþ): m/z ¼ 266.16529 [M,H]þ found; C17H20N3 calculated
m/z¼ 266.16517 [M,H]þ. Mp: 196.1 �C. aD (20 �C, CH3OH)¼�0.006�

(0.500 mg/mL). IR, n (cm�1): 3060, 1668 (C]N). HPLC: C4 column:
tR ¼ 13.1 min, purity >99% C18 column: tR ¼ 24.7 min, purity >99%.

4.4.8. (4S)-1,4-Dibenzyl-3-methyl-imidazolidin-2-imine
hydrochloride (8)

According to general method 2, 8 was obtained (chromatog-
raphy, CH2Cl2/methanol 95/5) a white powder (14 mg, 67%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.39e7.23 (m, 6H); 7.17e7.04 (m,
4H); 4.39 (AB system, J ¼ 15.7 Hz, Dn ¼ 38.9 Hz, 2H); 4.23e4.11
(unresolved X part of ABX system, m, 1H); 3.37 [AB part of ABX
system (t, J ¼ 9.7 Hz, 1H) and (dd, J ¼ 9.9 and 5.7 Hz, 1H),
Dn ¼ 91.7 Hz]; 3.10 (s, 3H); 2.94 [AB part of ABX system (dd, J¼ 13.9
and 4.4 Hz, 1H) and (dd, J ¼ 7.1 and 6.8 Hz, 1H), Dn ¼ 61.9 Hz]. 13C
NMR (CD3OD, 75 MHz), d (ppm): 157.4, 135.3, 134.2, 129.2, 128.7,
128.5,127.9, 127.3,126.9, 59.8, 49.4, 48.0 (CH2(d)); 36.8 (CH2(a)); 30.2
(CH3(1)). HRMS (ESIþ): m/z ¼ 280.18080 [M,H]þ found; C18H22N3
calculated m/z ¼ 280.18082 [M,H]þ. Mp: 244.5 �C. aD (20 �C,
CH3OH) ¼ �0.098� (0.500 mg/mL). IR, n (cm�1): 3024, 1664 (C]N).
HPLC: C4 column: tR ¼ 10.1 min, purity >99% C18 column:
tR ¼ 4.5 min, purity >99%.

4.4.9. (4S)-1-Benzyl-4-[(4-fluorophenyl)methyl]imidazolidin-2-
imine hydrochloride (9)

According to general method 2, 9 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) a white powder (217 mg, 90%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.41e7.28 (m, 3H); 7.26e7.17 (m,
2H); 7.17e7.09 (m, 2H); 7.06e6.95 (m, 2H); 4.44 [AB system,
J ¼ 16.1 Hz, Dn ¼ 41 Hz, 2H); 4.32e4.19 (unresolved X part of ABX
system, m, 1H); 3.62 and 3.34e3.24 [unresolved AB part of ABX
system (t, J ¼ 11.2 Hz, 1H) and (m, 1H), Dn ¼ 108 Hz]; 2.94e2.77
(unresolved AB part of ABX system, m, 2H). 13C NMR (CD3OD,
75 MHz), d (ppm): 163.7, 160.4 (JCeF ¼ 242.1 Hz); 157.9, 134.2, 131.6,
131.1, 131.0, 128.7; 127.9, 127.5, 115.2, 114.9, 53.7, 50.9, 48.5, 38.8.
HRMS (ESIþ): m/z ¼ 284.15576 [M,H]þ found; C17H19FN3 calculated
m/z ¼ 284.15575 [M,H]þ. Mp: 244.5 �C. aD (20 �C,
CH3OH) ¼ �0.072� (0.500 mg/mL). HPLC: C4 column: tR ¼ 11.0 min,
purity >99% C18 column: tR ¼ 19.5 min, purity >99%.

4.4.10. (8aS)-2-Benzyl-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]
pyridin-3-imine hydrochloride (10)

According to general method 2, 10 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) a white powder (130 mg, 29%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.47e7.28 (m, 5H); 4.59 (AB
system, d, J ¼ 15.1 Hz, Dn ¼ 18.7 Hz, 1H]; 3.92e3.88 (m, 1H); 3.51
[unresolved AB part of ABX system (dd, J¼ 12.3 and 9.0 Hz, 1H) and
(dd, J ¼ 15.3 and 9.2 Hz, 1H), Dn ¼ 246 Hz]; 3.87e3.73 (m, 1H); 3.08
(dd, J ¼ 9.0 and 3.1 Hz, 1H); 1.91e1.77 (m, 2H); 1.58e1.30 (m, 4H).
13C NMR (CD3OD, 75 MHz), d (ppm): 156.0, 134.4, 128.7, 128.0;
127.5, 59.5, 51.5, 47.8, 42.3, 29.7, 24.0, 22.2. HRMS (ESIþ): m/
z ¼ 230.16490 [M,H]þ found; C14H20N3 calculated m/z ¼ 230.16517
[M,H]þ. Mp: 188.2 �C. aD (20 �C, CH3OH) ¼ þ10.6� (0.500 mg/mL).
IR, n (cm�1): 2941, 1660 (C]N). HPLC: C4 column: tR ¼ 9.0 min,
purity 98% C18 column: tR ¼ 16.6 min, purity >99%.

4.4.11. (4S)-1-Benzyl-4-methyl-imidazolidin-2-imine hydrochloride
(11)

According to general method 2, 11 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) a white powder (42 mg, 53%). 1H
NMR (CD3OD, 300 MHz), d (ppm): 7.48e7.27 (m, 5H); 4.59 (br s,
1H); 4.42 (br s, 2H); 4.12e3.99 (unresolved X part of ABX system, m,
1H); 3.71 and 3.14 [AB part of ABX system (dd, J ¼ 18.9 and 9.5 Hz,
1H) and (dd, J ¼ 9.6 and 6.7 Hz, 1H) Dn ¼ 179.9 Hz); 1.25 (d,
J ¼ 6.0 Hz, 3H). 13C NMR (CD3OD, 75 MHz), d (ppm): 158.0, 134.5,
128.8, 127.9, 127.5, 53.6, 48.9, 19.5. HRMS (ESIþ): m/z ¼ 190.13416
[M,H]þ found; C11H16N3 calculated m/z ¼ 190.13387 [M,H]þ. Mp:
194.9 �C. aD (20 �C, CH3OH) ¼ �0.045� (0.500 mg/mL). IR, n (cm�1):
3055, 1667 (C]N). HPLC: C4 column: tR ¼ 7.3 min, purity 98% C18
column: tR ¼ 8.0 min, purity >99%.

4.4.12. 4-[[(4S)-1-Benzyl-2-imino-imidazolidin-4-yl]methyl]phenol
hydrochloride (12)

According to general method 2, 12 was obtained (chromatog-
raphy, CH2Cl2/methanol 85/15) a brown solid (53 mg, 73%). 1H NMR
(CD3OD, 300 MHz), d (ppm): 7.33 (m, 3H); 7.06 (m, 2H); 6.98 (d,
J¼ 8.5 Hz, 2H); 6.72 (d, J¼ 8.5 Hz, 2H); 4.45 (AB system, J¼ 15.8 Hz,
2H, Dn ¼ 42.9 Hz); 4.20 (unresolved X part of ABX system, m, 1H);
3.59 and 3.33e3.27 [AB part of ABX system (t, J ¼ 9.7 Hz, 1H) and
(m, 1H), Dn ¼ 259.7 Hz]; 2.82e2.66 (unresolved AB part of ABX
system, m, 2H). 13C NMR (CD3OD, 75 MHz), d (ppm): 158.0, 156.3,
134.2, 130.3, 128.7, 127.8, 127.2, 126.0, 115.1, 53.9, 50.9, 47.9, 38.9.
HRMS (ESIþ):m/z¼ 282.15985 [M,H]þ found; C17H20N3O calculated
m/z ¼ 282.16009 [M,H]þ. Mp: �C. aD (20 �C, CH3OH) ¼ �0.014�

(0.500 mg/mL). IR, n (cm�1): 3064, 1670 (C]N). HPLC: C4 column:
tR ¼ 10.2 min, purity 99% C18 column: tR ¼ 15.8 min, purity >99%.

4.4.13. (4S)-1-Benzyl-4-[(4-methoxyphenyl)methyl]imidazolidin-2-
imine hydrochloride (13)

According to general method 2, 13 was obtained (chromatog-
raphy, CH2Cl2/methanol 90/10) a brown solid (14 mg, 67%). 1H NMR
(CD3OD, 300 MHz), d (ppm): 7.39e7.31 (m, 5H); 7.09 (d, J ¼ 8.6 Hz,
2H); 6.83 (d, J ¼ 6.6 Hz, 2H); 4.45 (AB system, 2H, J ¼ 15.8 Hz,
Dn ¼ 37.3 Hz); 4.26e4.19 (unresolved X part of ABX system, m, 1H);
3.79 (s, 3H); 3.61 [AB part of ABX system (ft, J ¼ 9.7 Hz, 1H) and (m,
1H), Dn ¼ 90 Hz)]; 2.80 (unresolved AB part of ABX system, m, 2H).
13C NMR (CD3OD, 75MHz), d (ppm): 158.9, 157.9, 134.2, 130.2, 128.7,
127.9, 127.4, 127.3, 113.8, 54.3, 53.9, 50.9, 48.4, 48.1, 47.9, 38.9. HRMS
(ESIþ): m/z ¼ 296.17555 [M,H]þ found; C17H20N3O calculated m/
z ¼ 296.17574 [M,H]þ. Mp: �C. aD (20 �C, CH3OH) ¼ �0.045�

(0.500 mg/mL). IR, n (cm�1): 3064, 1670 (C]N). HPLC: C4 column:
tR ¼ 13.3 min, purity 99% C18 column: tR ¼ 8.0 min, purity >99%.

4.5. In vitro testing

4.5.1. Displacement binding assays
Competition binding curves of the A2A receptor antagonist [3H]-

ZM24135 by the designed A2A antagonists described above, were
performed as before [58] in Human HEK293 A2AR membranes
(Perkin Elmer). 0.5 mL of membranes (0.5 U of A2AR) were incubated
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with [3H]-ZM24135 (2 nM) and increasing concentrations of the
designed A2AR antagonists (0e600 nM) in a final volume of 300 mL
in the presence of 1 U/mL of adenosine deaminase (Roche). All
samples were assayed in duplicate. Non-specific binding was
determined for each assay in the presence of the antagonist ZM-
24135 (8.3 nM). Microplates were incubated for 1 h at room tem-
perature and the reaction was stopped by vacuum filtration with a
Skatron semi-automatic cell harvester with chilled incubation so-
lution (pH 7.4, Tris 50 mM MgCl 10 mM) to filtermats 1.5 mm
(Molecular Devices). 3 mL of scintillation cocktail (OptiPhase
‘HiSafe’ 2, PerkinHelmer) were added and radioactivity bound to
the filters was determined after 12 h with an efficiency of 55e60%
for 2min. Displacement reference curveswere performedwith ZM-
24135 (0e6 nM in 6%, 40% or 60% of DMSO) and CGS241680
(0e6 nM).

4.5.2. Cell culture and cytotoxicity assay
The human neuroblastoma cell line (SY5Y) was cultured in

DMEM (Dulbecco's Modified Eagle Medium) (Gibco) supplemented
with 2 mM L-glutamine, 100 mg/ml streptomycin, 100 IU/mL peni-
cillin, 1 mM non-essential amino acids and 10% (v/v) heat-
inactivated fetal bovine serum (Sigma Aldrich), and grown at
37 �C in a humidified incubator with 5% CO2.

Cells were seeded at 2000 cells per well onto 96-well plates in
DMEM medium. Cells were starved for 24 h to obtain synchronous
cultures, and were then incubated in culture medium that con-
tained various concentrations of test compounds, each dissolved in
less than 0.1% DMSO. After 72 h of incubation, cell growth was
estimated by the colorimetric MTT (thiazolyl blue tetrazolium
bromide) assay.

Acknowledgments

We express our thanks to Mariam Lamarti, Phillip James
Brennan and Alice Cao for their contribution in organic synthesis
and Am�elie Barczyk for some in vitro cytotoxicity experiments. The
300 MHz NMR facilities were funded by the R�egion Nord-Pas de
Calais (France), the Minist�ere de la Jeunesse, de l'Education Natio-
nale et de la Recherche (MJENR) and the Fonds Europ�eens de
D�eveloppement R�egional (FEDER).

This work was supported by Lille 2 University, ANR «Adoratau»,
PRES Univ Lille Nord de France. Valeria Moas Heloire is the recipient
of a fellowship from Lille 2 University.

Appendix A. Supporting information

Supporting information related to this article can be found at
http://dx.doi.org/10.1016/j.ejmech.2015.10.030.

References

[1] M.E. Welsch, S.A. Snyder, B.R. Stockwell, Privileged scaffolds for library design
and drug discovery, Curr. Opin. Chem. Biol. 14 (2010) 347e361.

[2] N. Brown, Scaffolds: identification, representation diversity, and navigation,
in: Wiley-VCH Verlag GmbH & Co (Ed.), Scaffold Hopping in Medicinal
Chemistry, 2014, pp. 1e13.

[3] B.E. Evans, K.E. Rittle, M.G. Bock, R.M. DiPardo, R.M. Freidinger, W.L. Whitter,
G.F. Lundell, D.F. Veber, P.S. Anderson, R.S.L. Chang, V.J. Lotti, D.J. Cerino,
P.J. Kling, K.A. Kunkel, J.P. Springer, J. Hirshfield, Methods for drug discovery:
development of potent, selective, orally effective cholecystokinin antagonists,
J. Med. Chem. 31 (1988) 2235e2246.

[4] B. Oxombre, C. Lee-Chang, A. Duhamel, M. Toussaint, M. Giroux, M. Donnier-
Marechal, P. Carato, D. Lefranc, H. Zephir, L. Prin, P. Melnyk, P. Vermersch,
High-affinity sigma1 protein agonist reduces clinical and pathological signs of
experimental autoimmune encephalomyelitis, Br. J. Pharmacol. 172 (2015)
1769e1782.

[5] V.R. Venna, D. Deplanque, P. Melnyk, R. Bordet, Neuroprotective and
antidepressant-like effects of LC03/55, a novel sigma-1 receptor ligand, Fun-
dam. Clin. Pharmacol. 22 (2008) 1.
[6] J. Charton, A. Cazenave Gassiot, S. Girault-Mizzi, M.A. Debreu-Fontaine,
P. Melnyk, C. Sergheraert, Synthesis and pharmacological evaluation of Tic-
hydantoin derivatives as selective sigma1 ligands. Part 1, Bioorg. Med.
Chem. Lett. 15 (2005) 4833e4837.

[7] M. Toussaint, D. Mousset, C. Foulon, U. Jacquemard, C. Vaccher, P. Melnyk,
Sigma-1 ligands: Tic-hydantoin as a key pharmacophore, Eur. J. Med. Chem.
45 (2010) 256e263.

[8] M. Toussaint, B. Delair, C. Foulon, N. Lempereur, C. Vaccher, T. Maurice,
P. Melnyk, Tic hydantoin sigma-1 agonist: pharmacological characterization
on cocaine-induced stimulant and appetitive effects, Eur. Neuro-
psychopharmacol. 19 (2009) 504e515.

[9] A. Cazenave Gassiot, J. Charton, S. Girault-Mizzi, P. Gilleron, M.A. Debreu-
Fontaine, C. Sergheraert, P. Melnyk, Synthesis and pharmacological evaluation
of Tic-hydantoin derivatives as selective sigma1 ligands. Part 2, Bioorg. Med.
Chem. Lett. 15 (2005) 4828e4832.

[10] Y. Ma, S. De, C. Chen, Syntheses of cyclic guanidine-containing natural prod-
ucts, Tetrahedron 71 (2015) 1145e1173.

[11] R.G. Berlinck, A.E. Trindade-Silva, M.F. Santos, The chemistry and biology of
organic guanidine derivatives, Nat. Prod. Rep. 29 (2012) 1382e1406.

[12] R.G. Berlinck, A.C. Burtoloso, A.E. Trindade-Silva, S. Romminger, R.P. Morais,
K. Bandeira, C.M. Mizuno, The chemistry and biology of organic guanidine
derivatives, Nat. Prod. Rep. 27 (2010) 1871e1907.

[13] R.G. Berlinck, A.C. Burtoloso, M.H. Kossuga, The chemistry and biology of
organic guanidine derivatives, Nat. Prod. Rep. 25 (2008) 919e954.

[14] M. Verbeken, E. Wynendaele, E. Mauchauffee, N. Bracke, S. Stalmans, E. Bojnik,
S. Benyhe, K. Peremans, I. Polis, C. Burvenich, A. Gjedde, J.F. Hernandez, B. De
Spiegeleer, Blood-brain transfer and antinociception of linear and cyclic N-
methyl-guanidine and thiourea-enkephalins, Peptides 63 (2015) 10e21.

[15] M. Anzini, A. Chelini, A. Mancini, A. Cappelli, M. Frosini, L. Ricci, M. Valoti,
J. Magistretti, L. Castelli, A. Giordani, F. Makovec, S. Vomero, Synthesis and
biological evaluation of amidine, guanidine, and thiourea derivatives of 2-
amino(6-trifluoromethoxy)benzothiazole as neuroprotective agents poten-
tially useful in brain diseases, J. Med. Chem. 53 (2010) 734e744.

[16] M. De Lera Ruiz, Y.H. Lim, J. Zheng, Adenosine A2A receptor as a drug discovery
target, J. Med. Chem. 57 (2014) 3623e3650.

[17] N. Rebola, R.J. Rodrigues, L.V. Lopes, P.J. Richardson, C.R. Oliveira, R.A. Cunha,
Adenosine A1 and A2A receptors are co-expressed in pyramidal neurons and
co-localized in glutamatergic nerve terminals of the rat hippocampus,
Neuroscience 133 (2005) 79e83.

[18] D. Blum, R. Hourez, M.C. Galas, P. Popoli, S.N. Schiffmann, Adenosine receptors
and Huntington's disease: implications for pathogenesis and therapeutics,
Lancet Neurol. 2 (2003) 366e374.

[19] J.F. Chen, P.K. Sonsalla, F. Pedata, A. Melani, M.R. Domenici, P. Popoli, J. Geiger,
L.V. Lopes, A. de Mendonca, Adenosine A2A receptors and brain injury: broad
spectrum of neuroprotection, multifaceted actions and “fine tuning” modu-
lation, Prog. Neurobiol. 83 (2007) 310e331.

[20] G.R. Milne, T.M. Palmer, Anti-inflammatory and immunosuppressive effects of
the A2A adenosine receptor, Sci. World J. 11 (2011) 320e339.

[21] B.B. Fredholm, Y. Chern, R. Franco, M.V. Sitkovsky, Aspects of the general
biology of adenosine A2A signaling, Prog. Neurobiol. 83 (2007) 263e276.

[22] P. Popoli, D. Blum, A. Martire, C. Ledent, S. Ceruti, M.P. Abbracchio, Functions,
dysfunctions and possible therapeutic relevance of adenosine A2A receptors in
Huntington's disease, Prog. Neurobiol. 81 (2007) 331e348.

[23] M. Matos, E. Augusto, A.D. Santos-Rodrigues, M.A. Schwarzschild, J.F. Chen,
R.A. Cunha, P. Agostinho, Adenosine A2A receptors modulate glutamate uptake
in cultured astrocytes and gliosomes, Glia 60 (2012) 702e716.

[24] J.A. Ribeiro, A.M. Sebastiao, Modulation and metamodulation of synapses by
adenosine, Acta Physiol. 199 (2010) 161e169.

[25] A.G. Orr, A.L. Orr, X.J. Li, R.E. Gross, S.F. Traynelis, Adenosine A2A receptor
mediates microglial process retraction, Nat. Neurosci. 12 (2009) 872e878.

[26] C.V. Gomes, M.P. Kaster, A.R. Tome, P.M. Agostinho, R.A. Cunha, Adenosine
receptors and brain diseases: neuroprotection and neurodegeneration, Bio-
chim. Biophys. Acta 1808 (2011) 1380e1399.

[27] P. Popoli, D. Blum, M.R. Domenici, S. Burnouf, Y. Chern, Curr. Pharm. Des. 14
(2008) 1500e1511.

[28] D. Preti, P.G. Baraldi, A.R. Moorman, P.A. Borea, K. Varani, History and per-
spectives of A2A adenosine receptor antagonists as potential therapeutic
agents, Med. Res. Rev. 35 (2015) 790e848.

[29] V.P. Jaakola, M.T. Griffith, M.A. Hanson, V. Cherezov, E.Y. Chien, J.R. Lane,
A.P. Ijzerman, R.C. Stevens, The 2.6 angstrom crystal structure of a human A2A
adenosine receptor bound to an antagonist, Science 322 (2008) 1211e1217.

[30] V. Katritch, V.P. Jaakola, J.R. Lane, J. Lin, A.P. Ijzerman, M. Yeager, I. Kufareva,
R.C. Stevens, R. Abagyan, Structure-based discovery of novel chemotypes for
adenosine A2A receptor antagonists, J. Med. Chem. 53 (2010) 1799e1809.

[31] B.C. Shook, P.F. Jackson, Adenosine A2A receptor antagonists and Parkinson's
disease, ACS Chem. Neurosci. 2 (2011) 555e567.

[32] M. Congreve, S.P. Andrews, A.S. Dore, K. Hollenstein, E. Hurrell, C.J. Langmead,
J.S. Mason, I.W. Ng, B. Tehan, A. Zhukov, M. Weir, F.H. Marshall, Discovery of
1,2,4-triazine derivatives as adenosine A2A antagonists using structure based
drug design, J. Med. Chem. 55 (2012) 1898e1903.

[33] J. Charton, A.C. Gassiot, P. Melnyk, S. Girault-Mizzi, C. Sergheraert, Optimized
synthesis of tetrahydroisoquinoline-hydantoins, Tetrahedron Lett. 45 (2004)
7081e7085.

[34] T. Ishikawa, Guanidine chemistry, Chem. Pharm. Bull. 58 (2010) 1555e1564.
[35] A.R. Katritzky, B.V. Rogovoy, Recent developments in guanylating agents,

http://dx.doi.org/10.1016/j.ejmech.2015.10.030
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref1
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref1
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref1
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref2
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref2
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref2
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref2
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref2
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref3
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref4
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref5
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref5
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref5
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref6
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref6
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref6
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref6
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref6
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref7
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref7
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref7
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref7
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref8
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref8
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref8
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref8
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref8
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref9
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref9
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref9
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref9
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref9
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref10
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref10
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref10
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref11
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref11
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref11
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref12
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref12
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref12
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref12
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref13
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref13
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref13
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref14
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref14
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref14
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref14
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref14
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref15
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref16
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref16
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref16
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref16
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref17
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref18
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref18
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref18
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref18
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref19
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref20
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref20
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref20
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref20
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref21
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref21
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref21
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref21
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref22
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref22
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref22
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref22
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref22
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref23
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref23
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref23
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref23
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref23
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref24
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref24
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref24
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref25
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref25
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref25
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref25
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref26
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref26
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref26
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref26
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref27
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref27
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref27
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref28
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref28
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref28
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref28
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref28
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref29
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref29
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref29
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref29
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref30
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref30
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref30
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref30
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref30
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref31
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref31
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref31
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref31
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref32
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref33
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref33
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref33
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref33
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref34
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref34
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref35


V. Moas-H�eloire et al. / European Journal of Medicinal Chemistry 106 (2015) 15e25 25
Arkivok IV (2005) 49e87.
[36] T. Suhs, B. Konig, Synthesis of guanidines in solution, Mini-Rev. Org. Chem. 4

(2006) 315e331.
[37] A.-C. Cabordery, M. Toussaint, N. Azaroual, J.-P. Bonte, P. Melnyk, C. Vaccher,

C. Foulon, Kinetics and mechanism of racemization of Tic-hydantoins, potent
sigma-1 agonists, Tetrahedron: Asymmetry 22 (2011) 125e133.

[38] Y.S. Wu, S.K. Hamilton, D.E. Wilkinson, G.S. Hamilton, Direct synthesis of
guanidines using di(imidazole-1-yl)methanimine, J. Org. Chem. 67 (2002)
7553e7556.

[39] Z. Ma, C.S. Day, U. Bierbach, Unexpected reactivity of the 9-aminoacridine
chromophore in guanidylation reactions, J. Org. Chem. 72 (2007) 5387e5390.

[40] B. Latli, K. D'Amour, E. Casida, Novel and potent 6-Chloro-3-pyridinyl ligands
for the a4b2 neuronal nicotinic acetylcholine receptor, J. Med. Chem. 42
(1999) 2227e2234.

[41] H.M. Lovick, F.E. Michael, Reversal of enantioselectivity using tethered bis-
guanidine catalysts in the aza-Henry reaction, Tetrahedron Lett. 50 (2009)
1016e1019.

[42] D. Ma, K. Cheng, Enantioselective synthesis of functionalized a-amino acids
via a chiral guanidine catalyzed Michael addition reaction, Tetrahedron:
Asymmetry 10 (1999) 713e719.

[43] X. Han, J.A. Michne, S.S. Pin, K.D. Burris, L.A. Balanda, L.K. Fung, T. Fiedler,
K.E. Browman, M.T. Taber, J. Zhang, G.M. Dubowchik, Synthesis, structure-
activity relationships, and anxiolytic activity of 7-aryl-6,7-
dihydroimidazoimidazole corticotropin-releasing factor 1 receptor antago-
nists, Bioorg. Med. Chem. Lett. 15 (2005) 3870e3873.

[44] Y. Li, J. Liang, T. Siu, E. Hu, M.A. Rossi, S.F. Barnett, D. Defeo-Jones, R.E. Jones,
R.G. Robinson, K. Leander, H.E. Huber, S. Mittal, N. Cosford, P. Prasit, Allosteric
inhibitors of Akt1 and Akt2: discovery of [1,2,4]triazolo[3,4-f][1,6]naphthyr-
idines with potent and balanced activity, Bioorg. Med. Chem. Lett. 19 (2009)
834e836.

[45] H. Kubota, Y. Nakamura, T. Higashijima, Y. Yamamoto, K. Oka, S. Igarashi,
Tetrahydronaphthyridine derivatives as cholesteryl ester transfer protein in-
hibitors, WO2005095395 (A2), 2005.

[46] J.Z. Ho, M.P. Braun, R. Subramanian, Y.D. Gao, D.C. Dean, D.G. Melillo, Synthesis
of 13C-labeled pyrazinone thrombin inhibitors and elucidation of metabolic
activation pathways, Helv. Chim. Acta 87 (2004) 674e681.

[47] J.H. Hutchinson, W. Halczenko, K.M. Brashear, M.J. Breslin, P.J. Coleman,
L.T. Duong, C. Fernandez-Metzler, M.A. Gentile, J.E. Fisher, G.D. Hartman,
J.R. Huff, D.B. Kimmel, C.T. Leu, R.S. Meissner, K. Merkle, R. Nagy,
B. Pennypacker, J.J. Perkins, T. Prueksaritanont, G.A. Rodan, S.L. Varga,
G.A. Wesolowski, A.E. Zartman, S.B. Rodan, M.E. Duggan, Nonpeptide anb3
antagonists. 8. In vitro and in vivo evaluation of a potent anb3 antagonist for
the prevention and treatment of osteoporosis, J. Med. Chem. 46 (2003)
4790e4798.
[48] A. Ryckebusch, R. Deprez-Poulain, L. Maes, M.A. Debreu-Fontaine, E. Mouray,

P. Grellier, C. Sergheraert, Synthesis and in vitro and in vivo antimalarial ac-
tivity of N1-(7-chloro-4-quinolyl)-1,4-bis(3-aminopropyl)piperazine de-
rivatives, J. Med. Chem. 46 (2003) 542e557.

[49] O.V. Dolomanov, L.J. Bourhis, R.J. Gildea, J.A.K. Howard, H. Puschmann, OLEX2:
a complete structure solution, refinement and analysis program, J. Appl.
Crystallogr. 42 (2009) 339e341.

[50] A.V. Malkov, K. Vrankova, M. Cerny, P. Kocovsky, On the selective N-
methylation of BOC-protected amino acids, J. Org. Chem. 74 (2009)
8425e8427.

[51] Z. Xu, F. Cheng, C. Da, G. Liu, Y. Tang, Pharmacophore modeling of human
adenosine receptor A((2)A) antagonists, J. Mol. Model. 16 (2010) 1867e1876.

[52] T. McHardy, J.J. Caldwell, K.M. Cheung, L.J. Hunter, K. Taylor, M. Rowlands,
R. Ruddle, A. Henley, A. de Haven Brandon, M. Valenti, T.G. Davies, L. Fazal,
L. Seavers, F.I. Raynaud, S.A. Eccles, G.W. Aherne, M.D. Garrett, I. Collins,
Discovery of 4-amino-1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamides as selective, orally active inhibitors of protein kinase B (Akt),
J. Med. Chem. 53 (2010) 2239e2249.

[53] M. Cheung, K.W. Kuntz, M. Pobanz, J.M. Salovich, B.J. Wilson,
C.W. Andrews 3rd, L.M. Shewchuk, A.H. Epperly, D.F. Hassler, M.A. Leesnitzer,
J.L. Smith, G.K. Smith, T.J. Lansing, R.A. Mook Jr., Imidazo[5,1-f][1,2,4]triazin-2-
amines as novel inhibitors of polo-like kinase 1, Bioorg. Med. Chem. Lett. 18
(2008) 6214e6217.

[54] O. Arnaud, A. Koubeissi, L. Ettouati, R. Terreux, G. Alame, C. Grenot,
C. Dumontet, A. Di Pietro, J. Paris, P. Falson, Potent and fully noncompetitive
peptidomimetic inhibitor of multidrug resistance P-glycoprotein, J. Med.
Chem. 53 (2010) 6720e6729.

[55] G. Velmourougane, M.B. Harbut, S. Dalal, S. McGowan, C.A. Oellig,
N. Meinhardt, J.C. Whisstock, M. Klemba, D.C. Greenbaum, Synthesis of new
(�)-bestatin-based inhibitor libraries reveals a novel binding mode in the S1
pocket of the essential malaria M1 metalloaminopeptidase, J. Med. Chem. 54
(2011) 1655e1666.

[56] N.A. Sorto, P.P. Painter, J.C. Fettinger, D.J. Tantillo, J.T. Shaw, Design and syn-
thesis of mimics of the T7-loop of FtsZ, Org. Lett. 15 (2013) 2700e2703.

[57] G. Reginato, B. Di Credico, D. Andreotti, A. Mingardi, A. Paio, D. Donati, A new
versatile and diastereoselective synthesis of polysubstituted 2-oxopiperazines
from naturally occurring amino acids, Tetrahedron: Asymmetry 18 (2007)
2680e2688.

[58] L.V. Lopes, R.A. Cunha, J.A. Ribeiro, Cross talk between A1 and A2A adenosine
receptors in the hippocampus and cortex of young adult and old rats,
J. Neurophysiol. 82 (1999) 3196e3203.

http://refhub.elsevier.com/S0223-5234(15)30312-3/sref35
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref35
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref36
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref36
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref36
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref37
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref37
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref37
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref37
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref38
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref38
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref38
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref38
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref39
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref39
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref39
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref40
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref40
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref40
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref40
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref41
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref41
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref41
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref41
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref42
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref42
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref42
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref42
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref43
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref44
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref46
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref46
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref46
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref46
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref46
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref47
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref48
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref48
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref48
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref48
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref48
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref49
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref49
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref49
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref49
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref50
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref50
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref50
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref50
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref51
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref51
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref51
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref52
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref53
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref54
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref54
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref54
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref54
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref54
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref55
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref56
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref56
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref56
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref57
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref57
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref57
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref57
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref57
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58
http://refhub.elsevier.com/S0223-5234(15)30312-3/sref58

	Design and synthesis of fused tetrahydroisoquinoline-iminoimidazolines
	1. Introduction
	2. Results and discussion
	2.1. Modeling studies
	2.2. Chemical synthesis
	2.3. Affinity of Tic-guanidine compounds
	2.4. Cytotoxicity of Tic-guanidine compounds

	3. Conclusion
	4. Experimental section
	4.1. General information
	4.2. Preparation of Weinreb amide compounds
	4.2.1. General method 1
	4.2.2. tert-Butyl (3S)-3-[methoxy(methyl)carbamoyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (II)
	4.2.3. tert-Butyl N-[(1S)-1-benzyl-2-[methoxy(methyl)amino]-2-oxo-ethyl]carbamate (7a)
	4.2.4. tert-Butyl N-[(1S)-1-benzyl-2-[methoxy(methyl)amino]-2-oxo-ethyl]-N-methyl-carbamate (8a)
	4.2.5. tert-Butyl N-[(1S)-1-[(4-fluorophenyl)methyl]-2-[methoxy(methyl)amino]-2-oxo-ethyl]carbamate (9a)
	4.2.6. tert-Butyl (2S)-2-[methoxy(methyl)carbamoyl]piperidine-1-carboxylate (10a)
	4.2.7. tert-Butyl N-[(1S)-2-(methoxy(methyl)amino)-1-methyl-2-oxo-ethyl]carbamate (11a)
	4.2.8. tert-Butyl N-[(1S)-1-[(4-tert-butoxyphenyl)methyl]-2-[methoxy(methyl)amino]-2-oxo-ethyl]carbamate (12a)
	4.2.9. tert-Butyl N-[(1S)-2-[methoxy(methyl)amino]-1-methyl-2-oxo-ethyl]carbamate (13a)

	4.3. Preparation of amine compounds 2b–13b
	4.3.1. General method 2
	4.3.2. tert-Butyl (3S)-3-[(benzylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (2b)
	4.3.3. tert-Butyl (3S)-3-[[2-(2-pyridyl)ethylamino]methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (3b)
	4.3.4. tert-Butyl (3S)-3-[(2-morpholinoethylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate(4b)
	4.3.5. tert-Butyl (3S)-3-[(4-phenylbutylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (5b)
	4.3.6. tert-Butyl (3S)-3-[(hexylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (6b)
	4.3.7. tert-Butyl N-[(1S)-1-benzyl-2-(benzylamino)ethyl]carbamate (7b)
	4.3.8. tert-Butyl N-[(1S)-1-benzyl-2-(benzylamino)ethyl]-N-methyl-carbamate (8b)
	4.3.9. tert-Butyl N-[(1S)-1-[(benzylamino)methyl]-2-(4-fluorophenyl)ethyl]carbamate (9b)
	4.3.10. tert-Butyl (2S)-2-[(benzylamino)methyl]piperidine-1-carboxylate (10b)
	4.3.11. tert-Butyl N-[2-(benzylamino)-1-methyl-ethyl]carbamate (11b)
	4.3.12. tert-Butyl N-[(1S)-1-[(benzylamino)methyl]-2-(4-tert-butoxyphenyl)ethyl]carbamate (12b)
	4.3.13. tert-Butyl N-[(1S)-3-(benzylamino)-1-[(4-methoxyphenyl)methyl]-2-oxo-propyl]carbamate (13b)

	4.4. Preparation of guanidine compounds 2–13
	4.4.1. General method 3
	4.4.2. (10aS)-2-Benzyl-1,5,10,10a-tetrahydroimidazo[1,5-b]isoquinolin-3-imine monohydrochloride (2)
	4.4.3. (10aS)-2-[2-(2-Pyridyl)ethyl]-1,5,10,10a-tetrahydroimidazo[1,5-b]isoquinolin-3-imine dihydrochloride (3)
	4.4.4. (10aS)-2-(2-Morpholinoethyl)-1,5,10,10a-tetrahydroimidazo[1,5-b]isoquinolin-3-imine dihydrochloride (4)
	4.4.5. (10aS)-2-(4-Phenylbutyl)-1,5,10,10a-tetrahydroimidazo[1,5-b]isoquinolin-3-imine hydrochloride (5)
	4.4.6. tert-Butyl (3S)-3-[(hexylamino)methyl]-3,4-dihydro-1H-isoquinoline-2-carboxylate (6)
	4.4.7. (4S)-1,4-Dibenzylimidazolidin-2-imine hydrochloride (7)
	4.4.8. (4S)-1,4-Dibenzyl-3-methyl-imidazolidin-2-imine hydrochloride (8)
	4.4.9. (4S)-1-Benzyl-4-[(4-fluorophenyl)methyl]imidazolidin-2-imine hydrochloride (9)
	4.4.10. (8aS)-2-Benzyl-1,5,6,7,8,8a-hexahydroimidazo[1,5-a]pyridin-3-imine hydrochloride (10)
	4.4.11. (4S)-1-Benzyl-4-methyl-imidazolidin-2-imine hydrochloride (11)
	4.4.12. 4-[[(4S)-1-Benzyl-2-imino-imidazolidin-4-yl]methyl]phenol hydrochloride (12)
	4.4.13. (4S)-1-Benzyl-4-[(4-methoxyphenyl)methyl]imidazolidin-2-imine hydrochloride (13)

	4.5. In vitro testing
	4.5.1. Displacement binding assays
	4.5.2. Cell culture and cytotoxicity assay


	Acknowledgments
	Appendix A. Supporting information
	References


