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Graphical abstract:
The synthesis of 8-(2-phenoxyethoxy)caffeine analogues with increased potency
towards both MAO-A and —B compared to the lead compound, 3a.
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ICso values (uM)

Compd. R MAO-A MAO-B

3a -H 20.4 +16.5° 0.383 + 0.021°
3e -CF; 2.22 +0.068 0.061 + 0.003
3h -l 0.924+0.031 0.128 £0.013

& Values obtained from literature (Strydom et al., 2011).

105



Chapter 4 Article 2

Structure-activity relationships for the inhibition of
monoamine oxidase by 8-(2-phenoxyethoxy)caffeine
analogues

Belinda Strydom?, Jacobus J. Bergh?, Jacobus P. Petzer?®

Abstract—Previous studies have documented that substituted 8-oxycaffeines are
potent reversible and selective inhibitors of human monoamine oxidase (MAO) B. A
particularly potent inhibitor among the reported compounds was 8-(2-
phenoxyethoxy)caffeine with an ICs, value of 0.383 uM towards MAO-B. It was also
reported that halogen substitution at C4 of the phenoxy ring leads to an
enhancement of both MAO-A and —B inhibition potencies. In an attempt to discover
highly potent reversible MAO-B inhibitors and to examine the structure-activity
relationships (SAR) of MAO inhibition by these compounds, in the present study a
series of 8-(2-phenoxyethoxy)caffeine analogues containing various substituents at
C4 of the phenoxy ring were synthesized and evaluated as inhibitors of human MAO-
A and -B. The results show that the 8-(2-phenoxyethoxy)caffeine analogues are
selective MAO-B inhibitors with the most potent homologue, 8-{2-[4-
(trifluoromethyl)phenoxylethoxy}caffeine, exhibiting an 1Csy value of 0.061 pM. A
guantitative structure-activity relationship (QSAR) study indicates that substitution
with electron withdrawing and lipophilic functional groups on C4 of the phenoxy ring
enhances the inhibition potencies towards both MAO-A and —B. Interestingly, an
increase in size of the substituent at C4 correlates with an enhancement in MAO-A
inhibition potency while less bulky groups are favourable for MAO-B inhibition. The
binding orientations of selected compounds within the active site cavities of MAO-A

and —B are also examined.

#Pharmaceutical Chemistry, School of Pharmacy, North-West University, Private Bag
X6001, Potchefstroom, 2520, South Africa.
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4.1. Introduction

Monoamine oxidase (MAO) is a flavin adenine dinucleotide (FAD) containing enzyme
which is bound to the outer mitochondrial membrane. MAO is classified into two
distinct isoforms, MAO-A and —B, which share a 70% sequence identity and are
products of separate genes [1,2]. The principal function of the MAO isozymes is the
oxidative deamination of primary amines of an endogenous and dietary nature. In the
central en peripheral tissues, MAO is responsible for the termination of the action of
neurotransmitter amines such as serotonin, dopamine, epinephrine and
norepinephrine [1,3]. The two MAO isoforms may be distinguished by their different
substrate specificities. MAO-A preferentially catalyzes the oxidation of serotonin
while MAO-B favors benzylamine and 2-phenethylamine as substrates [3].
Dopamine, epinephrine, norepinephrine and tyramine are considered to be
substrates for both MAO isoforms [3].

MAO has acted as a target for the treatment of central nervous system diseases
[3,4,5]. Selective MAO-A inhibitors are reported to be effective in the treatment of
depression by increasing the levels of serotonin, norepinephrine and dopamine in the
brain [4]. An example of such a drug is the reversible MAO-A inhibitor, moclobemide
[6]. Since MAO-B is considered to be the major dopamine metabolizing enzyme in
the basal ganglia of the brain, MAO-B inhibitors are used in the treatment of
Parkinson’s disease [7,8]. In the basal ganglia, inhibitors of MAO-B are thought to
reduce the depletion of dopamine, and to enhance dopamine levels after treatment
with levodopa [9,10]. MAO-B inhibitors may also protect against the
neurodegenerative events associated with Parkinson’s disease by reducing the
levels of potentially neurotoxic aldehydes and H,O, which are generated as by-
products in the catalytic cycle of MAO-B [11,12,13]. (R)-Deprenyl and rasagiline are
examples of MAO-B inhibitors currently being used as adjuncts to levodopa therapy
in the treatment of Parkinson’s disease [14]. While these inhibitors have been widely
used, their irreversible mode of inhibition may be associated with certain
disadvantages. These include a slow rate of enzyme recovery after drug withdrawal
and a loss of selectivity for the MAO-B isoform after repeated administration [15,16].
For these reasons, the discovery of new MAO-B inhibitors with a reversible mode of

action is being pursued by various research groups.
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For the design of reversible MAO inhibitors, C8-substituted caffeine analogues have
been previously employed [17,18,19,20]. While caffeine is a weak MAQO-B inhibitor,
substitution with a variety of moieties at C8 often yields compounds that are highly
potent and selective MAO-B inhibitors [21,22]. For example, a series of 8-
benzyloxycaffeine analogues (1) (Fig. 1) has been shown to act as potent inhibitors
of human MAO-B with ICs, values ranging from 0.068 to 1.77 uM [17]. Interestingly,
the 8-benzyloxycaffeine analogues were also found to be potent MAO-A inhibitors
with 1Cso values ranging from 0.397 to 3.72 uM [17]. Modelling studies have indicated
that the ability of the 8-benzyloxycaffeine analogues to also bind to the MAO-A active
site may depend on the large degree of rotational freedom of the benzyloxy side
chain at the carbon-oxygen ether bond [17]. More rigid C8-substituted caffeine
analogues such as (E)-8-(3-chlorostyryl)caffeine (2) typically do not inhibit MAO-A
[17,22,23]. Another C8 oxy substituent that leads to potent MAO-B inhibition is the 2-
phenoxyethoxy moiety. In fact, 8-(2-phenoxyethoxy)caffeine (3a) (ICso = 0.383 uM) is
a more potent inhibitor of human MAO-B than is 8-benzyloxycaffeine (ICso = 1.77 uM)
[18]. A structure-activity relationship (SAR) study has indicated that for C8-
substituted oxycaffeine analogues, a linker consisting of 4 atoms separating the
caffeine and the terminal phenyl ring may be particularly suited for MAO-B inhibition
[18]. Since this requirement is satisfied by the 8-(2-phenoxyethoxy)caffeine structure,
this compound may be considered to be a promising lead compound for the design of
highly potent MAO-B inhibitors. Of significant interest is the observation that
substituted 8-oxycaffeines are reported to interact reversibly with both MAO-A and —
B [17,18]. This further makes the 8-(2-phenoxyethoxy)caffeine structure relevant for

the design of reversible MAO inhibitors.
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Figure 1. The structures of 8-benzyloxycaffeine (1), CSC (2) and 8-(2-
phenoxyethoxy)caffeine (3a).
Based on these observations, in the present study the MAO-A and —B inhibition
properties of a series of ten 8-(2-phenoxyethoxy)caffeine analogues (3a—j) were
examined. The analogues considered, differed by substitution on the para position of
the phenoxy ring. A previous study reported that that halogen substitution at this
position leads to an enhancement of both the MAO-A and —B inhibition potencies of
8-(2-phenoxyethoxy)caffeine [18]. For the purpose of this study, quantitative
structure-activity relationship (QSAR) studies were carried out in an attempt to
quantify the relationship between MAO inhibitory activity of the 8-(2-
phenoxyethoxy)caffeine analogues and the physicochemical properties of the

substituents on the para position of the side chain phenoxy ring.
4.2. Results and discussion

4.2.1. Chemistry

The 8-(2-phenoxyethoxy)caffeine analogues (3a—j) were synthesized according to
the protocol previously described for the synthesis of C8 substituted caffeines
[24,18]. The target compounds were obtained by reacting 8-chlorocaffeine (4) with an

appropriately substituted 2-phenoxyethanol (5) at high temperatures (150 °C) in the
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presence of potassium hydroxide (Scheme 1). After recrystallization from ethanol,
compounds 3a—j were obtained in low to high yields (3—83%). 8-Chlorocaffeine was
obtained in high yield from a reaction between chorine and a solution of caffeine in
chloroform [25]. In certain instances, the 2-phenoxyethanol analogues that were
required for the synthesis of 3a—j were not commercially available and were thus
synthesized according to literature methods [26,27]. For this purpose an
appropriately substituted phenol (6) was reacted with 2-bromoethanol in the
presence of potassium carbonate in acetone. The structures of the 8-(2-
phenoxyethoxy)caffeine analogues (3a—j) were verified by mass spectrometry, *H

NMR and *C NMR while the purities were estimated by chromatographic analysis.
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Scheme 1. Synthetic pathway to the 8-(2-phenoxyethoxy)caffeine analogues 3.
Reagents and conditions: (a) Acetone, K,CO;3 (b) KOH, 150 °C.

4.2.2. Enzymology

To examine the MAO-A and -B inhibition properties of the 8-(2-
phenoxyethoxy)caffeine analogues (3a—j), the commercially available recombinant
human enzymes were employed and kynuramine, a MAO-A/B nonselective
substrate, served as enzyme substrate. Kynuramine, a non-fluorescent compound,

undergoes MAOQO catalyzed oxidation to vyield the fluorescent compound, 4-
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hydroxyquinoline, as end product. The extent to which kynuramine is oxidized to 4-
hydroxyquinoline by MAO was subsequently measured via fluorescence
spectrophotometry (Aex = 310 nm; Aem = 400 nm) [28]. None of the inhibitors
investigated in this study fluoresced at these excitation/emission wavelengths or
guenched the fluorescence of 4-hydroxyquinoline at the inhibitor concentrations
used. Sigmoidal dose—response curves (Fig. 2) were constructed for the inhibition of
the MAO isozymes and the inhibition potencies of the test compounds were

expressed as the corresponding ICsy values.

Log [3h]

Figure 2. The recombinant human MAO-A and MAO-B catalyzed oxidation of
kynuramine in the presence of various concentrations of inhibitor 3h. The
sigmoidal dose-response curves were constructed from the initial rates of
kynuramine oxidation versus the logarithm of the concentration of
inhibitor 3h (expressed in nM).

The results of the MAO inhibition studies are given in Table 1. In accordance to
literature, the 8-(2-phenoxyethoxy)caffeine analogues (3a—j) were found to act as
inhibitors of MAO-B. The most potent inhibitor of the series was the CF; substituted
homologue, compound 3e, which exhibited an ICs, value of 0.061 uM for the
inhibition of MAO-B. Compound 3e is therefore approximately 6-fold more potent
than the corresponding unsubstituted homologue 3a (ICso = 0.383 uM). The results
show that a variety of substituents on C4 of the phenoxy ring lead to enhanced MAO-

B inhibition compared to 3a. These substituents are notably halogens. For example,
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the Cl (ICso = 0.183 uM), Br (ICso = 0.166 uM), F (ICso = 0.115 pM) and | (ICso = 0.128
MM) substituted homologues inhibited MAO-B with potencies approximately two—
threefold higher than that of the unsubstituted homologue 3a. Non-halogen
substituents on C4 of the phenoxy ring of the 8-(2-phenoxyethoxy)caffeine analogues
resulted in a reduction of MAO-B inhibition potency compared to the unsubstituted
homologue 3a. For example, the CH; (ICs = 1.41 pM) and OCHj; (ICs = 1.53 pM)
substituted homologues were 3.5-4-fold weaker inhibitors of MAO-B than the
unsubstituted homologue 3a. Similarly, those homologues containing the CN (ICsp =
6.98 pM) and NO; (ICso = 0.852 uM) substituents were found to be 18-fold and

twofold weaker inhibitors than 3a, respectively.

The 8-(2-phenoxyethoxy)caffeine analogues (3a—j) were also found to inhibit MAO-A.
As shown by the SI values which ranged from 5-79, all of the compounds were
however selective inhibitors of the MAO-B isoform. The only homologue which
exhibited an ICsy value in the sub-micromolar range was compound 3h which
inhibited MAO-A with an ICs value of 0.924 uM. With the exception of the CN
substituted homologue 3i (ICso = 35.5 yM), substitution on C4 of the phenoxy ring led
to an enhancement of MAO-A inhibition potency compared to the unsubstituted
homologue 3a (ICso = 20.4 pM). With the exception of the F substituted homologue
(ICso = 9.08 uM) those homologues with halogen containing substituents (3b, 3c, 3e
and 3h) were the most potent MAO-A inhibitors of the series with ICs, values ranging
from 0.924-2.22 yM.
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Table 1. The ICso values for the inhibition of recombinant human MAO-A and —-B by
the 8-(2-phenoxyethoxy)caffeine analogues 3a—j.?
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ICso values (uM)

Compd. R MAO-A MAO-B s
3a -H 20.4 + 16.5° 0.383+0.021° 53
3b -Cl 1.83 +0.013° 0.183 +0.005° 10
3c -Br 1.65 + 0.087° 0.166 + 0.003° 9.9
3d -F 9.08 +1.38 0.115+0.004 79
3e -CF, 2.22 +0.068 0.061 + 0.003 36
3f -CHs 13.4 + 0.549 1.41 + 0.068 9.5
3g -OCH;  7.57 +0.187 1.53 +0.185 5.0
3h - 0.924+0.031  0.128+0.013 7.2
3i -CN 35.5 + 3.04 6.98 + 0.433 5.1
3 -NO, 4.92 +0.286 0.852 + 0.007 5.8

# Values are expressed as the mean + SD of triplicate determinations.
® The selectivity index (SI) is the selectivity for the MAO-B isoform and
is given as the ratio of IC5o(MAO-A/IC5,(MAO-B).

¢ Values obtained from literature [18].

4.2.3. Reversibility of inhibition

As mentioned in the introduction, literature reports that 8-oxycaffeines interact
reversibly with both MAO-A and -B [17,18]. To verify that the most potent MAO-A
inhibitor of the present series, compound 3h, and the most potent MAO-B inhibitor,
compound 3e, are reversible inhibitors, the recoveries of the enzymatic activities after
dilution of enzyme-inhibitor complexes were evaluated. The MAO enzymes were
preincubated with compounds 3h and 3e at concentrations of 10 x ICso and 100 x
ICso for 30 min and then diluted to 0.1 x ICso and 1 x ICsg, respectively. The results
are presented in Fig. 3 and show that after diluting 3h and 3e to concentrations equal

to 0.1 x ICgy, the MAO-A and —B activities were recovered to levels of 97% and 65%
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of the control values, respectively. This behavior is consistent with a reversible
interaction of 3h with MAO-A and 3e with MAO-B.
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Figure 3. Reversibility of inhibition of MAO-A and —B by compounds 3h and 3e. (a)
MAO-A was preincubated with 3h and (b) MAO-B was preincubated with
3e, at 10 x IC50 and 100 x ICso for 30 min and then diluted to 0.1 x ICsq and
1 x ICsg, respectively. The residual enzyme activities were subsequently
measured.

4.2.4. QSAR studies

In an attempt to quantify the relationships between the MAO-A and —B inhibition
activities of the 8-(2-phenoxyethoxy)caffeine analogues and the physicochemical
properties of the substituents on C4 of the phenoxy ring, a Hansch-type SAR study
was carried out. For this purpose, the physicochemical properties of the substituents
were described by 5 classical parameters. The Taft steric parameter (Es) [29] and
Van der Waals volume (V,,) [30] served as descriptors of size and bulkiness while the
lipophilicities of the substituents were described by the Hansch constant (1) [29]. The
electronic properties of the C4 substituents were described by the classical Hammett
constant (op) and the Swain—Lupton constant (F) [29]. The values of the substituent
descriptors were obtained from standard compilations [29,30]. Compounds 3a-h
were used for the QSAR study and the results of the statistical analysis for MAO-A
and -B are shown in Tables 2 and 3, respectively. Compounds 3i—j, the CN and NO,
substituted homologues, were excluded for the QSAR study since meaningful models
could not be obtained with the inhibition data of these compounds included in the

analyses. This behavior is in accordance with literature, which reports that in similar
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QSAR studies with MAO substrates, the p-NO; groups of p-NO;-phenethylamine [31]
and p-NOj-benzylamine [32] result in anomalous fits, and these compounds were
also excluded from the regression analyses in these studies. The current study
shows that the CN functional group produces similar anomalous behavior, at least for
the binding of 8-(2-phenoxyethoxy)caffeine analogues to the MAO enzymes. It has
been suggested that additional interactions, such as hydrogen bonding, between
these functional groups and the MAQO active sites may be responsible for this
behavior [31].

Table 2. Correlations of the recombinant human MAO-A inhibition potencies (loglCsg)
of 8-(2-phenoxyethoxy)caffeine analogues 3a—h with steric, electronic and
hydrophobic descriptors of the substituents at C4 of the phenoxy ring.®

Parameter Slope y-intercept R? F Significanceb
Op -1.29 + 0.59 0.76 £ 0.15 0.44 4.79 0.071
F —2.00 + 0.67 1.24+0.24 0.60 8.94 0.024
@ -0.62 + 0.23 1.28 £0.27 0.54 7.16 0.037
m -0.97 £ 0.23 1.15+0.16 0.74 17.0 0.006
Es 0.42 £0.22 1.07 £0.27 0.39 3.84 0.098
Op*+T -0.3+0.59 1.11+ 0.18 0.75 7.59 0.634
-0.85+0.34 0.055
Op + Vu -1.16 + 0.28 1.34+0.14 0.90 22.2 0.009
-0.57 £ 0.12 0.005
m+F -0.72 +0.16 1.39+£0.12 0.92 30.0 0.006
-1.25+0.36 0.018

% The logarithm of the ICs, values (expressed in uM) was used for the linear regression

analyses.

® The significance is the fractional probability that the coefficient of the added variable

is zero.

Table 3. Correlations of the recombinant human MAO-B inhibition potencies (logICsp)
of 8-(2-phenoxyethoxy)caffeine analogues 3a-h with steric, electronic and
hydrophobic descriptors of the substituents at C4 of the phenox ring.?
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Parameter Slope y-intercept R? F Significanceb
Op -1.83+0.34 -0.40+0.088 0.83 29.0 0.002
F -1.81+0.81 -0.035+0.29 0.45 4.92 0.068
o 0.015+0.36 —0.60 £ 0.42 0.0003 0.002 0.968

-0.63 +

AT -0.25 £ 0.27 0.29 2.44 0.169
Es 0.32 £ 0.26 -0.25 £ 0.32 0.20 1.54 0.260
Optm —2.03£0.49 -0.47+£0.15 0.84 13.2 0.009
0.17 £0.28 0.569
Op + Vu -1.85+0.36 —0.50+0.36 0.84 13.2 0.004
0.10+£0.16 0.570

% The logarithm of the ICs, values (expressed in pM) was used for the linear
regression analyses.
® The significance is the fractional probability that the coefficient of the added variable

is zero.

Analysis of the results of the MAO-A inhibition studies revealed that the best one
parameter correlation existed between loglCsy and 1. The R? value was 0.74 while
the statistical F value was 17.0 (Fnax = 20.62). Addition of a second parameter
yielded significantly improved correlations. The most significant correlation was a two
parameter fit of loglCs, versus the Swain—Lupton constant (F) and 1. The R? value of
this correlation was 0.92 while the statistical F value was 30.0. Since the statistical F
value is higher than the Fna value (20.85) for 95% significance (a higher F value
indicates a better fit), this correlation may be considered statistically significant [33].
For this correlation, the probabilities that ™ and F are zero are 0.6% and 1.8%,
respectively. Therefore, the best mathematical description of the MAO-A inhibition

potencies (loglCsp) of the 8-(2-phenoxyethoxy)caffeine analogues (3a—h) is (Fig. 4):

LoglCso = —0.72(+0.16)1 — 1.25(+0.36)F — 1.39(+0.12)
(R*=0.92 and F = 30.0) (1)
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Figure 4. Correlations of the loglCs values for the inhibition of recombinant human
MAO-A by 3a—h with the Hansch constant (1) of the substituents at C4 of
the phenoxy ring. The 1T values were adjusted by the contribution of the
Swain-Lupon constant (F) as indicated on the x-axis title. The linear
regression line is a representation of equation 1 with a correlation
coefficient of 0.92.

Other two parameter fits also yielded meaningful correlations. A two parameter
model of loglCs, versus o, and 1T resulted in a R? value of 0.75 with a statistical F
value of 7.59 (Fmax = 20.85). Similarly, a two parameter fit of loglCs, versus o, and V,,
resulted in a R? of 0.90 and a statistical F value of 22.2 (Fma = 20.85). The negative
signs observed for the 1 parameter coefficients of these models suggest that the
potency of MAO-A inhibition by 8-(2-phenoxyethoxy)caffeine analogues may be
enhanced by substituents on C4 of the 2-phenoxy ring with a high degree of
lipophilicity. The negative signs of the F and o, parameter coefficients of these
models suggest that electron withdrawing substituents at C4 of the phenoxy ring of
the 8-(2-phenoxyethoxy)caffeine analogues may enhance inhibition potency. Since
the Van der Waals volume (V) is a descriptor of bulkiness, a negative correlation (—
0.57V,) is an indication that more bulky substituents may result in more potent
inhibition of MAO-A.

Analysis of the results of the MAO-B inhibition studies yielded a significant single

parameter correlation between the LogICs, values the Hammett constant (o) with a
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R?value of 0.83. The statistical F value for the correlation was found to be 29.0 (Fmax
20.62). The inclusion of an additional parameter resulted in slightly improved
correlations. A two parameter fit of logICs, versus o, and V,, resulted in a R? value of
0.84 and a statistical F value of 13.2 (Fnax 20.85). For this correlation the probability
that o, and V,, are zero is 0.4% and 57%, respectively. A two parameter fit with o,
and the Hansch constant (1r) also resulted in a reasonable correlation with a R? value
of 0.84 and a statistical F value of 13.2. The probability that o, and 1T are zero is 0.9%
and 57%, respectively. This suggests that the contribution of V,, and 1 to these
correlations may be neglected. The best mathematical description for the MAO-B
inhibition potencies (logICss) of the 8-(2-phenoxyethoxy)caffeine analogues (3a—h) is

therefore (Fig. 5):

LoglCso = —1.83(20.34 )0, — 0.40(x0.088)
(R*=0.83 and F = 29.0) 2)

Logl.,-(0.177)

-2.0 T T T T 1
-0.4 -0.2 0.0 0.2 0.4 0.6

Sp

Figure 5. Correlations of the loglCs, values for the inhibition of recombinant human
MAO-B by 3a-h with the Hammet electronic parameter (o,) of the
substituents at C4 of the phenoxy ring. The logICs, values were adjusted
by the contribution of the Van der Waals volume (V,,) as indicated on the
y-axis title. The linear regression line is a representation of equation 2
with a correlation coefficient of 0.84.

The negative correlation observed between loglCs, and o, (—1.830,) is an indication
that substitution at C4 of the phenoxy ring with electron withdrawing groups may
enhance the MAO-B inhibition potencies of the 8-(2-phenoxyethoxy)caffeine

analogues. This result is in accordance to similar studies with oxycaffeine analogues.
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For example, for the inhibition of baboon liver MAO-B and recombinant human MAO-
B by a series of 8-benzyloxycaffeine analogues, the inhibition potencies (loglCso)
exhibited a negative correlation with o, (—1.231) [17]. The finding that Vw and 1 do
not significantly contribute to correlations of loglCsp is dissimilar to the QSAR results
obtained with MAO-A, where a negative correlations with both V,, and ™ were

observed.

4.2.5. Molecular modeling

To provide additional insight into the results obtained with the QSAR study, a
selected 8-(2-phenoxyethoxy)caffeine analogue, compound 3e, was docked into
active site cavity models of MAO-A and —-B. Compound 3e was selected as
representative compound since it was found to be the most potent MAO-B inhibitor
among the series of 8-(2-phenoxyethoxy)caffeine analogues. The preparation of the
models and the docking experiments were carried out with the Windows based
Discovery Studio 3.1 modeling software (Accelrys) [34] according to a previously
reported protocol [35,18]. As enzyme models, the crystallographic structures of
human MAO-A complexed with harmine (PDB entry: 2Z5X) [36] and human MAO-B
in complex with 7-(3-chlorobenzyloxy)-4-formylcoumarin (PDB entry: 2V60) [37] were
selected. For the purpose of the docking study, the CDOCKER module of Discovery
Studio 3.1 was employed (see Experimental section). This docking protocol has been
shown to be suitable for predicting binding orientations of ligands to the active sites
of MAO-A and -B [35].

The best ranked binding orientation of 3e in the MAO-B active site is shown in Fig. 6.
The 10 highest ranked solutions display highly similar binding orientations with
RMSD values of less than 1.4 A from the position of the highest ranked orientation.
The caffeine ring of 3e is placed within the substrate cavity of the enzyme, in front of
the isoalloxazine ring of the FAD cofactor and approximately parallel to the phenolic
side chains of the Tyr-398 and Tyr-435. This region is considered to be the polar part
of the MAO-B active site. The orientation of the caffeine ring of 3e is, for the most
part, guided by the flat shape of the substrate cavity of MAO-B [38,18]. The carbonyl
oxygen at C6 of the caffeine ring is within hydrogen bond interaction distance to an
active site water molecule (HOH 1159). Since 3e binds relatively close to the FAD

cofactor, a -1 interaction is predicted to occur between the caffeine ring and the
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aromatic ring of Tyr-398. The C8 substituent of 3e project towards the entrance
cavity of MAO-B and the phenoxy ring is placed well within the entrance cavity. Since
the entrance cavity is lined by the side chains of hydrophobic amino acid residues
(Phe-103, Trp-119, Leu-164, Leu-167, Phe-168 and lle-316), the C8 substituents are
stabilized principally by Van der Waals interactions within the entrance cavity [39]. Of
note is a potential TT—1T interaction between the phenyl ring of the inhibitor and the
aromatic ring of Tyr-326. This binding orientation and predicted interactions are
similar to those previously found, via docking experiments, for the binding of 8-
benzyloxycaffeine (1) to MAO-B [17]. It should be noted that the residue lle-199,
which acts as a ‘gate’ between the substrate and entrance cavities, should be in an
open conformation. This allows for the fusion of the two cavities into a single space
large enough for larger ligands to bind to MAO-B. The ability of the side chain of lle-
199 to rotate from the active site cavity into an alternate conformation is a unique
feature of the MAO-B active site and is thought to be responsible for the observed

selective binding of relatively large inhibitors to MAO-B compared to MAO-A [40].

PRO-104 X
Coe?
‘ ILE/-31<6/

Figure 6. The highest ranked docking solution of compound 3e within an active site
model of MAO-B.
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The best ranked binding orientation of 3e within the MAO-A active site is shown in
Fig. 7. The caffeine ring of compound 3e exhibits a similar binding orientation in
MAO-A compared to the predicted orientation in MAO-B. The caffeine moiety is
bound in proximity to the FAD cofactor with the carbonyl oxygen at C2 of the caffeine
ring placed within hydrogen bond interaction distance to the phenolic hydrogen of
Tyr-444. The C8 oxy side chain extends towards the entrance of the active site cavity
and, in contrast to the observed conformation in MAO-B, is bent by a relatively large
degree from the plane of the caffeine ring. MAO-A is reported to have a smaller
active site cavity than MAO-B with the benzyl side chain of residue Phe-208
protruding into the cavity [36,41]. To avoid structural overlap with Phe-208, larger
inhibitors, such as 3e, bind in this bent conformation. In the MAO-B active site, the
residue that corresponds to Phe-208 in MAO-A, is lle-199. The small volume of the
side chain of lle-199 allows the side chain of this residue to partially rotate out of the
active site, allowing sufficient space for larger inhibitors to bind in an extended
conformation [40]. The flexibility of inhibitor 3e may be attributed to rotation around
the C8 carbon-oxygen ether bond. As mentioned in the Introduction, this relatively
large degree of rotational freedom is, to a large degree, responsible for the ability of
the 8-(2-phenoxyethoxy)caffeine analogues to bind to MAO-A. An interesting
observation is that 3e is predicted to undergo two - interactions with the active
site of MAO-B — one with Tyr-398 in the substrate cavity and one with Tyr-326 at the
boundary between the substrate and entrance cavities. Even though MAO-A contains
an aromatic amino acid residue (Tyr-407) at the analogous position to Tyr-398 in
MAO-B, 3e is predicted not to undergo - interactions with MAO-A. This suggests
that, in MAO-B, 3e may adopt an optimal orientation which allows for these -1
interactions to occur, while in MAO-A such an orientation is not permitted. These
differential binding orientations leads to different interaction modes and may, at least
in part, explain the selectivities of the 8-(2-phenoxyethoxy)caffeine analogue for
MAO-B.

121



Chapter 4 Article 2

\v‘
E FAD

Figure 7. The highest ranked docking solution of compound 3e within an active site
model of MAO-A.

4.3. Conclusion

Based on a previous report that 8-(2-phenoxyethoxy)caffeine (3a) is potent MAO-B
inhibitor and potentially suitable lead for the design of reversible MAO-B inhibitors,
the present study investigates the SAR for the inhibition of human MAO-A and —B by
a series of 8-(2-phenoxyethoxy)caffeine analogues containing different substiutuents
on the para position of the phenoxy ring [18]. The results document that, compared to
3a, substitution with halogen containing groups leads to an enhancement in MAO-B
inhibition potency while non-halogen substituents reduce the MAO-B inhibition
potencies of the 8-(2-phenoxyethoxy)caffeine analogues. Based on the results of the
QSAR study, which demonstrates a negative correlation between the MAO-B
inhibition potencies and the Hammett constant (-1.830;), electron withdrawing
functional groups on C4 of the phenoxy ring are expected to enhance the inhibition
potency of 8-(2-phenoxyethoxy)caffeine. It may therefore be concluded the electron
withdrawing properties of the halogen containing substituents are, to a large degree,
responsible for the observed enhancement of MAO-B inhibition potencies of the 8-(2-
phenoxyethoxy)caffeine analogues. Conversely, those substituents that may be
considered electron releasing (CHs; and OCH;) reduce the MAO-B inhibition

potencies of the 8-(2-phenoxyethoxy)caffeine analogues. This finding of the QSAR
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study is in accordance to similar studies reported in literature. For example, for the
MAO-B by a series of 8-benzyloxycaffeine analogues, the inhibition potencies
exhibited a negative correlation with the Hammett constant of substituents on the
benzyloxy ring [17]. The results of the QSAR study suggests there exists no
correlation  between the MAO-B inhibition potencies of the 8-(2-
phenoxyethoxy)caffeine analogues and the Hansch constant (11). This finding is in
contrast to a previous study which demonstrated that a series of 8-benzyloxycaffeine
analogues exhibits a negative correlation with 11 [17]. This suggested that the MAO-B
inhibition potencies of 8-benzyloxycaffeines may be enhanced with substitution of
more lipophilic functional groups on the benzyloxy ring. Since the modeling studies
suggest that the phenoxy ring of the present series binds within the entrance cavity of
the MAO-B active site, which is considered to be a mostly hydrophobic space, it may
be expected that C4 substituents with enhanced lipophilicity may interact more
favorably via Van der Waals interactions in this region and thus lead to improved
MAO-B inhibition. The QSAR study, however, finds that no correlation exists between
the MAO-B inhibition potencies and the Hansch constant (11). This indicates that the
phenoxyethoxy side chain binds in an optimal position in the MAO-B entrance cavity
and no further increase in lipophilicity will improve interaction with this cavity. This
result is further support for the proposal of a previous study, which has shown that for
C8-substituted oxycaffeine analogues, a linker consisting of 4 atoms separating the
caffeine and the terminal phenyl ring may be optimal for MAO-B inhibition [18]. For
example, the oxycaffeine homologue substituted with a benzyloxyethoxy side chain
(ICso = 3.77 pM) contains a linker which consists of 5 atoms and is, as a result,
approximately 9 fold less potent as an MAO-B inhibitor than 3a [18]. In contrast to a
linker consisting of 4 atoms which places the phenyl ring in an optimal position in the
entrance cavity, a linker consisting of 2 atoms (such as found in 8-benzyloxycaffeine,
ICso = 1.77 pM) places the phenyl ring in a less than optimal position for interaction
with the MAO-B entrance cavity, and the addition of lipophilic substituents to the

phenyl ring is required to improve interaction.

The 8-(2-phenoxyethoxy)caffeine analogues (3a—j) were also found to be inhibitors of
human MAO-A. With the exception of the CN substituted homologue 3i, substitution
on C4 of the phenoxy ring resulted in an enhancement of MAO-A inhibition potency

compared to the unsubstituted homologue 3a. The QSAR study suggests that this
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enhancement is dependent on a combination of properties of the C4 substituent. A
negative correlation between the MAO-A inhibition potencies and the Swain—Lupton
constant (—1.25F), explains the observation that electron withdrawing functional
groups on C4 of the phenoxy ring, such as the halogen containing groups, enhance
the inhibition potency of 8-(2-phenoxyethoxy)caffeine. The highly significant negative
correlation  between the MAO-A inhibition potencies of the 8-(2-
phenoxyethoxy)caffeine analogues and the Hansch constant (—0.721) suggests that
C4 substituents with high degrees of lipophilicities may enhance MAO-A inhibition
potency. This explains the observation that electron releasing substituents (CH; and
OCHg3) with relatively high degrees of lipophilicities may also enhance the MAO-A
inhibition potency of 8-(2-phenoxyethoxy)caffeine. The molecular docking studies
suggest that the phenoxy ring binds towards the entrance of the MAO-A active site
cavity. In this region, lipophilic C4 substituents may undergo favourable Van der
Waals interactions and thus lead to enhanced MAO-A inhibition. Interestingly, the
QSAR study suggests that a negative correlation between the MAO-A inhibition
potencies and the Van der Waals volume (-0.57V,,) may exist. From this result it may
be expected that substitution at C4 of the phenoxy ring with relatively larger
substituents would be more favourable for binding of the 8-(2-
phenoxyethoxy)caffeine analogues to MAO-A. This result is dissimilar to that
observed for the QSAR study with MAO-B which found no correlation with V.
Although the MAO-A active site is reported to be smaller than the MAO-B active site,
this result suggests that, in contrast to their binding modes in MAO-B, the 8-(2-
phenoxyethoxy)caffeine analogues do not completely fill the MAO-A active site [36].
The modeling studies predict that the inhibitors bind in a bent conformation in MAO-A
which may allow for the availability additional space in the active site. With the
availability of additional space in the MAO-A active site, larger C4 substituents may

be accommodated.

4.4. Experimental

4.4.1. Materials and instrumentation
All starting materials, unless otherwise noted, were acquired from Sigma—Aldrich and
were used without further purification. Proton (*H) and carbon (**C) NMR spectra

were recorded in CDCl; and DMSO-de¢ with a Bruker Avance lll 600 spectrometer at
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frequencies of 600 MHz and 150 MHz, respectively. Chemical shifts are reported in
parts per million (8) downfield from the signal of tetramethylsilane added to the
deuterated solvent. Spin multiplicities are given as s (singlet), d (doublet), t (triplet) or
m (multiplet). Direct insertion electron impact ionization mass spectra (EIMS) and
high resolution mass spectra (HRMS) were obtained on a DFS high resolution
magnetic sector mass spectrometer (Thermo Electron Corporation). Melting points
(mp) were measured with a Buchi M-545 melting point apparatus and are
uncorrected. The purities of the synthesized compounds were estimated by HPLC
analyses which were carried out with an Agilent 1100 HPLC system equipped with a
guaternary pump and an Agilent 1100 series diode array detector (see
Supplementary Material). HPLC grade acetonitrile (Merck) and Milli-Q water
(Millipore) was used for these chromatographic analyses. Fluorescence
spectrophotometry was conducted with a Varian Cary Eclipse fluorescence
spectrophotometer. Microsomes from insect cells containing recombinant MAO-A
and —B (5 mg/mL) and kynuramine-2HBr were obtained from Sigma—Aldrich. 8-
Chlorocaffeine (4) was prepared according to a previously reported procedure [25] by
reaction of caffeine with chlorine in chloroform. The melting point (188 °C) as well as
the NMR spectra correlated to the corresponding published values [25,42]. The 2-
phenoxyethanol analogues (5) which were required as reactants for the synthesis of
3 were prepared by reacting the appropriately substituted phenol (6) with

bromoethanol in the presence of acetone and potassium carbonate [26,27].

4.4.2. Procedures for the synthesis of the 8-(2-phenoxyethoxy)caffeine analogues (3)
For the synthesis of compounds 3a—d a method described in literature was followed
with minor modifications [43]. Metallic sodium (1.5 mmol) and the appropriately
substituted phenoxyethanol analogue (5, 21 mmol) were allowed to react at room
temperature. Following consumption of the sodium, 8-chlorocaffeine (4, 1.5 mmol)
was added and the resulting mixture was stirred for 6 hours at 150 °C. The reaction
was cooled to room temperature and the 8-(2-phenoxyethoxy)caffeine analogue was
recrystallized (at 4 °C) after the addition of ethanol (10-20 mL) to the reaction
mixture. The melting points and structure characterizations of compounds 3a—c have

been previously reported [18]. The physical data of 3d are cited below.
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The 8-(2-phenoxyethoxy)caffeine analogues 3e—j were synthesized according the
literature procedure by Baumann et al. [24] Potassium hydroxide (2 mmol) was
dissolved in 1 mL distilled water and the appropriately substituted 2-phenoxyethanol
analogue (1.85 mmol) was added to yield a solution. 8-Chlorocaffeine (4, 1.5 mmol)
was added and the resulting reaction mixture was stirred at 150 °C for 6 hours. The
reaction was cooled to room temperature and ethanol (10 mL) was added. The

resulting solution was allowed to recrystallize (at 4 °C).

4.4.2.1. 8-[2-(4-Fluorophenoxy)ethoxy]caffeine (3d)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
fluorophenoxy)ethanol. (63%) cream colored solid: mp 177 °C (from ethanol). *H
NMR (600 MHz, CDCl3;, Me,Si) 3.37 (3H, s, CHs), 3.49 (3H, s, CH3), 3.68 (3H, s,
CHa), 4.29 (2H, t, CH,, J = 4.52 Hz), 4.77 (2H, t, CH,, J = 4.52 Hz), 6.85 (2H, m,
phenyl), 6.97 (2H, m, phenyl); *C NMR (150 MHz, CDCl;, Me,Si) 27.76, 29.75,
29.90, 66.48, 69.20, 103.62, 115.69 (d), 115.90, 116.06, 146.07, 151.67, 154.45,
154.83, 155.27; HRMS m/z: calcd for CisH17FN4O4, 348.1234, found 348.12144;
Purity (HPLC): 98%.

4.4.2.2. 8-{2-[4-(Trifluoromethyl)phenoxylethoxy}caffeine (3e)

The title compound was prepared from 8-chlorocaffeine (4) and 2-[4-
(trifluoromethyl)phenoxylethanol. (3%) white solid: mp 130 °C (from ethanol). *H
NMR (600 MHz, CDCl3;, Me,Si) 3.36 (3H, s, CH3), 3.49 (3H, s, CH3), 3.67 (3H, s,
CHa), 4.37 (2H, t, CH,, J = 3.39 Hz), 4.81 (2H, t, CH,, J = 3.01 Hz), 6.97 (2H, d,
phenyl, J = 7.91 Hz), 7.54 (2H, d, phenyl, J = 7.91 Hz); *C NMR (150 MHz, CDCls,
M,Si) 27.75, 29.74, 29.90, 65.89, 68.86, 103.65, 114.52, 125.14 (q), 127.01, 127.03,
146.03, 151.65, 154.83, 155.16, 160.71; HRMS m/z: calcd for Ci7H17F3N4Ou,
398.1202, found 398.11982; Purity (HPLC): 93%.

4.4.2.3. 8-[2-(4-Methylphenoxy)ethoxy]caffeine (3f)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
methylphenoxy)ethanol). (83%) white solid: mp 144 °C (from ethanol). *H NMR (600
MHz, CDCl3;, Me,Si) 2.27 (3H, s, CHz—phenyl), 3.49 (3H, s, CH3), 3.64 (3H, s, CHjy),
3.67 (3H, s, CHs), 4.3 (2H, t, CH,, J = 4.52 Hz), 4.77 (2H, t, CH,, J = 4.52 Hz), 6.81
(2H, d, phenyl, J = 8.69 Hz), 7.07 (2H, d, phenyl, J = 8.28 Hz); *C NMR (150 MHz,
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CDCl;, Me,Si) 20.46, 27.75, 29.75, 29.89, 65.92, 69.37, 103.58, 114.51, 130.01,
130.74, 146.11, 151.68, 154.83, 155.37, 156.21; HRMS m/z: calcd for Ci7H20N4O4,
344.1485, found 344.14799; Purity (HPLC): 98%.

4.4.2.4. 8-[2-(4-Methoxyphenoxy)ethoxy]caffeine (39)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
methoxyphenoxy)ethanol. (5%) sand colored solid: mp 138 °C (from ethanol). *H
NMR (600 MHz, CDCl3;, Me,Si) 3.36 (3H, s, CH3), 3.49 (3H, s, CH3), 3.67 (3H, s,
CHa), 3.75 (3H, s, OCHs), 4.27 (2H, t, CH,, J = 4.52 Hz), 4.76 (2H, t, CH,, J = 4.52
Hz), 6.83 (2H, m, phenyl), 6.84 (2H, m, phenyl); *C NMR (150 MHz, CDCl;, Me,Si)
27.73, 29.73, 29.88, 55.70, 66.59, 69.40, 103.56, 114.69, 115.74, 146.09, 151.66,
152.43, 154.31, 154.81, 155.35; HRMS m/z: calcd for C;17H,0N4Os, 360.1434, found
360.14343; Purity (HPLC): 98%.

4.4.2.5. 8-[2-(4-lodophenoxy)ethoxy]caffeine (3h)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
iodophenoxy)ethanol. (4%) white solid: mp 160 °C (from ethanol). *H NMR (600 MHz,
CDCl;, Me,Si) 3.36 (3H, s, CH3), 3.49 (3H, s, CHy), 3.67 (3H, s, CH3), 4.29 (2H, m,
CH,), 4.77 (2H, m, CH,), 6.69 (2H, d, phenyl, J = 7.91 Hz), 7.55 (2H, d, phenyl, J =
7.53 Hz); *C NMR (150 MHz, CDCl;, Me,Si) 27.74, 29.74, 29.90, 65.85, 68.98,
83.54, 103.61, 116.95, 138.35, 146.03, 151.64, 154.81, 155.19, 158.20; HRMS m/z:
calcd for CysH17IN4O4, 456.0294, found 456.02678; Purity (HPLC): 98%.

4.4.2.6. 8-[2-(4-Cyanophenoxy)ethoxy]caffeine (3i)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
cyanophenoxy)ethanol. (8%) white solid: mp >300 °C (from ethanol). *H NMR (600
MHz, DMSO-ds, Me,Si) 3.18 (3H, s, CH3), 3.35 (3H, s, CHg), 3.56 (3H, s, CH3), 4.43
(2H, m, CHyp), 4.77 (2H, m, CH,), 7.02 (2H, d, phenyl, J = 9.04 Hz), 7.83 (2H, d,
phenyl, J = 8.66 Hz); *C NMR (150 MHz, DMSO-ds, Me,Si) 27.38, 29.50, 29.64,
65.89, 69.43, 102.69, 114.03, 126.89, 129.39, 145.53, 150.87, 153.85, 154.98,
160.47, 167.31; HRMS m/z: calcd for C17H17NsOy4, 355.1281, found 355.12751; Purity
(HPLC): 88%.
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4.4.2.7. 8-[2-(4-Nitrophenoxy)ethoxy]caffeine (3j)

The title compound was prepared from 8-chlorocaffeine (4) and 2-(4-
nitrophenoxy)ethanol. (63%) white solid: mp 178 °C (from ethanol). *H NMR (600
MHz, CDCl3, Me,Si) 3.35 (3H, s, CHj3), 3.48 (3H, s, CH3), 3.68 (3H, s, CH3), 4.43 (2H,
t, CH,, J =4.52 Hz), 4.83 (2H, t, CH, J = 4.52 Hz), 6.98 (2H, d, phenyl, J = 9.41 Hz),
8.19 (2H, d, phenyl, J = 9.04 Hz); **C NMR (150 MHz, CDCl;, Me,Si) 27.72, 29.72,
29.91, 66.35, 68.55, 103.64, 114.48, 125.93, 141.92, 145.93, 151.58, 154.76,
154.98, 163.17; HRMS m/z: calcd for C16H17NsOg, 375.1179, found 375.11723; Purity
(HPLC): 98%.

4.4.3. ICxy determinations

Microsomes from baculovirus infected insect cells expressing recombinant human
MAO-A or —-B (5 mg/mL) were pre-aliquoted and stored at —70 °C. All enzymatic
reactions were carried out in 2 mL microcentrifuge tubes in potassium phosphate
buffer (100 mM, pH 7.4) which were made isotonic with KCI (20.2 mM). The final
volumes of the reactions were 500 yL and contained MAO-A or MAO-B (0.0075
mg/mL) and various concentrations of the test inhibitor (0.003—100 pM). Stock
solutions of the test inhibitors were prepared in DMSO and added to the reactions to
yield a final concentration of 4% (v/v) DMSO. Kynuramine at concentrations of 45 pM
and 30 UM served as substrate for MAO-A and —-B, respectively. The reactions were
incubated in a water bath at 37 °C for 20 min and terminated with the addition of 400
ML NaOH (2 N). Distilled water (1000 uL) was subsequently added to each reaction,
and the concentrations of the MAO generated 4-hydroxyquinoline in the reactions
were measured by fluorescence spectrophotometry (Aex = 310 nm, Aey = 400 nm)
[39]. A linear calibration curve was constructed from solutions of authentic 4-
hydroxyquinoline (0.047-1.5 uM) dissolved in potassium phosphate buffer (100 mM,
pH 7.4) which contained 4% DMSO as co-solvent. To each standard 400 uL NaOH
(2 N) and 1000 pL distilled water was added. I1Csy values were determined by plotting
the initial rate of kynuramine oxidation versus the logarithm of the inhibitor
concentration to obtain a sigmoidal dose-response curve. For each curve, 6 different
inhibitor concentrations spanning at least 3 orders of a magnitude were used. These
data were fitted to the one site competition model incorporated into the Prism 5
software package (GraphPad). All experiments were carried out in triplicate and the

ICso values are expressed as mean + standard deviation (SD) [17].
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4.4.4. Recovery of enzyme activity after dilution

Compound 3h at a concentration equal to 10 x 1Csq (9.24 pM) and 100 x ICso (92.4
MM) for the inhibition of MAO-A was preincubated with recombinant human MAO-A
(0.75 mg/ml) was for 30 min at 37 °C in potassium phosphate buffer (100 mM, pH
7.4, made isotonic with KCI). Compound 3e was similarly preincubated with
recombinant human MAO-B (0.75 mg/ml) at a concentration equal to 10 x 1Csq (0.61
pM) and 100 x ICs, (6.1 pM). Control incubations were conducted in the absence of
inhibitor and DMSO (4%) was added as co-solvent to all preincubations. The
reactions were diluted 100-fold with the addition of kynuramine to yield final
concentrations of compounds 3h and 3e equal to 0.1 x ICsg and 1 x ICso. The final
concentration of MAO-A and —B were 0.0075 mg/mL and the concentrations of
kynuramine were 45 uM and 30 uM for MAO-A and —B, respectively. The reactions
were incubated for a further 20 min at 37 °C, terminated and the residual rates of 4-
hydroxyquinoline formation were measured as described above. The residual

enzyme catalytic rates were expressed as mean + SD.

4.4.5. QSAR study

The values of the substituent descriptors o,, F, 1, Es and V,, were obtained from
standard compilations [29,30]. The Statistica software package (StatSoft Inc.) was
used to perform the multiple linear regression analysis. To estimate the significance
of the regression equations, the F statistic was employed. An F value higher than the
critical F value (Fnha) was judged to be significant. The Fnax value for 95%
significance for models constructed from eight log ICso values (Tables 2 and 3) and
which contains one descriptor (out of a possible five: o,, F, m, Es, V,,) was calculated
to be 20.62, while the F,. value for models containing two descriptors was
calculated to be 20.85 [33].

4.4.6. Molecular modeling studies

The modeling studies were carried out in the Windows based Discovery Studio 3.1
modeling software (Accelrys) [34]. The structure of the ligand, compound 3e, was
constructed within Discovery Studio and hydrogen atoms were added to the structure
according to the appropriate protonation states at pH 7.4. The geometry of the ligand

was briefly optimized in Discovery Studio using a Dreiding-like forcefield (5000
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iterations) and atom potential types and partial charges were assigned with the
Momany and Rone CHARMmM forcefield. The crystallographic models of MAO-A
(PDB code, 275X) [36] and MAO-B (PDB code, 2V60) [37] were obtained from the
Brookhaven Protein Data Bank. The pKa values and protonation states of the
ionizable amino acids were calculated and hydrogen atoms were added at pH 7.4 to
the models. The valences of the FAD cofactors (oxidized state) and cocrystallized
ligands were corrected and the enzyme models were automatically typed with the
Momany and Rone CHARMmM forcefield. A fixed atom constraint was applied to the
backbone of the enzymes and the models were energy minimized using the Smart
Minimizer algorithm with the maximum steps set to 50000. For this procedure the
implicit generalized Born solvation model with molecular volume was used. The
cocrystallized inhibitors, waters and the backbone constraints were subsequently
deleted from the models and the binding sites were identified from the enzyme
cavities. The following active site waters are considered conserved and were
retained for the docking calculations: In the MAO-B active site, HOH 1159, 1166 and
1309 in the A-chain of 2V60 [37]; In the MAO-A active site, HOH 710, 718 and 739 of
2Z5X. Docking was subsequently carried out with the CDOCKER algorithm with the
generation of 10 random ligand conformations and a heating target temperature of
700 K in full potential mode. The docking solutions were finally refined using in situ
ligand minimization employing the Smart Minimizer algorithm. Unless otherwise
specified, all the application modules within Discovery Studio were set to their default

values. The illustrations were generated with PyMOL [44].
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Supplementary Material

S1: HPLC traces

Method: To determine the purity of the previously unreported compounds, HPLC
analyses were carried out. HPLC analyses were performed with an Agilent 1100
HPLC system equipped with a quaternary pump and an Agilent 1100 series diode
array detector. A Venusil XBP C18 column (4.60 x 150 mm, 5 pm) was used and the
mobile phase consisted initially of 30% acetonitrile and 70% MilliQ water at a flow
rate of 1 mL/min. At the start of each HPLC run a solvent gradient program was
initiated by linearly increasing the composition of the acetonitrile in the mobile phase
to 85% acetonitrile over a period of 5 min. Each HPLC run lasted 15 min and a time
period of 5 min was allowed for equilibration between runs. A volume of 20 uL of
solutions of the test compounds in acetonitrile (200 uM) was injected into the HPLC

system and the eluent was monitored at a wavelength of 254 nm.
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Acetonitrile
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S2: *H NMR and **C NMR spectra O4KNP?%\
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BC NMR
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8-[2-(4-lodophenoxy)ethoxy]caffeine (5h)

'H NMR
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8-[2-(4-Cyanophenoxy)ethoxy]caffeine (5i)
'H NMR
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BC NMR

B LT—

€05 67—
W9 67——=

<68 S
e 69—

£69°TO01

EE0vil

L6BIT]I——
8$8E°671

CESSHI
9L8°0§ | ——__

PSS EST—
FR6 TSI

FLF 091

CIE'L91

IIIIIIII:IIIIIIIIIIIIIIIIIIIIII]III|iIIIIIIII|IIIIIIIIIIIIIIIIIII|IllilIIII|II!IIIIII|IIIIIIII!|III[IIIIIIIII.iIIiIEIIIIIIiIIIlIIIIiHII|IIIIllIII|lJIIIIiII|lIIIIIIIIIIIiIIIlIIIII

153

‘]

2

-

40

&0

]

50

]

7

10

110

130

140

1%

130

160



Chapter 4

Article 2

8-[2-(4-Nitrophenoxy)ethoxy]caffeine (5j)

'H NMR
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BC NMR
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