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ABSTRACT

The chromane ring system is widely distributed in nature and has proven to be a highly potent pharmacophore in medicinal chemistry, which includes the area of
Alzheimer’s and Parkinson’s diseases. We report on the development of a gem-dimethylchroman-4-ol family that was shown to give good inhibition of equine serum
butyrylcholinesterase (egBuChE) (in the range 2.9 — 7.3 pM) and in the same range of currently used drugs. We also synthesized a small library of gem-dimethyl-
chroman-4-amine compounds, via a simple reductive amination of the corresponding chromanone precursor, that were also selective for egBuChE presenting in-
hibitions in the range 7.6 — 67 pM. Kinetic studies revealed that they were mixed inhibitors. Insights into their mechanism of action were obtained through molecular
docking and STD-NMR experiments, and the most active examples showed excellent drug-likeness and pharmacological properties predicted using Swiss-ADME. We
also prepared a set of propargyl gem-dimethylchromanamines, for monoamine oxidase (MAO) inhibition but they were only moderately active (the best being 28%
inhibition at 1 uM on MAO-B). Overall, our compounds were found to be best suited as inhibitors for BuChE.

1. Introduction

Neurodegenerative diseases such as Parkinson’s (PD) and Alz-
heimer’s disease (AD) currently represent a major global health concern;
this is exasperated by the exponential increase in elderly individuals at a
global level. AD is an age-related multifactorial disorder, characterized
by progressive cerebral atrophy leading to cognitive impairment among
elderly patients.' Some treatments for AD were introduced over the last
decades, but unfortunately, they have limited ability to slow down or
limit the disease progression and offer no cure (vide infra). Consequently,
further studies aiming at curing AD remain essential. AD is associated
with neuronal damage due to the build-up of f-amyloid (Ap) plaques
outside the neuron leading to neuronal death by disrupting the cell-to-
cell communication process, as well as the formation of abnormal
hyperphosphorylated tau proteins (neurofibrillary tangles) leading to
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blockage of nutrient transport into the neurons.” Currently, inhibition of
acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) - en-
zymes involved in the breakdown of acetylcholine (ACh) in the brain - is
the standard approach for maintaining the levels of ACh. There are only
three FDA approved drugs on the market which act as ChE inhibitors.
These include rivastigmine, galantamine and donepezil. Over the last
decade many alternatives have been described, some of which are of a
hybrid nature, that embrace the Multi-Target-Directed Ligand (MTDL)
concept’, that includes isatin-triazole hybrids and the oxindole-
piperidines recently reported by our group.*™®

Over recent years, the chromane ring system has gained attention as
a privileged scaffold in medicinal chemistry, and particularly as an
active agent for the treatment of several neurodegenerative diseases (see
the examples in Figure 1). Chromane-based units are ubiquitous in
naturally occurring and biologically active compounds. For instance,
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flavonoids which can be categorized as chromane based derivatives are
a class of polyphenolic compounds of plant origin having a broad range
of pharmacological properties.° Among chromane-based structures,
chroman-4-ones and chroman-4-ols are particularly interesting as
valuable therapeutic candidates, including neurodegenerative disor-
ders.” Chromanone scaffolds have been reported to display AChE inhi-
bition activity which occurs through binding with the PAS (peripheral
anionic site) of AChE, which was confirmed by several docking studies.®
For example, a chroman-4-one dithiocarbamate derivative was found to
be 4.5-fold more potent than Tacrine, against eeAChE (Electrophorus
electricus) (ICsp = 0.10 pM) (Figure 1).9 In addition, chroman-4-one
derivatives were proven to act as a selective inhibitor of Sirtuin-2
associated with age-related neurodegenerative disease.'’ The chroma-
nol ring system has also received considerable attention over the last
years as a valuable pharmacophoric scaffold, particularly since the
discovery of tocochromanols''; these lipid-soluble compounds widely
distributed in nature are commonly known as vitamin E. Vitamin E
displays significant potency toward oxidative stress implicated in AD by
acting as a free radical scavenger (Figure 1).

Monoamine oxidase-B (MAO-B) inhibition has also been a strategy
for treating several psychiatric and neurological disorders, including
both PD and AD.'?> MAO-B deaminates preferentially p -phenethylamine
and benzylamine. In the context of MAO-B inhibition, chromanone de-
rivatives have also shown remarkable inhibitory activity in vitro. For
example, Wang and coworkers have shown excellent activities against
MAO-B (as low as ICsp = 8.62 nM, Figure 1) in addition to high selec-
tivities (SI > 11627.9-fold for MAO-B)."*

Chromane-amines are another valuable target class that exhibit a
vast array of pharmacological properties.'* For instance, chroman-3-
amine derivatives were found to possess high affinity for the 5-HTj
receptor,'® responsible for the prevention of neuronal death, and
oxidative stress.'® Furthermore, the human Bradykinin B1 receptor
antagonist which includes a chroman-4-amine unit in its structure,'” has
been linked to the control of neuroinflammation and regulation of am-
yloid accumulation in AD mice (Figure 1).'8

As part of our ongoing interest in developing new molecules for
targeting Alzheimer’s disease, we report our recent results on the
chemistry and bioactivity of a new class of diverse chroman-4-one,
chroman-4-ols and chroman-4-amine derivatives.
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2. Results and discussion
2.1. Chemistry

2.1.1. Gem-Dimethylchroman-4-one and Chroman-4-ol derivatives

Our group reported recently a versatile and useful Pd-catalyzed
process to easily access a variety of 3,3-dimethylchroman-4-ols (2)
and 3,3-dimethylchroman-4-ones (3) using a sustainable intramolecular
Pd-catalyzed arylation on haloarene-aldehydes (1) as starting materials
(Scheme 1).'° The selectivity was controlled by the choice of the ligand
and the base, i.e. when bis[(2-diphenylphosphino)phenyl] ether (DPE-
Phos) and tetrabutylammonium acetate (TBAAc) were used the
chroman-2-ol (2) is preferred, and when triphenylphosphine (PPhs) and
potassium carbonate (K2CO3) were used the chroman-one (3) is gener-
ally preferred (Scheme 1). Good reaction scope and good yields were
observed (with yields up to 97%). Unfortunately, we could only obtain
the chroman-4-ol compounds in moderate optical purities on performing
asymmetric catalytic reactions, even under optimized conditions. Not
only were these compounds of great interest from a medicinal chemistry
perspective, particularly in the case of AD, but they all contained a gem-
dimethyl unit in the pyran ring, which is also of great significance from a
medicinal chemistry point of view since this unit is common in various
natural products of clinical interest.”” The gem-dimethyl unit generally
interacts very positively in the binding pocket of the inhibitors biolog-
ical target. A good example to demonstrate this point is the case of the
blood-pressure controlling drug, Chromakalim?° (Figure 1) and a group
of natural products called the arisugacins, that were isolated from the
culture broth of Penicillum sp. FO-4259, which were found to exhibit
strong AChE inhibition (1 and 25.8 nM, respectively).?!

To highlight the practicability of this process, we could scale-up the
reaction to gram-scale using methyltetrahydrofuran (MeTHF) as a green
solvent under the standard conditions affording the intended chroma-
none (3a) in 45% yield (Scheme 2).

2.1.2. Gem-Dimethylchroman-4-amine derivatives

Since our chroman-4-ol compounds were selective BuChE inhibitors
with good activities, it was of interest to investigate the activity of their
chroman-4-amine analogues. Besides, chiral amines are valuable core
units found in various compounds with pronounced pharmaceutical
properties. With the purpose of accessing chroman-4-amine derivatives
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L

Figure 1. Biologically active chromane-based units and the three clinically available prescribed drugs (rivastigmine, galantamine and donepezil, inset).
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Scheme 1. Pd-Catalyzed intramolecular cyclization of haloarene-aldehyde substrates (1) to afford the corresponding 3,3-dimethylchroman-4-ols (2) or 3,3

dimethylchroman-4-ones (3).
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Scheme 2. Gram-scale palladium-catalyzed synthesis of gem-2,2-dimethyl-chromanone (3a) form (1a).

we explored the reductive amination of chroman-4-one substrates. The
reductive amination reaction was conducted using a modified Leuckart
type reaction that consisted of the use of excess of ammonium acetate
(NH40Ac), aqueous ammonia and sodium cyanoborohydride
(NaBH3CN) as reducing agent. The reaction proceeded smoothly under
standard conditions affording the desired racemic amines in moderate to
good yields (attempts at developing an asymmetric route were unsuc-
cessful) (Scheme 3).

2.1.3. Propargylation and benzylation of gem-Dimethylchroman-4-amine
substrates (4)

The propargyl amine “warhead” unit has been used with consider-
able effect as an effective pharmacophore for inhibiting MAO-B. For
instance, both rasagiline, and selegiline, which are selective and cova-
lent MAO-B inhibitors bear a propargyl unit.'? In our hands, the prop-
argylation of the obtained chromane-4-amine derivatives was carried
out under mild conditions using sodium hydride (NaH), propargyl bro-
mide and dimethylformamide (DMF) as solvent (Scheme 4). In the in-
terest of obtaining enantiomerically pure samples, we also examined
enantioselective routes to these targets, but all these attempts were
unsuccessful. We were also unsuccessful in propargylating compound

(4f), which gave the corresponding di-propargyl compound (not
included in this report). In addition, it should be mentioned that suitable
benzylated units have been recognized to be key pharmacophores for
MAO inhibition. For instance, 5-benzyloxy and 6-benzyloxyisatin, as
well as some benzyloxy phthalimide and benzofuran derivatives
(including the flavone analogue glven 1n Figure 1) showed potent
hMAO-B activities in the low nM range,'? thwarting us to make the N-
propargyl-N-benzyl derivatives (5d) and (5e).

3. Biological assays
3.1. Cholinesterase inhibitory activity and SAR analysis

The newly synthesized chromane derivatives were firstly screened
for cholinesterase inhibition with eeAChE and eqBuChE. Galantamine,
which is a competitive inhibitor, was used as a positive standard. We
observed that this family is selective for BuChE, as all compounds were
inactive against AChE. The fact that these compounds were completely
selective for BuChE (see Tables 1 and 2), may be a consequence of steric
hindrance within the active site cavity originating from the gem-
dimethyl unit and thus not allowing it to enter fully within the active site
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Scheme 3. Preparation of gem-dimethylchroman-4-amines (4a)-(4f) from (31),(3g),(3h), (3a) and (3m) via reductive amination.
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Scheme 4. Propargylation of some gem-dimethylchroman-4-amines and subsequent benzylation of N-propargyl-gem-dimethylchroman-4-amines (4a) and (4b).

to inhibit the enzyme (being more pronounced in the case of AChE than
BuChE), as the active site gorge of the former is much narrower than that
of BuChE.*® However, molecular docking studies showed stable in-
teractions between the ligand and such residues as: Tyr341, Tyrl124,
Trp286 and Phe295 (see Figures s1-s4 Supporting information). The
naphthylchromanones (3g) and (3h) were the most promising com-
pounds, as they displayed the highest potency among the series, with
ICs values of 3.1 and 2.9 pM respectively (Table 1), and were slightly
more efficient than galantamine, a clinically approved drug for AD. On
comparing the naphthylchroman-4-ones with their naphthylchroman-4-
ol counterparts (2i) and (2j), it was found that the latter compounds
were 10-fold less potent, exhibiting only moderate inhibitions of 50 pM
((2i) and 33 pM (2j)), respectively. To further explore the potency of
chromane fused compounds, we tested the inhibitory activity of quin-
oline based chroman-4-one and chroman-4-ols, in this case, both com-
pounds (2k) and (3i) showed good inhibition against egBuChE with 5.0
uM ((2k) and 6.4 pM (31i)). Moreover, the potency of the chroman-4-one
and chroman-4-ol units was shown to be strongly affected by the sub-
stitution pattern and electronic effect of the substituents on the benzene
ring. For instance, unsubstituted chroman-4-ol (2a) and chroman-4-one
(3a) exhibited only moderate inhibitory activities of 40 pM ((2a)) and
43 puM ((3a)) respectively, whereas chroman-4-one (3k) with a OCF3

group at position 8 showed much higher potency (ICso = 4.3 pM). For
methoxy-substituted compounds, the position on the aromatic ring had a
drastic effect on the inhibition of BuChE, for instance chroman-4-one
(3b) with a 5-OMe substituent showed a potency of 12 pM, whilst
chroman-4-one (3l) with a 8-OMe substituent showed no activity.
However, chroman-4-ol (2b), possessing a 5-OMe group showed no
activity. For the fluorinated chroman-4-ols (2¢) and (2d), the presence
of a 7-fluoro group gave good activity (18 pM, (2d)), whilst incorpora-
tion of a 6-fluoro atom (2c) gave no activity. The opposite effect was
observed amongst the fluorinated chroman-4-ones, the 6-fluorinated
chroman-4-one (3c) showed moderate potency (33 pM), whilst its 7-
fluorinated counterpart (3d) was inactive. Chroman-4-ol (2h) contain-
ing an electron donating ethoxyl group at carbon 8, and an electron
withdrawing cyano substituent at carbon 6, was particularly active (7.3
pM) (Table 1).

Both (2k) and (3h), as model compounds, showed mixed inhibition
after conducting kinetic studies using Cornish-Bowden plots, implying
that, the inhibitor must be interacting with both, the free enzyme and
the enzyme-substrate (E-S) complex (Tables 1 and 2) (see Figure s25-
s27; SI).

We also undertook a screening of the chroman-4-amine analogues
using similar conditions. Among the tested chroman-4-amine
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Table 1
ICsp values and inhibition constants for eeAChE and eqBuChE inhibition with
gem-dimethylchroman-4-ol (2) and gem-dimethylchroman-4-one (3) derivatives.

Compound ICso (pM) ICso and K; (uM)
eeAChE™" eqBuChE™"

(2a) >100 40+5

(2b) >100 >100

(2¢) >100 >100

2d) >100 18+2

(2e) >100 28 +2

(2) >100 18+1

(2g) >100 >100

(2h) >100 7.3+0.1

(21) >100 50+5

2)) >100 33+2

(2k) >100 5.0 + 0.6
Kiga=72+19
Ky =13.7 £ 3.3
Mixed

(3a) >100 43+5

(3b) >100 12+0

(3¢c) >100 33+4

(3d) >100 >100

(3e) >100 >100

(30 >100 >100

(3g) >100 3.1+0.2

(3h) >100 29 +0.3
Kiq=2.0+0.5
Kp=6.7+14
Mixed

(3i) >100 6.4 +1.1

(3j) >100 >100

(3k) >100 4.3+0.3

3D >100 >100

Galantamine 1.29 + 0.14 5.47 £ 0.4

# Average of 4-6 different inhibitor concentrations and data obtained in
duplicate, expressed as the mean + SD.

b At 121 pM substrate concentration for AChE and 112 yM substrate con-
centration for BuChE.

Table 2
ICsp values and kinetic parameters for egBuChE inhibition by
gem-dimethylchroman-4-amines (4).

Compound ICso (uM) and K; (uM)
eqBuChE™"

(4a) 38+9

(4b) 7.6 + 0.6
Kia =9.0+ 0.8
Kip =19.1 £ 0.3

(40) 67 +4

(4d) 89+1.2
Kia=18 £ 6 uM
Kip =11 £ 2 M

(4e) 52+1

2 [S] =112 uM.

b A set of 5-6 different inhibitor concentrations was used,
and the data were obtained in duplicate and expressed as the
mean + SD.

derivatives, chroman-4-amine (4b) with a 8-OMe group provided the
highest inhibitory activity against eqgBuChE (ICsop = 7.6 pM). Unsub-
stituted chroman-4amine (4a), and 6-methyl substituted chomane-4-
amine (4e) showed moderate inhibitory activities of 38 and 52 uM,
respectively. Interestingly, the naphthylchroman-4-amine (4d) was
shown to possess good activity (ICso = 8.9 pM), particularly in com-
parison with its naphtylchroman-4-amine (4c) counterpart that was
only moderately active. The kinetic studies showed that both (4b) and
(4d) were mixed inhibitors. Furthermore, compound (4f) without a gem-
dimethyl group was also tested against both AChE and BuChE, it gave an
ICsp of > 100 pM for the former and only 54% inhibition (at the con-
centrations refered to in Table 2). This was a clear indication that the

Bioorganic & Medicinal Chemistry 68 (2022) 116807

gem-dimethyl group was important for inhibition in the case of BuChE.

3.2. MAO inhibitory activity

We also examined the MAO activity of these compounds. For this we
carried out a selective screening study against both MAO-A and MAO-B.
The former catalyzes the oxidative deamination of serotonin (5-HT),
adrenaline, noradrenaline, and clorgyline is a selective and irreversible
inhibitor'? whereas dopamine is mainly catabolized by MAO-B having
safinamide as reversible inhibitor reference.

3.2.1. MAO inhibition activity of chromanone and chromanols

The MAO inhibition activity of chromane derivatives were con-
ducted at 1 pM, using kynuramine as substrate for MAO-A and B. The
highest inhibition activities for MAO-A were obtained with chroman-4-
ol (2a) and naphthylchroman-4-one (3h), showing inhibitions of 24.3%
and 23.2%, respectively. The chroman-4-one (3f) has also proven to be
slightly active against MAO-A, displaying 20.5% inhibition (Table 3).
For MAO-B, the highest inhibition activity was obtained with
naphthylchroman-4-one (3g) (27.7%), and all other compounds showed
inhibitions of < 10%. These results were somewhat contrary to the
molecular docking studies given below, although the formation of the
expected covalent bonds with the FAD cofactor was not factored into
these calculations (vide infra).

3.2.2. MAO inhibition activity of chroman-4-amines

The selected gem-chroman-4-amines showed only low inhibitory
activity against both MAO-A and MAO-B (Table 4). In fact, they were
marginally more selective against MAO-A than for MAO-B, as the
isomeric naphthylchroman-4-amines (4d) and (4e), gave moderate in-
hibitions of 13.3% and 12.5%, respectively. Chroman-4-amine (4d) also
was the best inhibitor of MAO-B (7.5%).

3.2.3. MAO inhibition with N-propargylated chroman-4-amines.

It was also of interest to screen the N-propargyl analogues against
both MAO-A and B. We expected these analogues to exhibit good MAO
inhibition, as they contained the propargyl-amine “warhead”; a residue
present in a variety of MAO inhibitors, including rasagiline and has been
proposed to establish a covalent bond with the flavin cofactor after
putative oxidation by the FAD cofactor within MAO.?? Those examples
containing an 8-OMe unit, namely (5b) and (5e) demonstrated the best
results of 13.8 and 14.7%, respectively, albeit much lower than the
positive controls; clorgyline and Safinamide (Table 5). Surprisingly,
these values were lower than the best values obtained for their chro-
mane precursors (2) and (3), which gave values of > 20 % inhibition.
However, this might have been due to unfavorable steric hindrance from

Table 3
MAO-A and B screening results for some selected gem-dimethylchroman-4-ol (2)
and gem-dimethylchroman-4-one compounds (3).

Compound MAO-A" MAO-B*
Inhibition [%] Inhibition [%]
(2a) 24.3 +16.3 8.0 + 4.1
(2b) 11.5 + 2.3 53+21
(2¢) 16.5 + 3.7 8.3+0.7
(3a) 9.7 £5.4 9.2+ 1.7
(3b) 12.1 + 5.6 5.9 + 2.0
(3f) 20.5 +18.1 4.7 £ 2.6
(3g) 16.4 £5.0 27.7 £10.9
(3h) 23.2+43 5.1 + 4.6
(3i) 14.8 +1.3 4.8 +1.4
Control 0.0 £1.9 0.0 + 0.4
Clorgyline 99.8 + 0.1 22.6 + 2.6
Safinamide 9.6 + 8.9 94.6 + 1.0

# MAO inhibition was calculated as percentages related to control at a test
concentration of 1 uM (1 mM stock dissolved in DMSO) and given as mean + SD
of two independent experiments in duplicate.
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Table 4
MAO-A and B screening results for some selected gem-dimethylchroman-4-
amine (4) compounds.

Compound MAO-A" MAO-B*
inhibition [%)] Inhibition
[%]
(4a) —-3.8+6.7 3.7+21
(4b) -0.7 £ 21 4.3 +3.7
(4d) 13.3 + 4.5 7.5+ 1.5
(4e) 12.5 + 6.3 2.7 +2.3
(4f) —0.7 + 14 48+21
Control 0.0 +£25 0.0 + 6.6
Clorgyline 100 + 0.49 235+ 28
Safinamide 1.8 +£20 95.7 £ 0.9

@ MAO inhibition was calculated as percentages related to control at a test
concentration of 1 uM (1 mM stock dissolved in DMSO) and given as mean + SD
of two independent experiments in duplicate.

Table 5
MAO-A and B screening results for the N-propargyl gem-dimethylchroman-4-
amine derivatives (5).

Compound MAO-A" MAO-B*
Inhibition [%] Inhibition [%]
(5a) - 11.6 + 8.9
(5b) 46+1.8 13.8 £15.5
(5¢) —9.4 4+ 19° —6.8 £ 22.2
(5d) —-10.6 + 17.2 29+ 34
(5e) 43+1.9 14.7 £10.2
Control —6.0 £ 4.0 0.0 + 4.0
Clorgyline 100 + 4.0 24.2 £ 4.0
Safinamide —0.6 + 4.0 97.0 + 1.7

@ MAO inhibition was calculated as percentages related to control at a test
concentration of 1 uM (1 mM stock dissolved in DMSO) and given as mean + SD
of two independent experiments in duplicate. In some cases, the value was
negative, this is because the relative fluorescence unit (RFU) values of the in-
hibitors were higher than those of the control.

the gem-dimethyl unit. To address this issue, we attempted to synthesize
the non-gem-dimethyl N-propargyl chroman-4-amine analogues without
any success.

In order, to shed light on the possible mechanism of action of our
gem-dimethylchroman-4-amines with MAO-B we conducted a simple 'H
NMR experiment (see section 4). The results of these experiments led us
to conjecture that in fact there was no covalent binding between the
inhibitor N-propargyl unit and the FAD cofactor. In fact, a previous
Saturation Transfer Difference (STD)-NMR experiment carried out in our
group with this enzyme and commercial rasagaline mesylate, showed no
indication of the formation of a covalent bond between the terminal
propargyl carbon of the rasagline molecule and the N5 of the FAD
cofactor.”® These studies are continuing in our laboratory in order to
obtain further insights.

3.3. Docking studies

3.3.1. With hBuChE

Molecular docking simulations were performed in order to ratio-
nalize the interactions of our chromanol and chromanone compounds
with human butrylcholinesterase (hBuChE). In particular. Table 6 shows
the affinity energy of our most promising inhibitors. The binding mode
and energy of compound (3i) was also computed with the aim to
investigate the role of ketone unit in chroman-4-one in comparison to
the hydroxyl group in the chroman-4-ol (2Kk). In the case of (2k), the
molecular docking computations for both enantiomers were carried out.
These calculations indicate that (R)-(2k) should be the best inhibitor in
terms of binding affinity energy, but the poses of the two enantiomers in
the active site are almost superimposable (Figure 2). Indeed, both li-
gands perform stacking contacts with the Trp82 by means of their
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Table 6
Docking scores (kcal/mol) for binding the hBuChE active
site.
Compound Glide Score
(R)-(2k) -7.80
($)-(2k) —6.87
(3g) -6.73
(3h) —6.89
(3i) —6.65
X-ray crystal ligand® —8.68

& N-((1-(2,3-dihydro-1H-inden-2-yl)piperidin-3-yl)
methyl)-N-(2-(dimethylamino)ethyl)-2-naphthamide.

aromatic moieties, meanwhile the hydroxyl group is involved in a
hydrogen bond with the catalytic His438 backbone. Moreover com-
pound (3i) (Figure 3), lacking the hydroxyl group, was only able to
establish stacking contacts with the Phe329 and Trp231 residues. So, the
capacity of (2k) to form a hydrogen bond with the binding site residue,
could explain the better affinity energy of both enantiomers of com-
pound (2k) with respect to that of the chroman-4-one derivative (3i).
Indeed, this was confirmed in the bioassay screen (Table 1, 5pM vs 6.4
pM).

Regarding compounds (3h) and (3g) it was found that the latter was
a weaker binder. In Figure 4, it is possible to observe that both bind to
the hBuChE binding pocket with a similar configuration characterized
by stacking interactions with Trp231 and Phe329. The only difference
was the opposite orientation of the chromane moiety. It should be noted
that the co-crystallized ligand (as indicated in the footnote to Table 6) in
the X-ray crystallography study, and used as reference in our docking
studies, gave the best binding energy (-8.68 kcal/mol).

It should be noted that the docking results for some of our com-
pounds against hAChE are shown in Table s.1 (supporting information).
Compound (3h) gave the best binding energy (-8.54 kcal/mol). See also
Figure sl-s4 (supporting information) for the enzyme-ligand binding
diagram.

3.3.2. With hMAO-B

Prior to the synthesis and the bioassay of compound (5a), a molec-
ular docking simulation of both enantiomers was performed suggesting
that our N-propargylchromane-4-amine derivative could fit into the
hMAO-B pocket. Indeed, regarding (R)-(5a) seven poses were obtained
and ranked according to the Glide Score (Table 7, Figure 5 and 6 and
Figures s5-s20; supporting information).

We observed that the most stable binding modes, endowed with an
affinity energy lower than —7 kcal/mol, are superimposable and char-
acterized by stacking interactions with Tyr326 and a hydrogen bond
with I1e199. Figure 5 shows the best pose of compound (R)-(5a) sug-
gested by the docking simulation. Moreover, in the third predicted
docking pose (Figure 6) the propargylamine moiety is directed towards
the FAD cofactor establishing stacking interactions and a hydrogen bond
with Tyr326 and GIn206, respectively. All the other binding modes of
compound (R)-(5a) (Figures s5-s9; supporting information) and com-
pound (S)-(5a) docking outcomes (Figures s10-s16; supporting infor-
mation) are shown in the supporting information. Docking outcomes for
compound (S)-(5a) show a similar number of binding modes as for (R)-
(5a) with similar affinity energies (Table s2, supporting information).
Also, in one of the suggested binding geometries (Figure s13; supporting
information), our compound was calculated to orientate its propargyl-
amine moiety towards the FAD unit and perform stacking interactions
with Tyr326 and a hydrogen bond with Leul71. So, for these two en-
antiomers no relevant differences were observed by molecular docking.

Afterwards, molecular docking simulations of both enantiomers of
compounds (5b), (5¢), (5d) and (5e) were carried out (Table s3, sup-
porting information). According to the results, compounds (5d) and
(5e), endowed with the bulkiest substituents were not able to bind the
hMAO-B active site. Besides, for the other compounds of this series,
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Figure 2. Superimposition of the most stable binding mode of compounds (R)-(2k) and (S)-(2Kk) illustrated in polytube green into the hBuChE active site shown as
lilac cartoons. Interacting amino acids are depicted in lilac ball and stick representation. Light blue and yellow dotted lines represent zn-t interactions and hydrogen

bonds respectively.

Figure 3. Most stable binding mode of compound (3i) illustrated in polytube green into the hBuChE active site shown as lilac cartoons. Interacting amino acids are
depicted in lilac ball and stick representation. Light blue dotted lines represent n-n interactions.

except for (R)-(5¢), the suggested binding modes were characterized by
unfavourable contacts mainly with the Tyr398, Tyr435, Leul71 and
Cys172 residues (Figures s17-s20; supporting information). So, these
simulations indicate that the recognition of AIMAO-B by such derivatives
of (5a) may be hampered by steric hindrance. These types of unfav-
ourable binding contacts were not reported in the binding mode of the X-
ray co-crystallized ligand, chlorophenyl-chromone-carboxamide (Figure
s21; supporting information) which fitted perfectly into the hMAO-B
active site establishing a key hydrogen bond interaction with Tyr435
with an affinity energy of —9.86 kcal/mol.

3.4. NMR and saturation Transfer difference (STD)-NMR studies

In order to gain an insight into the interaction of our chromane units
with eqBuChE, we performed an STD-NMR study on the most potent
chromanone (3h) and chromane-4- amine (4b) units. STD-NMR is a very
useful validation technique®* which we have used previously with suc-
cess in the past.”®

3.4.1. STD-NMR of (3h)
On analysis of the 'H NMR spectrum shown in Figure 7 we observed
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Figure 4. Superimposition of the most stable binding mode of compounds (3h) and (3g) illustrated in polytube green into the hBuChE active site shown as lilac
cartoons. Interacting amino acids are depicted in lilac ball and stick representation. Light blue dotted lines represent n-n interactions.

Table 7
Docking scores (kcal/mol) of each pose of compound
(R)-(5a) for binding hMAO-B active site.

Pose ranking Glide Score
Ist —7.58
2nd —7.54
3rd —6.67
4th —6.42
5th —5.64
6th —4.84
7th —4.39

an upfield shift of all the ligand protons indicating extensive magnetic
shielding by the eqBuChE enzyme. Also, the signals for H5, H4 and H2
overlap which may be due to significant interaction with the enzyme.
The graph of the STD amplification factor as a function of saturation
time is shown in the supporting information (Figure s22; SI). As can be
seen from the epitope intensity map shown in Figure 7, it is the aromatic
protons that are affected the most, with attenuations in the range
92-100%. This was in fact supported by the docking study (Figure 4),
showing good proximity of the Trp231 (acyl binding pocket) and
Phe329 (anionic site) aromatic residues with the inhibitor aromatic
protons presumably via n-t interactions. The H-7 methylene protons are
the least attenuated protons, indicating weaker interactions with the
aromatic enzyme residues.

3.4.2. STD-NMR of (4b)

Analysis of the STD epitope map shown in Figure 8 (inset, the most
attenuated protons i.e. H2 and H3 were set to 100%) shows that the
aromatic H1 and the methoxyl hydrogens are also significantly attenu-
ated, meaning that they are presumably also very close to the enzyme
active site residues; Trp231 and Phe329, as are H2 and H3. The methyl
group hydrogens (H5; 47% and 39% respectively) have a lower relative
STD value indicating that they should be further away from the protein
active site residues. Hydrogens H4 and H6, gave almost no STD response
indicating that they should be the farthest from the active site surface
residues.

3.5. NMR study of (5a) with MAO-B

As discussed in section 3.2.1. in an attempt to understand if our N-
propargylated amine (5a) could form a covalent bond with the FAD
cofactor, we carried out a decisive NMR study on the interaction of this
ligand with the MAO-B enzyme. The 'H NMR experiment was performed
by mixing (5a) (0.016 mM) in MeOD with MAO-B (0.0084 mM) in 50
mM of potassium phosphate buffer (pH 7.4) in an NMR tube, which was
incubated at 37 °C for 20 min. During this incubation time, the 'H NMR
spectra were recorded every 5 min, and we observed no significant
differences between the different spectra. By comparing the spectrum of
inhibitor (5a) with the mixture of inhibitor (5a) and MAO-B after 20 min
(see Fig. s12, SI), we observed some shielding effects on the inhibitor
protons, mainly on the propargyl proton, probably due to complexation
with the enzyme. However, the existence of the propargyl hydrogen
peak in all the recorded spectra was a clear indication that there was no
covalent bond formed between the propargyl carbon and the FAD
nitrogen.

3.6. Calculated physicochemical properties

Molecular, druglikeness and pharmacokinetic properties were
determined for some selected compounds using the SwissADME free-
ware suite (Table 8).26

These simulations revealed that our compounds showed very good
properties, and all were compliant with the druglikeness rules of Lip-
inski, Ghose, Veber, Egan and Muegge, as well as giving zero PAINS
(Pan-Assay Interference Compounds) alerts (Table 8). Compounds (3g)
and (3h) showed the best lipophilicities for membrane penetration. Out
of interest and for comparative purposes we also conducted the same
simulations for our benchmarks, namely, galantamine, clorgyline and
safinamide (Table 8). Compounds (2k) and (4b) showed good total
surface area values, comparable to galantamine, indicating good bind-
ing to aromatic and hydrophobic units in the enzyme active site. As
blood-brain-barrier (BBB) penetration is a crucial issue, gratifyingly our
simulations showed that all the selected compounds showed good BBB
penetration. They were also predicted to have high gastro-intestinal (GI)
permeation.
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Figure 5. Most stable binding mode of (R)-(5a) derivative into hMAO-B active site shown in purple. The ligand and interacting amino acids are illustrated in green
polytubes and purple thin tubes; FAD cofactor is displayed in purple spacefill. Light blue and yellow dotted lines respectively indicate stacking interactions and

hydrogen bonds.
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Figure 6. 3rd stable binding mode of (R)-(5a) derivative into hMAO-B active site shown in purple. The ligand and interacting amino acids are illustrated in green
polytubes and purple thin tubes; FAD cofactor is displayed in purple space-fill. Light blue and yellow dotted lines respectively indicate stacking interactions and

hydrogen bonds.
4. Conclusions

In this study, we screened several chromane-based compounds
against eeAChE and eqBuChE (the common models currently used to
determine ChE inhibition). Compounds (2k) (chromanol), (3g) (chro-
manone) and (3h) (chromanone), showed moderate activity against
eqBuChE. All our chromane compounds showed no inhibition of

eeAChE. Compounds (2a) and (3g) showed moderate activity against
MAO-A and MAO-B, with inhibitions of > 20 %, and surprisingly were
more active than those obtained for the N-propargylated derivatives (5).
Steric hindrance due to the presence of the 3-gem-dimethyl unit was
considered the reason for the moderate to low activity of these prop-
argylated amines. In fact, a 1H NMR study of (5a) with MAO-B failed to
reveal the formation of a covalent bond between the propargyl terminal
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Figure 7. (top) 'H NMR spectrum of eqBuChE (4.2 pM) with (3h) (1.47 mM) (x 350). (bottom) STD-NMR spectrum at 3 s of saturation time. H1 was set to 100%. The
NMR spectra were recorded at 22 °C. The inset shows the epitope intensities derived from the initial STD build-up rates (see SI) and normalized to the largest value
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Figure 8. (top) 'H NMR spectrum of egBuChE (4.0 uM) with (4b) (0.8 mM) (x 200). (bottom) STD-NMR spectrum at 4 s of saturation time. H2 and H3 were set to
100%. The NMR spectra were recorded at 20 °C. The inset shows the epitope intensities derived from the initial STD build-up rates (see Fig. s23; SI) and normalized
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Table 8
Molecular properties for selected compounds (from SwissADME).

Bioorganic & Medicinal Chemistry 68 (2022) 116807

Compound MW (g/mol) MLOGP?’ LogS*® #H-bond acceptors #H-bond donors TPSA PAINS #alerts
(2k) 229.27 1.72 —-2.8 3 1 42.35 0
(3g) 226.27 2.30 -3.8 2 0 26.30 0
(3h) 226.27 2.30 -3.8 2 0 26.30 0
(4b) 207.27 1.40 —2.27 3 1 44.48 0
Galantamine 287.35 1.74 —2.34 4 1 41.93 0
Clorgyline 272.17 3.64 —4.15 2 0 12.47 0
Safinamide 302.34 2.41 -3.19 4 2 64.35 0

MW = molecular weight; #H-bond = number of hydrogen bonds; TPSA = topological polar surface area (A2).

carbon and N5 of the FAD cofactor, but these studies are still ongoing in
our group. Molecular docking and STD-NMR studies indicated the mode
of action of these inhibitors within the enzyme active site. With regard to
druglikeness, our most active compounds were compliant with the
Lipinski, Ghose and other druglikeness compliance rules, and showed
good, simulated lipophilicities, as well as BBB and GI penetration. We
are currently investigating methods (including biocatalytic means) for
accessing chroman-4-amines and derivatives, as well as hybridizing
these entities with other key pharmacophores.

5. Experimental
5.1. Synthesis

General considerations: Reagents were obtained from Sigma Aldrich,
Acros, Strem and Alfa Aesar and were used as received. The solvents
used were dried using standard laboratory techniques. Reactions with
transition metal catalysts were conducted in a Radley’s 12-position
carousel reactor under a nitrogen atmosphere or in round-bottom
flasks. Column chromatography was carried out on silica gel (Carlo
Erba, 40-63 pm (flash) and 60-200 pm, 60A). Thin-layer chromatog-
raphy (TLC) was carried out on aluminum-backed Kieselgel 60 pas4
plates (Merck and Machery Nagel).

Plates were visualized either by UV light or with phosphomolybdic
acid in ethanol. NMR spectra were recorded with a Bruker Avance III
instrument (400 MHz) with a broad band probe. Chemical shifts are
quoted in parts per million (ppm) relative to § = 0.0 ppm and were
referenced to the appropriate non-deuterated solvent peak. Coupling
constants (J) are reported in Hz and refer to apparent peak multiplic-
ities. Splitting patterns are reported as s, singlet; d, doublet; t, triplet; m,
multiplet; br, broad.

Low-resolution mass spectra (LRMS) were recorded with a quadru-
pole mass spectrometer Waters ZQ4000 and high-resolution mass
spectra (HRMS) on a Thermo Orbitrap Q-exactive focus at a resolution of
70,000 at the Chemistry Department, University of Salamanca (by Dr.
César Raposo). ESI was used as ionization method, and the samples were
dissolved in methanol. In the case of the HRMS, an alternating method
between positive and negative modes was applied and the mode with
best signal was used for the determination of the exact mass.

5.1.1. General Procedure for the preparation of the aldehydes

To a round-bottom flask, under a nitrogen atmosphere, was added
the following: bromoaryl alcohol ether substrate (3.9 mmol), pyr-
idinium chlorochromate (PCC) (2 equivalents), celite (twice the mass of
the PCC used) and freshly distilled DCM (10 mL). The reaction was left
stirring overnight at room temperature. The solvent was evaporated
under reduced pressure and 20 mL of hexane/AcOEt (5/1) was added to
the flask. The mixture was filtered using a sintered glass filter with a
layer of celite and a layer of silica gel and washed with 50 mL of hexane/
AcOEt (1/1). The solvents were evaporated under reduced pressure to
furnish the desired product without further purification.

3-(2-Bromophenoxy)-2,2-dimethylpropanal (1a)'° Orange oil
(81% yield). 'H NMR (CDCl3, 400 MHz) &: 1.27 (s, CHs, 6H), 4.00 (s,
CH,, 2H), 6.82-6.90 (m, Ar, 2H), 7.23-7.27 (t, J = 8 Hz, Ar, 1H),
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7.51-7.53 (d, J = 8 Hz, Ar, 1H), 9.71 (s, CHO, 1H). 13¢ NMR (CDCls,
100 MHz) 6: 19.3, 74.0, 73.6, 112.5, 113.3, 122.3, 128.5, 133.4, 155.0,
204.5.

3-(2-Bromo-3-methoxyphenoxy)-2,2-dimethylpropanal (1b)'°:
Pale orange oil (57% yield). H NMR (CDCl3, 400 MHz) &: 1.26 (s, CHg,
6H), 3.88 (s, OCHs, 3H), 4.00 (s, CHy, 2H), 6.54-6.58 (t, J = 8 Hz, Ar,
2H), 7.18-7.22 (t, J = 8 Hz, Ar, 1H), 9.71 (s, CHO, 1H). 3*C NMR (CDCls,
100 MHz) &: 19.3, 47.0, 56.5, 73.8,101.7,105.1, 105.8, 128.33, 156.34,
157.35, 204.6.

3-(2-Bromo-4-fluorophenoxy)-2,2-dimethylpropanal (1¢)'°: Pale
yellow oil (87% yield). 'H NMR (CDCl3, 400 MHz) &6: 1.26 (s, CH3, 6H),
3.96 (s, CHy, 2H), 6.82-6.85 (m, Ar, 1H), 6.94-6.99 (m, Ar, 1H),
7.27-7.29 (m, Ar, 1H), 9.69 (s, CHO, 1H). 13C NMR (CDCl3, 100 MHz) 6:

19.3, 47.0, 74.3, 112.6-112.7, 113.9-114.0, 114.6-114.9,
120.44-120.7, 151.76-151.79, 155.78-158.2, 204.4.
3-(2-Bromo-5-fluorophenoxy)-2,2-dimethylpropanal ad's:

Pale yellow oil (62% yield). 'H NMR (CDCl3, 400 MHz) &: 1.27 (s, CHg,
6H), 3.97 (s, CHy, 2H), 6.56-6.65 (m, Ar, 2H), 7.42-7.46 (m, Ar, 1H),
9.67 (s, CHO, 1H). 3C NMR (CDCls, 100 MHz) &: 19.3, 46.8, 73.6,
101.3-101.6, 106.62-106.66, 108.8-109.0, 133.5-133.6, 155.8-155.9,
161.4-163.9, 204.1.
3-(2-Bromo-4,5-difluorophenoxy)-2,2-dimethylpropanal (1e)'*:
Pale yellow oil (84% yield). 'H NMR (CDCl3, 400 MHz) &: 1.26 (s, CH3,
6H), 3.94 (s, CHy, 2H), 6.73-6.78 (m, Ar, 1H), 7.34-7.38 (t, J = 8 Hz, Ar,
1H), 9.66 (s, CHO, 1H). 3¢ NMR (CDCl3, 100 MHz) &: 19.3, 46.9, 74.3,
102.8-103.0, 105.7-105.8, 121.4-121.6, 143.4-146.0, 148.3-151.6,
150.7-150.9, 203.9.
3-Bromo-4-(2,2-dimethyl-3-oxopropoxy)benzonitrile an's:
Colourless oil (82% yield). 'H NMR (CDCls, 400 MHz) &: 1.28 (s, CHs,
6H), 4.06 (s, CHy, 2H), 6.92-6.94 (d, J = 8 Hz, Ar, 1H), 7.56-7.59 (m,
Ar, 1H), 7.79-7.80 (d, J = 4 Hz, Ar, 1H), 9.64 (s, CHO, 1H). 3C NMR
(CDCl3, 100 MHz) 6: 19.3, 46.8, 73.4,106.6,112.8,112.9,117.7,133.1,
136.7, 158.5, 203.6.
3-(2-Bromo-4-methylphenoxy)-2,2-dimethylpropanal  (1g)'":
Pale yellow oil (73% yield). 'H NMR (CDCl3, 400 MHz) &: 1.28 (s, CHs,
6H), 2.29 (s, CHs, 3H), 3.99 (s, CHy, 2H), 6.79-6.81 (d, J = 8 Hz, Ar,
1H), 7.05-7.07 (d, J = 8 Hz, Ar, 1H), 7.36-7.37 (m, Ar, 1H), 9.73 (s,
CHO, 1H). 13C NMR (CDCl3, 100 MHz) &: 19.3, 20.3, 47.0, 73.9, 112.2,
113.4,128.9, 132.1, 133.8, 153.0, 204.7.
3-Bromo-4-(2,2-dimethyl-3-oxopropoxy)-5-ethoxybenzo nitrile
(1i)'°: Pale yellow oil (54% yield). *H NMR (CDCls, 400 MHz) &: 1.23 (s,
CHs, 6H), 1.45-1.49 (t, J = 8 Hz, CH3,3H), 4.03-4.08 (m, CHj, 4H), 7.06
(s, Ar, 1H), 7.42 (s, Ar, 1H), 9.75 (s, CHO, 1H). '3C NMR (CDCls, 100
MHz) &: 14.6, 19.0, 47.4, 63.3, 77.1,108.7, 115.6, 117.6, 118.2, 128.9,
149.3, 153.0, 204.5.
3-((1-Bromonaphthalen-2-yl)oxy)-2,2-dimethylpropanal (1j)19:
Pale yellow oil (78% yield). 'H NMR (CDCl3, 400 MHz) &: 1.32 (s, CHgs,
6H), 4.15 (s, CHy, 2H), 7.23-7.25 (d, J = 8 Hz, Ar, 1H), 7.39-7.43 (t, J =
8 Hz, Ar, 1H), 7.55-7.59 (t, J = 8 Hz, Ar, 1H), 7.77-7.81 (t, J = 8 Hz, Ar,
2H), 8.20-8.22 (d, J = 8 Hz, Ar, 1H), 9.78 (s, CHO, 1H). 13¢ NMR
(CDCl3, 100 MHz) 5: 19.4, 47.2,74.8,109.9, 115.1, 124.7, 126.3, 127.9,
128.1, 129.0, 130.2, 133.2, 153.0, 204.6.
3-((7-Bromoquinolin-8-yl)oxy)-2,2-dimethylpropanal 1K'
Brownish oil (41% yield). H NMR (CDCl3, 400 MHz) &: 1.32 (s, CHgs,



A. Moutayakine et al.

6H), 4.48 (s, CHy, 2H), 7.39-7.44 (m, Ar, 2H), 7.62-7.65 (m, Ar, 1H),
8.10-8.12 (d, J = 8 Hz, Ar, 1H), 8.88-8.90 (m, Ar, 1H), 10.02 (s, CHO,
1H). 13¢ NMR (CDCl3, 100 MHz) &: 19.1, 47.7, 78.9, 116.4, 121.5,
124.1, 129.1, 130.8, 136.2, 143.2, 150.0, 152.2, 205.8.

3-(2-Bromo-6-methoxyphenoxy)-2,2-dimethylpropanal  (11)'°:
pale yellow oil (82% yield). 1H NMR (CDCl3, 400 MHz) 5: 1.23 (s, CHs,
6H), 3.83 (s, CHs, 3H), 4.00 (s, CH, 1H), 6.83-6.85 (d, J = 8 Hz, Ar, 1H),
6.90-6.94 (t, J = 8 Hz, Ar, 1H), 7.10-7.12 (d, J = 8 Hz, Ar, 1H), 9.82 (s,
CHO, 1H). '3C NMR (CDCls, 100 MHz) 8:18.9, 29.7, 47.3, 56.1, 111.7,
117.7, 124.8, 125.2, 145.0, 153.7, 205.3.

3-(2-Bromo-6-(trifluoromethoxy) phenoxy)-2,2-dimethylpropa-
nal (1m)'%: pale yellow oil (75% yield).lH NMR (CDCl3, 400 MHz) &:
1.31 (s, CH3, 6H), 4.02 (s, CH,, 2H), 6.77-6.78 (d, J = 4 Hz, Ar, 2H),
7.54-7.56 (d, J = 12 Hz, Ar, 1H), 9.71 (s, CHO, 1H). '3C NMR (CDCls,
100 MHz) &: 19.2, 46.8, 73.5, 106.5, 110.2, 114.3, 119.0, 121.5, 133.6,
149.0, 155.7, 203.8.

5.1.2. General Procedure for the preparation of chromanols and
chromanones derivatives

To a Radley’s® 12 position carousel reactor tube was added
PdCl3(CH3CN), (10 mol%), the ligand (25 mol%), the corresponding
bromoaryl aldehyde substrate (100 mg), the base (3 equivalents) and
1,4-dioxane (2 mL). The reaction was left stirring at 120 °C for 18 h
under a nitrogen atmosphere. The solvent was evaporated under
reduced pressure and the crude product was purified by silica gel
chromatography using Hexane/AcOEt (9/1) as eluent, affording the
desired products.

3,3-Dimethylchroman-4-ol (2a)'’: pale orange oil (44% yield). Bii
NMR (CDCl;, 400 MHz) &: 0.97 (s, CHs, 3H), 1.04 (s, CHs, 3H),
3.74-3.77 (d, J = 12 Hz, CHy, 1H), 3.96-3.99 (d, J = 12 Hz, CH2, 1H),
4.26 (s, CH, 1H), 6.82-6.84 (d, J = 8 Hz, Ar, 1H), 6.91-6.95 (t, J = 8 Hz,
Ar, 1H), 7.19-7.22 (m, Ar, 1H), 7.32-7.34 (d, J = 8 Hz, Ar, 1H). °C
NMR (CDCl3, 100 MHz) &: 19.5, 22.6, 33.4, 71.8, 72.4, 116.6, 120.8,
124.2, 129.6, 129.8, 153.6.

5-Methoxy-3,3-dimethylchroman-4-ol (2b)'°: White solid (18%
yield). m.p. = 66.7-68.00C. 'H NMR (CDCl3, 400 MHz) &: 0.93 (s, CHgs,
3H), 1.09 (s, CHs, 3H), 3.65-3.68 (d, J = 12 Hz, CH2, 1H), 3.86 (s,
OCHgs, 3H), 3.93-3.95 (d, J = 8 Hz, CHy, 1H), 4.45 (s, CH, 1H),
6.45-6.52 (m, Ar, 2H), 7.12.7.16 (t, J = 8 Hz, Ar, 1H). 13¢ NMR (CDCls,
100 MHz) &: 20.3, 22.8, 33.1, 55.6, 67.1, 70.9, 102.2, 109.8, 113.3,
129.3, 154.5, 158.9. MS (ESI) m/z: 191 [M]"(-OH).

6-Fluoro-3,3-dimethylchroman-4-ol (2¢)": Dark brown oil (40 %
yield). 'H NMR (CDCl3, 400 MHz) &: 0.98 (s, CHs, 3H), 1.02 (s, CHs, 3H),
3.73-3.76 (d, J = 12 Hz, CH,, 1H), 3.92-3.94 (d, J = 8 Hz, CH,, 1H),
4.26 (s, CH, 1H), 6.74-6.78 (m, Ar, 1H), 6.87-6.92 (m, Ar, 1H),
7.04-7.07 (m, Ar, 1H). 3¢ NMR (CDCl3, 100 MHz) 6: 19.0, 22.6, 29.8,
72.3, 72.4, 115.2-115.4, 116.2-116.4, 117.5-117.5, 125.1-125.2,
149.6-149.7, 155.9-158.3. MS (ESI) m/z: 179 [M] " (~OH).

7-Fluoro-3,3-dimethylchroman-4-ol @d)'’: Yellow oil (97%
yield). 'H NMR (CDCls, 400 MHz) &: 0.94 (s, CHs, 3H), 1.03 (s, CHs, 3H),
3.73-3.76 (d, J = 12 Hz, CH,, 1H), 3.95-3.98 (d, J = 12 Hz, CH,, 1H),
4.21 (s, CH, 1H), 6.52-6.55 (m, Ar, 1H), 6.61-6.66 (m, Ar, 1H),
7.24-7.28 (t,J = 8 Hz, Ar, 1H). 13C NMR (CDCls, 100 MHz) 5: 19.5, 33.4,
71.9, 71.9, 103.5-103.7, 108.0-108.2, 120.1-120.2, 131.0-131.1,
154.8-154.9, 162.1-164.6. MS (ESI) m/z: 219.12 [M] "Na.

6,7-Difluoro-3,3-dimethylchroman-4-ol (2e)'%: Pale yellow oil
(63% yield). 'H NMR (CDCls, 400 MHz) &: 0.96 (s, CHs, 3H), 1.01 (s,
CHs, 3H), 3.73-3.75 (d, J = 8 Hz, CH», 1H), 3.91-3.93 (d, J = 8 Hz, CH,,
1H), 4.21 (s, CH, 1H), 6.60-6.64 (m, Ar, 1H), 7.11-7.16 (m, Ar, 1H). 3¢
NMR (CDCl;, 100 MHz) &: 19.0, 33.2, 71.9, 72.3, 105.2-105.4,
117.0-117.2, 119.8-119.9, 143.8-146.4, 149.2-151.8, 149.8-149.9.
MS (ESI) m/z: 197 [M]"(-OH).

4-Hydroxy-3,3-dimethylchromane-6-carbonitrile (2f)'°: Pale or-
ange oil (42% yield). 4 NMR (CDCl3, 400 MHz) &: 0.97 (s, CHs, 3H),
1.02 (s, CHs, 3H), 3.83-3.86 (d, J = 12 Hz, CH,, 1H), 4.00-4.03 (d, J =
12 Hz, CH2, 1H), 4.30 (s, CH, 1H), 6.86-6.88 (d, J = 8 Hz, Ar, 1H),
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7.44-7.47 (m, Ar, 1H), 7.68 (s, Ar, 1H). 13¢ NMR (CDCl3, 100 MHz) &:
18.9, 22.4, 33.2, 71.6, 72.8, 103.9, 117.6, 119.3, 125.2, 133.2, 134.3,
157.6. MS (ESI) m/z: 186 [M]11(-OH).

3,3,6-Trimethylchroman-4-ol (2g)m: Pale yellow oil (31% yield).
TH NMR (CDCl3, 400 MHz) &: 0.96 (s, CH3, 3H), 1.03 (s, CHs, 3H), 1.73
(s br, OH, 1H), 2.28 (s, CH3, 3H), 3.71-3.73 (d, J = 8 Hz, CH,, 1H),
3.93-3.95 (d, J = 8 Hz, CH,, 1H), 4.21 (s, CH, 1H), 6.72-6.74 (d, J = 8
Hz, Ar, 1H), 6.99-7.02 (m, Ar, 1H), 7.12 (s, Ar, 1H). 13¢ NMR (CDCl3,
100 MHz) &: 19.5, 20.6, 22.6, 33.4, 71.7, 72.5, 116.3, 123.8, 130.03,
130.06, 130.3, 151.4. MS (ESI) m/z: 175 [M]'(-OH).

8-Ethoxy-4-hydroxy-3,3-dimethylchromane-6-carbonitrile
(2h)'°: pale orange oil (42% yield). 'H NMR (CDCl3, 400 MHz) 6: 0.96
(s, CHs, 3H), 1.02 (s, CHs, 3H), 1.45-1.48 (m, CH3, 3H), 3.90-3.93 (d, J
=12 Hz, CHj, 1H), 4.05-4.10 (m, CHy, 3H), 4.26 (s, CH, 1H), 6.98 (s, Ar,
1H), 7.31-7.32 (m, Ar, 1H). 13¢ NMR (CDCl3, 100 MHz) &: 14.6, 19.0,
22.5, 33.0, 64.9, 71.5, 72.9, 103.2, 114.5, 119.4, 125.9, 126.6, 147.65,
147.67. MS (ESI) m/z: 248 [M] ™.

3,3-Dimethyl-3,4-dihydro-2H-benzo [g] chromen-4-ol 2i)'%: Pa
le brownish solid (32% yield). m.p. = 75.1-77.0 °C. TH NMR (CDCls,
400 MHz) &: 1.03 (s, CH3, 3H), 1.07 (s, CH3, 3H), 3.85-3.87 (d, J = 8 Hz,
CH2, 1H), 4.09-4.12 (d, J = 12 Hz, CH,, 1H), 4.52 (s, CH, 1H), 7.21 (s,
Ar, 1H), 7.28-7.32 (t, J = 8 Hz, Ar, 1H), 7.38-7.42 (t, J = 8 Hz, Ar, 1H),
7.67-7.69 (d, J = 8 Hz, Ar, 1H), 7.74-7.76 (d, J = 8 Hz, Ar, 1H), 7.87 (s,
Ar, 1H). 3C NMR (CDCl3, 100 MHz) &: 19.1, 22.6, 33.6, 72.5, 73.2,
111.0, 123.7, 126.4, 126.6, 126.72, 127.76, 128.82, 128.89, 134.6,
151.8. MS (ESI) m/z: 229 [M]*.

2,2-Dimethyl-2,3-dihydro-1H-benzo [f] chromen-1-ol (2j)'°: Yel-
low solid (11% yield). m.p. = 113.5-116.0 °C. 'H NMR (CDCls, 400
MHz) 8: 0.96 (s, CHs, 3H), 1.18 (s, CHs, 3H), 1.95-1.97 (s br, OH, 1H),
3.78-3.81 (m, CHy, 1H), 4.07-4.09 (d, J = 8 Hz, CH,, 1H), 4.71-4.72 (d,
J =4 Hz, CH, 1H), 7.05-7.07 (d, J = 8 Hz, Ar, 1H), 7.35-7.39 (t,J =8
Hz, Ar, 1H), 7.52-7.56 (t, J = 8 Hz, Ar, 1H), 7.70-7.72 (d, J = 8 Hz, Ar,
1H), 7.76-7.79 (m, Ar, 1H), 8.08-8.10 (d, J = 8 Hz, Ar, 1H). *C NMR
(CDCl3, 100 MHz) 6: 20.9, 22.5, 33.3, 68.2, 70.2, 114.8, 118.8, 122.0,
123.6, 127.2, 128.7, 129.4, 130.4, 133.3, 151.4. MS (ESI) m/z: 211
[M]"(-OH).

3,3-Dimethyl-3,4-dihydro-2H-pyrano [3,2-h] quinolin-4-ol
(2k)'°: Brownish oil (57% yield). 'H NMR (CDCls, 400 MHz) &: 0.99 (s,
CHs, 3H), 1.09 (s, CH3, 3H), 4.05-4.07 (d, J = 8 Hz, CH,, 1H), 4.18-4.21
(d, J = 12 Hz, CH,, 1H), 4.37 (s, CH, 1H), 7.30-7.32 (d, J = 8 Hz, Ar,
1H), 7.35-7.39 (m, Ar, 1H), 7.47-7.49 (d, J = 8 Hz, Ar, 1H), 8.04-8.06
(d, J = 8 Hz, Ar, 1H), 8.86-8.87 (m, Ar, 1H). 3¢ NMR (CDCl3, 100 MHz)
5:19.6, 22.7, 33.4,72.2,72.6,119.3,121.6, 121.7,128.0, 129.0, 135.9,
139.4, 149.1, 149.4. MS (ESI) m/z: 230 [M] ™.

3,3-Dimethylchroman-4-one (3a)'’: pale yellow oil (75% yield).
H NMR (CDCl3, 400 MHz) &: 1.20 (s, CHs, 6H), 4.14 (s, CH,, 2H),
6.94-6.96 (d, J = 8 Hz, Ar, 1H), 6.99-7.03 (t, J = 8 Hz, Ar, 1H),
7.43-7.47 (m, Ar, 1H), 7.88-7.90 (d, J = 8 Hz, Ar, 1H). '3C NMR (CDCls,
100 MHz) &: 20.5, 41.7, 76.7,117.7, 119.6, 121.5, 127.8, 135.6, 161.2,
197.4.

5-Methoxy-3,3-dimethylchroman-4-one (3b)'°: Pale yellow solid
(35% yield). m.p. = 51.9-53.0 °C. 'H NMR (CDCl3, 400 MHz) 5: 1.18 (s,
CHs, 6H), 3.89 (s, OCH3s, 3H), 4.09 (s, CHy, 2H), 6.50-6.56 (m, Ar, 2H),
7.33-7.37 (t,J = 8 Hz, Ar, 1H). 13C NMR (CDCl3, 100 MHz) 6: 20.8, 42.3,
56.2, 76.2, 103.9, 109.8, 135.6, 161.4, 163.0, 196.3. MS (ESI) m/z: 207
M1+,

6-Fluoro-3,3-dimethylchroman-4-one (3c) 19. pale yellow oil (35%
yield). 1H NMR (CDCl3, 400 MHz) &: 1.20 (s, CH3, 6H), 4.13 (s, CH,,
2H), 6.92-6.96 (m, Ar, 1H), 7.16-7.21 (m, Ar, 1H), 7.53-7.55 (m, Ar,
1H). ¥c NMR (CDCl;, 100 MHz) §: 20.5, 41.7, 76.9, 112.6-112.8,
119.3-119.4, 123.1-123.4, 156.2, 157.50-157.51, 158.6, 196.6-196.7.

7-Fluoro-3,3-dimethylchroman-4-one 3d)'’: pale yellow solid
(22% yield). m.p. = 51.3-52.9 °C. THNMR (CDCl3, 400 MHz) &: 1.38 (s,
CHs, 6H), 3.81 (s, CHy, 2H), 6.58-6.64 (m, Ar, 2H), 7.46-7.49 (m, Ar,
1H). 3C NMR (CDCls, 100 MHz) &: 26.1, 70.2, 77.4, 101.6-101.9,
106.6-106.7, 108.8-109.1, 133.5-133.6, 155.9-156.0, 161.5-164.0,
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196.1. MS (ESI) m/z: 219 [M]'Na.

6,7-Difluoro-3,3-dimethylchroman-4-one (3e)'’: Brownish oil
(41% yield). H NMR (CDCl3, 400 MHz) &: 1.19 (s, CH3, 6H), 4.14 (s,
CH2, 2H), 6.75-6.79 (m, Ar, 1H), 7.64-7.69 (m, Ar, 1H). *C NMR
(CDCl3, 100 MHz) &: 20.6, 41.4, 106.3, 106.5, 114.9, 115.1, 115.7,
144.8, 144.9,147.2, 147.3,153.7, 153.8, 156.3, 156.4, 157.9, 158.1,
195.3. MS (ESI) m/z: 212 [M]™.

8-Ethoxy-3,3-dimethyl-4-oxochromane-6-carbonitrile 3H':
Yellow solid (42% yield). m.p. = 90.3-92.9 °C. 14 NMR (CDCl3, 400
MHz) &: 1.21 (s, CHs, 6H), 1.49-1.53 (t, J = 8 Hz, CH3, 3H), 4.09-4.15
(q, J = 8 Hz, CH2, 2H), 4.29 (s, CH2, 2H), 7.16 (s, Ar, 1H), 7.82 (s, Ar,
1H). 13C NMR (CDCl3, 100 MHz) &: 14.5, 20.3, 41.5, 65.3, 77.4, 104.7,
118.2, 118.4, 120.2, 124.4, 148.8, 154.5, 195.3. MS (ESI) m/z: 246
M1*.

3,3-Dimethyl-2,3-dihydro-4H-benzo [g] chromen-4-one  (3g)'":
Pale orange oil (80% yield). H NMR (CDCl3, 400 MHz) &: 1.29 (s, CHgs,
6), 4.21 (s, CHy, 2H), 7.34-7.38 (t, J = 8 Hz, Ar, 2H), 7.49-7.53 (t,J =8
Hz, Ar, 1H), 7.71-7.73 (d, J = 8 Hz, Ar, 1H), 7.88-7.90 (d, J = 8 Hz, Ar,
1H), 8.54 (s, Ar, 1H). '3C NMR (CDCls, 100 MHz) &: 20.5, 42.5, 76.4,
112.3, 120.4, 124.5, 126.5, 128.5, 129.0, 129.8, 137.6, 156.6, 197.8.
HRMS (ESI): m/z calculated for C15H;405 [M + H]™: 227.10718, found
227.10665.

2,2-Dimethyl-2,3-dihydro-1H-benzo [f] chromen-1-one  (3h)'%:
Pale yellow oil (91% yield). H NMR (CDCl3, 400 MHz) &: 1.26 (s, CHgs,
6H), 4.26 (s, CHy, 2H), 7.08-7.10 (d, J = 8 Hz, Ar, 1H), 7.40-7.44 (t, J =
8 Hz, Ar, 1H), 7.61-7.65 (t, J = 8 Hz, Ar, 1H), 7.74-7.76 (d, J = 8 Hz, Ar,
1H), 7.90-7.92 (d, J = 8 Hz, Ar, 1H), 9.48-9.50(s, Ar, 1H). 1°C NMR
(CDCl3, 100 MHz) &: 21.0, 42.0, 76.5,110.9, 118.6, 124.7,125.9, 128.4,
129.4,129.5, 132.0, 137.1, 163.0, 198.6.

3,3-Dimethyl-2,3-dihydro-4H-pyrano [3,2-h] quinolin-4-one
(3i)"°: Pale yellow oil (93% yield). *H NMR (CDCls, 400 MHz) &: 1.27 (s,
CHs, 6H), 4.47 (s, CHy, 2H), 7.38-7.40 (d, J = 8 Hz, Ar, 1H), 7.51-7.54
(m, Ar, 1H), 7.96-7.98 (d, J = 8 Hz, Ar, 1H), 8.11-8.14 (m, Ar, 1H),
8.96-8.97 (m, Ar, 1H). 3¢ NMR (CDCl3, 100 MHz) 6: 20.7, 41.3, 77.8,
116.9, 120.3, 123.6, 124.0, 132.7, 136.2, 140.1, 150.2, 158.5, 197.2.

3,3-Dimethyl-2,3-dihydro-4H-pyrano [2,3-b] pyridin-4-one
(3j)'°: Pale yellow solid (41% yield). m.p. = 53.0-55.9 °C. 'H NMR
(CDCl3, 400 MHz) &: 1.21 (s, CH3, 6H), 4.25 (s, CHy, 2H), 7.06-7.09 (m,
Ar, 1H), 8.24-8.26 (d, J = 8 Hz, Ar, 1H), 8.44-8.45 (m, Ar, 1H). °C
NMR (CDCl3, 100 MHz) &: 20.4, 41.5, 75.8, 114.2, 118.7, 137.9, 154.6,
165.5, 197.0. MS (ESI) m/z: 178 [M]™.

3,3-Dimethyl-8-(trifluoromethoxy)chroman-4-one (3k): pale
yellow oil (38% yield).'"H NMR (CDCls, 400 MHz) &: 1.20 (s, CHs, 6H),
4.17 (s, CH,, 2H), 6.80 (s, CH, Ar,1H), 6.84-6.86 (d, J = 8 Hz, Ar,
1H),7.92-7.94 (d, J = 8 Hz, Ar, 1H).'°C NMR (CDCls, 100 MHz) 5: 20.3,
41.6, 108.9, 113.6, 116.3, 117.8, 118.9, 121.5 (q, J = 258 Hz), 124.1
129.8, 154.3, 162.1, 195.9. HRMS (ESI): calculated for C1,H;1F303 [M
+ H]": 261.0738, found 261.0733.

8-Methoxy-3,3-dimethylchroman-4-one (31): pale yellow oil (78
% yield)."H NMR (CDCls, 400 MHz) &: 1.20 (s, CHs, 6H), 3.90 (s, CHs,
3H), 4.23 (s, CHy, 2H), 6.93-6.97 (t, J = 8 Hz, Ar, 1H),7.03-7.04 (d, J =
4 Hz, Ar, 1H), 7.48-7.50 (d, J = 8 Hz, Ar, 1H).'>C NMR (CDCls, 100
MHz) 6: 20.4, 41.5,56.1,77.1,116.1,118.8, 120.0, 120.9, 148.5, 150.9,
197.2. HRMS (ESI): calculated for C;5H;403 [M + H]™: 207.1021, found:
207.1015.

3,3,6-Trimethylchroman-4-one (3m)'°: Colorless oil; mixture of
substrate (1g) and ketone (3m), impossible to separate by silica gel
chromatography. 1H NMR (CDCl3, 400 MHz) 6: 1.19 (s, CHs, 6H), 2.26
(s, CHs, 3H), 4.11 (s, CHy, 2H), 6.84-6.86 (d, J = 8 Hz, Ar, 1H),7.25-7.28
(m, Ar, 1H), 7.68 (s, Ar, 1H). '3C NMR (CDCls, 100 MHz) &: 20.53,
20.62, 41.73, 76.77, 117.51, 119.19, 127.38, 130.94, 136.76, 159.29,
197.65.

5.1.3. General Procedure for the synthesis of chroman-4-amine derivatives
To a solution of the chromanone substrate (3) (1 mmol) in EtOH (3
mL), in an Ace® pressure flash was added 25% aqueous ammonia (5mL),
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ammonium acetate (20 equivalents) and sodium cyanoborohydride (2.5
equivalents). The mixture was allowed to stir at 120 °C for several hours,
monitored by TLC. After consumption of the substrate, the mixture was
cooled to room temperature followed by removal of ethanol under
reduced pressure. Then, aqueous NaOH (2 M) solution was added to the
crude mixture until pH = 10-12, then, the solution was extracted with
AcOEt. The organic phase was dried, and the solvent was evaporated.
Flash chromatography was performed using AcOEt/Hexane (2/1) as
eluent furnishing the desired compound.

3,3-Dimethylchroman-4-amine (4a): pale yellow oil (57% yield).
H NMR (CDCls, 400 MHz) 5: 0.96 (s, CHs, 3H), 0.97 (s, CHs,3H), 1.77
(s, NHy, 2H), 3.59 (s, CH, 1H), 3.72-3.75 (d, J = 12 Hz, CH, 1H),
3.95-3.98 (d, J = 12 Hz, CH, 1H), 6.78-6.80 (d, J = 8 Hz, Ar, 1H),
6.89-6.92 (m, Ar, 1H), 7.12-7.16 (t, J = 8 Hz, Ar, 1H), 7.35-7.36 (d, J =
4 Hz, Ar, 1H).13C NMR (CDCl3, 100 MHz) &: 19.1, 23.4, 32.8, 55.2, 72.6,
116.2, 120.5, 125.6, 128.3, 129.1, 153.5. HRMS (ESI): calculated for
C11H;sNO [M + H]': 178.1232, found: 178.1226.

8-Methoxy-3,3-dimethylchroman-4-amine (4b): pale yellow oil
(81% yield). H NMR (CDCl3, 400 MHz) &: 0.97 (s, CHs, 3H), 0.98 (s,
CH3,3H), 1.50 (s, NHj, 2H), 3.58 (s, CH, 1H), 3.81-3.83 (d, J = 8 Hz, CH,
1H), 3.86 (s, CH3, 3H), 4.03-4.06 (d, J = 12 Hz, CH, 1H), 6.75-6.77 (d, J
= 8 Hz, Ar, 1H), 6.84-6.88 (t, J = 8 Hz, Ar, 1H), 6.95-6.97 (d, J = 8 Hz,
Ar, 1H).">C NMR (CDCl3, 100 MHz) &: 19.2, 23.4, 32.7, 55.1, 55.8, 72.9,
109.7, 120.1, 120.8, 126.6, 142.8, 147.8. HRMS (ESI): calculated for
C12H17NO2 [M + H]™: 208.1337, found 208.1332.

3,3,6-Trimethylchroman-4-amine (4c): pale yellow oil (74%
yield). "TH NMR (CDCls, 400 MHz) &: 0.96 (s, CHs, 3H), 0.97 (s, CHs, 3H),
1.77 (s, NHo, 2H), 2.27 (s, CHs, 3H), 3.56 (s, CH, 1H), 3.70-3.73 (d, J =
12 Hz, CH, 1H), 3.91-3.94 (d, J = 12 Hz, CH, 1H), 6.69-6.71 (d, J = 8
Hz, Ar, 1H), 6.94-6.96 (d, J = 8 Hz, Ar, 1H), 7.16 (s, Ar, lH).l?’C NMR
(CDCl3, 100 MHz) &: 18.0, 19.5, 22.4, 31.8, 54.3, 71.6, 114.9, 124.5,
127.9, 128.3, 128.6, 150.2. HRMS (ESI): calculated for C1,H;7NO [M-
(NH2]": 175.1123, found 175.1115.

3,3-Dimethyl-3,4-dihydro-2H-benzo [g] chromen-4-amine (4d):
pale yellow oil (72% yield). 1H NMR (CDCl3, 400 MHz) 5: 1.00 (s, CHs,
3H), 1.06 (s, CHs, 3H), 1.58 (s, NH,, 2H), 3.85 (s, CH, 1H), 3.88-3.90 (d,
J = 8 Hz, CH, 1H), 4.10-4.12 (d, J = 8 Hz, CH, 1H), 7.21 (s, Ar, 1H),
7.28-7.33 (m, Ar, 1H), 7.38-7.42 (t, J = 8 Hz, Ar, 1H), 7.69-7.71 (d, J =
8 Hz, Ar, 1H), 7.76-7.78 (d, J = 8 Hz, Ar, 1H), 7.95 (s, Ar, 1H),13C NMR
(CDCl3, 100 MHz) 6:18.5, 23.3, 33.1, 56.2, 73.6, 110.6, 123.3, 126.0,
126.2,127.4,127.8,128.3,128.8, 133.9, 152.2. HRMS (ESI): calculated
for C;5H7NO [M + H]': 228.1388, found: 228.1382.

2,2-Dimethyl-2,3-dihydro-1H-benzo [f] chromen-1-amine (4e):
pale yellow oil (76% yield). ' NMR (CDCl3, 400 MHz) &: 0.98 (s, CHs,
3H), 1.12 (s, CHs, 3H), 1.89 (s, NH,, 2H), 3.71-3.74 (d, J = 12 Hz, CH,
1H), 4.07 (s, CH, 1H), 4.19-4.22 (d, J = 8 Hz, CH, 1H), 7.03-7.06 (d, J =
12 Hz, Ar, 1H), 7.32-7.36 (t, J = 8 Hz, Ar, 1H), 7.50-7.54 (t, J = 8 Hz,
Ar, 1H), 7.65-7.68 (d, J = 12 Hz, Ar, 1H), 7.76-7.78 (d, J = 8 Hz, Ar,
1H), 8.02-8.04 (d, J = 12 Hz Ar, 1H). 13¢ NMR (CDCl3, 100 MHz) &:
20.3, 22.5, 31.5, 49.7, 68.6, 115.4, 117.7, 120.6, 122.0, 125.7, 127.7,
128.0, 128.3, 132.0, 149.7. HRMS (ESI): calculated for C15H17NO [M-
(NH)1": 211.1123, found: 211.1113.

Chroman-4-amine (40)°°: TH NMR (CDCl3, 400 MHz) &: White
solid (40% yield). 1.80-1.87 (m, NH5,CH,3H), 2.12-2.19 (m, CH, 1H),
4.02-4.05 (m, CH, 1H), 4.19-4.30 (m, CH,, 2H), 6.80-6.82 (d, J = 8 Hz,
Ar, 1H), 6.88-6.92 (t, J = 8 Hz, Ar, 1H), 7.12-7.16 (t, J = 8 Hz, Ar, 1H),
7.29-7.30 (d, J = 8 Hz, Ar, 1H). 3C NMR (CDCls, 100 MHz) &: 32.0,
45.0, 62.7, 116.9, 120.5, 126.4, 128.5, 128.8, 154.2. MS (ESI) m/z:
133.07 [M-(NH5)]", 133.09.

5.1.4. General Procedure for the propargylation of chroman-4-amine
derivatives

Under a nitrogen atmosphere, the chroman-4-amine derivative (4a),
(4b) and (4c¢) (0.56 mmol) was added to a round bottom flask, then
dissolved in dry DMF (4 mL). Sodium hydride (1.3 equivalents) was
added to the reaction mixture and left to stir for 30 mins followed by
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dropwise addition of a solution of propargyl bromide (1.5 equivalents).
The reaction mixture was allowed to stir for 24 h, at room temperature.
After total consumption of the starting material, a saturated solution of
NH4Cl was added, and the organic phase was extracted with Et,O and
dried using anhydrous magnesium sulfate. Concentration under reduced
pressure, followed by flash chromatography delivered the desired
compound.

3,3-Dimethyl-N-(prop-2-yn-1-yl)chroman-4-amine (5a): pale
yellow oil (65% yield). 'H NMR (CDCls, 400 MHz) &: 0.93 (s, CHs, 3H),
1.02 (s, CHs, 3H), 1.42 (s, NH, 1H), 2.37(s, CH, 1H), 3.44 (s, CH, 1H),
3.50 (s, CHg, 2H), 3.65-3.68(d, J = 8 Hz, CH, 1H), 4.04-4.07 (d, J = 12
Hz, CH, 1H), 6.79-6.82 (d, J = 12 Hz, Ar, 1H), 6.86-6.90 (t, J = 8 Hz, Ar,
1H), 7.14-7.18 (t, J = 8 Hz, Ar, 1H), 7.31-7.33(d, J = 8 Hz, Ar, 1H). 13¢
NMR (CDCl3, 100 MHz) &: 21.2, 23.6, 33.3, 38.1, 59.3, 71.4, 71.7, 83.1,
116.4, 120.1, 123.6, 128.7, 130.7, 153.3. HRMS (ESI): calculated for
C14H17NO [M + H]': 216.1388, found: 216.1382.

8-Methoxy-3,3-dimethyl-N-(prop-2-yn-1-yl)chroman-4-amine
(5b): pale yellow oil (75% yield). 1H NMR (CDCl3, 400 MHz) 5:0.94 (s,
CHjs, 3H), 1.02 (s, CHs, 3H), 1.49 (s, NH, 1H), 2.33 (s, CH, 1H), 3.43 (s,
CH, 1H), 3.50-3.52(d, J = 8 Hz, CH,, 2H), 3.78-3.81 (d, J = 12 Hz, CH,
1H), 3.86 (s, CHs, 3H), 4.08-4.10 (d, J = 8 Hz, CH,1H), 6.76-6.78 (d, J
= 8 Hz, Ar, 1H), 6.82-6.86 (t, J = 8 Hz, Ar, 1H), 6.95-6.97 (d, J = 8 Hz,
Ar, 1H). 3C NMR (CDCls3, 100 MHz) &: 20.5, 22.5, 32.3, 37.3, 54.8, 58.2,
70.7, 75.6, 82.0, 109.0, 118.7, 121.3, 123.3, 141.7, 147.0. HRMS (ESI):
calculated for C15sH;9NO5 [M + H]™: 246.1494, found 246.1486.

3,3,6-Trimethyl-N-(prop-2-yn-1-yl)chroman-4-amine (5c): pale
yellow oil (53% yield). lH NMR (CDCl3, 400 MHz) &: 0.93 (s, CH3, 3H),
1.01 (s, CHs, 3H), 1.56 (s, NH, 1H), 2.27 (s, CH, 1H), 2.34 (s, CHgs, 3H),
3.38 (s, CH, 1H), 3.51-3.53(t, J = 4 Hz, CH,, 2H), 3.62-3.64 (d, J = 8
Hz, CH, 1H), 4.00-4.03(d, J = 8 Hz, CH,1H), 6.69-6.71 (d, J = 8 Hz, Ar,
1H), 6.95-6.97 (d, J = 8 Hz, Ar, 1H), 7.10 (s, Ar, 1H)."’C NMR (CDCls,
100 MHz) &: 22.5, 23.3, 33.8, 39.9, 57.1, 70.6, 72.0, 115.1, 118.8,
121.7, 123.1, 126.7, 128.8, 129.4, 132.9. HRMS (ESI): calculated for
C15H1oNO [M + H]™: 230.1545, found 230.1536.

5.1.5. General Procedure for the benzylation of N-(prop-2-yn-1-yD)
chroman-4-amine derivatives

The corresponding N-(prop-2-yn-1-yl) chroman-4-amine derivative
(5a) or (5b), was dissolved in dry DMF (2 mL), followed by addition of
K2COs3 (1.2 equivalents). The reaction mixture was allowed to stir for 1
h, then benzyl bromide (1.2 equivalents) was added. The reaction was
heated to 100 °C. After consumption of the starting material, the reac-
tion mixture was allowed to cool, then diluted with H,O (5 mL). The
organic phase was extracted with Et;0 and dried with anhydrous
magnesium sulfate. After evaporation of the solvent under reduced
pressure, and flash chromatography purification the final product was
obtained.

N-Benzyl-3,3-dimethyl-N-(prop-2-yn-1-yl)chroman-4-amine
(5d): pale yellow oil (63% yield). ' NMR (CDCl3, 400 MHz) 6: 1.01 (s,
CHs, 3H), 1.22 (s, CHs, 3H), 2.38 (s, NH, 1H), 3.41 (s, CH, 1H),
3.49-3.60 (q, J = 16 Hz, CH,, 2H), 3.77-3.79 (d, J = 8 Hz CH, 1H),
4.15-4.17(d, J = 8 Hz, CH, 1H), 6.88-6.90 (d, J = 8 Hz, Ar, 1H),
6.97-7.01(t, J = 8 Hz, Ar,1H), 7.22-7.29 (m, Ar, 2H), 7.32-7.38 (q, J =
8 Hz, Ar, 4H), 7.45-7.47(d, J = 8 Hz, Ar, 1H).'*C NMR (CDCl3, 100
MHz) &: 20.7, 23.1, 34.2, 42.1, 52.3, 55.0, 63.3, 70.60, 71.5, 80.5, 115.3,
118.7, 119.4, 125.9, 127.2, 127.4, 127.7, 130.7, 138.9, 153.0. HRMS
(ESI): calculated for Co1HosNO [M + H]™: 306.1858, found 306.1848.

N-Benzyl-8-methoxy-3,3-dimethyl-N-(prop-2-yn-1-yl)chroman-
4-amine (5e): pale yellow oil (70 % yield). IH NMR (CDCl3, 400 MHz) 6:
0.98 (s, CHs, 3H), 1.18 (s, CHs, 3H), 1.59 (s, NH, 1H), 2.34 (s, CH, 1H),
3.35-3.36 (d, J = 4 Hz CHj, 2H), 3.44-3.55 (m, CHy, 2H), 3.75 (s, CH,
1H), 3.90 (s, CHs, 3H), 4.16-4.19 (d, J = 12 Hz, CH, 1H), 6.81-6.83(d, J
= 8 Hz, CH,1H), 6.88-6.92 (t, J = 8 Hz Ar, 1H), 7.03-7.05 (d, J = 8 Hz,
Ar, 1H), 7.23-7.31(m, Ar, 5H).'C NMR (CDCl3, 100 MHz) &: 20.7, 23.1,
28.6, 29.9, 34.1, 42.0, 54.7, 63.1, 70.8, 71.5, 80.5, 108.9, 118.2, 120.1,
122.5, 125.9, 127.2, 127.4, 138.9, 142.3, 146.9. HRMS (EI) calculated
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for CopHasNO» [M + Na]™: 358.1783, found 358.1776.

5.2. Bioassays

5.2.1. - Cholinesterase inhibition

The inhibitory activities of title compounds against commercially
available cholinesterases (eeAChE) (Electrophorus electricus, Type V-S),
eqBuChE (equine serum)) were conducted using minor modifications of
Ellman’s assay°’ in a double-beam Hitachi U-2900 spectrophotometer,
using 2 mL-PS cuvettes. Reactions were performed in 50 uM phosphate
buffer (pH 8.0) in the presence of 0.975 mM DTNB (Ellman’s reagent);
stock inhibitors solutions were prepared in DMSO, and the solvent was
kept at 1.25% concentration in the cuvette.

A preliminary screening was conducted using a 100 uM inhibitor
concentration and [S] = Ky (121 uM for AChE and 112 uM for BuChE).
Substrates were commercially available acetylthiocholine and S-butyr-
ylthiocholine iodides. The enzyme was dissolved in water in such a
concentration so as to keep the reaction rate within 0.12-0.15 Abs/min
at the highest substrate concentration used in the experiment (4 x Kyy).
Reactions (in the presence and in the absence of inhibitors) were initi-
ated by the addition of the enzyme and monitored (T = 25 °C) for 125 s
at 405 nm.

For those compounds showing %I > 50% at 100 uM concentration,
ICs values were calculated by plotting %I vs. log[I] (4-6 different in-
hibitor concentrations) using a second-order equation fit; data were
obtained in duplicate, and are expressed as average + SD. For IC5g < 10
uM, inhibition constants (Ki’s) and mode of inhibition were obtained; for
this purpose, 5 different substrate concentrations (1/4 x Ky to 4 x Ky)
and 3-4 different inhibitor concentrations (giving roughly 30-80% in-
hibition) were used. Kinetic parameters (Ky, Vimax) Were obtained using
a nonlinear regression analysis (GraphPad Prism 8.01). Mode of inhi-
bition was obtained using the Cornish-Bowden plots (1/v vs. [I], [S]/v
vs. [11).%

For the mixed-type inhibition observed for the strongest inhibitors
herein, Ki’s were calculated using the following equations:

1
Koy =K Kia
M .app Ml T ,LLM
Vinax
Vmax,app = 1 ;‘L[L]

Kia

Kwyapp = Apparent Kyi; Viax,app = apparent Viay; Kj, = inhibitory
constants for the inhibitor binding the free enzyme; Kj;, = inhibitory
constant for the inhibitor binding the E-S complex.

5.2.2. — Monoamine oxidase inhibition

One-point screening of monoamine oxidases was conducted for both
MAO-A and B isoforms. A discontinuous fluorimetric assay was con-
ducted to determine inhibition of MAO-A and B as described previ-
ously.’” The substrate Kynuramine was used for recombinant
membrane-bound MAO-A and MAO-B (Sigma-Aldrich, MO, USA) at two-
fold Ky concentration (Ky = 30 uM for MAO-A and Ky = 20 uM for
MAO-B). The mixture in a total volume of 100 pL was pipetted onto flat-
bottomed black 96-well plates (No. 655076, greiner bio-one GmbH,
Austria). This procedure was partially automated using an EVO freedom
pipetting robot (Tecan Trading AG, Switzerland). The enzyme reaction
was stopped after 20 min incubation (37 °C) by addition of 35 pL sodium
hydroxide (2 N). The remaining enzyme activity was determined by
detection of 4-hydroxyquinoline (Agx = 320 nm, Agy, = 405 nm) using an
infinite M1000 Pro microplate reader (Tecan Trading AG, Switzerland).
Product formation in the absence of inhibitor was used as control to
calculate the percentage of inhibition at a test concentration of 1 uM. At
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least two independent experiments were performed in duplicate and
reported as mean =+ standard deviation (%) using clorgyline and safi-
namide as references.

5.3. - Saturation Transfer difference (STD) NMR

The NMR spectroscopy experiments were performed on a Bruker
Avance III 400 MHz spectrometer equipped with a 5 mm broadband
(PABBO BB/19F-1H/D Z-GRD) resonance probe head. NMR and STD-
NMR experiments were carried out with solvent suppression and a 10
ms spinlock filter after the 90° pulse to reduce residual signals from the
protein. For selective saturation, cascades of Gaussian pulses with a
length of 50 ms and 40-60 dB of attenuation were employed, with an
interpulse delay of 1 ms.?* The on-resonance and off-resonance fre-
quencies were set to 0 and 12000 Hz, respectively. STD-NMR controls
were performed using the ligand itself. Blank experiments were per-
formed to guarantee the absence of direct saturation of the ligand proton
signals. The relaxation delay was properly adjusted so that the experi-
ment time length was kept constant at 6.5 s. Water suppression at 1880
Hz (4.7 ppm) was conducted. A sweep-width of 8012.82 Hz (20.03 ppm)
was employed. Specifically, the saturation time to obtain the STD
buildup curves were recorded at 0.25, 0.5, 1, 2, 3, 4, and 5 8.4

A 5 pM egBuChE (equine) solution was prepared in a D20. 8.8 mM
and 4.8 mM stock solutions were prepared for compound (3h) and (4b),
respectively. Samples for NMR analysis were prepared by adding 100 pL
of the ligand to a500 pL enzyme solutions.

5.4. Molecular modelling

5.4.1. Cholinesterases

All molecular modelling studies were executed by means of the
Schrodinger Suite version 2018-13% and Maestro GUI°* was used to
build the 3D theoretical structures of all our derivatives. The hChEs
recognition was explored by means of molecular docking experiments.
Particularly, high-resolution Protein Data Bank (PDB)35 human crys-
tallographic structures in non-covalent complexes with known in-
hibitors available, deposited with codes 4EY7°® and 5NN0°’, were
adopted as receptor models of hAChE and hBuChE isoforms respectively.
Because the limits of the PDB file format, both structures were manip-
ulated before to be taken into account as receptors in our docking sim-
ulations: missing atoms and bond order were fixed, hydrogen atoms
were added, and co-crystallized water solvent molecules and ligands
were deleted. After such pre-treatments, Glide® algorithm was applied
to obtain ligands configurations in the enzymatic binding pockets using
a box of about 27,000 A% centred on the catalytic serine residues. Li-
gands structural flexibility was taken into account by the corresponding
software implementation sampling a maximum of 10 docking configu-
rations for ligand. The binding affinity was estimated by means of the
Standard Precision (SP) scoring function and the top ranked complexes
according to Glide Score were considered for the binding modes
graphical analysis.

5.4.2. MAO-B

The docking study was executed by means of the Schrodinger Suite
version 2018-1% and Maestro GUI** was used to build the 3D theoret-
ical structure of our ligand. The high-resolution Protein Data Bank (PDB)
human crystallographic model deposited with code 6FW0*°, was
adopted as receptor models of AIMAO-B. Taking into account the limits of
the PDB file format, the target structure was handled prior to be
considered as receptor in our docking computation: missing atoms and
FAD bond order were fixed, hydrogen atoms were added. However, the
co-crystallized water solvent molecules and the ligand chlorophenyl-
chromone-carboxamide were erased. After such pre-treatments, the
Glide algorithm was used to generate ligand configurations in the
enzymatic cleft using a box of about 64,000 A® centred on the FAD N5
atom. Ligand structural flexibility was taken into account by the

Bioorganic & Medicinal Chemistry 68 (2022) 116807

corresponding software implementation sampling a maximum of 10
docking configurations. The binding affinity was estimated by means of
the Standard Precision (SP) scoring function and the complexes were
ranked according to the Glide Score.
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