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Abstract

The a430 subtype of they-aminobutyric acid (GABA) type A receptors (GARRS) has been
shown to be implicated in high-affinity binding d¢ie neuromodulatoy-hydroxybutyric acid
(GHB), but may not be the only GHB high-affinitynding sites. Monastrol has been identified as a
modulator of GHB high-affinity binding and is fughmore reported as an allosteric modulator
selective for then;f,0 GABAaRS. Therefore, structural determinants for selé@gtiat the two
targets were investigated. 39 structural diverseastrol analogues were synthesized by employing
the Biginelli cyclocondensation and examined farduation of GHB high-affinity binding using
the GHB-specific ligand®H]NCS-382 [E,RS)-6,7,8,9-tetrahydro-5-hydroxyHsbenzocyclohept-6-
ylidene)acetic acid] in rat brain homogenate. Olntyited modifications were allowed on the
monastrol scaffold in order to maintain modulatadnGHB high-affinity binding. However, three
analogues of monastral, 12 and24) enhanced the maximal binding 3H[NCS-382 to a higher
maximal level than seen for monastrol itself. Sieldccompounds were further characterized as
modulators ati1320, aifzy2s andaspf, GABAARS. Most of these modulators were shown to ltave
specific GABA-potentiating effects. The dual effettown for monastrol to modulate the GHB
high-affinity binding andu;3,6 GABAAR activity was also shown for the compourids 18 and

24. Compound?9 displayed minimal modulatory effect on GARRs and therefore appears to be a
GHB high-affinity binding preferring modulator. Hewer, compound34 and37 were shown to be
a1P20 GABAAR selective modulators, without modulatory effeats GHB high-affinity binding.
Thus, our study shows that minor modificationsha structure of monastrol affects the selectivity

profile for the two targets under study enablingasation of the dual activity.
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Highlights (3-5 bullet points (max 85 character s))
- 39 structural diverse monastrol analogues werehegized
- Structural determinants for modulatory activity asdectivity were identified

- Modulators selective far1326 GABAaR and high-affinity GHB binding were identified



1. Introduction

y-Hydroxybutyric acid (GHB) is a small endogenoumpound proposed to be a neuromodulator in
the mammalian braih.GHB is both chemically and pharmacologically retatoy-aminobutyric
acid (GABA), the main inhibitory neurotransmitter ihe brain. GHB was first synthesized as a
brain permeable GABA analogue in the 1980&md simultaneously GHB was found to be a
naturally occurring metabolife GHB has a complex pharmacology, comprising botfh-hiand
low-affinity binding sites: * GABAg receptors are well-established low-affinity binglisites for
GHB at which GHB acts as a weak partial agohi§tMany of the effects observed with
exogenously administered GHB have been ascribatid0GABAs receptors, e.g. hypothermia,
dopamine release and sedaffoh® ® *° The 0,85 GABA4 receptors (GABARS) have, however,
been shown to be implicated in GHB high-affinitpdiing"* and were shown to account for up to
40% of the GHB high-affinity binding, whereas thlemaining 60% of GHB high-affinity binding

sites remain elusive.

The GABAsRsare pentameric ligand-gated chloride ion-channéiey can be assembled from 19
different GABAWR subunitsiig, P13, Vis O, €, 6, T, andp.-3-2 forming receptors showing distinct
function and distribution depending of the subuo@mpositiom> Synaptic GABARs are
predominantly composed ofy, a,, and/oras in combination withB,3 andy, subunits, thex;3,y.
representing the major subtype, wheréaontaining GABAR have been shown to be located
extrasynaptically and mediate tonic inhibitibit* Specifically, a1/3-containing GABAR have
been shown to be present in hippocampal internsugrssibly mediating high sensitivity towards
ethanol™® a3, receptors have been suggested to be silent resetbtat upon modulation by

endogenous neurosteroids could exert profound iiimi'®

Selective ligands targeting the orthosteric GHB hkadfinity binding sites are highly useful
pharmacological tools for studying these in isolafi NCS-382 is representing a structural class of
GHB analogues showing selectivity and high nanomaf@nity for the GHB high-affinity binding
sites'” So far, the main focus has been on the developofeBHB-like ligands for targeting the
orthosteric GHB high-affinity binding sites and wnilecently allosteric modulators have been

reported®

Allosteric modulators have, on the other hand, beilely used to target and study the GAB®s

including benzodiazepines, barbiturates, steroidg aaturally occurring compounds. Most



GABAAR modulators are non-selective towards the GARAsubtype¥ but a few compounds
have been shown to have some selectivity towargésdtbontaining receptors. DS1, D¥2
AA29504", ethyl 4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,243etrahydropyrimidine-5-
carboxylate (monastroll) and the monastrol analogue JM-II-43/are such compound&lore
specifically, the synthetic compound monastrol is reported tecsieely modulate thew;p0
GABAAR subtyp€? Recently, monastrol and catechin were identifisdttze first GHB high-
affinity allosteric modulators in a library screegiof natural compounds and known GABRA
modulators® The aim of this study was to dissect the struttdegerminants of monastrol for
modulating GHB high-affinity binding and;f.0 GABAAR activity, respectively, assuming these

effects are mediated via different molecular tesget
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Figure 1. a Structures of GHB, GABA, NCS-382, and iheelective GABA receptors modulators
DS2, AA29504, monastrollf and JM-II-34 87). B General structure of the target monastrol
analoguesZ-41).

2. Results



2.1. Chemistry

A series of monastrol analogues were synthesizeglucidate the structure-activity relationship
(SAR) for the modulatory effect of monastrol on GHEjh-affinity binding andu;5,6 GABAAR
activity. The structural design of analogues wasebaon systematic investigation of different parts
of the 3,4-dihydropyrimidin-2#)-thione scaffold constituting the core scaffold minastrol
(Figure 1): the aromatic ring system and substigi€R,), the urea moiety (X, R Rs), the methyl
substituent (&) and the acyl substituent{R

The synthetic procedures for the synthesis of camge 1-41 are depicted in Scheme 1.
Compoundsl-11, 13, 14, 17, 19-21, 25, 28-30, 32-34 and 36-37 were synthesized according to
modified procedures previously described in therditure (please refer to Experimental Section for
further information). The Biginelli three componegaction involving cyclocondensation of a 1,3-
dicarbonyl, an aromatic aldehyde and urea or te&tir>* was used to synthesize the target
compounds as racemic mixtures. Analogues?, 24-39) differing in the R, R4, Rs and X regions
were synthesized using a microwave-mediated Biljineaction employing ytterbium(lil)
trifluoromethanesulfonate (Yb(OBjJ) to catalyze the reactidn. The vyields varied greatly
depending on the substituents. This procedure sthowet to be applicable foN-substituted
thioureas. Instead, analoguks23 were synthesized by a modified Biginelli reactimsing TMSCI

to catalyze the reaction of 3-hydroxybenzaldehypdleyl acetoacetate afdisubstituted thiouredS.
The bicyclic productil was synthesized by TBDMS-protection of the phgmolip of monastrol to
give 40, thereafter cyclization by the usem®BuLi and 1,2-dibromoethane to obtain the cyclized
product, subsequent deprotection with MeONa gawe dbsired compoundl as previously
described for similar compounds.The two enantiomers of monastrol were separatedaon
Chiralpak IF semi-prep column (10x250 mmu®), using a flow of 6 ml/min, injection size of app
5 mg and heptane/2-propanol (90:10) as the molhisg Identification of the enantiomers was
confirmed by optical rotation, comparable to litera values®



Scheme 1. Synthesis of monastrol analogued1®
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®Reagents and conditions: (a) Yb(Osrfat, THF or MeCN, 120C (microwave), 1-97%, (b)
TMSCI, DMF, rt, 5-80%, (c) TBDMSCI, imidazole, DMB0 %, (d) 1. N-BuLi, THF, -1TC, 2.
BrCH,CH,Br, THF, -10C, 8 %, (e) MeONa, MeOH, 28 %.

2.2. Pharmacology

2.2.1. Modulation of GHB high-affinity binding

The synthesized monastrol analogues were init@igrmacologically characterized using the well-
known [®H]NCS-382 binding assay on rat cortical membré&h&s investigate their modulatory
effect on the GHB high-affinity binding, similar foreviously reported for monastr§l.Table 1
gives an overview of the synthesized compoundstiaeid ability to enhancEH]NCS-382 binding.

In the majority of cases, structural modificatiaighe lead compound, monastr),(led to loss of
modulatory effect on the high-affinity GHB bindinige. no enhancement oH]NCS-382 binding
was observed. However, of the 39 synthesized anaigsix compoundd?, 12, 18, 24, 25, 29)

did show modulatory effects to the same or higlesell than monastroll) itself (Table 1).



Interestingly, in terms of the modulatory capaciy apparently stereoselectivity was seen for
monastrol as both stereoisomers increased the oy factor (o value) to a similar extent as

the racemate.

Table 1. Modulatory effects of monastral)and the synthesized analogu2s4l) on PHINCS-
382 binding (rat cortical membranes). The coopeitsitiactor () and the dissociation constant of
the modulatorKy) were estimated by curve fitting (see Experimeséaition). Average data are
based on triplicate measurements from at leas¢ hadependent experiments, except for the

stereoisomers of monastrol, which were tested twile.

OH OH
(o] Rs o
o &% e [ NH
N J§s Rd N ’J*s
Mon:strol, 1 41
Compound Chemical Maximal binding
modification (logatl+ SEM (PKp = SEM)  + SEM (% of control)
Monastrol,1° 2.00 110 185+7.1
(0.31+£0.05) (3.96+0.16)
(9-monastrdi 2.35 111 208 +12
(0.37 £0.02) (3.95+0.07)
(R)-monastrdi 1.87 329 171 +5.3
(0.27 £0.02) (3.48+£0.11)
R; modificatior
2 R:=Ph NA NA
3 R;= 3-Me-GH, NA NA
4 R; = 4-Me-GH, NA NA
5° R; = 2-Me-GH, - -




6° Ri= 3'Br'C6H4 - -

R; = 3-F-GH,4 NA NA
R; = 3-CI-GH, NA NA
R; = 3-NO»-CgH, NA NA
10 R; = 4-OH-GH, NA NA
11° R, = 3,4-OH-GHj; 2.62 210 246 + 21
(0.42 £ 0.03) (3.68 +0.02)
12° R; = 3,5-OH-GH; 3.06 134 247 +3.0
(0.49 £ 0.01) (3.83 +0.06)
13 R; = 3-pyridine NA NA
14 R; = 3-OMe-GH, NA NA
15 R, = Het.cycle NA NA
16 R:= Het.cycle NA NA
17 R;= Me NA NA

R, and R modifications

18 Rs= Me 1.97 87 177+ 1.3
(0.29 + 0.01) (4.06 % 0.01)

19 Ry= Et WA WA

20 Rs= Bu NA NA

21 Rs= Ph NA NA

22 Ry= Bn NA NA

23 R, = Ry= Me NA NA

R, modificatior

24 R,= Et 2.66 109 245+ 13
(0.42 + 0.04) (3.98 +0.08)

25¢ R,= Pr - - 198 + 17

26 R,='Pr WA WA

27 R,='Bu WA WA

28 R,= Ph NA NA

Rs modificatior

29° Rs= COMe 2.37 347 194 +3.7
(0.38 £ 0.01) (3.46 +0.06)
30 Rs= COH NA NA




31 Rs= CO,Bn NA NA

32 Rs= CONE®g NA NA
33 Rs= COCH WA WA
Mixed profile

34 X=0 NA NA
35 R;= Me, R= COMe NA NA
36 X=0,R=Ph NA NA
37 X =0, R=Ph, R=COMe NA NA
38 R,= Et, R= COCHCH; WA WA
39 R,;= CH,OCH;, Rs= COMe WA WA
41 Rs Ry =(CH,)s. NA NA

NA: no activity (defined as compounds that did ngh#icantly increase the binding compared to
control; student’s t-test; data not showWA: weak activity (defined as compounds that only
enhanced the binding to max. 130% at 100 uM andexprently not tested further).

2 Data from ref®

P In one of the experiment for (R)-monastrol, thetghu of the concentration-response curve was
not fully reached. Due to shortage of compounds pitoled data were therefore used in a similar
manner to fit bothY) and R)-stereoisomers of monastrol. Hence, no statiséinalysis was
conducted on these values. Using this method didimenge the values fog¢monastrol.

¢ Compound insolubility precluded testing.

4 Due to solubility problems, the plateau of the @artration-response curve was not reached.
Consequently the data could not be analyzed byimean regression. Therefore, no valuedar

Kp was obtained for this compound.

®loga means were compared and analyzed statisticalbneyway ANOVA followed by Dunnett’s

multiple comparison test with significance leveldicated; *p<0.05 and *<0.01.

The 3-hydroxyphenol part of monastrol was foundeocrucial for modulation ofPH]NCS-382
binding. Any variation of the aromatic substitutipattern of the 4-aryl moietY€10, 13-17) was
shown to be detrimental for the enhancement®dINCS-382 binding. However, the 3,4-, 3,5-
dihydroxy and Cé-ethyl analoguekl, 12 and24 enhanced the maximal binding SH[NCS-382
to a higher maximal level than seen for monasttpitéelf (Figure 2 and Table 1). The effect seen

for the 3-hydroxy containing compounds could notbkieved by substituting the 3-hydroxy group



for a pyrazol or triazole moiety]l5 and 16, set up for accepting a hydrogen bond in the

corresponding position.
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N

(=

o
[

Specific binding
(% of control)
S
(=}
1

c 1 ] ] ] ]
107 106 105 104 1073
[ligand] (M)
Figure 2. Concentration-dependent modulation &fJNCS-382 (16 nM) binding to rat cortical
membranes by monastrdl)(and selected analoguek?(and 32). Each point is mean £ S.D. of
triplicate measurements of a single representagxperiment with at least two additional

experiments giving similar results. AveragandK, values are summarized in Table 1.

Introduction of a methyl group on thi; nitrogen in the 3,4-dihydropyrimidin-2l)-thione
scaffold was allowed18) whereas larger substituents such as an ef®)| @ butyl 20) and a
phenyl @1) group abolished the modulatory effect. Neithd@raduction of an additional methyl
group in theNs nitrogen 23), nor cyclisation of the allowed side chains ie &t andN;-position
(41) retained modulatory effect. Substitution of thethyl group at the 6-position of the 3,4-
dihydropyrimidin-2(H)-thione scaffold by ethyl24) led to a compound that increased the
maximal binding of the radioligand to a higher letrean monastrol). A propyl in this position
(25) also retained modulatory effect, but larger aligybups 26-27) or a phenyl group2g)
abolished activity.

Furthermore, only small modifications in the egsyup was accepted, where the methyl e@¥ (
did show modulatory effect, but could not be repthdy the corresponding benzylic estét)(
carboxylic acid 80) or diethylamide 2). Interestingly, exchanging the thiocarbonyl graiphe 2-

position in monastrol for an oxocarbong#} was detrimental for activity.

10



Overall, these results show that only minor modiiiens are allowed to retain the modulatory
effect at high-affinity GHB binding. A summary did allowed modifications in the core scaffold

of monastrol is shown in Figure 3.

—R1 Ry =3-OH, 3,4-OH, 3,5-OH

R5: OMe, OEt R5

R4=Et, Pr Rs” "N” 7S Thiocarbonyl essentiel
R3 = Me R3

Figure 3. Representative structure of monastrol and the altbwnodifications that retain the
modulatory properties on GHB high-affinity binding.

2.2.2. GABA-potentiating effects of selected compounds

Monastrol () and compoun®7 (JM-11-43A) have previously been shown to selectvelodulate
the 01P26 GABAAR #? Therefore, monastroll), 37 and five other analogue$l( 18, 24, 29 and34)
were further characterized on different GABAsubtypes representing the synaptigify.s) and
extrasynaptic ;1320) GABAARs and ono 3, GABAARS for comparison, expressed Xenopus
laevis oocytes, by use of the two-electrode voltage claeghnique (TEVC). Compoundd, 18,
24 and29 were chosen based on the observed modulatoryt effethe GHB high-affinity binding,
whereas34, the oxycarbonyl analog of monastrol, was selediaded on previous report on

modulatory effect 087 on a1f28 GABAa receptors

11
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Figure 4. Pharmacological characterization of monastipland analoguedly, 18, 24, 29, 34, and
37) at humanalf2s (5:1:5), alf2 (1:1) andalPf2y2s (5:1:5) GABA\ receptors expressed in
Xenopus laevis oocytes. Representative traces showing the efiect mM of monastrol and
analogues on currents evoked by 1 mM GABAHI25 (A), alp2 (B) andalp2y2s C) GABAA
receptors. Monastrol and the analogues showed nonbr minimal agonistic effects in a
concentration of 1 mM a&1B26 receptors [@). DS2 is a positive allosteric modulator of the
subunit-containing GABA receptors and was applied to confirm the exprassfahed subunit.

Data are from 4 to 15 oocytes from at least twed#t oocyte batches.

Compounddl, 11, 18, 24, 29, 34, and37 were tested at a concentration of 1 mM for th#e&at on
the currents evoked by 1 mM GABA at the humaf.d, a2y, and aiff, GABAAR. This
concentration was previously used for monastiplas a modulator ofi;f,6 GABAARs? At the
a1P20 receptors, all compounds seemed to increase tipétade of the GABA-mediated current.
The thiocarbonyl-containing compounds {1, 18, 24, and29) showed pronounced rapid rebound
currents upon termination of compound applicatibigre 4A), the amplitudes of which were,

however, not considered feasible to permit quaraiion. The amplitudes of the initial responses

12



are given in Table 2 together with the amplitudes €¢ompounds34 and 37, lacking the

thiocarbonyl group and showing no tail responses.

The GABA-potentiating effects wer@specific, as the compounds did not potentiate GAEBA
currents at the, 3, (Figure 4B) as well as at thep.y,s (Figure 4C) GABARSs. In fact, tendencies
for reduced GABA responses appeared especiallynfumastrol {). Furthermore, all compounds

had no or only minimal agonistic effects on theimo(Figure 4D).

Table 2. Effects of 1 mM monastrollj and 6 analoguesll, 18, 24, 29, 34, and 37) on the
response of 1 mM GABA at humanp,6 (5:1:5) GABA, receptors expressed Xalaevis oocytes.
Compounddll, 18, 24 and29 gave rebound effects upon termination of compapuication. The
initial response for all compounds is given as foldrent increase compared to the response of 1
mM GABA (mean = S.E.M., n=6).

Fold current increase
(IAllcontrol * S-E-M-)

Initial response

Monastrol, 1 29+0.27
11 2.7+0.28
18 3.1+0.54
24 1.4+0.22
29 1.3+0.22
34 6.2 +0.43
37 59+0.41

To further investigate the rebound current obsefeedome of the compounds, the concentration-
response relationship of monastrd),(which showed the most pronounced rebound traess,
examined (Figure 5).

13
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Figure 5. Representative traces showing the effects of vgrgomcentrations of monastrdl) (on
currents evoked by 1 mM GABA at humaip.d (5:1:5) GABAs receptors expressed Xenopus

laevis oocytes. Data are from 6 to 9 oocytes from twéedént oocyte batches.

At a concentration of 100 uM and below, no rebocmaent for monastrollj was observed, while
the rebound currents were present and increasedmplitude with higher concentrations,

suggesting distinct concentration-dependent recetects.

3. Discussion

The dihydropyrimidin-2(H)-thione monastrol is a well-studied molecule, madjy described as a
kinesin inhibitor arresting mammalian cell mito¥lsLater, Lewis et al. showed that monastrol
potentiated GABA currents in recombinami3,0 GABAAR expressed in HEK293T cells to a
similar extent as phenobarbifdl. Furthermore, monastrol was found to significantgduce
[*HINCS-382 dissociation rates and induce conformmafiocchanges in the high-affinity GHB

binding site, demonstrating a positive allosterimdulation of radioligand bindiny.

Considering the dual activity of monastrol as-selective GABAR allosteric modulatéf and a
modulator of GHB high-affinity bindin§, monastrol comprises an interesting lead compauiadh
effort to separate the structural determinantstese modulatory effects. Furthermore, the single
step Biginelli three-component reactfdrenables efficient synthesis of a considerable rasmuth
compounds covering a systematic SAR study on thaliBydropyrimidin-2(H)-thione scaffold of

monastrol.

14



Based on the obtained SAR for the monastrol ana®gi the present study in modulating GHB
high-affinity binding andaif.0 GABAA receptor activity, the structural determinants éfiect
differ for the two targets. 41 compounds were ctigrized for modulation of GHB high-affinity
binding at rat cortical membranes ifi°e]NCS-382 binding assay. For retaining modulatorgcff
of GHB high-affinity binding only very limited mofications were allowed on the structural
scaffold of monastrol. Variation of the aromatidstitution pattern of the 4-aryl moiety in 4-aryl-
3,4-dihydropyrimidin-2(H)-thione was not tolerated. However, a few compgsutid enhance the
level of modulation ofHINCS-382 binding. The 3,4- and 3,5-dihydroxy amales,11 and12, and
compound24 with an ethyl C6 side chain enhanced the maxinvadlibg of PHINCS-382 to a
higher maximal level than seen for monastli{self. Also, the thiourea substituent was calici

for the ability to enhancEH]NCS-382 maximal binding.

A limited number of compoundsl,(11, 18, 24, 29, 34, 37) were characterized in different
GABAAR subtypes expressed Xenopus laevis oocytes, representing synaptic and extrasynaptic
aifz-containing GABA\Rs. The tested compounds were shown to modulateu{}3 subtype
selectively oven, 3, andaipoy.s GABAARS. In contrast to what has been reported for nioyiaet
a4P3d receptors expressed Xenopus laevis oocytes®, no direct agonist activity omp,5 receptors

in the absence GABA was observed for any of theedesompounds. At the;p,0 GABAAR,
GABA showed a low efficacy compared to thatigi, and theosB2y2s receptors (as exemplified in
Figure 4), which is in agreement with a previous/TEstudy'®

The 0120 selective GABA modulation displayed by monastrdl) (and 37 is consistent with

previous reporté? however,37 seems to be a more potent modulator in our hands.

In addition to the increase in the overall curremiplitude, a significant rebound current was seen
for monastrol {) and the thiocarbonyl containing analoguds 18, 24 and 29 at the end of the
application period, which correlates with previdimslings for monastrof? It is difficult to explain

the exact mechanism for these effects other thasugmest that the compound could bind with
different affinities stabilizing distinct conducgnstates of the receptor. Rebound currents at
GABAARs have previously been reported for the barbigyrpentobarbitdt, which blocks the
receptors in millimolar concentrations and potdesahe GABA response at lower concentrations.
Hence, the large tail observed upon terminatiopesftobarbital application has been suggested to
reflect recovery from receptor block when the commbis washed away, which is translated into a

repopulation of the conducting state of the chaftha&ksuming a similar mechanism for monastrol

15



(1) and its analoguedl, 18, 24, 29), the amplitude of the tail response, which re¢fleecovery
from block, could then be used as a measure afnttdulatory effect of the compounds. However,
there are at least two caveats for quantifying mmegnitude of these currents: 1) Since the
conventional TEVC technique utilized in this stuttyes not allow for the accurate recording of the
very rapid currents exemplified in Figure 4, thepditndes of the rebound traces shown in the
figure could be underestimated. Therefore, a fpgli@ation and recording system would have been
necessary. 2) Because the rebound effect is sesredmtely after switching from compound
application to washing buffer, the exact concemmatof the compound giving rise to the
modulatory effect is not known. Therefore, a direstnparison between the different compounds
would not be possible. In general, the oxocarba@oyitaining compound84 and37, were shown

to be more effective than the thiourea analoguesastrol {), 11 and18, as modulators af;3,0
GABAAR activity.

In the present study, selective modulators for eafcthe studied targets as well as dual active
modulators were identified. The thiocarbonyl comitag analogue9 displaying a low degree of
GABAAR modulation was shown to be a GHB high-affinitynding preferring modulator.
Furthermore, compountil proved to modulate GHB high-affinity binding tchagher extent than
monastrol {) and was shown to be a less potent modulateifad GABAARS than monastrollj.

This indicates that GHB high-affinity binding sitead ato;,0 GABAARS are separate molecular
targets. Leaving room for further development of BE5Belective modulators based on the 3,4-
dihydropyrimidin-2(H)-thione scaffold. A pronounced preference for tix@carbonyl containing
analogues for modulation afif,6 GABAA receptor activity was observed, making compoustis
and 37 selective for this specific target. Furthermorneara from monastroll), three dual active
compounds were identified], 18, and24 being modulators of both GHB high-affinity bindiagd
a1B20 GABAAR activity.

In general, dihydropyrimidin-2¢1)-ones or -thiones represents a class of hetemcginpounds
with significant pharmacological efficiency. Theyhebit a diverse pharmacological profile like
calcium channel modulatiory;s-adrenoreceptor antagonism, antibacterial, antdurand other
related propertie¥ In this study, the synthesized monastrol analoguee only examined for
modulation of high-affinity GHB binding and actiyibf specific GABAR subtypes. However, the
structural determinants reported for activity foe tabovementioned targets, especially the absolute

stereochemistry at the C4 stereocenter and theohstdbstituent at the 2-position, seem to differ
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from the pattern found for the targets of the pméstéudy. For instance, th&{monastrol has been
established as the effective enantiomer of monaggarding kinesin inhibitiof® As demonstrated
here, both enantiomers of monastrol seem to be lamds of GHB high-affinity binding. This
leaves some room for selectivity for the){enantiomer in this context. In addition, subsiitg

oxygen for sulfur at position 2 results in the ladskinesin inhibition, which differ from the

structural preference forf,6 GABAAR activity >

In conclusion, a series of structural diverse amads of monastrol has been synthesized by
employing the Biginelli cyclocondensation. Thesealagues have been pharmacologically
evaluated as modulators at two distinct targets:BGhigh-affinity binding sites andhyf20
GABAARs. This SAR study highlighted some of the funaiomgroups contributing to the
modulatory effect and selectivity for each tardeatr instance, the nature of the heteroatom in 2-
position was determinant for selectivity for eitludéthe targets as shown for compouds37 and

24. The dual effect shown for monastra) (o positively modulate both GHB high-affinity laimg

and a;20 GABAAR activity was also shown for the compouridsand 18 in the present study.
Thus, our study provides structural information fiurther development of the 4-aryl-3,4-
dihydropyrimidin-2(H)-thione scaffold into compounds with higher modoitgt activity and
selectivity towards the targets of the present ystadd potentially enlightening some of the

unknown factors regarding binding site localizatsord function.
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4. Experimental section
4.1. Chemistry

4.1.1. General methods

Starting material, reagents and solvents were ioddairom commercial suppliers and used without
further purification unless otherwise specified.yDDMF were obtained by using a solvent
purification system. Reactions involving air- andigture sensitive reagents were performed under
nitrogen atmosphere using syringe-septum cap tguaksaiand oven dried glassware. Analytical
thin-layer chromatography (TLC) was carried outngsiMerck silica gel 60 k4 plates and
visualized using UV light (254 nm), KMn{r ninhydrin spraying reagents. LC-MS was perfatme
using a Agilent 1100 HPLC systems with a XBridggé 3m C-18 column (100 x 4.60 mm) using
gradient elution from buffer A (J0:CH;CN:HCOOH, 95:5:0.1) to buffer B @#D:CH;CN:
HCOOH, 5:95:0.05) over 8 min, coupled to an HewRattkard 1100 series mass spectrometer with
an electrospray ionization source. Analytical HRlA@al. HPLC) was performed using a LaChrom
HPLC system by Merck (Darmstadt, Germany), consystif an L-7100 pump (4.0 mL/min), an L-
7200 autosampler, and an L-7400 UV-detector (254 nsing a Chromolith SpeedROD RP-18
column (50 © 4.6 mm); gradient elution, 0 to 100s#vent B (MeCN-HO-TFA 90:10:0.1) in
solvent A (HO-TFA 100:0.1) over 3.5 min. Data were acquired gmwdcessed using the
EZChromElite Software by Hitachi. All microwaveaions were carried out in a glass reactor
using a Biotage Initiator instrument. Dry columrcuam chromatography (DCVC) was performed
according to Pedersen and RosenbShusing Merck silica gel 60 (0.015-0.040 mm). Maitin
points were determined by OptiMelt from Stanfords@ach Systems in open capillary tubes and
are uncorrected'H-NMR and **C-NMR spectra were recorded on a 400 MHz Bruker nkea
spectrometer at room temperature, unless othersiaet, using MeOD or DMSO as solvents.
Solvent residue peak or tetramethylsilane (TMS)ewesed as reference signals. Chemical shajts (
are quoted in ppm and coupling constants in Hetiz).(Reactions are not optimized for yields.
Anal. HPLC purity is> 95 % unless otherwise stated.

4.1.1. General procedure 1, adapted from ref?>;

The appropriat@-keto ester (0.75-3.0 mmol, 1.5 equiv.), the appade aldehyd€0.5-2.0 mmol,

1 equiv.), the appropriate urea or thiourea (0(Gbr@mol, 1 equiv.) and Yb(OT§)0.05-0.20 mmoal,
0.10 equiv.) were placed in a microwave oven Web{2.0 mL) with a magnetic stirring bar and
dissolved in THF or MeCN (0.5-1.0 mL). The resudtimixture is heated to 12@ for 30-60 min
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using microwave irradiation. The resulting mixtisgpoured onto an ice-water mixture and left for
precipitation. The resulting crude solids were fiedi by recrystallization, DCVC or flash

chromatography.

4.1.2. General method 2, adapted from ref?®:

Ethyl acetoacetate (4 mmol, 1 equiv.), the appaterialdehydg4 mmol, 1 equiv.), and the
appropriate thiouregd mmol, 1 equiv.) were dissolved in DMF (10 mL)ameaction tube. TMSCI
(3.0 mL, 24 mmol, 6 equiv.) was added drop wiséhosolution. The tube was thoroughly sealed
and stirred at room temperature for 16-72 h. Tlaetren mixture was poured into,@ (50 mL).
The mixture was extracted with Bt (3x100 mL). The combined organic phase was waslid
brine (50 mL) and KD (2x50 mL) and dried with MgSOThe dry organic phase was evaporated
to dryness to give the crude product. The cruddymbwas purified by flash chromatography.

4.1.2.1. Ethyl 4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxylate (Monastrol, 1). Synthesized according to general method 1 wusing 3-
hydroxybenzaldehyde (1.22 g, 10 mmol), ethyl acedtae (1.9 mL, 15 mmol), thiourea (0.761 g,
10 mmol), Yb(OTf} (0.620 g, 1 mmol), MeCN (5 mL) and 1h of heatidgwhite solid was
isolated in 75% vyield (2.19 g). Purity by anal. HRPI(254 nm) > 97%, mp: 184-18%&, LC-
MS(ESP) : m/z = 293 [M+H. The spectroscopic data is in agreement with gmeviously
reported in literatur@.

4.1.2.2. Ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (2).
Synthesized according to general method 1 usingaéehyde (102uL, 1.0 mmol), ethyl
acetoacetate (19@L, 1.5 mmol), thiourea (76 mg, 1.0 mmol), Yb(Og1{62 mg, 0.1 mmol),
MeCN (1.0 mL) and 45 min of heating. A white solds isolated in 73% yield (197 mg). Purity
by anal. HPLC (254 nm) > 97%, mp: 204-206 °C, LC{ESP) : m/z = 277 [M+H. The
spectroscopic data is in agreement with data pus\yaeported in literaturé

4.1.2.3. Ethyl 6-methyl-2-thioxo-4-(m-tolyl)-1,2,3,4-tetr ahydropyrimidine-5-carboxylate (3).
Synthesized according to general method 1 usingetBytbenzaldehyde (60 mg, 0.5 mmol), ethyl
acetoacetate (9AL, 0.75 mmol), thiourea (38 mg, 0.5 mmol), Yb(G;I{B1 mg, 0.05 mmol),
MeCN (0.5 mL) and 30 min of heating. A white salds isolated in 49% yield (71 mg). Purity by
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anal. HPLC (254 nm) > 99%, mp: 186-187 °C, LC-MSPESmM/z = 291 [M+H]. The

spectroscopic data is in agreement with data pus\yaeported in literaturé

4.1.2.4. Ethyl 6-methyl-2-thioxo-4-(p-tolyl)-1,2,3,4-tetr ahydropyrimidine-5-carb4xylate (4).
Synthesized according to general method 1 usingt#wibenzaldehyde (1236, 1.0 mmol), ethyl
acetoacetate (19@L, 1.5 mmol), thiourea (76 mg, 1.0 mmol), Yb(Og{62 mg, 0.1 mmol),
MeCN (1.0 mL) and 35 min of heating. A yellow solics isolated in 93% yield (285 mg). Purity
by anal. HPLC (254 nm) > 98%, mp: 187-189 °C, LC{EISP): m/z = 291 [M+H. The

spectroscopic data is in agreement with data pusiyaeported in literatur®

4.1.25. Ethyl 6-methyl-2-thioxo-4-(o-tolyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (5).
Synthesized according to general method 1 usinge@®wibenzaldehyde (130L, 1.05 mmol),
ethyl acetoacetate (2Q4_, 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(Gi[{®5 mg, 0.1 mmol),
THF (0.5 mL) and 1h of heating. Recrystallized fr&t©H to obtain a white solid in 73% yield
(223 mgq). Purity by anal. HPLC (254 nm) > 99%, m@g9-150 °C, LC-MS(ESP): m/z = 291
[M+H™]. '"H NMR (DMS0)§ 10.24 (s, 1H), 9.54 (br. s., 1H), 7.13 - 7.23 @H), 5.41 (s, 1H),
3.93 (q,J = 7.03 Hz, 2H), 2.46 (s, 3H), 2.34 (s, 3H), 1.0 € 7.15 Hz, 3H)*C NMR (DMS0)3
173.4, 165.0, 144.8, 142.2, 135.0, 130.1, 127.8,11226.6, 100.9, 59.4, 50.6, 18.6, 17.0, 13.9.

4.1.2.6. Ethyl 6-methyl-2-thioxo-4-(o-tolyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (6).
Synthesized according to general method 1 usingoBwbenzaldehyde (12@L, 1.05 mmol),
ethyl acetoacetate (2Qd, 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(GsI{®5 mg, 0.1 mmol),
THF (1.0 mL) and 1h of heating. The crude produas wecrystallized from EtOH to obtain a white
solid in 64% vyield (237 mg). Purity by anal. HPLE54 nm) > 99%, mp: 190-191 °C, LC-
MS(ESP): m/z = 355. The spectroscopic data is meegent with data previously reported in

literaturée”.

41.2.7. Ethyl 4-(3-fluor ophenyl)-6-methyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxylate (7). Synthesized according to general method 1 usirigr8denzaldehyde (118L,
1.05 mmol), ethyl acetoacetate (20l, 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(OsI{h5
mg, 0.1 mmol), THF (1.0 mL) and 1h of heating. Thnede product was recrystallized from EtOH
to obtain a white solid in 67% yield (207 mg). RPuby anal. HPLC (254 nm) > 96%, mp: 221-223
°C, LC-MS(ESP) : m/z = 295 [M+H. *H NMR (DMSO) 5 10.39 (s, 1H), 9.68 (br. s., 1H), 7.41
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(dt, J = 6.15, 7.97 Hz, 1H), 6.90 - 7.21 (m, 3H), 5.20Xe 3.51 Hz, 1H), 4.03 (ttd] = 3.76, 7.20,
10.70 Hz, 2H), 2.30 (s, 3H), 1.11 = 7.03 Hz, 3H)*C NMR (DMS0)$ 174.3, 164.9, 130.7,
130.6, 122.3, 114.5, 113.1, 112.9, 100.1, 59.65,577.1, 13.9"°F NMR (DMS0)$ 108.08 (s, 1
F).

4.1.2.8. Ethyl 4-(3-chlor ophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydr opyrimidine-5-
carboxylate (8). Synthesized according to general method 1 usingl@&abenzaldehyde (70, 0.5
mmol), ethyl acetoacetate (§, 0.75 mmol), thiourea (38 mg, 0.5 mmol), Yb(GsIf31 mg, 0.05
mmol), MeCN (0.5 mL) and 30 min of heating. A whgelid was isolated in 51% vyield (81 mg).
Purity by anal. HPLC (254 nm) > 99%, mp: 202-204 PC-MS(ESP): m/z = 311 [M+H. The

spectroscopic data is in agreement with data puslyaeported in literaturé

4.1.2.9. Ethyl 6-methyl-4-(3-nitrophenyl)-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-car boxylate
(9). Synthesized according to general method 1 usinigy@benzaldehyde (76 mg, 0.5 mmol), ethyl
acetoacetate (9AL, 0.75 mmol), thiourea (38 mg, 0.5 mmol), Yb(GI{B1 mg, 0.05 mmol),
MeCN (0.5 mL) and 30 min of heatin§ihe product was isolated as a white solid in 50etdy{81
mg). Purity by anal. HPLC (254 nm) > 97%, mp: 2A®2C, LC-MS(ESP): m/z = 322 [M+H]
The spectroscopic data is in agreement with dataigusly reported in literatuf®

4.1.2.10. Ethyl  4-(4-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (10). Synthesized according to general method 1 usingddelxybenzaldehyde (128
mg, 1.0 mmol), ethyl acetoacetate (381, 1.5 mmol), thiourea (76 mg, 1.0 mmol), Yb(OIH2
mg, 0.1 mmol), THF (1.0 mL) and 45 min of heatiAgwhite solid was isolated in 94% vyield (214
mg). Purity by anal. HPLC (254 nm) > 97%, mp: 188 FC, LC-MS(ESP): m/z = 293 [M+}

The spectroscopic data is in agreement with dateigusly reported in literatuit®

4.1.2.11. Ethyl 4-(3,4-dihydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (11). Synthesized according to general method 1 usingdiBydroxybenzaldehyde
(552 mg, 4 mmol), ethyl acetoacetate (184 6 mmol), thiourea (304 mg, 4 mmol), Yb(OJf)
(248 mg, 0.4 mmol), MeCN (2.0 mL) and 30 min of e The crude product was purified by
DCVC (heptane:EtOAc) and the product was isolatetiZ% yield (144 mg) as colourless crystals.
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Purity by anal. HPLC (254 nm) > 99%, mp: 212-213 PC-MS(ESP): m/z = 309 [M+H] The

spectroscopic data is in agreement with data puslyaeported in literatufé

4.1.2.12. Ethyl 4-(3,5-dihydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (12). Synthesized according to general method 1 usingliBydroxybenzaldehyde
(552 mg, 4.0 mmol), ethyl acetoacetate (485 6.0 mmol), thiourea (304 mg, 4.0 mmol),
Yb(OTf); (248 mg, 0.4 mmol), MeCN (2.0 mL) and 1h of hegtirPurified by flash
chromatography (heptane:EtOAc, 2:1). The producs wétained as white crystals though
recrystelization of the purified compound yielditg mg (1%) of pure product. Purity by anal.
HPLC (254 nm) > 99%, mp: 144-145 °C, LC-MS(ESP)z m/309 [M+H].*H NMR (MeOD): &
6.25 (d,J = 2.2 Hz, 2H), 6.17 (1) = 2.2 Hz, 1H), 5.17 (s, 1H), 4.11 @~ 7.1 Hz, 2H), 2.33 (s,
3H), 1.20 (t,J = 7.1 Hz, 3H)."*C NMR (DMSO): § 174.7, 166.0, 158.4, 145.4, 144.1, 104.8,
101.80, 101.66, 59.9, 55.0, 16.2, 13.1

4.1.2.13. Ethyl 6-methyl-4-(pyridin-3-yl)-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-car boxylate
(13). Synthesized according to general method 1 usingtineddehyde (214 mg, 2.0 mmol), ethyl
acetoacetate (38gL, 3.0 mmol), thiourea (152 mg, 2.0 mmol), Yb(GiItL24 mg, 0.2 mmol),
MeCN (1.0 mL) and 30 min of heatinBurified by flash chromatography (heptane:EtOA&) 20
obtain the pure product as a yellow solid in 15&dy(36 mg). Purity by anal. HPLC (254 nm) >
95%, mp: 204-205 °C, LC-MS(ESP): m/z = 278 [M+¥HThe spectroscopic data is in agreement

with data previously reported in literattite

4.1.2.14. Ethyl  4-(3-methoxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (14). Synthesized according to general method 1 using®oxybenzaldehyde (100
pL, 0.8 mmol), ethyl acetoacetate (1BB, 1.2 mmol), thiourea (62 mg, 0.8 mmol), Yb(OI (48
mg, 0.08 mmol), MeCN (1.0 mL) and 45 min of heatifithe crude product was recrystallized
from EtOH and HO to obtain a yellow solid in 83% vyield (209 mgurRy by anal. HPLC (254
nm) > 99%, mp: 143-145 °C, LC-MS(ESP) : m/z = 30/+H"]. The spectroscopic data is in
agreement with data previously reported in litergifu

4.1.2.15. Ethyl 6-methyl-4-(1-methyl-1H-pyrazol-5-yl)-2-thioxo-1,2,3,4-tetr ahydropyrimidine-

5-carboxylate (15). Synthesized according to general method 1 usingethyh1H-pyrazole-5-
carbaldehyde (55 mg, 0.5 mmol), ethyl acetoacd@deul, 0.75 mmol), thiourea (38 mg, 0.5
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mmol), Yb(OTf; (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min ohtieg. The product was
isolated as a white solid in 29% yield (41 mg).iBury anal. HPLC (254 nm) > 98%, mp: 185-187
°C, LC-MS(ESP): m/z = 281 [M+H]'H NMR (DMSO):s 10.42 (s, 1H), 9.66 (s, 1H), 7.28 (&=
1.7 Hz, 1H), 6.00 (dJ = 1.9 Hz, 1H), 5.34 (dJ = 3.3 Hz, 1H), 3.99 (q] = 7.1 Hz, 2H), 3.87 (s,
3H), 2.31 (s, 3H), 1.07 (8 = 7.1 Hz, 3H)*C-NMR (DMSO0):5 174.6, 165.2, 145.8, 144.3, 138.0,
104.5, 99.9, 60.1, 45.9, 36.8, 17.5, 14.5.

4.1.2.16. Ethyl 6-methyl-4-(1-phenyl-1H-1,2,3-triazol-4-yl)-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (16). Synthesized according to general method 1 using 1-
phenyl-H-1,2,3-triazole-4-carbaldehyde (87 mg, 0.5 mmolhyk acetoacetate (9L, 0.75
mmol), thiourea (38 mg, 0.5 mmol), Yb(OF{81 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min of
heating.The product was isolated as a white solid in 65&dy(112 mg). Purity by anal. HPLC
(254 nm) > 99%, mp: 223-224 °C, LC-MS(ESP): m/z44 3M+H]*. *H NMR (DMSO0): § 10.39
(d,J=1.5Hz, 1H), 9.65 (ddl = 3.8, 1.8 Hz, 1H), 8.60 (s, 1H), 7.90 o= 1.5 Hz, 1H), 7.88 (dt]

= 1.5, 0.9 Hz, 1H), 7.61-7.56 (m, 2H), 7.50-7.46 (Hl), 5.42 (dJ = 3.9 Hz, 1H), 4.04 (qd] =

7.1, 0.9 Hz, 2H), 2.32 (s, 3H), 1.12 Jt= 7.1 Hz, 3H)*C-NMR (DMS0):$ 175.3, 165.3, 150.3,
146.6, 137.0, 130.3, 129.1, 120.6, 120.5, 99.4),61%.0, 17.7, 14.6.

4.1.2.17. Ethyl 4,6-dimethyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate  (17).
Synthesized according to general method 1 usingoalckehyde (59uL, 1.05 mmol), ethyl
acetoacetate (2QiL, 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(GiI(®%5 mg, 0.1 mmol), THF
(0.5 mL) and 1h of heating. A yellow solid was &eld in 97% vyield (219 mg). Purity by anal.
HPLC (254 nm) > 97%, mp: 189-191 °C, LC-MS(ESP)z m/215 [M+H]. The spectroscopic
data is in agreement with data previously repoinidideraturé®,

4.1.2.18. Ethyl 4-(3-hydroxyphenyl)-1,6-dimethyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (18). Synthesized according to general method 2 usingdBetxybenzaldehyde (488
mg, 4 mmol), ethyl acetoacetate (524 4 mmol), 1-methylthiourea (361 mg, 4 mmol), TMSE
mL, 24 mmol), DMF (10 mL) and 16h of stirring. Pied by flash chromatography
(heptane:EtOAc, 2:1) to obtain the pure produck aghite solid in 75% vyield (916 mg). Purity by
anal. HPLC (254 nm) > 95%, mp: 135-136 °C, LC-MSPESn/z = 307*H NMR (DMSO0): 6 9.78
(d,J =4.7 Hz, 1H), 9.43 (s, 1H), 7.11 &= 8.0 Hz, 1H), 6.66-6.61 (m, 3H), 5.13 (W5 4.7 Hz,
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1H), 4.12 (g, = 7.1 Hz, 2H), 3.48 (s, 3H), 1.18 {t= 7.1 Hz, 3H)X*C NMR (DMSO):5 178.5,
165.8, 157.9, 148.0, 144.1, 130.0, 116.9, 115.8,4,1106.1, 60.6, 52.6, 36.7, 16.7, 14.5.

4.1.2.19. Ethyl 1-ethyl-4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (19). Synthesized according to general method 2 usingdBeixybenzaldehyde (488
mg, 4 mmol), ethyl acetoacetate (524, 4 mmol), 1-ethylthiourea (417 mg, 4 mmol), TMS@I
mL, 24 mmol), DMF (10 mL) and 16h of stirring. Pied by flash chromatography
(heptane:EtOAc, 2:1) to obtain the pure produca aghite solid in 74% vyield (949 mg). Purity by
anal. HPLC (254 nm) > 98%, mp: 149-150 °C, LC-MSPESm/z = 321 [M+H]. The

spectroscopic data is in agreement with data puslyaeported in literatufé

4.1.2.20. Ethyl 1-butyl-4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetr ahydropyrimidine-
5-carboxylate (20). Synthesized according to general method 2 usingdBelxybenzaldehyde (488
mg, 4 mmol), ethyl acetoacetate (524, 4 mmol), 1-butylthiourea (529 mg, 4 mmol), TMS@I
mL, 24 mmol), DMF (10 mL) and 72h of stirring. Pied by flash chromatography
(heptane:EtOAc, 2:1) to obtain the pure produca aghite solid in 69% vyield (955 mg). Purity by
anal. HPLC (254 nm) > 98%, mp: 141-142 °C, LC-MSPESm/z = 349 [M+H]. The

spectroscopic data is in agreement with data pus\yaeported in literatufé

4.1.2.21. Ethyl 4-(3-hydr oxyphenyl)-6-methyl-1-phenyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (21). Synthesized according to general method 2 using 3-
hydroxybenzaldehyde (488 mg, 4 mmol), ethyl acedtae (524uL, 4 mmol), 1-phenylthiourea
(609 mg, 4 mmol), TMSCI (3 mL, 24 mmol), DMF (10 &and 16h of stirring. Purified by flash
chromatography (heptane:EtOAc, 3:1) to obtain theeproduct as a white solid in 74% yield
(1097 mg). Purity by anal. HPLC (254 nm) > 99%, ngp-68 °C, LC-MS(ESP): m/z = 369

[M+H]*. The spectroscopic data is in agreement with plaeiously reported in literatufe

41.2.22. Ethyl 1-benzyl-4-(3-hydr oxyphenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (22). Synthesized according to general method 2 using 3-
hydroxybenzaldehyde (488 mg, 4 mmol), ethyl acedtse (524uL, 4 mmol), 1-benzylthiourea
(665 mg, 4 mmol), TMSCI (3 mL, 24 mmol), DMF (10 and 16h of stirring. Purified by flash
chromatography (heptane:EtOAc, 2:1) to obtain theeproduct as a white solid in 70% yield
(1072 mg). Purity by anal. HPLC (254 nm) > 97%, mip9-160 °C, LC-MS(ESP): m/z = 383
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[M+H]*. *H NMR (DMSO0): § 10.03 (d,J = 4.6 Hz, 1H), 9.48 (s, 1H), 7.20 &= 3.2 Hz, 3H),
7.15-7.11 (m, 1H), 6.99-6.97 (m, 2H), 6.70 (ddd; 8.0, 2.2, 1.1 Hz, 1H), 6.66-6.63 (m, 2H), 6.07
(s, 1H), 5.20 (dJ = 4.5 Hz, 1H), 5.15 (s, 1H), 4.09 (b= 6.7 Hz, 2H), 2.35 (s, 3H), 1.15J= 7.1
Hz, 3H).**C NMR (DMSO0):8 178.9, 165.8, 157.9, 146.9, 144.2, 138.2, 1298,8, 127.3, 126.6,
117.0, 115.1, 113.6, 107.5, 60.7, 58.2, 52.4, B16(7, 14.5

4.1.2.23. Ethyl 4-(3-hydroxyphenyl)-1,3,6-trimethyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxylate (23). Synthesized according to general method 2 usihgdBoxybenzaldehyde (488
mg, 4 mmol), ethyl acetoacetate (54, 4 mmol), 1,3-dimethylthiourea (417 mg, 4 mmol),
TMSCI (3 mL, 24 mmol), DMF (10 mL) and 16h of simg. Purified by flash chromatography
(heptane:EtOAc, 2:1) and recrystallization to abtdie pure product as a white crystals in 5%
yield (63 mg). Purity by anal. HPLC (254 nm) > 998tp: 127-131 °C, LC-MS(ESP): m/z = 321
[M+H]*. 'H NMR (DMSO):§ 9.46 (s, 1H), 7.13-7.09 (m, 1H), 6.66 (ddd; 8.1, 2.4, 1.1 Hz, 1H),
6.58-6.56 (m, 2H), 5.49 (s, 1H), 4.19-4.10 (m, 2BiR0 (s, 3H), 3.34 (s, 3H), 2.47 = 0.4 Hz,
3H), 1.22 (tJ = 7.1 Hz, 3H)*C NMR (DMSO0):5 178.7, 165.0, 157.6, 147.2, 141.1, 129.7, 116.4,
114.9,112.8, 105.0, 60.4, 60.1, 42.4, 37.7, 1K43.

4.1.2.24. Ethyl 6-ethyl-4-(3-hydroxyphenyl)-2-thioxo-1,2,3,4-tetr ahydropyrimidine-5-
carboxylate (24). Synthesized according to general method 1 usingdBetxybenzaldehyde (61
mg, 0.5 mmol), ethyl 3-oxopentanoate (1QEZ, 0.75 mmol), thiourea (38 mg, 0.5 mmol),
Yb(OTf)s3 (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min o&tieg. A white solid was isolated
in 37% yield (57 mg)Purity by anal. HPLC (254 nm) > 98%, mp: 160-161 EC-MS(ESP): m/z
= 307 [M+H]". *H NMR (MeOD):$ 7.15 (t,J = 7.8 Hz, 1H), 6.80-6.70 (m, 3H), 5.27 (s, 1HLZ.
(g,J =6.3 Hz, 2H), 2.85-2.70 (m, 2H), 1.24Jt 5.7 Hz, 3H), 1.21 ({) = 5.4 Hz, 3H).

13-C NMR (DMSO0):5 174.4, 164.8, 157.4, 150.3, 144.8, 129.4, 11619,6, 113.2, 99.9, 59.6,
53.8, 23.4, 13.9, 13.0

4.1.2.25. Ethyl 4-(3-hydr oxyphenyl)-6-pr opyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-

carboxylate (25). Synthesized according to general method 1 usingdBetxybenzaldehyde (61
mg, 0.5 mmol), ethyl 3-oxohexanoate (320 0.75 mmol), thiourea (38 mg, 0.5 mmol), Yb(GsIf)
(31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min of firga A white solid was isolated in 69%
yield (111 mg).Purity by anal. HPLC (254 nm) > 96%, mp: 149-151 EC-MS(ESP): m/z = 321

[M+H]*. The spectroscopic data is in agreement with plaeiously reported in literatufe
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4.1.2.26. Ethyl 4-(3-hydroxyphenyl)-6-isopropyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (26). Synthesized according to general method 1 usingd8eltybenzaldehyde (61
mg, 0.5 mmol), ethyl 4-methyl-3-oxopentanoate (u210.75 mmol), thiourea (38 mg, 0.5 mmaol),
Yb(OTf); (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min ohtueg. The crude product was
recrystallized from MeOH andJ to obtain the product as white crystals in 43%®dy(68 mgQ).
Purity by anal. HPLC (254 nm) > 99%, mp: 117-119 BC-MS(ESP): m/z = 321 [M+H] H
NMR (DMSO):$ 9.72 (s, 1H), 9.57 (d] = 2.4 Hz, 1H), 9.44 (s, 1H), 7.12 (&= 7.8 Hz, 1H),
6.66-6.63 (m, 3H), 5.08 (d,= 3.9 Hz, 1H), 4.09 (m, 1H), 4.01 (@~ 7.0 Hz, 2H), 1.20 (d]=7.1
Hz, 3H), 1.13 (dJ = 7.1 Hz, 3H), 1.10 (t) = 7.1 Hz, 3H).*C-NMR (DMSO): 5 175.2, 165.6,
157.9, 153.1, 145.0, 130.0, 117.4, 115.1, 113.0,41®0.2, 54.4, 27.2, 19.5, 19.0, 14.4.

4.1.2.27. Ethyl 6-(tert-butyl)-4-(3-hydroxyphenyl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (27). Synthesized according to general method 1 usingdBeixybenzaldehyde (61
mg, 0.5 mmol), ethyl 4,4-dimethyl-3-oxopentanoat8Q(uL, 0.75 mmol), thiourea (38 mg, 0.5
mmol), Yb(OTf) (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min o&tieg. A yellow solid was
isolated in 11% vyield (19 mgPurity by anal. HPLC (254 nm) > 97%, mp: 155-157 t1C-
MS(ESP): m/z = 335 [M+H] 'H NMR  (CDCE): 5 9.42 (s, 1H), 9.31 (s, 1H), 8.48 (s, 1H), 7.12
(t, J= 7.7 Hz, 1H), 6.72-6.61 (m, 3H), 4.90 (MW= 3.2 Hz, 1H), 4.08-3.99 (m, 2H), 1.28 (s, 9H),
1.12 (t,J = 6.9 Hz, 3H)*C NMR (DMSOQ): § 174.5, 167.4, 157.4, 145.5, 143.3, 129.4, 117.1,
114.8, 113.4, 103.7, 60.4, 55.9, 35.2, 28.0, 13.7.

4.1.2.28. Ethyl 4-(3-hydr oxyphenyl)-6-phenyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxylate (28). Synthesized according to general method 1 usingdBetxybenzaldehyde (61
mg, 0.5 mmol), ethyl 3-oxo-3-phenylpropanoate (1BQ0.75 mmol), thiourea (38 mg, 0.5 mmaol),
Yb(OTf)s3 (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min oé&tieg. A white solid was isolated
in 56% yield (99 mg)Purity by anal. HPLC (254 nm) > 99%, mp: 196-197 EC-MS(ESP): m/z
= 355 [M+HJ". The spectroscopic data is in agreement with piaeiously reported in literatute

4.1.2.29. Methyl 4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-

carboxylate (29). Synthesized according to general method 1 usingdBelxybenzaldehyde (128
mg, 1.05 mmol), methyl acetoacetate (10 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(Gslf)
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(65 mg, 0.1 mmol), THF (1.0 mL) and 30 min of hegtiA white solid was isolated in 70% yield
(203 mg). Purity by anal. HPLC (254 nm) > 98%, r2fi7-218 °C, LC-MS(ESP) : m/z = 279

[M+H*]. The spectroscopic data is in agreement with deggiously reported in literatufe

4.1.2.30. 4-(3-Hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-car boxylic
acid (30). KOH (0.10 g, 1.8 mmol) was dissolved in® (5 mL). Monastrol (180 mg, 0.62 mmol)
was added and the mixture was stirred for 72 roamrtemperature. The mixture was acidified
with 1M HCI. The water was extracted with EtOAc.eTarganic phase was dried over MgSO
filtered and evaporated to dryness. The crude wiribeluct was washed with J& to obtain the
product in 22% vyield (35 mg). Purity by anal. HPI(Z54 nm) > 97%, mp: 163-165 °C, LC-
MS(ESP) : m/z = 264. The spectroscopic data isgieeament with data previously reported in

literaturé™.

4.1.231. Benzyl 4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (31). Synthesized according to general method 1 usingdBelxybenzaldehyde (128
mg, 1.05 mmol), benzyl acetoacetate (I3 1.6 mmol), thiourea (80 mg, 1.05 mmol), Yb(QsTf)
(65 mg, 0.1 mmol), MeCN (1.0 mL) and 30 min of legt The oily crude product was purified by
DCVC (EtOAc:Heptane). Re-crystallised from EtOHdbtain pure white crystals in 28% yield
(191 mgq). Purity by anal. HPLC (254 nm) > 99%, mp8-169 °C, LC-MS(ESP) : m/z = 355
[M+H"]. *H NMR (DMSO0)§ 10.41 (s, 1H), 9.69 (d,= 2.01 Hz, 1H), 9.50 (s, 1H), 7.34 - 7.39 (m,
3H), 7.24 (ddJ = 2.64, 6.90 Hz, 2H), 7.18 @,= 7.65 Hz, 1H), 6.69 - 6.76 (m, 3H), 5.20 {d=
3.76 Hz, 1H), 5.09 - 5.19 (m, 2H), 2.38 (s, 3tC NMR (DMS0)$ 174.0, 164.9, 157.5, 145.6,
144.6, 136.3, 129.5, 128.3, 127.7, 127.5, 117.4,71113.3, 100.2, 65.1, 53.9, 17.2.

4.1.2.32. N,N-diethyl-4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxamide (32). Synthesized according to general method 1 usingdBettybenzaldehyde (61
mg, 0.5 mmol)N,N-diethyl-3-oxobutanamide (118L, 0.75 mmol), thiourea (38 mg, 0.5 mmol),
Yb(OTf)3 (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min oatweg. The product was isolated as
a white solid in 38% yield (60 mg). Purity by andPLC (254 nm) > 98%, mp: decomp. > 250 °C,
LC-MS(ESP): m/z = 320 [M+H] The spectroscopic data is in agreement with gegaiously
reported in literatur®.
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4.1.2.33. 1-(4-(3-hydr oxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetr anydr opyrimidin-5-
yhethanone (33). Synthesized according to general method 1 usingdBelxybenzaldehyde (122
mg, 1.0 mmol), pentane-2,4-dione (403, 1.5 mmol), thiourea (76 mg, 1.0 mmol), Yb(OI{h2
mg, 0.1 mmol), MeCN (0.5 mL) and 30 min of heatige product was isolated as a white solid
in 48% vyield (127 mg). Purity by anal. HPLC (254 )nm95%, decomp > 250°C, LC-MS(ESP):
m/z = 263 [M+HJ. The spectroscopic data is in agreement with gaéaiously reported in

literaturé”.

41.2.34. Ethyl 4-(3-hydroxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetr ahydr opyrimidine-5-
carboxylate (34). Synthesized according to general method 1 usingdBetxybenzaldehyde (61
pL, 0.5 mmol), ethyl acetoacetate (@B, 0.75 mmol), urea (30 mg, 0.5 mmol), Yb(OF {31 mg,
0.05 mmol), THF (1.0 mL) and 40 min of heating. Aite solid was isolated in 78% yield (107
mg). Purity by anal. HPLC (254 nm) > 99%, mp: 1®6FC, LC-MS(ESP) : m/z = 277 [M+H
The spectroscopic data is in agreement with dateigusly reported in literatuité

4.1.2.35. Methyl 4-(3-hydroxyphenyl)-1,6-dimethyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (35). Synthesized according to general method 1 usingdBeltybenzaldehyde (61
mg, 0.5 mmol), methyl 3-oxobutanoate (I, 0.75 mmol), 1-methylthiourea (45 mg, 0.5 mmol),
Yb(OTf); (31 mg, 0.05 mmol), MeCN (0.5 mL) and 30 min oftweg. The crude product was
recrystallized from MeOH andJ@ to obtain the product as a yellow solid in 15%ldi(22 mg).
Purity by anal. HPLC (254 nm) > 97%, mp: 213-214 PC-MS(ESP): m/z = 293 [M+H] 'H
NMR (DMSO): 6 9.80 (d,J = 4.7 Hz, 1H), 9.42 (s, 1H), 7.10 {t= 8.0 Hz, 1H), 6.66-6.63 (m, 1H),
6.62-6.60 (M, 2H), 5.13 (d,= 4.8 Hz, 1H), 3.65 (s, 3H), 3.47 (s, 3tC NMR (DMSO0):5 178.0,
165.8, 157.5, 147.9, 143.4, 129.5, 116.4, 114.8,8,105.2, 52.0, 51.5, 36.2, 16.3.

4.1.2.36. Ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (36).
Synthesized according to general method 1 usingdiéehyde (104L, 1.05 mmol), methyl
acetoacetate (146, 1.6 mmol), urea (63 mg, 1.05 mmol), Yb(OJ®5 mg, 0.1 mmol), THF (0.5
mL) and 45 min of heating. The crude product wasystallized from EtOH and # to obtain a
yellow solid in 78% vyield (214 mg). Purity by anBlPLC (254 nm) > 99%, mp: 205-206 °C, LC-
MS(ESP): m/z = 261 [M+H] *H NMR (DMS0)$ 9.17 (s, 6H), 7.71 (br. s., 6H), 7.29 - 7.35 (m,
12H), 7.21 - 7.26 (m, 18H), 5.15 (d, J = 3.39 H4),13.98 (g, J = 7.11 Hz, 2H), 2.25 (s, 3H), 1.09
(t, J = 7.09 Hz, 3H)"*C NMR (DMSO)5 165.3, 152.1, 148.3, 144.8, 128.4, 127.2, 126922,9
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59.1, 53.9, 17.7, 14.0. The spectroscopic data iagreement with data previously reported in

literaturé'®,

4.1.2.37. Methyl-6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (37).
Synthesized according to general method 1 usingdiéehyde (104L, 1.05 mmol), methyl
acetoacetate (146, 1.6 mmol), urea (63 mg, 1.05 mmol), Yb(OJ®5 mg, 0.1 mmol), THF (0.5
mL) and 45 min of heating. A white solid was iselhtin 74% vyield (190 mg). Purity by anal.
HPLC (254 nm) >99%, mp: 210-211 °C, LC-MS(ESP): m/247 [M+H]. *H NMR (DMSO0) 5
9.19 (s, 1H), 7.73 (s, 1H), 7.21 - 7.35 (m, 5H}45(d,J = 3.51 Hz, 1H), 3.53 (s, 3H), 2.25 (s, 3H).
3% NMR (DMSO)6 165.8, 152.1, 148.6, 144.6, 128.4, 127.2, 128010,%7.0, 53.8, 50.7, 25.1,

17.8. The spectroscopic data is in agreement veita previously reported in literatdfe

4.1.2.38. 1-(6-ethyl-4-(3-hydroxyphenyl)-2-thioxo-1,2,3,4-tetr ahydr opyrimidin-5-yl)propan-1-
one (38). Synthesized according to general method 1 usingd8eitybenzaldehyde (122 mg, 1.0
mmol), heptane-3,5-dione (2Q&, 1.5 mmol), thiourea (76 mg, 1.0 mmol), Yb(Oil{%2 mg, 0.1
mmol), MeCN (0.5 mL) and 30 min of heatirfurified by flash chromatography (heptane:EtOAc,
2:1) to obtain the pure product as a yellow sali@7% yield (253 mg). Purity by anal. HPLC (254
nm) > 95%, mp: 187-189 °C, LC-MS(ESP): m/z = 291f*. *H NMR (DMS0):$ 10.18 (d,J =

0.9 Hz, 1H), 9.63 (ddj = 3.4, 1.3 Hz, 1H), 9.47 (s, 1H), 7.14 Jt= 7.7 Hz, 1H), 6.69-6.65 (m,
3H), 5.22 (dJ = 3.9 Hz, 1H), 2.70-2.53 (m, 3H), 2.14 (dr 17.7, 7.1 Hz, 1H), 1.14 §,= 7.3
Hz, 3H), 0.82 (tJ = 7.1 Hz, 3H).*C NMR (DMSO):§ 197.7, 173.9, 157.6, 148.8, 144.1, 129.7,
117.3,114.9, 113.5, 108.2, 53.9, 33.2, 23.7, 18,

4.1.2.39. Methyl 4-(3-hydr oxyphenyl)-6-(methoxymethyl)-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (39). Synthesized according to general method 1 using 3-
hydroxybenzaldehyde (122 mg, 1.0 mmol), methyl 4hmey-3-oxobutanoate (194, 1.5 mmol),
thiourea (76 mg, 1.0 mmol), Yb(OEf{62 mg, 0.1 mmol), MeCN (0.5 mL) and 4h of heating
Purified by flash chromatography (heptane:EtOA&) 2o obtain the pure product as a yellow solid
in 39% vyield (121 mg). Purity by anal. HPLC (25N> 99%, mp: 165-167 °C, LC-MS(ESP):
m/z = 309 [M+H]. *H NMR (DMSO0):§ 9.72 (dd,J = 3.6, 1.8 Hz, 1H), 9.58 (d,= 1.6 Hz, 1H),
9.46 (s, 1H), 7.15-7.11 (m, 1H), 6.68-6.64 (m, 3bi},3 (d,J = 3.8 Hz, 1H), 4.60 (d] = 12.9 Hz,
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1H), 4.40 (d,J = 12.9 Hz, 1H), 3.60 (s, 3H), 3.32 (s, 3HC NMR (DMSO):$ 174.1, 165.0,
157.5, 144.0, 143.4, 129.6, 116.8, 114.8, 113.1,8,86.7, 58.1, 53.9, 51.4.

4.1.2.40. Ethyl 4-(3-((tert-butyldimethylsilyl)oxy)phenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (40). Monastrol (1.46 g, 5 mmol), TBDMSCI (1.51 g, 10
mmol) and imidazole (1.02 g, 15 mmol) was dissoliediry DMF (5 mL) under Band stirred
over night. The reaction mixture was diluted wite®@H (10 mL) and stirred for 30 min and
thereafter concentrated under vacuum. The resica® dissolved in EtOAc (100 mL) and the
organic phase was washed with water (3 x 30 mligddwrith MgSQ, filtered and evaporated. The
crude product was purified by DCVC (heptane:EtO#cyive the product as a white solid on 80%
yield (1.63 g). Purity by anal. HPLC (254 nm) > 970€-MS(ESP): m/z = 407 [M+H] *H NMR
(DMSO0):$ 10.34 (d,J = 0.8 Hz, 1H), 9.63 (dd] = 3.5, 1.5 Hz, 1H), 7.22 (§,= 7.8 Hz, 1H), 6.82
(d,J=7.8 Hz, 1H), 6.76-6.71 (m, 2H), 5.12 = 3.8 Hz, 1H), 4.02 (q) = 7.1 Hz, 2H), 2.27 (s,
3H), 1.11 (tJ = 7.1 Hz, 3H), 0.93 (s, 9H), 0.17 (s, 6H)C NMR (DMSO0):8 174.4, 165.1, 155.2,
144.97, 144.94, 129.7, 119.2, 119.0, 117.6, 1R K, 53.6, 17.9, 17.1, 14.0, -4.5.

4.1.2.41. Ethyl 3-(3-hydroxyphenyl)-1-thioxo-1,2,3,5,6,7-hexahydropyrrolo[1,2-c]pyrimidine-
4-carboxylate (41). TBDMS protected monastrol (40) (0.500 g, 1.23 yma@s dissolved in dry
THF (12.5 mL) under Nand cooled to -1 in an ice-salt bath. n-BuLi (2.7 mL, 1.6 M sotutiin
hexanes, 4.3 mmol) was added dropwise at this textyye. The reaction mixture was allowed to
heat to room temperature and stirred for 3h. Theturé was then cooled to -1D and
dibromoethane (318L, 3.69 mmol) in dry THF (2.5 mL) was added dropavi this temperature.
The reaction mixture was stirred over night at raemperature. Sat. N@I (25 mL) was added to
the reaction mixture and the mixture was extraetggkd EtOAc (3 x 25 mL). The combined organic
phases were washed with brine (25 mL) and waterd2 mL), dryed over MgS£and evaporated
to dryness. The residue was purified by flash clatography (heptane:EtOAc, 4:1) to give the
product as a colorless oil (44 mg, 8%). Purity hglaHPLC (254 nm) > 85%, LC-MS(ESP): m/z
= 433 [M+H]". '"H NMR (MeOD):§ 7.18 (t,J = 7.9 Hz, 1H), 6.91 (dt] = 7.7, 0.5 Hz, 1H), 6.79 (t,
J=2.1Hz, 1H), 6.74 (ddd,= 8.1, 2.4, 0.9 Hz, 1H), 5.27 (s, 1H), 4.16-4.40 2H), 4.06-4.01 (m,
2H), 3.40-3.34 (m, 1H), 3.15-3.08 (m, 1H), 2.14&(én, 1H), 2.01-1.94 (m, 1H), 1.22 ¢=7.1
Hz, 3H), 0.97 (s, 9H), 0.19 (s, 6H). Used withauter purification. This compound (40 mg, 0.1
mmol) was dissolved in 0.5 M MeONA in MeOH (2 mLijdastirred at room temperature over

30



night. The reaction mixture was evaporated to dsgnend purified by flash chromatography
(heptane:EtOAc, 4:1) to give the product as an sdld (8 mg, 28%). Purity by anal. HPLC (254
nm) > 98%, LC-MS(ESP): m/z = 319 [M+H]'"H NMR (MeOD):§ 7.14 (t,J = 7.8 Hz, 1H), 6.78
(d,J = 7.9 Hz, 1H), 6.75 (t) = 2.0 Hz, 1H), 6.70 (ddd,= 8.1, 2.4, 0.7 Hz, 1H), 5.26 (s, 1H), 4.14
(qd,J=7.1, 1.8 Hz, 2H), 4.05 (ddd= 8.5, 5.8, 2.7 Hz, 2H), 3.39 (dd#l= 18.3, 8.5, 4.3 Hz, 1H),
3.17-3.08 (m, 1H), 2.13-2.02 (m, 2H), 1.23Xt 7.1 Hz, 3H)!*C NMR (MeOD):5 176.6, 167.2,
158.8, 151.8, 146.2, 130.6, 118.8, 115.8, 114.4,41®%1.4, 56.0, 53.1, 33.2, 22.1, 14.6.

4.2. Phar macology

4.2.1. NCS-382 binding assay

Preparation of rat cortical membranes and tRENCS-382 binding assay was conducted exactly as
described previousl§? In brief, membrane homogenate (protein conceomatif 50-70 pg per
well) was incubated with increasing concentratiohsnonastrol analogue together with 16 nM
[*HINCS-382 for 1 hr at 0-4C, followed by rapid filtration through GF/C filtgates using a 96-
well harvester (PerkinElmer). The filter plates wetried, added scintillation liquid and CPM
values determined using a TopCount NXT Microplaten@lation counter (PerkinElmer).

4.2.2. Molecular biology

DNA constructs encoding the human GABPeceptor subunitg;, B> andy,s were in the pcDNA3
vector. The humaid subunit, originally in the pcDNAL vector, was sldmed into the pUNIV
vector (Addgene, Cambridge, MA, USA) reported talga high oocyte expression levals.

To do so, a forward primer 5-CGCGC-
TCGAGGTTTTTATTTTTAATTTTCTTTCAAATACTTCCACCATGAAGAA-

AAGTCCGG-3', containing the alfalfa mosaic virusNW) sequence and a Xhol restriction site
and a reverse primer 5-CGCGA-CGCGTTCACATGGCGTATGRTCC-3', containing a Mlul

restriction site, were used to amplily cDNA in a standard polymerase chain reaction. The
sequence of the cDNA and the absence of mutatiass cenfirmed by full cDNA sequencing
(GATC Biotech AB, Konstanz, Germany).

4.2.2.1. Xenopus laevis oocytes and two-electrode voltage clamp electraplogy

For expression iXenopus laevis oocytes, defolliculated stage V-VI oocytes (Ec@&CBtoscience,
Germany) were co-injected with cRNA constructs elmg the GABA\ receptor subunits in the
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following combinations and ratios;f, (1:1), a1p20 (5:1:5) andaifayzs (5:1:5). The cRNAs were
prepared by linearization of DNA plasmids using INagstriction enzyme (Thermo Fischer
Scientific, West Palm Beach, FL). The linearized\NéDwas purified by extraction using buffer-
saturated phenol, phenol:chloroform:isoamyl alcoaotl chloroform followed by precipitation
from the aqueous phase using sodium acetate aadatthiThe purified linearized cDNAs were
used as templates to synthetize cRNA using the &fesdlachine T7 transcription kit (Ambion,
Life Technologies, Paisley, UK). The quality of tbBRNA was evaluated by 0.8% agarose gel
electrophoresis, and the concentration was detednising the NanoDrop 2000 spectrophotometer
(Thermo Fischer Scientific).

The oocytes were injected with 0.9-1.8 ng cRNA fmal volume of 18-36 nL and were stored at
18 °C in Barth’s solution (88 mM NaCl, 1.0 mM K@.,4 mM NaHCQ, 10 mM HEPES, 0.82 mM
MgSQOy, 0.33 mM Ca(N@), 0.91 mM CaCl, 100 IU/ml penicillin, 200 mg/ml streptomycin, 0.1
mg/ml gentamycin, pH 7.5).

Two-electrode voltage-clamp (TEVC) were performédomm temperature 3—7 days after cRNA
injection at a holding potential of -60 mV using @C-725C oocyte clamp amplifier (Warner
Instruments, Hamden, CT). Signals were low-passréitl at 10 Hz (950L8L, Frequency Devices,
Ottawa, IL) and digitized using USB-6212 BNC datagusition board (National Instruments,
Austin, TX). Voltage and current electrodes werdigolifrom thin-walled glass capillary tubes
(World Precision Instruments, Hertfordshire, UK)ngsa PC-10 puller (Narishige, East Meadow,
NY) and were agar-plugged, filled with 3 M KCI ahdd a tip resistance of ~2—4(MThe oocyte
recoding solution was composed of 96 mM NaCl, 2 Kk®, 5 mM HEPES, 1.8 mM Caghnd 1
mM MgCl, (pH adjusted to 7.4 with NaOH) and was continuppgrfused to the oocytes placed in
a recording chamber. Compound solutions were dilutehe recoding solution and applied to the
recoding chamber using a gravity-driven VC3-8xGfymon system (ALA Scientific Instruments,

Inc., Farmingdale, NY).

4.2.3 Data analysis

For binding experiments analysis was performedgu&rmphPad Prism 6 (GraphPad Software Inc,
La Jolla, CA, USA). Data were fitted according Ie Allosteric modulator titration equation based
on the allosteric ternary complex model develop®dG protein-coupled receptotsput formally

in agreement with the two-state allosteric modsbaised for ionotropic receptars.
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[A]
KA (1+[B]/Kg)
(1+a[B]/K,)

[A]+

where Y denotes the fractional specific binding] flenotes the concentration GHJNCS-382

(fixed as constant) and [B] the concentration ofnasirol. K. and Kz denote the equilibrium
dissociation constants ofH]NCS-382 and monastrol, respectively, ang Was fixed as constant
(based on the previously publishetH[NCS-382 K; value of 430 nNP). o is the cooperativity
factor reflecting the direction and magnitude o tmodulation. Ana value of 1.0 indicates no
modulatory effectp<1.0 indicates negative modulation asrell.0 positive allosteric modulation.
Kg anda were fitted by non-linear regression. All data atenmarized as meaasS.E.M. of at

least two independent experiments performed ifidefe.

The currents from the TEVC recordings were analysgidg Clampfit 10 (pCLAMP Software,
Molecular Devices, Sunnyvale, CA). To evaluate rin@dulatory effect of a given compound, the
data were normalized and expressed as the meanpfd&htiation + S.E.M. as shown in the
following equation: 1a/lconral £ S.E.M., wherda represents the amplitude of the current mediated
by the co-application of GABA and the modulatorddg,o represents the amplitude of the
current elicited by GABA.
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