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ABSTRACT

Targeting TGB/Smad signaling is an attractive strategy for sgvérerapeutic applications
given its role as a key player in many pathologiesluding cancer, autoimmune diseases and
fibrosis. The class ob-annelated 1,4-dihydropyridines (DHPsS) represemtsmgsing novel
pharmacological tools as they interfere with thethgvay in a novel fashion,e. through
induction of TG receptor type Il degradation. In the present wo#k) rationally designed,
novel DHPs were synthesized and evaluated for fI@Ribition, substantially expanding the
current understanding of the SAR profile. Key fimgs include that the 2-position tolerates a
wide variety of polar functionalities, suggestinat this region could possibly be solvent-
exposed within the (thus far) unknown cellular &rgA structural explanation for pathway
selectivity is provided based on a diverse serfed”esubstituted DHPs, including molecular
electrostatic potential (MEP) calculations. Morepviie absolute configuration for the chiral
4-position was determined by x-ray crystal analysisd revealed that the bioactive
(+)-enantiomers areRj-configured. Another key objective was to estdbis3D-QSAR model
which turned out to be robust @ 0.93) with a good predictive power(gd: 0.69). This data
further reinforces the hypothesis that this typ®BbiPs exerts its novel T@Hnhibitory mode of
action through binding a distinct target and thaspecific activities that would derive from
intrinsic properties of the ligands.@, lipophilicity) play a negligible role. Thereforthe present
study provides a solid basis for further liganddmhslesign of additional analogs or DHP
scaffold-derived compounds for hit-to-lead optiniiaa, required for more comprehensive

pharmacological studias viva



1. INTRODUCTION

The superfamily of transforming growth fac®r{TGF3) ligands comprises of a series of
structurally closely related cytokines that modelatplethora of cellular processes such as cell
division, proliferation, differentiation, migratipnadhesion and apoptosis in a tissue
context-specific mannef) They play a key role during embryogenesis but &s homeostasis
in adult tissues. Disruption or pathologic altevat of these pathways are associated with a
number of diseases such as cancer, autoimmunesdseand fibrosi2] Therefore, the
pharmacologic modulation of T@Fdependent processes is of great therapeutic reteya
underlined by the many ‘biologicals’ and small nmalkes currently in clinical trials for distinct
applications.3, 4 In general, three strategies are being invegityédr therapeutic intervention
with TGH3 signaling: 1) inhibition at the translational lé\w® anti-sense oligonucleotides, 2)
blockade of ligand-receptor interaction using asdiles and 3) inhibition of T3 receptor
kinases (TGBRI+II) by small molecules4, 5 The latter approach provides several advantages
over biological agents, because small moleculesbeaadministered orally and may reach and
infiltrate target tissues more efficiently than miacromolecules. In addition, target and pathway
selectivity can often be greater by using defined gharmacologically optimized small
molecule agents] In this regard, the herein presented compoundsctd dihydropyridines

might be of particular therapeutic value in a regative medicine setting.

We previously reported on a novel class of PGhibitors, b-annelated 1,4-dihydropyridines
(DHPs), which were identified in a phenotypic saréar small molecules that stimulate cardiac
differentiation of stem cells, with ITD-1L) as the hit compound (Figure T).(t was shown that

these DHPs inhibit TGF signaling via a novel mode of action, which is ttwvnregulation of



the TGH type Il receptor (TGBRII), giving these 1,4-DHPs the name ITD®( inducers of

TGH3 receptor degradation). This novel mechanism detset compounds apart from the
“classic” TGH inhibitors that typically target the receptor lseadomains, with the consequence
of redundant activity on closely related signalpathways or kinases, respectively. An initial

focused medicinal chemistry study was done whickeated a rather steep SAR profile for the

observed biological activity8]

Here, we report on the extension of these SARs adttitional, more versatile substituted and
functionalized derivatives addressing distinct stmmnings of our current SAR picture of these
compounds (Figure 1). Along these lines, it was teyetermine the - up to now - unknown
absolute configuration of the active (+)-enantiosnén addition, the entire dataset known until
today was used to establish a quantitative coroeldietween structure and activity via a 3D-
QSAR analysis. The primary aim was here to furtiegrforce the selective nature of observed
TGH3 inhibiting activity, possibly addressing one relav target and ruling out unspecific
effects in the cellular assays. This work evenyusdits the basis for the design of novel DHPs or
DHP scaffold-derived compounds for rational hitéad optimization that will allow conducting

more comprehensive pharmacological studies im aivo setting.
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Figure 1. Chemical structure of cardiogenieannelated 1,4-DHPs as T@&EBSmad inhibitors,
with ITD-1 (1) as the “hit compound” from preliminary studi&,fighlighting regions of the

molecule to be explored for expanding key SAR fesstu



2. RESULTS AND DISCUSSION

2.1.Chemistry

As indicated in the introduction, our preliminaryderstanding of the structure activity
relationships for this novel class of T@Bmad signaling inhibitors has been limited and
generated rather lipophilic derivatives which, adaagly, suffer from the respective
pharmaceutical and pharmacokinetic shortcomiegs, (solubility, ADME aspects, formulation
technologies). Therefore, several DHP derivativesemdesigned to incorporate heteroatom-
containing, polar functional groups but also to lerp steric aspects of certain regions of the

molecules.

Scheme 1 summarizes the synthetic routes to noM&sDwith various substituents in 2-, 3-,
4-, 6- and 7-position. Using such classic Hantzsminditions, it was possible to access many of
the desired compounds 6-21with yields ranging from 17-68%. Through replaceainef the
B-dicarbonyl componen? (mostly dimedone) with appropriate acetylenedioayates3, 2,3-
diester substituted DHPs were readily availabletally, these 2-carboxylic ester groups could
be selectively hydrolyzed under basic conditiares, (3 equiv of NaOH in EtOH) to give the free
carboxylic acid®20aand2lain good yields (68-87%) without compromising thes3ers. This
underlines the more stable carbamate nature of3tksters through conjugation with the
1,4-DHP core. For the introduction of a nitrogeomatin position 6 (X = NH, Scheme 1),

piperidine-2,4-dione instead of dimedo2¢ Was used and gave compouiftin 36% vyield.

If the desired aldehyde was not commercially awétla4’-bromophenyl-derivativd was
prepared as the starting material and subsequeatipled under Suzuki conditions to afford

compounds22-32in yields between 15-77% under non-optimized comas (Scheme 2). For



compound32 the O-TBDMS-protected 4-hydroxyphenylboronic acid wasduge the Suzuki

reaction, followed by deprotection with TBAF in THF

R3
0 R
N R? R? A: I, EtOH
I + or || + + NH4OAc 0]
Y o o or B: I, AcOH, EtOH R2
1
R' R o v N | N
2 3 4 5 N
1,6-21
cmpd | X Y R! R® R® yield | route
1 CH; | CMe, | Me COOEt Ph 38% A
6 CH; | CMe, | Me COOEt Br 40% A
7 CH; | CMe, | Me COOEt 4-BrPh 38% A
8 CH, | CMe, | Me COOEt Ethinyl 37% A
9 CH; | CMe, | Me CONHEt Ph 17% A
10 CH, | CMe, | Me COQGBu Ph 33% A
11 CH, | CMe, | Me COOAllyl Ph 23% A
12 NH | CH, Me COOEt Ph 36% A
13 CH, | CMe, | Me COOG:H2s Ph 71% B
14 CH; | CMe, | Me COnPr Ph 55% B
15 CH; | CMe, | Me COnBu Ph 21% B
16 CH, | CMe, | Et COEt Ph 31% B
17 CH, | CMe, | Me CONHBnN Ph 68% B
18 CH; | CMe, | Me COO(CH),0nPr | Ph 67% B
19* |CH; | CMe, | Me CN Ph 33% B
20 CH, | CMe, | COOMe| COOMe Ph 42% B




21 CH; | CMe, | COOEt | COOEt Ph 53% B

Scheme 1.Synthetic routes to novel T@Finhibiting b-anellated 1,4-DHPs with various
substituents in 2-, 3-, 4-, 6- and 7-positiorf-Aminocrotononitrile instead of alkane-1,3-dione

component and NMDAc was used.

R-B(OH),, (PPh3)4Pd(0), Na,CO4
OEt i-PrOH/H,0 (85%:15%, v/v), mw

cmpd | R yield

22 | 4’-CF3-Ph 7%

23 | 47-SO;Me-Ph| 77%

24 | 4”-Cl-Ph 76%

25 | 4”-F-Ph 72%

26 | 4"-OCFs-Ph | 52%

27 | 4’-CN-Ph 50%

28 | 47-Pyridinyl | 46%

29 | 4"-CH3z-Ph 39%

30 |4"-NMe,-Ph | 36%

31 | 4’-OMe-Ph 25%

32 | 47-OH-Ph 15% (2 Steps

Scheme 2Synthesis of novel 4’-substitutéeannelated 1,4-DHPs.



L - 36 (34%)
Scheme 3.Synthetic routes to novel polycyclic 1,4-DHPs. Raag and conditions: (i)

Dimedone, piperidine, EtOH, J@; (ii)) NH4,OAc, AcOH, 33% (2 steps); (iii) Indane-1,3-dione,

AcOH, H,SQy; (iv) AcOH, 34% (2 steps).

Moreover, two polycyclic 1,4-dihydropyridines wesgnthesized according to the general
Hantzsch concept,e. decahydroacridin84 and hexahydroindeno[1[8¢uinoline 36. For these
compounds, however, it was necessary to first isdlae initial condensation products under

distinct cyclization conditions.

2-Amino-substituted 1,4-dihydropyridines were asdgle by refluxing amidinoacetic acid
ethyl ester38, dimedone37 and aldehyd@&9 in a sodium ethanolic solution as described in the

literature (Scheme 43)

10



O NH Hcl NaOEt
EtO NH, EtOH

37 38 39

R = Ph (40, 12%)
R = {Bu (41, 20%)

Scheme 4Synthesis of novel 2-amino-substitutednnelated 1,4-DHPs.

However, in order to access more basic aminespos#ion (.e., not conjugated with the DHP
core, vinylogous carbamate), the use of a termamaino group in the alkane-1,3-dione
derivative for the Hantzsch DHP synthesis provedllehging. For this reason, the 2-
bromomethyl compound2 was prepared in moderate yields (51%) according fwocedure
described by Petrowet al, treating ITD-1 {) with NBS for 3 days (Scheme 3)() In fact, this
2-bromomethyl intermediate proved to be a key muatiate to install several functional groups
in 2-position.42 was then reacted with potassium phthalimide asotegted precursor of the
primary amino derivative. Unfortunately, after renmg the protecting group, the desired free
amine could not be isolated due to cyclizationaitdme43. Although a primary amine was not
accessible via the routes described above, seopraaines44 and 45 could be successfully
prepared and isolated as hydrochlorides in 27%58% yields after reacting 2-bromomethyl

intermediatet2 with ethylamine on-propylamine, respectively.

Furthermore, the above described condensatamtioa causing cyclization to a 5-membered
ring (i.e., pyrrolo[3,4b]quinolone)was used to explore a series of different tricydicivatives
(Scheme 5). Aside from thid-unsubstituted secondary lactd®d) the corresponding benzyl- and

ethyl analogs were prepardd-ethyl lactam46 was accessible from tHg-ethylaminomethyl-

11



substituted DHR4 in good yields (59%) under basic conditions. Ama&tive alternative to this
reaction was discovered when incorporating therdésamine in the form of the 2-carboxylic
amidel? (see Scheme ) followed by treatment with NBS for 24 hours, fisimng the desired
N-benzylated pyrrolo[3,4]quinolone 55 in 81% vyield (not shown in any Scheme, see EXxp.
Section). In a similar approach, reacting 2-bromitwyle intermediate42 with KOH (in
chloroform) did not provide access to the primatgohol since this intermediate rapidly
cyclized to furo[3,4b]quinolone47. Still, a non-cyclized analog.€., 2-methoxymethyl DHP,

48) was successfully obtained in high yields (91%grtreatingd2 with KOH in methanol.

For the preparation of 1,4-dihydropyridines cargyiistinct ester groups in 3-position, and
which were not accessible by the general procedutiined in Scheme 1, a protocol was used
that proved useful for similar derivatives in tresp(Scheme 48] The already above described
possibility for orthogonal deprotection of the 2Hwaxylic esters under basic conditions, while
leaving the 3-esters intact, implies a high chefstability of the latter. In fact, hydrolysis of
ethyl esterl to carboxylic acid49 could only be accomplished under strongly Lewigliac
conditions with BCJ. Subsequent alkylation with different alkyl bromsd and potassium

carbonate in DMF delivered the desired esi®$3

12



R'=Et (44, 58%)
= nPr (45, 42%)

R2 = nPr (50, 37%)
= iPr (51, 22%)
= ¢Pn (52, 14%)
= jBu (53, 22%)

OR?2

49 (75%)
Scheme 5.Synthetic routes to novel 2- and 3-substitubednnelated DHPs. Reagents and

conditions: i): NBS, MeOH; ii): KOH, MeOH; iii): tNR!, DCM:; iv): KOH, EtOH: v): KOH,
CHClg; vi): Potassium phthalimide, DMF; ;NCH3, 22% (2 Steps); vii): BGJ DCM; viii):

R’Br, DMF.
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2.2. X-Ray crystal structure analysis

In our earlier reports, we elaborated on the fhat the observed activity on cardiomyocyte
differentiation from murine embryonic stem cellgdanhibition of TG signaling is linked to
the (+)-enantiomersi( 8 Interestingly, these mechanistic studies alsoeakad that the
stereoselective mode of action was reversed faiwal channel antagonism since only thg (
enantiomers strongly inhibited calcium transiemisrat cardiomyocytes whereas the TGF
inhibiting (+)-enantiomers were weakly actig).(

One of the designated goals of our ongoing workoisdefine a detailed picture of the
b-annelated DHPs’ pharmacophore for novel liganckebtaapproaches, especially since the
cellular target has not yet been identified. A keguirement was thus to determine the absolute
configuration of the active (+)-enantiomer of ITD84b) by x-ray crystallography. For this, the
synthesis of single enantiomers was done as repbg#ore,i.e. via diastereomeric threonine-
based 3-ester8) However, it was crucial to use enantiomers ohbgl possible optical purity
for crystallization. High enantiomeric purity waxh#&eved after separating diastereomeric
intermediates by preparative HPLC (eluent;OFACN/MeOH, 30/27/43) instead of the
previously reported tedious procedure that usedvitgraflow chromatography with a

toluene/EtOAc eluent system. Using this method | T 1 (+)-enantiomeb4b was prepared in
23% vyields over three steps and an optical puﬁw%o/cee(a%o = +74) (lit. +68)8), and could
be crystallized for x-ray analysis by slow evaparabf an ethanolic solution.

The crystal structure &@4b revealed that the cardiomyogenic, T85Rhibiting (+)-enantiomer
is (R)-configured as depicted in Figure 2a. In accordawith recently reported x-ray crystal

data on differently 4-substituteb;annelated DHPsL() the typical structural features of classic

1,4-dihydropyridines are conserved for these DHBsh as the flattened boat conformation and

14



the pseudoaxial orientation of the 4-substituetally, however, the dihedral (torsion) angle of
107 ° for the C4-C5-C18-C19 plane relative to thé-@7 plane is rather shallows4b),
compared to similar DHP<.g. a ring-open (non-fused) 4-biphenyl analog (91-92ofsion
angle)(l) or ab-annelated 4-phenyl analog (97-99 °, torsion andl®) This becomes also
obvious comparing the angles of 4-biphenyl substitsi above the DHP core, with 118.9 ° for
54b and 104.3 ° and 116.3° for the ring-open 4-biphamalog or annelated 4-phenyl analog,
respectively (see Supporting Information, Figurds3y To which extent these conformational
aspects play a role in the context of BIRhibition remains to be clarified and is subjetour

current research.

a b

Ph

54b
[@]2°= +74,2 +1,3
(¢ = 0,4in CHCl;)

Figure 2. X-ray crystal structure analysis of the cardiomsmig, TG inhibiting
(R)-configured ITD-1 (+)-enantiomeb4b. a) ORTEP plot, chemical structure and optical
rotation datap) Packing diagram of the title compound showingrimi@ecular hydrogen bonds
between N1 and the carbonyl oxygen of bh@nnelant (symmetry codes: A = 2-y, 1+x-y, 1/3+z;

B = 1-x+y, 2-x, -1/3+2).
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2.3. TGFp/Smad inhibition

As outlined in the introduction, we aimed at exgagdn our preliminary SAR info for this
subclass ob-annelated 1,4-DHPs as cardiomyogenic B@#hibitors. This SAR has been steep
and generated rather lipophilic derivatives asrdenfthe fact the many regions of the molecule
were not explored at all. Therefore, the newly Bgsized compounds were designed to
incorporate heteroatom-containing, polar functiogeups but also to explore steric aspects of
certain regions of the molecules. Compounds wesduated in a TGB/Smad reporter gene
assay in HEK293T as described bef@egand the data is summarized in Table 1.

Thus far, the 2-position of these DHPs as B@thibitors has not been investigated at all. We
tested several carboxylate, ether and amino fumalities for activity and found that quite a few
groups are indeed well-tolerated. For example,a@pg the lipophilic 2-methyl group by a
2-amino group decreased potency only to a low éx&Amino DHP40 had an IG value of
1.3 pM compared to 0.8 pM of its methyl analog IT§t). The respective 4-Bu analog4l
was ranging even in the submicromolar range., (ICso = 0.5 pM) implicating that the
introduction of a 2-amino group still provides asdo the most potent DHP-based PGF
inhibitors.

Since the direct attachment of an amino group & P core does not generate a ‘true
amine’ but a vinylogous carbamate instead, we rea®o keep a methylene group spacer and
introduced the ethyldd, ICso = 3.4 pM) andh-propyl @5, 1Cso = 1.6 pM) amines. Both of the
amines revealed loss in potency which was modetgared to the 2-amino analdg (1Csp =
1.3 uM) but at least 2-fold when compared to thepaDHP1 (ICso = 0.8 uM). However, this

little loss in potency may well be compensated whHeoorating other regions of the molecule

16



with known affinity-increasing substituents, whig& the same time buying-in an improved
aqueous solubility.

Interestingly, severdD-functionalized analogs were also still active. 2Nyl ether derivative
48 showed a TGP inhibitory activity of 78% at 2.5 uM (l§ = 1.8 uM). Even replacement of
the 2-methyl group with carboxylic esters rendeteimolecules active, although losing potency
by ca. 2-fold 20 and21, ICs¢'s = 2.0 and 1.8 pM) compared to DHP-1. As exengdifvith two
derivatives 20a and21a), a carboxylic acid group pointed out the limibatiof introducing a
negatively charged moiety in the 2-position sinoghbcompounds were inactive. However, it
cannot be excluded that this phenomenon is soletytd the limited cell permeability of such
free acids. Taken together, these findings sugberhypothesis that the region surrounding the
2-position could possibly be solvent-exposed, anchther not key for high-affinity interaction
with its unknown cellular target.

Next, further building on the 3-carboxylic acid &3 group, several strategic SAR extensions
were realized. Starting off with esters of specsdize and branching we could support the
hypothesis that particularlys€C, containing esters were most poterg.( ICso = 0.5-0.7 uM),
while groups larger thanGvere detrimental to biological activity. Similambs were already
obtained in our previous stud§)( To address the question whether a simple incréase
lipophilicity and/or enrichment in lipid membranesuld contribute to potent T@Hnhibition in
a cellular assay setup, long chain ethylene gly¢) and fatty (lauryl) alcohol1) linker
moieties were evaluated but turned out inactive.

Importantly, the electronic and H-bond donor/acocemualities of the direct 3-substituent
were evaluated. Switching from the ethyl estdo the respective amid® (inactive) revealed

that an H-bond donor diminishes TG hhibitory activity. This finding is in accordanedth the

17



fact that the free 3-carboxylic acid is also inaeif8) An interesting observation was the
moderate but still surprisingly high potency ofiagle 3-cyano derivativel, ICso = 2.9 uM),
considering that a clear SAR and increase in pgteves typically obtained for proper-sized
alkyl residues which were completely lacking hélrbis raised the question of the significance
of the H-bond acceptor properties close to the @HIR. Therefore, a series of keton&4-16
were introduced that indeed further underlinedrdevance of this H-bond acceptor. Based on
the 3-substituent chain length, the direct ketareday to ITD-1 {, 1Cso = 0.8 uM) turned out to
have high TGB inhibitory potency 14, 1Cso = 0.5 uM).

Together, we have now compelling evidence that aciip and important molecular
interaction originates from the 3-position. In partar H-bond acceptor properties, exemplified
with a simple ketone, together with gC, aliphatic, low-branched side chain defines thdiapa
and electronic requirements for this T mhibitor pharmacophore. In a similar approacla, vi
incorporation of a nitrogen at the 6-positiore. the b-annelation site of the DHPs, the same
guestion was addressed as to whether an amidarfipebolished activityl@, 20% inhibition at
2.5 uM).

From our previous endeavors with this compoundscldse significance of the 4-substituent
was evident and has been further explored evee siithough this region of the molecule does
not permit modifications that would alter the line&ientation along the 4-phenyl-4’ axis, a
distinct 4”-substitution pattern of the biphenylrted out to be key for the desired signaling
pathway selectivityj.e. TGH3 versus Activin A.8) In fact, a 4”-Ck-substituted DHF22 did
exert a higher inhibitory efficiency against T@Wersus Activin A compared to its 4”-GH
analog29. In order to provide a more comprehensive, SAReasxplanation to verify this

inhibitory profile, a larger series of 4”-substidd DHPs were designed, synthesized and tested

18



against both of these T@Fsuperfamily ligands. The assay data results arerarized in Table

1 (TGH3 inhibition) and further illustrated in Figure 3 GH3 versus Activin A inhibition),
which reveals a clear SAR trend based on the Hampwistant of the 4”-substituents.
Although overall inhibitory potency against TEwas comparably high for compounds bearing
either electron-withdrawing (%, 22, 24, 25, 26) or -donating groups (29, 31, 32, 30) of certain
size (74-95% inhibition at 2.5 puM), this activityddnot parallel the determined anti-Activin A
activity. For the latter, the electronic naturetbis 4”-substituent indeed made a difference:
DHPs containing electron-withdrawing groups comsidy exhibited a low interference with
Activin A signaling, e.g. <50% inhibition for22 (4”-CF3), 26 (4”"-OCF3) and 24 (4”-Cl). In
accordance with this data, it was tempting to sia¢euthat a further increase of pathway
selectivity could be realized through incorporataim’-substituents with even higher Hammett
constant values than the OLét CF; groups. Therefore, sulfone DHE3 and nitrile27 were
synthesized and tested. However, the outcome wsappibinting since not only pathway
selectivity was completely abrogated but also dirdrdnibitory potency was significantly
diminished. Concluding from these results, a smiakkd electron withdrawing 4”-substituent,
devoid of Trbonds, ensures the highest degree of selectigfmat TGIB over Activin A
inhibition.

In an attempt to explain the distinct pathway inoity profiles of 4”-electron-withdrawing
and -donating group substituted DHPs, moleculactedstatic potentials (MEPs, Figure 3b-d)
were calculated fo22 (47-CF3), 29 (4”-CH3) and the 4”-unsubstituted ITD-1). Interestingly,
against our intuitive expectation that electronhg@iawing substituents in 4”-position would

generate an electron-deficient distal aromatic,rthg connolly surface &2 (Fig. 3b) revealed
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the opposite: The 4”-Cfgroup creates an electron-rich distal aromaticphiling electron

density from the proximal 4-phenyl into the digialy (solid arrow, Fig. 3b).

a 100+ *** LT * - wh * *
ok 0.8

% inhibition at 2.5 pM

-0.6 =¥- Hammett constant ¢

-0.8 - TGFp
-©- Activin A

B Difference
(TGFp-Activin A)

0.264 MENENCINNEN V. - 0.377 0.207 EEEEEECCSNIN| OV - 0.262 0.191 ISR | S - 0.273

Figure 3. Structural basis for pathway selective inhibitidrbeannelated DHPs) TGH3 versus
Activin A. Inhibition values were determined in ax&d4-binding element (SBE4) reporter gene
assay in HEK293T cells using either TGE or Activin A for pathway induction8) Data
represent means + S € 2-4), normalized to DMSO controls (= 0% inhibit). Statistical
analysis: Two-paired student t-tgsvalues: *** (p < 0.0001), ** (p< 0.001), * (p< 0.05), ns
(not significant). b-c) Connolly surface (probe radius = 1 A) mapped witle molecular
electrostatic potential (MEP), quantum chemicalcalations performed with Gaussian 03

(revision E.01); Blue/red areas represent negqtdgitive electrostatic potentials.
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This finding supports the idea that this distalioagof the molecule is important for potent
(selective) interaction with the unknown cellularget and possibly several of the examined 4”-
substituents exert additional beneficial effecte do specific molecular interactions within the
pocket of the unknown target. Obviously, the efisdess pronounced for a 4”-Gksubstituted
(29, Fig. 3c) or 4”-unsubstituted DHPL,( Fig. 3d). Therefore, illustration of MEP connolly
surfaces did not only extend the Hammett constaseth explanation of pathway selectivity
(Fig. 3a), it also provided an unexpected insight electron density distribution of this series of
4-biphenyl DHPs. In this regard, yet another ssipg observation was a high electron density
above the C8-methylene group in tr@annelant (dashed arrows, Fig. 3b-d) which was expe
to be rather around the N1 atom of the DHP corea @éneration of an electron-rich center

above theb-annelant may represent one explanation for thetfeat annelation is required for

TGH3 inhibiting activity.

In addition to a simple SAR extension of the 2-,aBd 4-substituents, it was vital for our
understanding of the pharmacophore to increasehbmical space of these DHPs. A series of
compounds was synthesized and tested which codtaineadditional 5-memberetiannelant.
Lactams43 and 46 as well as lactond7 were weakly active underlining that the increase i
rigidity negatively affects the desired activityn &xception was thM-benzyl derivativeb5 that
was comparably potent to the original ITD-1 withl&g, of 0.8 UM, and therefore, represents an
‘outlier’ of the thus far devised SAR model for whiwe do not have an explanation yet.
However, this finding prompted us to explore otheren larger tri- and tetracyclic structures.

With the indenone6 an aromatic residue was incorporated in analogh¢oactiveN-benzyl
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lactam55, but obviously much less floppy. InterestingBf was also still quite active (k=

1.26 pM), similar to the symmetric tricyclic aligiaderivative34 (ICso = 1.88 uM).
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Table 1. TGR3 inhibition of novelb-annelated 1,4-dihydropyridinés.

R® Ph
0 . 0 o
. Ly
N~ R? N

%inhibition
compd R! R? R® Y  ICso (M)

(2.5 uM)
1 Me COOEt Ph - 085+£030 83z%8
40 NH> COOEt Ph - 1.33+£0.21 61+2
41 NH> COOEt tBu - 051+£003 89%5
44 CH,NHEt COOEt Ph - 3.44 £ 0.33 64 + 27
45 CHNHnPr  COOEt Ph - 1.60+0.38 57+6
48 CH,OMe COOEt Ph - 1.89+0.33 78+ 14
20 COOMe COOMe Ph - 201+£060 4616
20a COOH COOMe Ph - n.d. 4+5
21 COOEt COOEt Ph - 1.80+£0.20 566
2la COOH COOEt Ph - n.d. 02
50 Me COMPr Ph - 0.49+0.24 93+3
51 Me COQPr Ph - 066x0.13 853
11 Me COOAllyl Ph - 0.62x0.02 915
10 Me COGBu Ph - 0.67 £0.17 84+1
53 Me COdBu Ph - 0.42 £0.27 91+3
52 Me COCPn Ph - 1.11 £0.52 77 +12
18 Me COO(CH),OnPr  Ph - nd. 0+3
13 Me COOG H2s Ph - n.d. 0x18
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17
19
16
14
15
22
29
26
32
31
24

25
30
23
27
28

47
43
46
55
12
36
34

Me
Me
Me
Et

Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

CONHEt
CONHBnN
CN
COEt
COnPr
COnBu
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt
COOEt

Ph

Ph

Ph

Ph

Ph

Ph

4”-CHRPh
4”-CHPh
4"-OCRPh
4"-OHPh
4"-OCHPh
4"-CIPh
4"-BrPh
4"-FPh
4"-NMePh
4”-SQMePh
4"-CNPh
4”-Pyridinyl
Ethinyl

@)
NH
NEt
NBnN

n.d.
5.19+3.45
2.95+0.68
1.63 +0.56
0.50+0.13
0.56 £0.11
0.97 £0.29
0.35+0.03
0.48 + 0.06
0.73+0.26
0.42+0.21
0.76 £ 0.22
0.46 +0.25
1.23 +£0.02
0.33+0.15
2.76 +£0.18
1.79 £ 0.42
6.14 £1.55
1.71 +0.60
430+1.71
n.d.
5.03+1.31
0.87 £0.20
n.d.
1.26 £0.01
1.88 £0.27

31+1
32+13
44 £ 6
62+8
84 +11
80+2
88 +6
94 +2
95+1
74+6
93+4
91+2
94 +3
74 £ 16
95+2
44 +1
52+2
27 +11
59+5
374
28+8
25+15
82+5
212
702
55+6
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& Data represent means + SD of n = 2-4 independerinents in a TGE/Smad reporter gene

assay” For this compound a single experiment was done, madl determined.

2.4.3D-QSAR studies

Quantitative structure activity relationships (QSA&escribe the correlation of biological
activity with the chemical structure of a set ofletnles. QSAR analyses have become a widely
used technique in drug desigh3) since their first description in 1964 by Hanscid &ree-
Wilson.(14, 195 They are commonly used to validate structurevagtrelationships as well as to
predict the biological activity of newly designedngpounds. This approach is intrinsically most
powerful when building on data from biochemicalaasswith compound activities covering a
broad dose-response range. Nevertheless, alselfdrased data, 3D-QSAR information can be
of high value. In fact, such vitro cellular studies have been applied for the valdatnd
QSAR analysis of biological activities of severadl-tlihydropyridine-type of compounds, for
example regarding antitumor activity in HL-60 cgll$) inhibition of amyloid beta peptide
accumulation in CHO celld{) antitubercular activity in a BACTEC 460 assayteys(8)
aside from classic calcium channel antagonist @gtim guinea pig ileum smooth muscle
assaysi9) In all cases, the requirement for calculating@A® model is the assumption that all
evaluated derivatives share the same target cetthrgding site, and unspecific effects, such as
permeability, have no significance influence orrat decisively determine the desired activity,
respectively.

In the context of the TG¥F inhibitors described herein, the cellular targas mot yet been
identified. Thus, the aim was in the first placestgpport the hypothesis that these type of

b-annelated 1,4-DHPs exert their novel TGHhibitory mode of action through binding a
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distinct target in case the observed SAR can batgatively captured. Unspecific activities that
would derive from intrinsic properties of the ligm.qg, lipophilicity) rather than from direct
interaction with the target binding site were swggabto be ruled out. At the same time, of
course, unspecific ligand features or “off-targetfects always play a role in cell- and organism-
based assay systems.

A 3D-QSAR analysis was performed using T8Rhibitors from this study and our previous
report that showed a “measurable activity” whiath fe a training dataset of 58 DHPs and a final
test dataset of 19 DHPs. The 3D conformationsIdigainds were prepared based on the crystal
structure of the activeRj-configured ITD-1 (+)-enantiomes4b that we disclosed here for the
first time. Since the absolute configuration at #hposition is vital for the compounds’ TGF
inhibitory activity, this information was likewidenportant for a reliable 3D-QSAR model.

Although dealing with cell-based data from a repogene assay, the model had a hfgbfr
0.93 and significant, good values for the intercralss-validation (oo = 0.74, Guvo = 0.70),
which indicates a robust model (Figure 4b). Howetee predictive power of this model on a
test dataset.g., that was not involved in the training datasethis most challenging and most
important part of a QSAR analysis. The final testadet (19 compounds) revealed %m:(;of
0.69 which confirmed the predictive power of thetaied 3D-QSAR model. Overall, a
significant and robust model with predictive poweuld be devised for the DHP dataset which

supports the assumption that a defined target ifignsite) or mechanism is addressed.
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Figure 4. 3D-QSAR analysis results of T@HRnhibitory activities of DHPsa) Predicted versus
experimental inhibition of the trainings datasda¢l circles, black line) and of the test dataset
(red triangles)b) Statistical parameters of the final 3D-QSAR modglAlignment of trainings
data set and Van-der-Waals and electrostatic comaps for 3D-QSAR model (green/yellow:
steric bulky regions are positively/negatively ebated with inhibitory activity; red/blue:
positively/negatively charged substituents are tpady correlated with inhibitory activity)d)

Correlation plot of calculated logP (clogP) ver3@H3 inhibition (% at 2.5 uM).
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One advantage of 3D-QSAR modelling is the visu#ibra of molecular interaction field
coefficients as contour maps. The alignment off®e&ompound-comprising training data set is
shown in combination with the contour map of thedeloin Figure 4c. Yellow contours
highlight regions where steric bulky substituerdsrelate negatively with inhibitory activity and
whereas bulky substituents within the green oneselade positively. Moreover, electrostatic
interactions that correlate positively with the Ibgical activity are shown in red (negative
partial charges) and blue (positive partial charg€df course, the detailed influence of
substituents on electrostatic potential as showRigure 3b-d cannot be seen in this kind of
QSAR studies, since basic force-field based mosranteraction fields are used. However, for
structure-activity relationships these interacfiietds have proven their usefulness.

A combination of a blue and red surface region nbar 3-carbonyl-like groups can be
explained by ester functionalities of highly pot&Ps where the alkoxy oxygen is close to the
red surface. In contrast, molecules containingctgata or lactoned.g, 46 and47) show low
inhibition activity and are surrounded by a bluefate. The electronegative charge of the
carbonyl group negatively correlates with inhibitiactivity which is represented by the
electropositive surface nearby. Similarly, theilatgroup of19 lies also within this area.

The steric contour map in Figure 4c shows a gresface around the distal 4’-substituent
which implies that sterically demanding groups wedl-tolerated and correlate positively with
activity. This is supported by DHPs with eitheraaKk of 4’-substituentse(g, S1, S2 S5-S6 8%,

S8 or small substituents in 4’-positior.§.,7*, S3 S4) that show a low inhibition. In contrast,
the yellow surface above the DHP core indicatemasamghich should not be covered with
substituents. Such compounds were for example y®'sabstituted DHPs39*, 40*-43*) that

were inactive or had a low potency. Although, amdimg most potent molecules, the contour
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map does not indicate steric or electrostatic seddor 7-substituted DHPs.§, 25*, 29*, 28*).
In this regard, more DHP derivatives of this kinduM have to be experimentally evaluated to
allow for more detailed QSAR conclusions or meafuihgredictions, respectively.

Together, the initial qualitative SAR features thatre manually extracted can be transferred
into quantitative structure activity relationshipghis supports the assumption that a distinct
target within the TGE pathway is addressed by these DHPs, and that rathgpecific” effects
such as biological activity as a simple functioncefl permeability contribute (at least) to a
minor extent. In fact, this is further substantiatey plotting calculated logP (clogP) values
versus inhibition activity (Figure 4d): There iscartain trend indicating that the most potent
compounds are also the most lipophilic and the timacones are very hydrophilic. This
observation makes sense considering that compowodtd have to enter the cells to exert
principal cellular activity. However, there is ctano good correlation between clogP and
biological activity that does not allow discrimiiveg weakly from strongly potent DHPsg, in

the range between 20-100% inhibition, red rectgngle
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3. CONCLUSION

Targeting the TGE pathway is an attractive pharmacological strategyseveral therapeutic
applications given its role as a key player in maayhologies, including cancer, autoimmune
diseases and fibrosis. The herein presented sgbaéd-annelated 1,4-dihydropyridines
represent promising novel pharmacological toolsesitey interfere with T@#Smad signaling
in an unprecedented fashion, namely through indootif TGH receptor type Il degradation.
Here, we reported on a substantial extension ofDH€’s SAR profile as TGF inhibitors,
particularly addressing the inclusion of more veisaubstituted and functionalized derivatives.

More than 40 novel DHPs were synthesized via ataBintzsch conditions using distinct
B-dicarbonyl and acetylenedicarboxylate buildingckkcoupled with Suzuki cross coupling and
allowed the construction of the majority of the ides$ compounds. However, a synthetic route
starting from 2-bromomethyl dihydropyridiné2 proved to be extremely useful to furnish
miscellaneously functionalized DHPs.

Since no SAR information was present regarding 2kmosition of these DHPs as TGF
inhibitors, we tested several carboxylate, ether amino functionalities for activity and found
that quite a few groups are indeed well-tolerated),(2-amino DHP#0, 41, 1Cs¢'s = 0.5-
1.3 uM andn-propyl amined5, I1Cso = 1.6 uM). It is thus tempting to speculate theg tegion
surrounding the 2-position could possibly be solvetposed. Furthermore, exploration of the
3-position provided compelling evidence that a #gge@nd important molecular interaction
originates from this position. In particular H-boadceptor properties, exemplified with simple
ketones €.g, 14, ICso = 0.5 uM), together with a £C, aliphatic, low-branched side chain
defined the spatial and electronic requirementstlige pharmacophoric region. An important

objective in this study was also to provide a gtrrad explanation of the significance of the

30



4-substituent which was evident from our previowsky Through thorough evaluation of series
of distinct 4”-substituted DHPs we were able tawshthat pathway selectivity against TBF
over Activin A was indeed dependent of the eleatrarature of the 4”-substituent (Hammett
constant). However, a small-sized electron withangw4’-substituent, devoid ofrt-bonds,
ensured highest degree of selectivity. Moleculactebstatic potential (MEP) calculations
further shed light on this phenomenon. Against atuitive expectation that electron-
withdrawing substituents in 4”-position would geate an electron-deficient distal aromatic
ring, MEP calculations suggested the opposite: ZREF3; group @2) creates an electron-rich
distal aromatic by pulling electron density frometproximal 4-phenyl into the distal ring.
Therefore, the distal 4’-region of the moleculenmportant for potent (and selective) interaction
with the unknown cellular target.

Another key objective was to determine the - umday - unknown absolute configuration of
the active (+)-enantiomers by x-ray crystal struetianalysis, which revealed arR){
configuration at the DHPs center of chirality. Togdi structural features of classic
dihydropyridines were conserved for thebeannelated DHPs such as the flattened boat
conformation and the pseudoaxial orientation of 4kgubstituent, although in a more shallow
dihedral angle (107 °) as compared to similar DHPs.

Finally, the entire dataset was used to establi8D-#SAR model with the primary aim to
further reinforce the selective nature of obserV&H3 inhibiting activity. Although based on
cellular assay data the resulting model turnedtoite robust fr= 0.93) and exhibited a good
predictive power &)red = 0.69). Therefore, it supports the hypothesist ttese type of

b-annelated 1,4-DHPs exert their novel TGHhibitory mode of action through binding a
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distinct target and that unspecific activities thaduld derive from intrinsic properties of the
ligands €.g, lipophilicity) play a negligible role.

In summary, the presented body of work not onlwles compelling evidence that specific
b-annelated DHPs address a distinct target or mésshawithin TGH/Smad signaling but that
the target appears “druggable”. It also provideslal basis for the further design of novel DHPs
or DHP scaffold-derived compounds for rational totead optimization required for more

comprehensive pharmacologi@alvivo studies.
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4. EXPERIMENTAL

4.1.Chemistry

General. Unless otherwise stated, all reagents were oletairem commercially available
sources and were used without purification. Thetrea process was monitored by TLC with
silica gel plates (thickness 250 mm, Indicator B2%under UV light. Flash column
chromatography was performed on a CombiFlash R{Z@edyne ISCO, Lincoln). Reactions
under microwave irradiation were performed in a CEMiscover Intellivent Explorer
Automated Reactor. NMR spectra of compounds wererded with a Varian Mercury BB (400
MHz) spectrometer, a Bruker DRX-400 spectrometeraoBruker DRX-500 spectrometer.
Chemical shifts were reported as ppip relative to the solvent (CDgat 7.26 ppm, DMSO«
at 2.50 ppm) or TMS as internal standard. The gogptonstants are expressed in Hertz (Hz).
Multiplicities are abbreviated as s = singlet, deublet, t = triplet, g = quartet, sex = sextef se
= septet, m = multiplet, br = broad. Mass spedtiaia were either determined on a Waters
Acquity UPLC system connected to a Waters SQ Detéttoperating in the ESI positive ion
mode on a Waters Acquity UPLC® BEH C18 column (1rid, 2.1 x 50 mm) using a gradient
elution with acetonitrile (0.01% trifluoroaceticidgin water (0.01% trifluoroacetic acid) at a
flow rate of 0.4 mL/min or on a Agilent technologi&200 system with Kinetex RP-18 (28,
100 x 2.10 mm) using a gradient elution with acitide (0.1% formic acid) and water (0.1%
formic acid) at a flow rate of 0.25 mL/min, coupledda Finnigan LCQ Advantage MAX ESI-
spectrometer. Preparative HPLC purification wadgoared on a Shimadzu system (2 x-EG
AP (pumps), SPE20 AC XR (PDAdetector) with a Macherey-Nagel VarioPrep, Nucleodu
C-18ec (5 um, 250 x 21 mm). Purity of final compdsirwere either determined on a on a

Agilent technologies 1200 system (Kinetex RP-18, j#n, 100 x 2.10 mm) using a gradient
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elution with acetonitrile (0.1% formic acid) and tem(0.1% formic acid) at a flow rate of 0.25
mL/min over 18 min or on a Varian Star #1 (Apolla& 150 x 4.6 mm Size) using a gradient
elution with water (0.1% KPQO,) and acetonitrile (40/60 to 0/100, A/B) at a floate of 1.0
mL/min over 15 min. Purity of all synthetic finatquucts was 95%.

Synthetic procedures for the preparation of 1,4-dilgdropyidines 1, 6-21.

Procedure A. 1 eq. of a cyclic 1,3-dicarbonyl compoudl eq. of the desired aldehyBel
eg. of a 1,3-dicarbonyl compouBd1 eq. of dried NEDAc and 0.3 eq. of iodine were stirred in
EtOH (2.5 mL/mmol) overnight at room temperaturdeTsolvent was evaporated and the
residue was dissolved in EtOAc. The organic layas washed twice with a saturated solution of
NaSO; and brine, dried over MgSQand concentrated under reduced pressure. The crude
material was purified by recrystallization or flagtromatography.

Procedure B.1 eq. of a cyclic 1,3-dicarbonyl compoudl eq. of the desired aldehy8el.2
eq. of a 1,3-dicarbonyl compouBd1.5 eq. of dried NKDAc, 0.3 eq. of iodine and a few drops
of concentrated acetic acid were stirred in EtOF @L/mmol) under Ar at 60 — 80 °C. The
progress of the reaction was monitored via TLC. tJpompletion of the reaction the solvent
was evaporated and the residue was dissolved iA&tDhe organic layer was washed twice
with a saturated Na©j3 solution and brine, dried over Mgg@nd concentrated under reduced
pressure. The crude material was purified by realyzation or flash chromatography.

Ethyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,56,7,8-hexahydroquinoline-3-
carboxylate (1).The title compound was obtained according to theegd procedure A using
4-biphenylcarboxaldehyd&3 as the aldehyde component, dimedone as the dy@lidicarbonyl
compound and ethyl acetoacetate as the 1,3-dicdricompound. Yellow solid; yield: 38%.

Analytical data are in accordance with the literai{)
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Ethyl 4-(4-Bromophenyl)-2,7,7-trimethyl-5-ox0-1,4,%,7,8-hexahydroquinoline-3-
carboxylate (6).The title compound was obtained according to theegd procedure A using
4-bromophenylcarboxaldehyde as the aldehyde conmpordimedone as the cyclic 1,3-
dicarbonyl compound and ethyl acetoacetate as Balidarbonyl compound. Yellow solid;
yield: 40%. TLC: R= 0.38 (cyclohexane/EtOAc, 1:1H NMR (500 MHz, DMSO-¢): = 9.01
(br s, 1H), 7.37 (m, 2H), 7.09 (m, 2H), 4.82 (s)18196 (q,J = 7.3 Hz, 2H), 2.40 (m, 1H), 2.29
(s, 3H), 2.27 (m, 1H), 2.16 (m, 1H), 1.98 (m, 1M1 (t, J = 7.3 Hz, 3H), 1.00 (s, 3H), 0.83 (s,
3H) ppm. MS (+ESI) m/z: 418.32 [M+H]

Ethyl 4-(4-(4-Bromophenyl)phenyl)-2,7,7-trimethyl-50x0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (7). The title compound was obtained according to the
general procedure A using 4-bromobiphenylcarboxalde as the aldehyde component,
dimedone as the cyclic 1,3-dicarbonyl compound etiyl acetoacetate as the 1,3-dicarbonyl
compound. Yellow solid; yield: 38%. TLC:;R 0.42 (cyclohexane/EtOAc, 1:I'H NMR (500
MHz, DMSO-&): & = 9.07 (br s, 1H), 7.58 (m, 4H), 7.49 (m, 2H),47 (2, 2H), 4.89 (s, 1H),
3.99 (q,J = 7.1 Hz, 2H), 2.43 (m, 1H), 2.32 (m, 4H), 2.18, (thi), 2.00 (m, 1H), 1.15 (8, = 7.1
Hz, 3H), 1.00 (s, 3H), 0.86 (s, 3H) ppm. MS (+E@ly: 494.20 [M+H].

Ethyl 4-(4-Ethynylphenyl)-2,7,7-trimethyl-5-ox0-1,45,6,7,8-hexahydroquinoline-3-
carboxylate (8). The title compound was obtained according to theegal procedure A using
4-ethynylphenylcarboxaldehyde as the aldehyde coenqto dimedone as the cyclic
1,3-dicarbonyl compound and ethyl acetoacetat@@d 3-dicarbonyl compound. Yellow solid;
yield: 37%. TLC: R= 0.46 (cyclohexane/EtOAc, 1:H NMR (500 MHz, DMSO-g): 5 = 9.08
(br's, 1H), 7.30 (m, 2H), 7.15 (m, 2H), 4.85 (s,)1#03 (s, 1H), 3.96 (q) = 7.3 Hz, 2H), 2.41

(d,J = 16.8 Hz, 1H), 2.29 (s, 3H), 2.27 @ 16.1 Hz, 1H), 2.16 (d,= 16.1 Hz, 1H), 1.97 (d)

35



= 16.1 Hz, 1H), 1.11 () = 7.3 Hz, 3H), 1.00 (s, 3H), 0.83 (s, 3H) ppm. MESI) m/z: 346.03
[M+H] ™.

4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,5,6,7 Bexahydroquinoline-3-carboxylic acid
ethylamide (9). The title compound was obtained according to theegal procedure A using
4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound andN-ethyl-3-oxo-butanamide as the 1,3-dicarbonyl conmgb Yellow solid; yield:
17%. TLC: R = 0.25 (cyclohexane/EtOAc, 1:3H NMR (500 MHz, DMSO-g): & = 8.56 (br s,
1H), 7.59 (m, 2H), 7.47 (m, 2H), 7.42 (m, 2H), 7@4, 1H), 7.23 (m, 2H), 4.85 (s, 1H), 3.04
(m, 2H), 2.38 (m, 1 H), 2.30 (m, 1H), 2.14 (m, 1R)3 (s, 3H), 1.99 (m, 1H), 1.02 (s, 3H), 0.93
(t, J=7.3 Hz, 3H), 0.91 (s, 3H) ppm. MS (+ESI) m/z5411 [M+H]".

t-Butyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,45,6,7,8-hexahydroquinoline-3-
carboxylate (10).The title compound was obtained according to #rwegal procedure A using
4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and-butyl acetoacetate as the 1,3-dicarbonyl compoifietiow solid; yield: 33%.
TLC: R; = 0.18 (cyclohexane/EtOAc, 2:TH NMR (500 MHz, DMSO-g): & = 8.99 (br s, 1H),
7.60 (m, 2H), 7.50 (m, 2H), 7.42 (m, 2H), 7.31 (th)), 7.24 (m, 2H), 4.82 (s, 1H), 2.41 (m, 1
H), 2.30 (m, 1H), 2.26 (s, 3H), 2.16 (m, 1H), 1(®8 1H), 1.33 (s, 9H), 1.01 (s, 3H), 0.87 (s,
3H) ppm. MS (+ESI) m/z: 444.13 [M+H]

Allyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,56,7,8-hexahydroquinoline-3-
carboxylate (11).The title compound was obtained according to #egal procedure A using
4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and allyl acetoacetate as the 1,3-dicgtbmmpound. Yellow solid; yield: 23%.

TLC: R; = 0.19 (cyclohexane/EtOAc, 2:TH NMR (400 MHz, CDCJ): 8 = 7.56 (m, 2H), 7.43
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(m, 6H), 7.31 (m, 1H), 6.19 (br s, 1H), 5.88 (m,)15118 (M, 3H), 4,57 (dl = 5.3 Hz, 2H), 2,42
(s, 3H), 2.37 (m, 1 H), 2.25 (m, 1H), 2.24 (m, 1B}19 (m, 1H), 1.10 (s, 3H), 0.97 (s, 3H) ppm.
MS (+ESI) m/z: 427.96 [M+H]

Ethyl 4-(Biphenyl-4-yl)-2-methyl-5-0x0-1,4,5,6,7,8iexahydro-[1,6]naphthyridine-3-
carboxylate (12).The title compound was obtained according to #meegal procedure B using
4-biphenylcarboxaldehyde as the aldehyde compongeiperidine-2,4-dione as the cyclic
1,3-dicarbonyl compound and ethyl acetoacetatd@d {3-dicarbonyl compound. The reaction
was completed after 72 h. Colorless solid; vyield6%3 TLC: R = 0.57
(chloroform/hexane/acetone/methanol, 10:5:2'#)NMR (400 MHz, CDCJ): & = 8.06 (br s,
1H), 7.44 (m, 4H), 7.32 (m, 4H), 7.20 (m, 1H), 5(80 1H), 5.02 (s, 1H), 3.95 (4,= 7.1 Hz,
2H), 3.26 (m, 2H), 2.75 (br s, 2H), 2.28 (s, 3H111(t,J = 7.1 Hz, 3H) ppm. MS (+ESI) m/z:
389 [M+HT".

Dodecyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,6,7,8-hexahydroquinoline-3-
carboxyate (13)

The title compound was obtained according to theneg® procedure B using

4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and dodecyl 3-oxo-butanoate as the 1@bayl compound. Yield: 395 mg (71%)
as white powder, mp 17C; TLC: R = 0.69 (hexane/EtOAc, 1:1% NMR (400 MHz, CDC}):
§ = 7.54 (m, 2H), 7.43 (m, 2H), 7.38 (m, 4H), 7.28 (thi), 6.45 (s, 1H), 5.10 (s, 1H), 4.02 (m,
2H), 2.39 (s, 3H), 2.24 (m, 4H), 1.57 (m, 2H), 1(B0s, 18H), 1.06 (s, 3H), 0.93 (s, 3H), 0.88 (t,
J=8.0 Hz, 3H) ppm. .MS (+ESih/z 556 [M+H]".

4-(Biphenyl-4-yl)-3-butyryl-2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinoline (24).

The title compound was obtained according to thenegd procedure B using
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4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and heptane-2,4-dioneas the 1,3-dicarbamylpound. Yellow solid; yield: 55%.
TLC: Ry = 0.39 (hexane/EtOAc, 1:1). 1H NMR (400 MHz, CBCB = 7.53 (m, 2H), 7.46 (m,
2H), 7.38 (m, 4H), 7.30 (m, 1H), 6.09 (br s, 1H1&(s, 1H), 2.62 (m, 1H), 2.40 (s, 3H), 2.31
(m, 3H), 2.20 (m, 2H), 1.53 (m, 2H), 1.07 (s, 3BIB8 (s, 3H), 0.82 (1] = 7.2 Hz, 3H) ppm. MS
(+ESI) m/z: 414 [M+H].
4-(Biphenyl-4-yl)-2,7,7-trimethyl-3-pentanoyl-5-oxel,4,5,6,7,8-hexahydroquinoline  (15).
The title compound was obtained according to thenegd procedure B using
4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and octane-2,4-dione as the 1,3-dicarbomylpound. Colorless solid; yield: 21%.
TLC: Rs = 0.50 (hexane/EtOAc, 1:13H NMR (400 MHz, CDCY): & = 7.54 (m, 2H), 7.46 (m,
2H), 7.38 (m, 4H), 7.30 (m, 1H), 5.80 (br s, 1HX1B(s, 1H), 2.40 (s, 3H), 2.30 (m, 4H), 2.18
(m, 2H), 1.45 (m, 2H), 1.23 (m, 2H), 1.08 (s, 38188 (s, 3H), 0.82 (1] = 7.3 Hz, 3H) ppm. MS
(+ESI) m/z: 428 [M+H].
4-(Biphenyl-4-yl)-7,7-dimethyl-2-ethyl-3-propionyl-5-0x0-1,4,5,6,7,8-hexahydroquinoline
(16). The title compound was obtained according to thenegal procedure B using
4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and heptane-3,5-dione as the 1,3-dicarlmomypound. Colorless solid; yield: 31%.
TLC: Rs = 0.40 (hexane/EtOAc, 1:13H NMR (400 MHz, CDCJ): & = 7.49 (m, 4H), 7.34 (m,
5H), 5.74 (br s, 1H), 5.17 (s, 1H), 2.86 (m, 1HER(m, 2H), 2.29 (m, 5H), 1.29 = 7.6 Hz,
3H), 1.07 (s, 3H), 0.95 (§,= 7.2 Hz, 3H), 0.86 (s, 3H) ppm. MS (+ESI) m/z44M+H]".
4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,5,6,7 Bexahydroquinoline-3-carboxylic acid

benzylamide (17).The title compound was obtained according to #@egal procedure B using
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4-biphenylcarboxaldehyde as the aldehyde compomimiedone as the cyclic 1,3-dicarbonyl
compound and\-benzyl-3-oxopentanamide as the 1,3-dicarbonyl @amg. Light yellow solid;
yield: 68%. TLC: R= 0.50 (PE/EtOH, 1:1fH NMR (400 MHz, CDCY): 8 = 7.54 (m, 2H), 7.46
(m, 2H), 7.40 (m, 4H), 7.33 (m, 1H), 7.20 (m, 3A)00 (m, 2H), 5.85 (tJ = 4.8 Hz, 1H), 5.71
(s, 1H), 4.88 (s, 1H), 4.39 (m, 4H), 2.40 (s, 3#R4 (m, 4H), 1.08 (s, 3H), 0.91 (s, 3H) ppm.
MS (+ESI) m/z: 477 [M+H].

2-Propoxyethyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-50x0-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (18).The title compound was obtained according to #meegal procedure B using
4-biphenylcarboxaldehyde as the aldehyde componimiedone as the cyclic 1,3-dicarbonyl
compound and propoxyethyl 3-oxobutanoate as thelit@8bonyl compound. Yellow solid;
yield: 67%. TLC: R= 0.52 (hexane/EtOH, 1:13H NMR (400 MHz, CDCJ): 3 = 7.51 (m, 2H),
7.41 (m, 2H), 7.36 (m, 4H), 7.27 (m, 1H), 6.12 $bH), 5.11 (s, 1H), 4.16 (m, 2H), 3.56]&
5.2 Hz, 2H), 3.35 (m, 2H), 2.37 (s, 3H), 2.22 (h)41.55 (m, 2H), 1.06 (s, 3H), 0.93 (s, 3H),
0.87 (t,J = 7.2 Hz, 3H) ppm. MS (+ESI) m/z: 474 [M+H]

Dimethyl 4-(Biphenyl-4-yl)-7,7-dimethyl-5-ox0-1,4,%,7,8-hexahydroquinoline-2,3-
dicarboxylate (20). The title compound was obtained according to teeegal procedure B
using 4-biphenylcarboxaldehyde as the aldehyde ooemt, dimedone as the cyclic
1,3-dicarbonyl compound, but-2-ynedioic acid dinyktaster as the 1,3-dicarbonyl compound
and methanol as the solvent. Colorless solid; yiR%. TLC: R = 0.49 (hexane/EtOAc, 1:1).
H NMR (400 MHz, CDCY): & = 7.54 (m, 2H), 7.47 (m, 2H), 7.37 (m, 4H), 7.28, (LH), 6.47
(br s, 1H), 5.00 (s, 1H), 3.85 (s, 3H), 3.65 (s),3H35 (m, 2H), 2.22 (m, 2H), 1.09 (s, 3H), 0.98

(s, 3H) ppm. MS (+ESI) m/z: 446 [M+H]
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Diethyl 4-(Biphenyl-4-yl)-7,7-dimethyl-5-ox0-1,4,%,7,8-hexahydroquinoline-2,3-
dicarboxylate (21). The title compound was obtained according to teeegal procedure B
using 4-biphenylcarboxaldehyde as the aldehyde ooemt, dimedone as the cyclic
1,3-dicarbonyl compound and but-2-ynedioic acidhdieester as the 1,3-dicarbonyl compound.
Colorless solid; yield: 53%. TLC: ;R 0.69 (hexane/EtOAc, 1:1% NMR (400 MHz, CDC})):

3 7.54 (m, 2H), 7.48 (m, 2H), 7.38 (M, 4H), 7.29 (H), 6.61 (br s, 1H), 4.99 (s, 1H), 4.30 (m,
2H), 4.11 (m, 2H), 2.35 (m, 2H), 2.21 (m, 2H), 1(81 = 7.2 Hz, 3H), 1.15 (] = 7.2 Hz, 3H),
1.09 (s, 3H), 0.99 (s, 3H) ppm. MS (+ESI) m/z: 4v4-H]".
4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,5,6,7 Bexahydroquinoline-3-carbonitrile
(19). A solution consisting of 1 eq. of dimedone, 1 @w-biphenylcarboxaldehyde and 1 eq. of
B-aminocrotonitrile in ethanol (2.5 mL/mmol) was leeled for 1.5 h. After cooling the
precipitate was filtered and washed with cold ethdh mL/mmol). The solid was suspended in
hot ethanol and filtered. The filtrate was evapedatio dryness and recrystallized from ethanol.
Colorless solid; yield: 33%. TLC:{R: 0.25 (hexane/EtOAc, 1:1H NMR (400 MHz, DMSO-
de): 8=9.46 (br s, 1H), 7.62 (m, 2H), 7.57 (m, 2H), 7.48 @H), 7.34 (m, 1H), 7.26 (m, 2H),
4.46 (s, 1H), 2.43 (m, 1H), 2.36 (m, 1H), 2.19 (tHl), 2.07 (s, 3H), 2.03 (M, 1H), 1.02 (s, 3H),
0.94 (s, 3H) ppm. MS (+ESI) m/z: 369 [M+H]

3-Methyl 4-(Biphenyl-4-yl)-7,7-dimethyl-5-ox0-1,4,%,7,8-hexahydroquinoline-2,3-
dicarboxylate (20a). A solution of 1 eq. dimethyl 4-(biphenyl-4-yl)-Zdimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-2,3-dicarboxyl&6) (n methanol (8 mL/mmol) was added to a
sodium hydroxide solution (3 eg. in 0.34 mL/mmoltevqa The mixture was stirred at room
temperature for 5 h. The excess of methanol wasvedin vacuo The residue was dissolved in

water (6 mL/mmol), filtered and cooled in ice bafthe mixture was acidified with diluted
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hydrochloric acid until precipitation occurred. Tkelid was filtered, washed with water and
recrystallized from EtOAc. Light yellow solid; yil 68%. TLC: R= 0.44 (DCM/methanol, 1:1)
'H NMR (400 MHz, DMSO-g): 3 =9.75 (s, 1H), 7.61 (m, 2H), 7.53 (@= 8.2 Hz, 2H), 7.43 (t,
J=8.2 Hz, 2H), 7.32 (m, 1H), 7.25 @ = 8.2 Hz, 2H), 4.86 (s, 1H), 3.55 (s, 3H), 2.41 £H),
2.22 (m, 1H), 2.01 (m, 1H), 1.01 (s, 3H), 0.8731d) ppm. MS (+ESI) m/z: 432 [M+H]

3-Ethyl 4-(Biphenyl-4-yl)-7,7-dimethyl-5-ox0-1,4,%,7,8-hexahydroquinoline-2,3-
dicarboxylate (21a). A solution of 1 eq. diethyl 4-(biphenyl-4-yl)-7dmethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-2,3-dicarboxyla?d) (in ethanol (8 mL/mmol) was added to a
sodium hydroxide solution (3 eq. in 0.34 mL/mmoltevq The mixture was stirred at room
temperature for 5 h. The excess of methanol wasvedin vacuo The residue was dissolved in
water (6 mL/mmol), filtered and cooled in ice baifhe mixture was acidified with diluted
hydrochloric acid until precipitation occurred. Thelid was filtered, washed with water and
recrystallized from EtOAc. Light yellow solid; yel 87%. TLC: R = 0.44 (DCM/methanol,
1:1). *H NMR (400 MHz, DMSO-¢): 8= 9.77 (s, 1H), 7.54 (m, 2H), 7.47 (m, 2H), 7.41 (m,
2H), 7.33 (m, 3H), 5.30 (s, 1H), 4.31 (= 7.2 Hz, 2H), 2.41 (m, 2H), 2.26 (m, 2H), 1.84)(
= 7.2 Hz, 3H), 1.11 (s, 3H), 0.97 (s, 3H) ppm. MESI) m/z: 446 [M+H].

2-Benzyl-9-(biphenyl-4-yl)-6,6-dimethyl-2,3,5,6,7;8exahydro-4H-pyrrolo[3,4-
blquinolone-1,8-dione (55).To a stirred solution of 1 eq. 4-(biphenyl-4-yl}¢Z-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic dacibenzylamide X7) in methanol
(60 mL/mmol) was added 1.1 eqg. NBS at 0 °C. Aftanpletion of the addition, the mixture was
stirred for 24 h at room temperature. The reactias monitored via TLC. After completion of
the reaction the solvent was evaporated and th@ueesvas washed with sat. NaHg8blution

and water. The remaining solid was dried and réalized from methanol. Colorless solid;
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yield: 81%. TLC: R = 0.26 (hexanes/EtOAc, 1:13H NMR (400 MHz, DMSO-¢): 5=9.71
(br's, 1H), 7.60 (m, 2H), 7.51 (m, 2H), 7.43 (M,)2R.34 (m, 3H), 7.16 (M, 5H), 4.96 (m, 1H),
4.89 (M, 1H), 4.76 (s, 1H), 4.43 (m, 2H), 2.47 @Hl), 2.14 (m, 2H), 1.04 (s, 3H), 1.00 (s, 3H)
ppm. MS (+ESI) m/z: 475 [M+H]

4-(Biphenyl-4-yl)-2-bromomethyl-7,7-dimethyl-3-ethaxycarbonyl-5-o0xo-1,4,5,6,7,8-
hexahydroquinoline (42).To a stirred solution of 1 eq. of ethyl 4-(biphkdyyl)-2-methyl-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3bmatylate () in MeOH (50 mL/mmol) was
added 1.05 eq. of NBS portionwise at 0 °C. The unxtvas stirred at r.t. for 3 days. The solvent
was evaporated under reduced pressure and residsetriturated with water. The yellow
precipitate was filtered, dried and purified bysflachromatography (PE/EtOAc, 1:1). Bright
yellow solid; yield: 51%. TLC: R= 0.63 (hexanes/EtOAc, 1:TH NMR (400 MHz, CDC}):
5=7.34 (m, 2H), 7.27 (m, 2H), 7.20 (m, 4H), 7.10 (tH), 6.75 (br s, 1H), 4.94 (s, 1H), 4.57
(m, 2H), 3.94 (qJ = 7.2 Hz, 2H), 2.13 (m, 4H), 1.05 @,= 7.2 Hz, 3H), 0.91 (s, 3H), 0.78 (s,
3H) ppm. MS (+ESI) m/z: 495 [M+H]

Ethyl 4-(Biphenyl-4-yl)-2-methoxymethyl-7,7-dimethy-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (48).To a stirred mixture of 1 eq. ethyl 4-(biphenyl4-2-
bromomethyl-7,7-dimethyl-5-0x0-1,4,5,6,7,8-hexaloglrinoline-3-carboxylate 4¢) in DMF
(4 mL/mmol) 2 eq. of potassium hydroxide in water26 mL/mmol) was added at O °C. After
stirring at r.t. for 24 h, water was added and pite was adjusted to neutral with diluted
hydrochloric acid. The precipitate was filtered aadrystallized from methanol. Colorless solid;
yield: 91%. TLC: R = 0.68 (hexanes/EtOAc, 1:1’% NMR (400 MHz, CDC)): 5=7.54 (m,

2H), 7.43 (m, 2H), 7.38 (m, 3H), 7.29 (m, 2H), 7(bB s, 1H), 5.10 (s, 1H), 4.75 (m, 1H), 4.70
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(m, 1H), 4.07 (m, 2H), 3.50 (s, 3H), 2.36 (m, 2BIR3 (M, 2H), 1.20 (J = 7.2 Hz, 3H), 1.10 (s,
3H), 0.98 (s, 3H) ppm. MS (+ESI) m/z: 446 [M+H]

Ethyl 4-(Biphenyl-4-yl)-2-ethylaminomethyl-7,7-dimehyl-5-ox0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate hydrochloride (44) 3 eq. Ethylamine (70% solution in
water) was added to a stirred solution of 1 eqylefh(biphenyl-4-yl)-2-bromomethyl-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3bmatylate 42) in DCM (4 mL/mmol) and
DMF (0.2 mL/mmol) at 0 °C under argon. After 30 oii@s the reaction was warmed to room
temperature and stirred for 24 h. the solvents vesaporated to under reduced pressure. The
residue was taken up with DCM (20 mL/mmol) and ¢inganic layer was washed with water,
dried over NaSQO, and evaporated. The crude product was purifiedabtigling dry EO
(2 mL/mmol) and a few drops of concentrated hydiaot acid at -10 °C. The precipitate was
collected, washed with three small portions of BtyO and recrystallized from MeOH. Light
yellow solid; yield: 58%H NMR (400 MHz, DMSO-g): = 9.55 (s, 2H), 9.24 (br s, 1H), 7.53
(m, 2H), 7.48 (m, 2H), 7.39 (m, 4H), 7.30 (M, 18)09 (s, 1H), 4.61 (m, 1H), 4.36 (M, 1H),
3.23 (m, 2H), 2.60 (m, 1H), 2.54 (m, 1H), 2.21 @hl), 1.47 (tJ = 7.2 Hz, 3H), 1.28 ( = 7.2
Hz, 3H), 1.09 (s, 3H), 0.95 (s, 3H) ppm. MS (+E8ly: 459 [M+H].

Ethyl 4-(Biphenyl-4-yl)-7,7-dimethyl-2-propylaminomethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate hydrochlroride (4. 3 eq.n-Propylamine was added to a
stirred solution of 1 eq. ethyl 4-(biphenyl-4-yBe2omomethyl-7,7-dimethyl-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylaté2) in DCM (4 mL/mmol) and DMF (0.2 mL/mmol) at 0 °C
under argon. After 30 minutes the reaction was vearto room temperature and stirred for 24 h.
the solvents were evaporated to under reducedyseesgBhe residue was taken up with DCM

(20 mL/mmol) and the organic layer was washed widter, dried over N&O, and evaporated.

43



The crude product was purified by adding drypCEt(2 mL/mmol) and a few drops of
concentrated hydrochloric acid at -10 °C. The pmi¢aie was collected, washed with three small
portions of dry EfO and recrystallized from MeOH. Colorless soliilg: 42%."H NMR (400
MHz, CDCI3):5=9.56 (s, 2H), 9.12 (s, 1H), 7.52 (m, 2H), 7.44 BH), 7.37 (m, 4H), 7.30 (m,
1H), 5.09 (s, 1H), 4.59 (m, 1H), 4.34 (m, 1H), 4(b4 2H), 3.08 (m, 2H), 2.55 (m, 2H), 2.21
(m,2H), 1.86 (m, 2H), 1.28 (§,= 7.2 Hz, 3H), 1.09 (s, 3H), 0.99 (m, 6H) ppm. KESI) m/z:
473 [M+HTJ".

9-(Biphenyl-4-yl)-2-ethyl-6,6-dimethyl-2,3,5,6,7, :%exahydro-4H-pyrrolo[3,4- blquinoline-
1,8-dione (46).A 3 M potassium hydroxide solution (0.2 mL/mmol) svadded to a stirred
solution of 1 eq. of ethyl 4-(biphenyl-4-yl)-2-gthminomethyl-7,7-dimethyl-5-o0xo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate hydrochlorid®d)(in EtOH (2 mL) at r.t. After stirring
overnight the solvent was removed under reduceskpre. The residue was triturated with water
and the precipitate was filtered and crystallizeaf MeOH. The crude product was purified by
flash chromatography (chloroform/hexane/acetondiaredl: 9:7:2:1). Light yellow solid; yield:
59%. TLC: R = 0.41 (chloroform/hexane/acetone/methanol, 917:2H NMR (400 MHz,
DMSO-t): 8=9.75 (br s, 1H), 7.59 (m, 2H), 7.49 (m, 2H), 7.42 @H), 7.32 (m, 1H), 7.25 (m,
2H), 4.70 (s, 1H), 4.06 and 3.96 (2 x d, AB-systéin, 18 Hz, 2H), 3.31 (m, 2H), 2.44 (s, 2H),
2.12 (m, 2H), 1.02 (m, 9H) ppm. MS (+ESI) m/z: 4MB-H]".

9-(Biphenyl-4-yl)-6,6-dimethyl-5,6,7,9-tetrahydro-3,4H-furo[3,4-b]quinoline-1,8-dione
(47). A solution of 1 eq. of ethyl 4-(biphenyl-4-yl)-Zdmomethyl-7,7-dimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-carboxylatd2)( and 0.5 eq. potassium hydroxide in
chloroform (10 mL/mmol) was refluxed for 3 h andaperated to dryness. The residue was

triturated with methanol (10 mL/mmol) and the ppateite was filtered and recrystallized from
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methanol. Colorless solid; yield: 80%. TLC: R 0.41 (chloroform/hexane/acetone/methanol,
9:7:1:1)."H NMR (400 MHz, DMSO-g): 8=10.06 (br s, 1H), 7.61 (m, 2H), 7.52 (m, 2H), 7.44
(m, 2H), 7.33 (M, 1H), 7.27 (m, 2H), 4.95 (m, 1K)86 (M, 1H), 4.68 (s, 1H), 2.47 (s, 2H), 2.16
(m, 2H), 1.04 (s, 3H), 0.99 (s, 3H) ppm. MS (+E@Iy: 386 [M+H].
9-(Biphenyl-4-yl)-6,6-dimethyl-2,3,5,6,7,9-hexahydr-4H-pyrrolo[3,4-b]quinoline-1,8-
dione (43).1 eq. Potassium phthalimide was added to a stsodgtion of 1 eq. of ethyl 4-
(biphenyl-4-yl)-2-bromomethyl-7,7-dimethyl-5-o0x0415,6,7,8-hexahydroquinoline-3
carboxylate 42) in DMF (3 mL/mmol) at 0 °C. After stirring the miure at room temperature
for 24 h the solvent was removed in vacuo and uesigas purified by column chromatography
(chloroform/hexane/acetone/methanol, 9:7:1:1) e @ yellow oil. This oil was dissolved in
methanol (2 mL/mmol) and an excess of methylamteqq.) was added to the solution. After
stirring for 24 h the solvent was evaporated and tesidue was purified by flash
chromatography (chloroform/hexane/ acetone/ methdfo5:2:1). Colorless solid; yield: 22%
(2 steps). TLC: R= 0.15 (chloroform/hexane/acetone/methanol, 10t5:2H NMR (400 MHz,
DMSO-a): 8=9.65 (br s, 1H), 7.59 (m, 2H), 7.49 (m, 2H), 7.48 BH), 7.32 (m,1H), 7.26 (m,
2H), 4.70 (s, 1H), 3.98 and 2.88 (2 x d, AB-systé&irs 18.0 Hz, 2H), 2.43 (d, J = 5.2 Hz, 2H),
2.19 (m, 1H), 2.06 (m, 1H), 1.03 (s, 3H), 0.983(d) ppm. MS (+ESI) m/z: 385 [M+H]
4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,4,5,6,7 Bexahydroquinoline-3-carboxylate
(49). To a cooled solution of 1 eq. of ethyl 4-(biphedwl)-2,7,7-trimethyl-5-ox0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylat&)( in dry DCM (8 mL/mmol) 4 eq. of a B&kolution (1 M
in DCM) was added. Then the mixture was stirretbam temperature overnight and diluted in

ice water/EtOAc. The organic layer was dried oveggS@, and concentrated. The crude product
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was purified by flash chromatography with (DCM/Me©O®856:5). Colorless solid; yield: 75%.
Analytical data are in accordance with the literat].

General procedure for the alkylation of the carboxyic acid. 1 eq. of 4-(biphenyl-4-yl)-
2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinelid-carboxylate 49), 1.16 eq. of KCO;,
and 1.16 eq. of an alkyl bromide was stirred in BiMF (30 mL/mmol) overnight at room
temperature. For workup, water (150 mL/mmol) wadealland the mixture was extracted with
EtOAc. The combined organic layer was washed wiltew and brine, dried (MgS}) and
concentrated to dryness. The crude mixture was figdriby flash chromatography
(cyclohexane/EtOAc, 1:1).

n-Propyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,45,6,7,8-hexahydroquinoline-3-
carboxylate (50).The title compound was obtained according to teeegal procedure using
n-propyl bromide as the alkylation reagent. Yellowligs yield: 37%. TLC: R = 0.23
(cyclohexane/EtOAc, 2:1YH NMR (400 MHz, DMSO-¢): =9.12 (br s, 1 H), 7.59 (m, 2H),
7.48 (m, 2H), 7.42 (m, 2H), 7.31 (m, 1H), 7.24 @h]), 4.90 (s, 1H), 3.90 (m, 2H), 2.43 (m,
1H), 2.31 (s, 3H), 2.30 (m, 1H), 2.18 (m, 1H), 1(89 1H), (sxtJ = 7.0 Hz, 2H), 1.01 (s, 3H),
0.85 (s, 3H), 0.80 (1] = 7.4 Hz, 3H) ppm. MS (+ESI) m/z: 429.99 [M+H]

i-Propyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,45,6,7,8-hexahydroquinoline-3-
carboxylate (51). The title compound was obtained according to teeegal procedure using
i-propyl bromide as the alkylation reagent. Yellowligs yield: 22%. TLC: R = 0.26
(cyclohexane/EtOAc, 2:1JH NMR (400 MHz, DMSO-g): = 9.08 (br s, 1H), 7.59 (m, 2H),
7.48 (m, 2H), 7.41 (m, 2H), 7.31 (m, 1H), 7.23 @Hl), 4.86 (s, 1H), 4.80 (sefd= 6.3 Hz, 1H),
2.43 (m, 1H), 2.29 (s, 3H), 2.31 (M, 1H), 2.17 (), 1.99 (m, 1H), 1.18 (d] = 6.3 Hz, 3H),

1.06 (d,J = 6.3 Hz, 3 H), 1.01 (s, 3H), 0.87 (s, 3H) ppm. #E&SI) m/z: 430.03 [M+H]

46



i-Butyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x0-1,45,6,7,8-hexahydroquinoline-3-
carboxylate (53). The title compound was obtained according to téeegal procedure using
i-butyl bromide as the alkylation reagent. Yellowligo yield: 22%. TLC: R = 0.28
(cyclohexane/EtOAc, 2:1JH NMR (400 MHz, DMSO-g): = 9.13 (br s, 1H), 7.58 (m, 2H),
7.48 (m, 2H), 7.41 (m, 2H), 7.31 (m, 1H), 7.24 @n)), 4.92 (s, 1H), 3.73 (m, 2H), 2.42 (m,
1H), 2.33 (s, 3H), 2.29 (m, 1H), 2.18 (m, 1H), 1(89 1H),1.82 (m, 1 H), 1.00 (s, 3H), 0.84 (s,
3H), 0.82 (m, 9H) ppm. MS (+ESI) m/z: 444.04 [M+H]

Cyclopentyl 4-(Biphenyl-4-yl)-2,7,7-trimethyl-5-0x61,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (52).The title compound was obtained according to téeegal procedure using
cyclopentyl bromide as the alkylation reagent. dwllsolid; yield: 14%. TLC: R= 0.30
(cyclohexane/EtOAc, 2:1JH NMR (400 MHz, DMSO-g): = 9.04 (br s, 1H), 7.59 (m, 2H),
7.48 (m, 2H), 7.42 (m, 2H), 7.31 (m, 1H), 7.23 @h), 5.01 (M, 1H), 4.84 (s, 1H), 2.41 (m,
1H), 2.30 (m, 4H), 2.17 (m, 1H), 1.99 (m, 1H), 1(&7, 8H), 1.01 (s, 3H), 0.86 (s, 3H) ppm. MS
(+ESI) m/z: 444.04 [M+H],

General procedure for the Suzuki-coupling A mixture of 1 eq of ethyl 4-(4-bromophenyl)-
2,7,7-trimethyl-5-0x0-1,4,5,6,7,8-hexahydroquinel8-carboxylate 1), 1.5 eq of the
corresponding boronic acid, 0.1 eq of tetrakisieipylphosphine)palladium(0), and a 2 M
Na&COs-solution (1.5 mL/mmol) in a 2-propanol/water-miseu(85:15) (35 mL/mmol) was
subjected to a microwave vial which was then iageti (110 °C, 120 W) for 10 min. After
evaporation of the solvent under reduced pressilre, residue was taken up in EtOAc
(200 mL/mmol) and washed with water (3 x 200 mL/mmdfter drying with MgSQ the
solvent was removed and the crude product was i@drifvia flash chromatography

(cyclohexane/EtOAC).
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Ethyl 4-(4-(4-Trifluoromethylphenyl)phenyl)-2,7,7-trimethyl-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (22).The title compound was obtained according to the
general procedure using 4-trifluoromethylphenyllmccacid as the corresponding boronic acid.
Colorless solid; yield: 77%. TLC: {R= 0.43 (cyclohexane/EtOAc, 1:1% NMR (500 MHz,
DMSO-&;): 6=9.09 (br s, 1H), 7.82 (m, 2H), 7.76 (m, 2H), 7.85Y, @H), 7.28 (m, 2H), 4.92 (s,
1H), 4.00 (gqJ = 7.3 Hz, 2H), 2.43 (m, 1H), 2.33 (m, 1H), 2.3138l), 2.18 (m, 1H), 2.00 (m,
1H), 1.15 (tJ = 7.3, 3H), 1.02 (s, 3H), 0.88 (s, 3H) ppm. MS $£Em/z: 484.20 [M+H].

Ethyl 2,7,7-Trimethyl-4-(4-(4-methylsulfonylphenylphenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (23).The title compound was obtained according to the
general procedure using 4-methylsulfonylphenylbar@eid as the corresponding boronic acid.
Colorless solid; yield: 77%. TLC: ;{R= 0.44 (cyclohexane/EtOAc, 1:34 NMR (500 MHz,
DMSO-ts): 8=9.1 (br s, 1H), 7.95 (m, 2H), 7.87 (m, 2H), 7.59 @hl), 7.29 (m, 2H), 4.92 (s,
1H), 4.00 (qJ = 7.1 Hz, 2H), 3.23 (s, 3H), 2.44 (m, 1H), 2.32 @hl), 2.18 (m, 1H), 2.00 (m,
1H), 1.15 (tJ = 7.1, 3H), 1.02 (s, 3H), 0.88 (s, 3H) ppm. MS $HEm/z: 494.02 [M+H].

Ethyl 4-(4-(4-Chlorophenyl)phenyl)-2,7,7-trimethyl-5-ox0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (24).The title compound was obtained according to the
general procedure using 4-chlorophenylboronic asithe corresponding boronic acid. Colorless
solid; yield: 76%. TLC: R= 0.46 (cyclohexane/EtOAc, 1:TH NMR (500 MHz, DMSO-g):
5=9.07 (s, 1H), 7.61 (m, 2H), 7.49 (m, 2H), 7.46 @H), 7.24 (m, 2H), 4.90 (s, 1H), 3.99 (@,
= 7.3 Hz, 2H), 2.42 (m, 1H), 2.32 (m, 1H), 2.303kl), 2.17 (m, 1H), 1.99 (m, 1H), 1.15 Jt=
7.3 Hz, 3H), 1.04 (s, 3H), 0.87 (s, 3H) ppm. MS $HEM/z: 450.03 [M+H].

Ethyl 4-(4-(4-Fluorophenyl)phenyl)-2,7,7-trimethyl-5-o0x0-1,4,5,6,7,8-

hexahydroquinoline-3-carboxylate (25).The title compound was obtained according to the
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general procedure using 4-fluorophenylboronic asidhe corresponding boronic acid. Colorless
solid; yield: 72%. TLC: R= 0.41 (cyclohexane/EtOAc, 1:H NMR (500 MHz, DMSO-g):

3= 9.07 (s, 1H), 7.63 (m, 2H), 7.46 (m, 2H), 7.23 @&Hi), 4.90 (s, 1H), 3.99 (d} = 7.3 Hz,
2H), 2.43 (m, 1H), 2.31 (m, 1H), 2.30 (s, 3H), 2(b7, 1H), 2.00 (m, 1H), 1.15 (§,= 7.3 Hz,
3H), 1.02 (s, 3H), 0.87 (s, 3H) ppm. MS (+ESI) n#234.20 [M+H].

Ethyl 4-(4-(4-Trifluoromethoxyphenyl)phenyl)-2,7,7trimethyl-5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (26).The title compound was obtained according to the
general procedure using 4-trifluoromethoxyphenytinic acid as the corresponding boronic
acid. Colorless solid; yield: 52%. TLC:t R 0.66 (cyclohexane/EtOAc, 1:13H NMR (500
MHz, DMSO-d): =9.08 (s, 1H), 7.71 (m, 2H), 7.50 (m, 2H), 7.40 @H), 7.25 (m, 2H), 4.90
(s, 1H), 3.99 (gJ = 7.3 Hz, 2H), 2.43 (m, 1H), 2.32 (m, 4H), 2.18 @Hi), 2.00 (m, 1H), 1.15 (t,
J=7.3 Hz, 3H), 1.02 (s, 3H), 0.87 (s, 3H) ppm. #ESI) m/z: 500.10 [M+H].

Ethyl 4-(4-(4-Cyanophenyl)phenyl)-2,7,7-trimethyl-50x0-1,4,5,6,7,8-hexahydroquinoline-
3-carboxylate (27).The title compound was obtained according to teegal procedure using
4-cyanophenylboronic acid as the correspondingrboracid. Colorless solid; yield: 50%. TLC:
Rr = 0.36 (cyclohexane/EtOAc, 1:TH NMR (500 MHz, DMSO-g): 5=9.10 (br s, 1H), 7.87
(m, 2H), 7.81 (m, 2H), 7.58 (m, 2H), 7.28 (m, 24)91 (s, 1H), 3.98 (q] = 7.3 Hz, 2H), 2.43
(m, 1H), 2.31 (m, 1H), 2.30 (s, 3H), 2.17 (m, 1RO (m, 1H), 1.14 (§ = 7.3 Hz, 3H), 1.01 (s,
3H), 0.86 (s, 3H) ppm. MS (+ESI) m/z: 441.06 [M+H]

Ethyl 4-(4-(4-Pyridyl)phenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (28). The title compound was obtained according to téeegal procedure using
4-pyridylboronic acid as the corresponding borata. Colorless solid; yield: 46%. TLC R

0.38 (cyclohexane/EtOAc, 1:3H NMR (500 MHz, DMSO-¢): & =9.10 (s, 1H), 8.58 (m, 2H),
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7.63 (m, 2H), 7.55 (m, 2H), 7.29 (m, 2H), 4.92sl), 3.99 (qJ = 7.3 Hz, 2H), 2.43 (m, 1H),
2.32 (m, 1H), 2.31 (s, 3H), 2.19 (m, 1H), 2.00 (@hi), 1.14 (t,J = 7.3 Hz, 3H), 1.01 (s, 3H),
0.86 (s, 3H) ppm. MS (+ESI) m/z: 417.36 [M+H]

Ethyl 2,7,7-Trimethyl-4-(4-(4-methylphenyl)phenyl)5-oxo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (29).The title compound was obtained according to the
general procedure using 4-methylphenylboronic aagl the corresponding boronic acid.
Colorless solid; yield: 39%. TLC: {R= 0.45 (cyclohexane/EtOAc, 1:1% NMR (500 MHz,
DMSO-d): =9.06 (s, 1H), 7.48 (m, 2H), 7.45 (m, 2H), 7.22 @hl), 7.21 (m, 2H), 4.89 (s,
1H), 4.00 (qJ = 7.3 Hz, 2H), 2.42 (m, 1H), 2.32 (s, 3H), 2.31 (ih), 2.30 (s, 3H), 2.17 (m,
1H), 2.00 (m, 1H), 1.15 (1) = 7.3 Hz, 3H), 1.02 (s, 3H), 0.88 (s, 3H) ppm. MESI) m/z:
430.01 [M+H].

Ethyl 2,7,7-Trimethyl-4-(4-(4-N,N-dimethylaminophenyl)phenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (30).The title compound was obtained according to the
general procedure usingNIN-dimethylaminophenylboronic acid as the correspogdioronic
acid. Colorless solid; yield: 36%. TLC:; R 0.35 (cyclohexane/EtOAc, 1:13H NMR (500
MHz, DMSO-d): 3=9.03 (s, 1H), 7.44 (m, 2H), 7.37 (m, 2H), 7.16 @H), 6.76 (m, 2H), 4.86
(s, 1H), 3.98 (qJ = 7.3 Hz, 2H), 2.91 (s, 6H), 2.42 (m, 1H), 2.3Q @H), 2.17 (m, 1H), 1.99 (m,
1H), 1.16 (tJ = 7.3 Hz, 3H), 1.02 (s, 3H), 0.88 (s, 3H) ppm. WESI) m/z: 459.21 [M+H].

Ethyl 4-(4-(4-Methoxyphenyl)phenyl)-2,7,7-trimethyt5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (31).The title compound was obtained according to the
general procedure using 4-methoxyphenylboronic asdthe corresponding boronic acid.
Colorless solid; yield: 25%. TLC:{R= 0.11 (cyclohexane/EtOAc, 2:13H NMR (400 MHz,

DMSO-d): 8=9.09 (br s, 1H), 7.53 (m, 2H), 7.43 (m, 2H), 7.89 @H), 6.97 (m, 2H), 4.88 (s,
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1H), 3.99 (gJ = 7.0 Hz, 2H), 3.77 (s, 3H), 2.43 (m, 1H), 2.33 (thl), 2.29 (s, 3H), 2.18 (m,
1H), 1.99 (m, 1H), 1.15 (t = 7.0 Hz, 3H), 1.01 (s, 3H), 0.87 (s, 3H) ppm. MESI) m/z:
445.91 [M+H].

Ethyl 4-(4-(4-Hydroxyphenyl)phenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (32).The title compound was obtained according to the
general procedure using tdutyldimethylsilyloxyphenylboronic acid as the @sponding
boronic acid. After purification the protecting gm was cleaved. For this, the 1 eq of the
intermediate was dissolved in THF (30 mL/mmol) androp of methanol. This mixture was
cooled to 0 °C and 1.5 eq. of a 1 M tetrabutylamiononfluoride (TBAF) solution in THF was
added. After 1.5 h at 0 °C the reaction was quenhdiethe addition of EtOAc (60 mL/mmaol).
The organic layer was washed with a 5% NaH&Glution and brine. After drying with MgS0©
the solvent was removed under reduced pressurehandrude product was purified via flash
chromatography (cyclohexane/EtOAc). Colorless saofidld: 15% (2 steps). TLC: R= 0.07
(cyclohexane/EtOAc, 2:1}H NMR (400 MHz, DMSO-g): 5=9.49 (s, 1H), 9.09 (br s, 1H),
7.39 (m, 4H), 7.17 (m, 2H), 6.80 (m, 2H), 4.861sl), 3.98 (q,J = 7.0 Hz, 2H), 2.43 (m, 1H),
2.31 (m, 1H), 2.29 (s, 3H), 2.17 (d, 1H), 1.99 {H), 1.15 (tJ = 7.0 Hz, 3H), 1.01 (s, 3H), 0.87
(s, 3H) ppm. MS (+ESI) m/z: 431.97 [M+H]

General synthetic procedure for the preparation of2-amino-1,4-dihydropyidines 40, 41.

In a round bottom flask 1 eq. of dimedone, 1 eghef desired aldehyde and 1 eq of ethyl
3-amino-3-iminopropionate hydrochloride were susi@ehin dry EtOH (2.5 mL/mmol) and

heated at 80 °C. To this solution 1 eq of a 0.5ddism ethanolate solution was added over the
period of 20 minutes. After heating for further 8tnutes under reflux the reaction was cooled

to 0 °C and water (40 mL/mmol) was added. The agsiesmlution was extracted with EtOAc
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(5 x 20 mL/mmol). The combined organic layers weeshed with brine, dried with MgS@nd
the solvent was evaporated under reduced pres3ine.crude material was purified by
recrystallization from ethanol.

Ethyl  4-(Biphenyl-4-yl)-2-amino-7,7-dimethyl-5-ox01,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (40).The title compound was obtained according to téeegal procedure using
4-biphenylcarboxaldehyde as the corresponding gittlelsomponent. Yellow solid; yield: 12%.
TLC: R; = 0.16 (cyclohexane/EtOAc, 1:TH NMR (500 MHz, DMSO-g): 3= 8.88 (br s, 1H),
7.59 (m, 2H), 7.46 (m, 2H), 7,41 (m, 2H), 7,30 (th)), 7.23 (M, 2H), 6.77 (br s, 2H), 4.77 (s,
1H), 3.94 (qJ = 6.9 Hz, 2H), 2.43 (m, 1H), 2.31 (m, 1H), 2.18 (thl), 1.99 (m, 1H), 1.13 (4
= 6.9 Hz, 3H), 1.03 (s, 3H), 0.89 (s, 3H) ppm. MESI) m/z: 417.14 [M+H].

Ethyl 4-(4-t-Butylphenyl)-2-amino-7,7-dimethyl-5-ox0-1,4,5,6,8-hexahydroquinoline-3-
carboxylate (41).The title compound was obtained according to #veegal procedure usingt4-
butylphenylcarboxaldehyde as the correspondinghgltk component. Yellow solid; yield: 20%.
TLC: R; = 0.59 (cyclohexane/EtOAc, 1:TH NMR (500 MHz, DMSO-¢): 5=8.83 (br s, 1H),
7.16 (m, 2H), 7.05 (m, 2H), 6.70 (br s, 2H), 4.801H), 3.94 (9] = 7.4 Hz, 2H), 2.40 (m, 1H),
2.31 (m, 1H), 2.15 (m, 1H), 1.98 (m, 1H), 1.2198), 1.13 (tJ = 7.4 Hz, 3H), 1.02 (s, 3H) 0.90
(s, 3H) ppm. MS (+ESI) m/z: 397.19 [M+H]

Diastereomeric resolution for the preparation of tke single enantiomers of Ethyl 4-
(Biphenyl-4-yl)-2,7,7-trimethyl-5-o0xo0-1,4,5,6,7,8-&xahydroquinoline-3-carboxylate(8) 1 eq
of (2S3R)-methyl 2-(3-nitrobenzamido)-3-(3-oxobutanoyloxydanoate) 1 eq of
4-biphenylcarboxaldehyde , 1 eq. of dimedone , Jiedried NHOAc, and 0.3 eq of iodine
were stirred overnight in EtOH (0.5 mL/mmol) at neaemperature. Then of EtOAc (20

mL/mmol) was added to the brown slurry and washield aqueous saturated p0O; (2 x) and
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brine (1 x). The organic layer was dried (Mgp@nd concentrated in a vacuum to afford a
yellow solid foam. The crude mixture was purifieg ftash chromatography using a short
column (cyclohexane/EtOAc). The separation of thastdreomers was performed with a
preparative HPLC (isocratic elution: water, acetidei and methanol (30/27/43, A/B/C), flow
rate: 20 mL/min over 45 min).

(2R,39)-4-Methoxy-3-(3-nitrobenzamido)-4-oxobutan-2-yl 4Biphenyl-4-yl)-2,7,7-
trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-adoxylate  Diastereomers (56a, b).
Diastereomeb6a Yellow solid; 13% Analytical data are in accordarwith the literature8)
Diastereomeb6hb: Yellow solid; 26% Analytical data are in accordarwith the literatureg)

10-(Biphenyl-4-yl)-1,9-dioxo-1,2,3,4,5,6,7,8,9,1@&dahydroacridine (34).

1 eq of biphenylaldehyde and 3 eq of dimedone veissolved in a mixture of ethanol
(4 mL/mmol) and water (3 mL/mmol). After the addiii of 0.1 mL/mmol piperidine, the
reaction mixture was refluxed for 10 min. After tog to room temperature, the white
precipitate was filtered of, washed with water &80 aq. ethanol yielding 72% of biphenyl-4-
yl-bisdimedonylmethane. This solid was mixed with &y of ammonium acetate in acetic acid
(7 mL/mmol) and was refluxed for 1 h, cooled tomotemperature and then diluted with water
(40 mL/mmol). The precipitate was filtered off, waasl with water and recrystallized from
ethanol to give a light yellow powder. Yield: 58 %L.C: R = 0.5 (EtOAc/ DCM, 1:2).'H
NMR (400 MHz, DMSO-g@): = 9.31 (br s, 1H), 7.41 (m, 9H), 4.85 (s, 1H), 2(#6 2H), 2.35

(m, 2H), 2.18 (m, 2H), 1.99 (m, 2H), 1.01 (s, 6BLBY (s, 6H). MS (+ESI) m/z: 426 ([M+H]
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11-(Biphenyl-4-yl)-3,3-dimethyl-1,2,3,4,5,11-hexallyoindeno[1,2-b]quinoline-1,10-dione
(36)

1 eq of indan-1,3-dione and 1 eq of biphenylaldehyere dissolved in hot acetic acid
(2 mL/mmol), 2 drops of conc. sulphuric acid wadediand the mixture was refluxed for 2 min.
After cooling to room temperature, the light broprecipitate was filtered, washed with acetic
acid, water and ethanol giving 2-(biphenyl-4-yl-mgdiden)-indan-1,3-dione in 50% yield. This
solid was mixed with 1.04 eq of 3-amino-5,5-dimétPycyclohexen-1-one in acetic acid
(20 mL/mmol) and was refluxed for 3 min. After ciogl to room temperature, a red precipitate
was filtered off, washed with acetic acid, wated athanol and recrystallized from ethanol to
give red crystals. Yield: 67%H NMR (400 MHz, DMSO-g): 5= 10.44 (br s, 1H), 7.57 (m,
3H), 7.49 (m,2H), 7.43 (m, 3H), 7.32 (m, 4H), 7@, 1H), 4.77 (s, 1H), 2.63 (s, 2H), 2.26 (m,

1H), 2.12 (m, 1H), 1.07 (s, 3H), 1.02 (s, 3H). MESI) m/z: 432 [M+H].
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4.2. Xray crystallography

The X-ray intensity data were measured on a BriVENTURE system equipped with a
multilayer monochromator and a CuKncoatec microfocus sealed tuble<( 1.54178 A). The
absolute configuration could be determined via dhermal dispersion due to a reliable flack
parameter (-0.075). Experimental details regardnygtal structure, data collection and structure
refinement is archived at CCDC (deposition numb@43B30) and also listed in Supporting
Information (Tables S1-7).

4.3. TGFB/Smad assay

A SMAD-4 binding element (SBE-4)-based transiewmiferase reporter gene assay was done
in HEK293T cells as described in detail befd@g.Briefly, cells were co-transfected with a
SBE-4-firefly luciferase and TK-driven renilla lderase plasmid, replated after 12-14 h on 96-
well plates and incubated for 2 hours before aoldiof test compounds, DMSO and TEE or
Activin A (10 ng/mL). Each condition was done iipticate. After 20-22 h, firefly and renilla
luciferase activities were measured on a TecamitafM1000 (Crailsheim, Germany) following
the instructions of the Dual Luciferase Assay Kitdmega, Madison, USA). Presented data was
derived from typically 2-4 independent experimeumtdess otherwise stated. GraphPad Prism 5

was used for data evaluation.
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4.4. Computational studies

4.4.1. Molecular electrostatic potential (MEP) calculatiors

All quantum chemical calculations were performedhwhe Gaussian 03 program package
(revision E.01)20) at the B3LYP/6-31+G(d) level of theory. To eluaid the nature of a
calculated stationary point harmonic vibrationalginuency analyses were performed. Minima did
not exhibit any imaginary frequencies. Startingistures were obtained from correlated crystal
structures. Connolly surfaces (probe radius 1.0pped with the electrostatic potential were
obtained with the Molekel program package (revisib2) based on the results of the
corresponding quantum chemical calculations.

4.4.2. 3D-QSAR

Dataset preparation. The overall dataset for the 3D QSAR analysis coethi81 DHPs with
measured activity from this study and our previceort@) (see Supporting Information for a
complete overview of structures and activities df @mpounds, Tables S8-9). The 3D
conformations of all ligands were prepared in MQ@Ergion 2013.0801) (Molecular Operating
Environment (MOE), Montreal, Canada) based on thestal structure of the activeR)-
configured ITD-1 (+)-enantiomer54b) reported here. The final alignment of the modifie
groups was also calculated in MOE while keepinguhderlying DHP scaffold fixed. Initially,
the overall dataset was randomly separated intaiaing dataset (58 molecules) and a test
dataset (23 molecules) with focus on a homogendistisbution of activity data. Unfortunately,
the created test dataset originally contained divectural singletons3@*, 23, 8, 5% that are not
represented in the training dataset. Preliminasystehowed that a test dataset containing these

molecules led to a poor correlation and an applgreon-predictive model. They were not well-
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predicted due to the lack of similar analogs in tfaning data set (4”-sulfon&3, tricyclic
lactam 55, 4’-indole 33*, 4’-ethinyl 8). Therefore, these compounds are outside the claémi
space that was used to train the model, and thadd ot be predicted correctly and were
removed from the test dataset. The final test éathsis contained 19 molecules.

3D-QSAR analysis.The 3D-QSAR analysis was performed using the fragbilable open-

source software Open3DQSAR__(http://open3dqgsar.stonge.net/)21) The molecular

interactions fields (MIFS) in Open3DQSAR are cadtetl according to a Lennard-Jones’ 6-12
potential and a sp3 carbon atom probe represektimgder-Waals interactions (the steric field)
and by summing up coulomb interactions of a pasiyicharged probe (the electrostatic field).
The calculations were performed in a grid of 29 A&A x 26 A with, an edge length of 1 A.
Both MIFs were scaled after applying a cut-off 08,0 kcal/mol and variables with a standard
deviation < 0.1 were removed. The smart region niednh algorithm implemented in
Open3DQSAR was used to remove less important uadgand group spatially adjacent fields.
Using the partial least square (PLS) method theeoubér interaction fields were correlated with
the biological data.

Validation. The leave-one-out (LOO) and leave-many-out (LMO)thods were used for
internal cross-validation. For LMO validation thatdset was 20 times randomly grouped into
five groups, whereas the activity of one of theseugs is than predicted based on a QSAR
model of the remaining four groups. For LOO validat only one molecule is neglected and
predicted by the remaining molecules. Finally, ket dataset was used to evaluate the quality of
the create QSAR model, by predicting the biologazivity.

Visualisation. The coefficients of the molecular interaction delfrom the 3D-QSAR model

were visualized using MOE (Molecular Operating Eamment (MOE), Montreal, Canada). The
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used contour levels for the different surfaces wedtéectrostatic positive (blue): 0.015,
electrostatic negative (red): -0.015, vdw posit{geeen): 0.025 and vdw negative (yellow): -

0.01.

SUPPORTING INFORMATION

Detailed information on crystal structure, datalexlon and structure refinement is provided
in Tables S1-7. A complete list of all chemicalustures and biological data used for the 3D-

QSAR model is provided: training dataset: Tablet88; dataset: Table S9.
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HIGHLIGHTS

» Synthesis of novel DHPs and SAR studies reveal possibility of incorporating polar

groups.

» Structural examination of pathway selectivity against TGF3 over Activin A.

* Absolute configuration of active (+)-enantiomers by X-ray crystallography.

* 3D-QSAR modd reinforces a specific mode of action for DHPs as new TGFf3 inhibitors,

which islargely independent from intrinsic compound properties (e.g., clogP)



SUPPORTING INFORMATION

Design, synthesis and 3D-QSAR studies of novel 1,4-dihydropyridines
as TGFB/Smad inhibitors

Daniel Léangle, Viktoria Marquardt, Elena Heider, Brigita Vigante, Gunars Duburs, Iveta
Luntena, Dirk Flotgen, Christopher Golz, Carsten Strohmann, Oliver Koch, Dennis Schade

Content

I. X-ray crystallography (Tables S1-S7)
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0] X-ray crystallography

Experimental details regarding crystal structure, data collection and structure refinement is
archived at CCDC (deposition number 1043330).

Table S1. Crystal data and structure refinement for 54b.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
pre

y/°

Volume/A’

Z

Pealcg/cm’

w/mm’'

F(000)

Crystal size/mm’

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F*

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~
Flack parameter

2856 (54b)

C27H29NO;

415.51

100

trigonal

P31

9.4257(13)

9.4257(13)

21.540(3)

90

90

120

1657.3(5)

3

1.249

0.639

666.0

0.97 x 0.486 x 0.102
CuKoa (A= 1.54178)
10.838 to 154.326
-11<h<11,-11<k<11,-27<1<26
26060

4656 [Rint = 0.0322, Rgigma = 0.0212]
4656/2/288

1.047

R; =0.0257, wR, = 0.0635
R; =0.0268, wR, = 0.0642
0.18/-0.13

-0.07(5)
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Table S2. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A*x10%) for 2856. Ugq 1s defined as 1/3 of of the trace of the orthogonalised Uyy

tensor.
Atom
o(1)
0(2)
0Q3)
N(1)
C(1)
C(2)
C@3)
C4)
C(5)
C(6)
C(7)
C(8)
C9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(206)
C(27)

X
4010.3(14)
3177.7(15)
9956.0(15)
8215.1(18)
12663(2)
12433(2)
11066(2)
9385(2)
8990(2)
7268(2)
7119.2(19)
7638(2)
7384(2)
6604.6(19)
6339(2)
7330(2)
7118(2)
5914(2)
2187(2)
2316(2)
4285(2)
6056(2)
6555(2)
5509(2)
14026(2)
11930(2)
10249(2)
4917(2)
5115(2)
6097(2)
6346(2)

y
7850.9(15)

6364.4(16)
10881.5(16)
9243.1(17)
10278(2)
11745(2)
11265(2)
10144.7(19)
10041(2)
8886(2)
7409(2)
6391(2)
4984(2)
4540(2)
3054(2)
2365(2)
1022(2)
338(2)
7908(2)
7013(2)
7381(2)
8255(2)
8350(2)
7582(2)
13170(2)
12275(2)
11025(2)
1004(2)
2338(2)
5575(2)
6976(2)

VA
1545.8(5)
2420.6(6)
939.0(5)
2996.2(6)
2200.0(9)
2338.0(7)
2819.7(7)
2563.7(7)
1951.5(7)
1716.8(7)
1365.2(7)
1625.7(8)
1322.1(8)
741.3(7)
398.4(8)
499.4(8)
157.0(8)
-296.9(8)
782.7(8)
1343.1(8)
2104.4(7)
2256.8(7)
2852.6(8)
3415.4(7)
2590.1(8)
1742.0(8)
1502.7(7)
-404.0(8)
-57.8(9)
483.6(8)
786.6(7)

U(eq)

19.3(2)
25.1(3)
22.9(3)
18.4(3)
26.2(4)
19.0(3)
18.7(3)
16.4(3)
16.4(3)
16.3(3)
17.2(3)
19.6(3)
19.9(3)
17.93)
18.7(3)
20.5(3)
22.5(4)
22.6(4)
24.7(4)
20.1(3)
18.1(3)
17.1(3)
17.6(3)
21.93)
24.3(4)
21.7(3)
18.1(3)
24.1(4)
22.8(3)
19.4(3)
19.2(3)
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Table S3. Anisotropic Displacement Parameters (A”x10°) for 2856. The Anisotropic
displacement factor exponent takes the form: -2n2[h2a*2U1 1+2hka*b*U p+...].

Atom Ui Uz Uss Uz Uiz U
o(1) 18.0(6)  22.8(6) 15.8(5) 144)  -054)  9.1(5)
0(2) 20.0(6) 29.1(7) 23.7(6) 8.1(5) 3.0(5) 10.4(5)
0(3) 2.16)  29.2(7) 138(5) 2205  0.4(4) 10.0(5)
N(I) 206(7)  22.2(7) 112(6)  -015)  -0.5(5)  9.8(6)
c() 27809)  30(1) 25008)  -67(7)  -40(7)  17.6(8)
CQ2) 19.8(8) 20.6(8) 15.3(7) 0.0(6) -1.4(6) 9.0(7)
E) 2148)  20.6(8) 142(7)  -2.16)  -276)  10.5(7)
C) 20.8(8) 16.0(7) 15.07) 1.06)  0.8(6) 11.1(7)
C(5) 18.6(8) 17.6(8) 13.8(7) -0.6(6) 0.0(6) 9.7(6)
C(6) 18.2(8) 17.8(7) 12.3(7) 0.6(6) 0.7(6) 8.7(6)
C(7) 16.7(7) 19.4(8) 13.8(7) 0.6(6) 2.3(6) 7.77(6)
C(8) 20.1(8) 23.1(8) 14.3(7) -0.9(6) -1.3(6) 9.9(7)
C) 20.8(8) 21.7(8) 19.0(8) 0.8(6) -0.2(6) 12.0(7)
Ca0)y  16.2(7) 18.7(8) 17.7(8) 056)  22(6) 8.0(6)
cal  17.7@®) 18.2(8) 17.7(8) 05(6)  2.8(6) 7.0(6)
c12)  19.1(8) 22.0(9) 19.5(8) 056)  -1.8(6)  9.5(7)
Cca3)  22.1(8) 22.1(8) 24.8(9) 1L07)  2.79(7) 12.1(7)
C(14) 25.009) 18.7(8) 22.0(8) -2.9(6) 3.4(7) 9.3(7)
ca5)  28.2(9) 28.6(9) 19.8(9) 107) 347 16.0(8)
C(16)  19.5(8) 23.0(8) 17.8(8) 206)  -1.96)  10.7(7)
ca7)  237() 20.3(8) 14.1(7) 0.0(6) 1.7(6) 13.8(7)
C18)  19.4(8) 17.8(7) 14.6(7) 156)  2.0(6) 9.7(6)
C(19)  21.2(8) 17.4(8) 16.0(7) 04(6)  2.8(6) 11.0(7)
C0)  25.0(8) 26.4(9) 14.1(8) 147 2.5(6) 12.8(7)
C(21) 20.6(8) 25.3(9) 22.3(8) 0.3(7) -4.0(7) 7.9(7)
C22)  20.6(3) 22.3(8) 15.8(8) 3.6)  -0.6(6)  5.9(7)
C23)  20.7(8) 19.6(8) 14.9(8) L16)  -0.1(6)  10.8(7)
C4)  2158) 23709  23209)  -41(7)  -23(7)  84(7)
C25)  20.8(3) 23.0(9) 24.3(8) 297 23 10.6(7)
C(26) 20.5(8) 23.3(8) 13.6(7) -1.4(6) -1.2(6) 10.4(7)
Cc27  213(8) 21.1(8) 16.2(8) 1.0(6) 0.5(6) 11.3(7)
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Table S4. Bond Lengths for 54b.

Atom
O(1)
O(1)
0(2)
0(3)
N(1)
N(1)
C(1)
C(2)
C(2)
C(2)
C(3)
C(4)
C(5)
C(5)
C(6)
C(6)
C(7)

Atom
C(16)
C(17)
C(17)
C(23)
CH4)
C(19)
C(2)
C@3)
C(21)
C(22)
C4)
C(5)
C(6)
C(23)
C(7)
C(18)
C(8)

Length/A
1.451(2)
1.351(2)
1.2132)
1.238(2)
1.367(2)
1.391(2)
1.531(2)
1.536(2)
1.529(2)
1.536(2)
1.503(2)
1.360(2)
1.519(2)
1.450(2)
1.529(2)
1.527(2)
1.394(2)

Atom
C(7)

C(8)

C9)

C(10)
C(10)
C(11)
C(11)
C(12)
C(13)
C(14)
C(15)
C(17)
C(18)
C(19)
C(22)
C(24)
C(206)

Atom
C(27)
C)

C(10)
C(11)
C(206)
C(12)
C(25)
C(13)
C(14)
C(24)
C(16)
C(18)
C(19)
C(20)
C(23)
C(25)
C(27)

Length/A
1.398(2)
1.389(2)
1.405(2)
1.489(2)
1.399(2)
1.396(2)
1.405(2)
1.390(3)
1.388(3)
1.386(3)
1.512(2)
1.482(2)
1.354(2)
1.501(2)
1.516(2)
1.392(3)
1.384(2)
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Table S5. Bond Angles for 54b.
Atom

Atom
C(17)
C(4)
C(1)
C(1)
C(3)
C(21)
C(21)
C(21)
C(4)
N(1)
C(5)
C(5)
C(4)
C(4)
C(23)
C(5)
C(5)
C(18)
C(8)
C(8)
C(27)
C%)
C(8)
C)
C(206)

O(1)
N(1)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C@3)
C4)
C4)
C4)
C(5)
C(5)
C(5)
C(6)
C(6)
C(6)
C(7)
C(7)
C(7)
C(8)
C)
C(10)
C(10)

Atom

C(16)
C(19)
C3)
C(22)
C(22)
)
C3)
C(22)
Q)
C3)
N()
C3)
C(6)
C(23)
C(6)
()
C(18)
()
C(6)
C(27)
C(6)
()
C(10)
C(11)
CO)

Angle/®
115.40(13)
122.55(14)
109.99(14)
109.72(14)
108.09(14)
110.02(15)
109.23(14)
109.76(14)
113.19(13)
115.23(14)
120.63(15)
124.10(15)
121.98(14)
119.57(15)
118.43(14)
113.37(13)
110.41(13)
108.21(13)
121.54(14)
118.01(16)
120.29(15)
121.05(15)
121.24(16)
122.62(15)
117.13(15)

Atom

C(26)
C(12)
C(12)
C(25)
C(13)
C(14)
C(24)
o(1)
o(1)
0(2)
0(2)
C(17)
C(19)
C(19)
N(1)
C(18)
C(18)
C(23)
0(3)
0(3)
C(5)
C(14)
C(24)
C(27)
C(26)

Atom

C(10)
C(11)
C(11)
C(11)
C(12)
C(13)
C(14)
C(16)
C(17)
C(17)
C(17)
C(18)
C(18)
C(18)
C(19)
C(19)
C(19)
C(22)
C(23)
C(23)
C(23)
C(24)
C(25)
C(26)
C(27)

Atom

C(11)
C(10)
C(25)
C(10)
C(11)
C(12)
C(13)
C(15)
C(18)
o(1)

C(18)
C(6)

C(6)

C(17)
C(20)
N(1)

C(20)
CQ)

C(5)

C(22)
C(22)
C(25)
C(11)
C(10)
C(7)

Angle/®
120.24(14)
121.53(15)
117.69(15)
120.74(15)
121.07(16)
120.56(17)
119.25(16)
108.06(14)
111.24(14)
121.90(16)
126.85(15)
117.58(13)
121.90(15)
120.26(15)
112.42(14)
119.94(15)
127.64(15)
113.83(14)
121.16(15)
120.55(15)
118.27(14)
120.32(16)
121.10(16)
121.63(15)
120.93(16)
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Table S6. Torsion Angles for 54b.

A

O(1)
O(1)
0(2)
0(2)
N()
N()
C(1)
C(1)
C(2)
C(2)
C(2)
C(2)
C@3)
C@3)
C@3)
C(4)
C(4)
C(4)
C(4)
C(4)
C(4)
C(5)
C(5)
C(5)
C(5)
C(6)
C(6)
C(6)
C(6)
C(6)
C(6)
C(7)
C(7)
C(7)

B
C(17)
C(17)
C(17)
C(17)
C4)
C4)
C(2)
)
C3)
C3)
C(22)
C(22)
C(2)
C4)
C4)
N(1)
N(1)
C)
C)
C(5)
Co)
C(6)
C(6)
C(6)
C(6)
C(5)
Co)
()
()
C(18)
C(18)
C(6)
C(6)
C(®)

C
C(18)
C(18)
C(18)
C(18)
C(5)
C(5)
C(3)
C(22)
C(4)
C(4)
C(23)
C(23)
C(22)
C(5)
C(5)
C(19)
C(19)
C(6)
C(6)
C(23)
C(23)
C(7)
C(7)
C(18)
C(18)
C(23)
C(23)
C(8)
C(27)
C(19)
C(19)
C(18)
C(18)
C(9)

D
C(6)
C(19)
C(6)
C(19)
C(6)
C(23)
C(4)
C(23)
N(1)
C(5)
003)
C(5)
C(23)
C(6)
C(23)
C(18)
C(20)
C(7)
C(18)
0(3)
C(22)
C(8)
C(27)
C(17)
C(19)
0(3)
C(22)
C(9)
C(26)
N(1)
C(20)
C(17)
C(19)
C(10)

Angle/’
-25.6(2)
160.08(15)
154.13(17)
-20.2(3)
-2.4(2)
179.27(15)
-72.15(18)
66.80(19)
158.32(14)
-24.0(2)
-147.89(16)
33.8(2)
-53.14(19)
179.99(15)
1.7Q2)
4.8(2)
-175.11(14)
-107.39(17)
14.2(2)
175.20(16)
-6.5(2)
53.5(2)
-131.00(16)
168.15(14)
-17.7(2)
-3.2(2)
175.14(14)
175.07(15)
-175.28(15)
9.3(2)
-170.78(15)
-67.24(18)
106.94(17)
0.3(3)

A
C(8)

C(8)

C(8)

C(9)

C(9)

C(9)

C(10)
C(10)
C(10)
C(11)
C(11)
C(12)
C(12)
C(13)
C(14)
C(16)
C(16)
C(17)
C(17)
C(17)
C(18)
C(18)
C(19)
C(19)
C21)
C21)
C(22)
C(23)
C(23)
C(25)
C(26)
C(26)
C(27)

B
C(7)
C®)
C®)
C(10)
C(10)
C(10)
C(11)
C(11)
C(26)
C(10)
C(12)
C(11)
C(13)
C(14)
C(24)
O(1)
O(1)
O(1)
C(18)
C(18)
C(6)
C(6)
N(1)
N(1)
C(2)
C(2)
C@2)
C5)
C5)
C(11)
C(10)
C(10)
C(7)

C
C(27)
C(10)
C(10)
C(11)
C(11)
C(26)
C(12)
C(25)
C(27)
C(26)
C(13)
C(25)
C(14)
C(24)
C(25)
C(17)
C(17)
C(16)
C(19)
C(19)
C(7)
C(7)
C4)
C4)
C3)
C(22)
C3)
C(6)
C(6)
C(12)
C(11)
C(11)
C(®)

D
C(26)
C(11)
C(26)
C(12)
C(25)
C(27)
C(13)
C(24)
C(7)

C(27)
C(14)
C(24)
C(24)
C(25)
C(11)
0(2)

C(18)
C(15)
N(1)

C(20)
C(8)

C(27)
C(3)

C(5)

C(4)

C(23)
C(4)

C(7)

C(18)
C(13)
C(12)
C(25)
C(9)

Angle/®
0.3(2)
178.93(15)
0.0(2)
-24.3(2)
158.25(16)
-0.1(2)
-177.07(16)
176.47(16)
0.0(3)
-179.11(15)
0.2(3)
-1.1(3)
-0.3(3)
-0.4(3)
1.0(3)
-2.2(2)
177.57(13)
168.94(14)
-176.69(14)
3.3(3)
-69.28(19)
106.17(17)
169.44(15)
-8.4(2)
167.01(14)
-172.19(15)
47.62(18)
70.95(18)
-167.45(14)
0.4(3)
154.60(16)
-22.8(2)
-0.5(2)
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Table S7. Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters
(A*x10°) for 54b.

Atom X y z U(eq)
H(1) 8490(30) 9300(30) 3412(9) 31(6)
H(1A) 13532 10592 1891 39
H(1B) 11637 9371 2038 39
H(1C) 12966 9933 2583 39
H(3A) 11265 10718 3174 22
H(3B) 11110 12272 2979 22
H(6) 6947 9511 1430 20
H(B) 8174 6666 2017 23
H(9) 7745 4308 1511 24
H(12) 8162 2821 807 25
H(13) 7803 570 234 27
H(14) 5776 -577 -531 27
H(15A) 2505 9033 899 37
H(15B) 1056 7344 631 37
H(15C) 2918 7926 455 37
H(16A) 1600 7009 1680 24
H(16B) 1963 5863 1233 24
H(20A) 4413 7428 3343 33
H(20B) 6007 8299 3775 33
H(20C) 5422 6518 3495 33
H(21A) 14293 12857 2988 36
H(21B) 13891 14127 2650 36
HQ21C) 14915 13441 2294 36
H(22A) 11946 13317 1823 26
H(22B) 12751 12485 1415 26
H(24) 4094 547 715 29
H(25) 4411 2770 -131 27
H(26) 5567 5310 91 23

H(27) 5987 7654 599 23



(i)  Visualization of 4-substituent angles (above DHP plane)

Angles of the 4-substituents above the DHP plane were measured for several 1,4-
dihydropyridines using Olex2© (Dolomanov et al., J. Appl. Cryst. 2009, 42, 339-341).

Figure S1: Measured angle between the calculated mean plane of the six-membered
dihydropyridine core and the calculated mean line through the axis of the 4-substituent in the
crystal structure of 54b.

S9



Figure S2: Measured angle between the calculated mean plane of the six-membered
dihydropyridine core and the calculated mean line through the axis of the 4-substituent in the
crystal structure of a ring-open (non-fused) 4-biphenyl analog (Steiger et al., Acta Crystallogr
Sect E Struct Rep Online 2014, 70, 0791-792).
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Figure S3: Measured angle between the calculated mean plane of the six-membered
dihydropyridine core and the calculated mean line through the axis of the 4-substituent in the
crystal structure of a b-annelated 4-phenyl analog (Kurbanova et al, Acta crystallographica.
Section E, Structure reports online, 2012, 68, 02233).
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(iii)

Data for 3D-QSAR model

Summary of all compounds and biological data used for the 3D-QSAR model: Training data
set (Table S8) and test data set (Table S9). Compounds from our previous work (Schade et al.,
J. Med. Chem. 2012, 55, p9946) are indicated with an asterisk. Additional compounds that are
not described in the manuscript are indicated with an “S”.

Table S8.

Trainings data set
%inhib %inhib
Comnlzound Structure
: at 2.5 uM predicted
S1 2 13
o 8CF3
82 EtO\/\O o/\/OEt 4 -5
|

N

H
20a 4 9
S3 5 4
40* 5 5
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11

11

16

18

11

11

12

18

18

8*

S4

S5

S6

S7

11+

39*
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16

28

36

60

38

51

21

21

25

31

37

40

®

0]

N
(XY O
N (0}

(0]

S8

12

46

47

19*

S14



41

46

40

61

46

74

40

41

44

44

48

52

27*

12*

19

10*

21*

28

S15



34 55 62
21 56 57
45 57 45
13* 59 61
26* 61 49
40 61 66
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16 62 60
36 70 63
18* 72 63
36* 73 65
52 77 86
14* 78 86
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72

77

65

86

85

72

78

83

83

84

85

86

48

24*

10

15*

14
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75

82

97

79

82

84

80

87

87

88

89

90

91

91

CF3

o™

OO0~

37*

34

22

41

S9

24

11

S19



94

89

84

102

98
94

93

94

94

94

94
94

31

25*%

29*

32*
29
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Table S9.

26 95 101
30 95 104

28* 98 91

Test data set
%inhib %inhib
Compound Structure

no. at 2.5 uM predicted
7* 4 8
42* 10 1
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41* 27 14
28 27 60
43 28 41
17 32 54
33* 41 78
23 44 102
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43* 45 21
20 46 61
38* 58 63
Il
8 o) o) 59 14
(o
N
H
O H,0
44 o * 64 55
cren
N _
17* 71 73
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80

74

78

30

79

70

74

79

80

82

85

88

o™

OO0~

25

15

55

51

20*

S24



66

79

71

92

93

96

22*

50

23*
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