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Highlights:

>

51 tetrahydroisoquinolines derivatives as novel BDihibitors were designed,
synthesized, and evaluated.

The structure-activity relationship (SAR) of thievel series of compounds was
demonstrated.

The optimum compound6 exhibited high safety, potency (PDE4Ds§G= 0.36
uM, TNF-a ICso = 6.76uM), permeability and selectivitiy vitro.

The crystal structure of PDE4D in complex with camapd36 was solved.
Compound36 exhibited superior therapeutic efficacy comparéith walcipotriol

against the IMQ-induced murine psoriasis-like shitammation.
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Abstract

Psoriasis is a kind of chronic inflammatory skisatder, while the long-term use
of conventional therapies for this disease aretdéithby severe adverse effects. Novel
small molecules associated with new therapeutichen@ems are greatly needed. It is
known that phosphodiesterase 4 (PDE4) plays a aentrle in regulating
inflammatory  responses through hydrolyzing intiad¢a cyclic adenosine
monophosphate (CAMP), making PDE4 to be an impotemget for the treatment of
inflammatory diseases (e.g. psoriasis). In our ipresswork, we identified a series of
novel PDE4 inhibitors with a tetrahydroisoquinoliseaffold through structure-based
drug design, among which compoubhdghowed moderate inhibition activity against
PDE4. In this study, a series of novel tetrahydrgisnoline derivatives were
developed based on the crystal structure of PDE#ADoOmMplex with compound.
Anti-inflammatory effects of these compounds wevaleated, and compoung6,
with high safety, permeability and selectivity, éited significant inhibitory potency
against the enzymatic activity of PDE4D and the TdNFelease from the
LPS-stimulated RAW 264.7 and hPBMCs. Moreoverjramivo study demonstrated
that a topical administration @86 achieved more significant efficacy than calciputri
to improve the features of psoriasis-like skin aniimation. Overall, our study
provides a basis for further development of tetdabigoquinoline-based PDE4
inhibitors against psoriasis.

Keywords: PDE4 inhibitors, tetrahydroisoquinoline, antipseisa



1. Introduction

Psoriasis is a kind of chronic inflammatory skisatder, the pathogenesis of
which is complicated and often linked with multiplectors such as autoimmune
activation, genetic susceptibility and environmidit It is generally accepted that the
disturbed interaction between innate and adaptwaune systems is the main cause
of psoriasis, which is closely related to the abmalr activation of keratinocytes,
dendritic cells, macrophages, and T cells [2-4]nw&mtional treatments of psoriasis
consist of topical ointments (corticosteroids, drants, vitamin D, etc.) and systemic
therapies (methotrexate, ciclosporin, acitretin,)db6, 6].

However, the drug-drug interactions and severe radveeffects limit the
long-term use of these drugs. Moreover, photothe@pd photochemotherapy are
also considered as effective strategies for pserigstients, however, they are
time-consuming and can only be used for short-tggrevention of disease
deterioration. Recently, biological agents, inchgliinfliximab, adalimumab and
secukinumab, have been emerged in clinical asaeifficis options for psoriasis
treatment [7, 8]. Unfortunately, high cost, poomgiance and tolerance limited their
wide applications. Compared with the macromolecalatibodies, small molecules
possess several advantages [9, 10]. Apart frongbmast-friendly and convenient for
administration, small molecules can enter cells asglectively inhibit the
inflammatory signaling pathways, thereby providaitgrnative therapeutic strategies
for patients who respond inadequately to conveatiomeatments or targeted
biological agents.

Phosphodiesterase 4 (PDE4), known as one of thendihbers of the PDE
super-family, is a cyclic adenosine monophospha®P) specific hydrolase, which
is widely expressed in numerous cells, includingakeocytes, endothelial cells,
hematopoietic cells, and nerve cells [11]. PDE4/pla central role in inflammatory
responses through the regulation of intracellufivP levels and downstream protein
kinase A pathways [12], which makes PDE4 to bermaany target for the treatment of

inflammatory diseases like psoriasis [13-1&jpremilast, approved in 2014 by FDA



and in 2015 by the European Commission, is thé @ral PDE4 inhibitor used for
treating psoriasis and psoriatic arthritis (PsAhjck inspires us to seek a new PDE4
inhibitor with higher safety and potency for ansigpiasis treatmeft8-20].

Berberine BBR) is a kind of tetrahydroisoquinoline alkaloid with proven
medicinal history in Chinese medicinal systems [Zllinical investigations oBBR
have demonstrated its broad spectrum of pharmacalogeffects, including
anti-inflammatory effect§22, 23]. Previously, we have built a chemical dikyr
comprising intermediates, precursors and multipfel@ues of berberine for
discovery of lead compounds. Based on this librewgy,obtained a series of novel
PDE4 inhibitors with tetrahydroisoquinoline skeletatilizing the structure-based
drug design strategy, among which compounghowed high inhibitory activity
against PDE4D (I = 0.14 uM) [24, 25]. In this study, a series of novel
tetrahydroisoquinoline derivatives were designed synthesized on the basis of the
crystal structure of PDE4D- Two commonly used inflammatory cell models, mouse
monocyte/macrophage leukemia cell line (RAW 264 human peripheral blood
mononuclear cells (hPBMCs), were used farvitro anti-inflammatory activity
evaluation. The structure-activity relationship @Aof these new compounds was
explored and compourigb was evaluated in the imiquimod-induced murine jpss

model.

2. Results and discussion

2.1. Design

To seek for a more potent PDE4 inhibitor, we gdeap insight into the binding
mode of compound with PDE4D (Figure 1A, B). Based on our previousdy, the
carbonyl group on the tetrahydroisoquinoline cdreampoundl oriented toward the
metal binding (MB) site butad no obvious interaction with the two metal i¢As?*
and Md") (Figure 1B PDB code: 6IMO) [24, 26]. Thus, we replaced fixenamide
group with larger groups to give compountis20 (Figure 1C), expecting that the

extended groups could form stronger interactionth whe two ions or surrounding



residues. In addition, 6,7-dimethyoxyl groupslahserted into a hydrophobic pocket
(Q-pocket) and both oxygen atoms formed hydrogemdboH-bonds) with Q369
(Figure 1B), playing an indispensable role in bimgdof 1 to PDE4D. We noticed that
the cavity of the Q2 pocket (formed by Q369 andZj3vas larger than that of the Q1
(formed by N321 and 1336) and it was not fully gomd by the 7-methyoxyl
substituent [26]. Thus, we introduced ethyoxyl enbyloxyl groups and synthesized
compounds21-28 (Figure 1C), in order to occupy the Q2 pocket whigain the
H-bond interaction. Finally, we turned our attentio the indole group. Even though
the crystal structure of the PDE4Deomplex demonstrated that the terminal indole
ring was flexible and only formed few hydrophohiteractions with M273 and M357,
acting as a hydrophobic clamp (HElgure 1B), these interactions were essential for
it to maintain the PDE4 inhibitory activity. Theoeg, we devoted more attention to
evaluating the influence of the “tail” on the bindiaffinity of the compounds with
PDE4D (Figure 1C), including the introduction oftém®cycles (compound29-30),

the change of the linker between the tetrahydraismiine core and the indole ring

(compounds31-32, and the substituents on the indole ring (comps33-52).
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Figure 1. Complex structure of compound 1 with PDE4D catalytt domain. (A)
Binding pose of compound in the PDE4D catalytic pocket. Compouddand
PDE4D are shown as cyan sticks and yellow surfaespectively. (B) Detailed
interactions between compourddand PDE4D generated by Ligplot. Two H-bonds
formed between conserved Q369 and catechol grougpmpoundl are shown as
black dash lines. (C) Schematic diagram for desigopompound-52 based on the

analysis of the crystal structure of compoudnd complex with PDE4D.



It is worth noting that compountl possesses a chiral carbon, and our previous
study has revealed that th®-gnantiomer is the dominant configuration withHeg
PDE4 inhibitory activity. Thus, we only investigdtthe influence of configuration on
part of the compounds, while for the others, o8yygnantiomers were synthesized
and evaluated. Altogether, 51 new tetrahydroisagjine derivatives were

synthesized and evaluated as novel PDE4 inhibitors.

2.2. Synthesis of tetrahydroisoquinoline derivative
The synthetic routes of compounti28 are depicted in Scheme 1. Condensation

of 3,4-disubstutituted phenylethylamine$a{g and 2-(H-indol-2-yl)-acetic acid
with HATU afforded the corresponding amide intermages Ba-¢). 3a-c were then
treated with POGI to afford the dihydroisoquinoline derivativedafc. Racemic
tetrahydroisoquinolines intermediatBa-c were obtained by reduction da-c with
NaBH,;. While asymmetric reduction with Noyori catalystvg theS (6a-b) andR-

(7a) isomers respectively. Finallpa-¢, 6a-b and 7a were reacted with HCOOEt,

anhydride, carboxylic acid, halogenide or acyl dide to afford the target products.

Scheme 1Synthetic Methods of Compounds 1-28
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®Reagents and conditions: (a) HATU, TEA, DCM, rt985b) POC4, CH:CN, Ar,
80 °C, 90%; (c) MeOH, NaBK 90%; (d) HCOOEt, TEA, 65 °C, or (RC£), TEA,
DCM or RX, KoCO;, CH;CN, 80 °C or RCOCI, DIPEA, DCM or RCOOH, HATU,
TEA, DCM, 80-88%; (e) La(OTf) AgSbk, (R,R)-Noyori catalyst, HCOONa,
MeOH/H,O (viv) = 1.2, Ar, rt; (f) La(OTR), AgSbk, (S,S-Noyori catalyst,
HCOONa, MeOH/HO (v/v) = 1:2, Ar, rt.

The synthetic routes of compound29-32 are outlined in Scheme 2.
Condensation of 3,4-dimethoxyphenylethylamine witldicated carboxylic acids
gave the amide intermediat@a-c The following synthetic steps were similar tottha

of compoundL.

Scheme 2Synthetic Methods of Compound£9-32*
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90%; (c) MeOH, NaBk 90%; (d) HCOOEt, TEA, 65 °C, 80-88%; (e) La(Gif)
AgSbF, (R,R)-Noyori catalyst, HCOONa, MeOHAD (v/v) = 1:2, Ar, rt.

Compounds33-41, 43-51 were synthesized using the same methods with
compounds 29-32 only by changing the starting materials (Scheme Ror
compound#l2 and52, a benzene ring was introduced through Suziki-togh27] to

give the amide intermediaté8a-h The following steps are showed in Scheme 4.

Scheme 3Synthetic Methods of Compounds 33-41, 43-51
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90%; (c) MeOH, NaBl 90%; (d) HCOOEt, TEA 65 °C, 80-88%; (e) La(QsJf)

AgSbF, (R,R)-Noyori catalyst, HCOONa, MeOHAD (v/v) = 1:2, Ar, rt.

Scheme 4Synthetic Methods of Compoundst2, 52
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®Reagents and conditions: (a) HATU, TEA, DCM, 85%) Phenylboronic acid,
Pd(dbpf)C}, KoCOs, CH;CN/H,O (v/v 1:1), Ar, 60 °C, 90%); (c) POLICHCN, Ar,
80 °C, 90%; (d) La(OT§) AgSbF, (R,R)-Noyori catalyst, HCOONa, MeOH4d

(vIv) = 1:2, Ar, 1t; (€) HCOOEL, TEA, 65 °C, 80-88%

2.3. Structure—activity relationships of tetrahydrasoquinoline derivatives

Inhibitory activities against PDE4D of all the slyasized compounds mentioned
above were determined using a scintillation progmaissay (SPA) for a preliminary

SAR study[28] Meanwhile, TNFe, known as an important pro-inflammatory



cytokine in the development of inflammation andoauwmune diseases, is mainly
produced in monocytes or macrophagé@suse monocyte/macrophage leukemia cell
line (RAW 264.7) is one of the most commonly usgthmmatory cell models, which
can release a variety of inflammatory factors sashTNFe after induction and
activation by lipopolysaccharide (LPS). Therefdtes inhibition of TNFe secretion

in LPS-stimulated RAW 264.7 cells was measured ftother SAR analysis. In
addition, their CGy values toward RAW 264.7 were also measured asnmpnalry
safety evaluation indicators.

First, the racemic compourl and the R)-enantiomer3 were synthesized to
testify the influence of configuration on PDE4D itnitory activity. As expected, both
2 and3 showed lower inhibitory activity compared with(1, ICso = 0.14uM; 2, 1Csq
= 0.39uM; 3, IC5 = 1.81uM; Table 1). Then compounds20 were synthesized by
replacing the formamide with different amide oryddimine. Only the compounds
with acetamide showed PDE4D inhibitory activity quamable with that ot (Table 1).
Furthermore, theSj-enantiomer §, ICso = 0.89uM) exhibited a slightly lower 16
value relative to that of the racemade ICso = 1.13uM). However, the inhibition rate
of TNF-o production in RAW 264.7 cells d@fand5 (ICso > 50uM) was not desirable.
The analogueg1-28with 7-ethyoxyl or -benzyloxyl substituents wehen prepared
in order to to fully fill the Q2 pocket of PDE4D dlble 2). Even though compounds
21-23 (21, ICso = 0.075uM; 22, ICso = 0.042uM; 23, ICso = 0.17 uM) displayed
enhanced PDE4D inhibitory compared with the 7-mexlyl/substituted analogueg,

1 and5), their inhibitory activities against the TNEFsecretion in RAW 264.7 cells

were unexpectedly poor. We speculated that thesgpaonds may degraded rapidly
after entering cells, leading to their poor acyivat cellular level. Compoun®8 with

a 7-benzyloxyl substituent showed moderate biorgtiat both enzymatic and

cellular levels, with 1G values of 3.57M and 36.7uM respectively. Nevertheless,
its cytotoxicity was relatively high (Gg = 53.4uM), so it was not suitable for a
further study. On the other hand, none of compow2i®7 exhibited satisfactory

inhibitory activity against PDE4D. Collectively, fmamide or acetamide may be

favorable for improving the binding affinity of theompounds with the MB site of



PDE4D, while 7-methyoxyl or 7-ethyoxyl is necesstmykeeping the potency of the

derivatives.

Table 1.Inhibitory Activities of Compounds 1-20 against PDED and TNF-a,
Secretion in the LPS-stimulated RAW264.7 Cells

Compds R* Configuration PDEAD FI\T\I\ZNEEIS?:? RAW264.7
IC 50 (M) " CCso(uM)
(uM)
S__H
1 hig S 0.14 +0.03 > 50 > 50
(o]
S__H
2 hig Rac 0.39 + 0.05 > 50 > 50
(o]
S__H
3 hig R 1.81 +0.18 > 50 > 50
(o]
4 ";Y Rac 1.13+0.21 > 50 > 50
(o]
5 ";Y S 0.89 +0.11 > 50 > 50
(o]
S CFs
6 i Rac > 1(-8.2%} > 50 > 50
0
CF
7 i b S > 1 (4.4%) > 50 > 50
0
(6]
- V)
8 f Rac > 1 (-1.8%) > 50 > 50
(6]
- V)
9 f S > 1 (-3.5%) > 50 > 50
10 ¢ ﬁoﬁo/ Rac > 1 (34.7%) > 50 > 50
.0
o ¢ 8L Rac > 1 (42.7%) > 50 > 50
(6]
12 ;ﬁ.f(.sif s > 1 (28.0%) > 50 > 50
Z N

13 BN Rac > 1 (10.4%) > 50 > 50




14 ;VO Rac > 1 (5.0%) > 50 > 50

15 & N Rac > 1 (2.8%) > 50 > 50
(6]
o
16 AN S > 1 (6.1%) > 50 > 50

(0]

17 ‘fYO Rac > 1 (3.3%) > 50 > 50
(0]

18 & S > 1 (10.2%) > 50 > 50

S
19 5\[‘/&} Rac > 1 (-14.7%) b -

ST
20 ;YL\} S > 1 (-18.9%) i i

& PDE4D inhibition rates at IM were presented in brackets.

®Not measured

Table 2.Inhibitory Activities of Compounds 21-28 against PIE4D and TNF-u
Secretion in the LPS-stimulated RAW264.7 Cells

_0
2
R, N

) . . PDE4D ICsy RAW264.7 o aw264.7
Compds R R Configuration (uM) TNF-a CCao(uM)
" IC 50 (uM) S0
21 ¢ ﬁorH Et Rac 0.075+0.006 > 50 > 50
22 ¢ ﬁorH Et s 0.042+0.012  >50 > 50
23 ;Y Et S 0.17 + 0.02 > 50 > 50

24 NS R s 2.40 +0.17 > 50 > 50




25 o7 Et S > 1 (22.9%) > 50 > 50

(0]
6 ¢ \/\g\o Et S > 1 (19.4%) > 50 > 50
27 ﬁﬁg\" Et S > 1 (20.3%) > 50 > 50
28 ;ﬁor“ Bn Rac 3.57 +0.07 36.7 53.4

& PDE4D inhibition rates at IM were presented in brackets.

Subsequently, we paid our attention to the tail ification (Table 3). We
attempted to replace the indole ring with a benzamniiophene ring. Unfortunately,
the potency of the resulting compounds toward PDEdMost disappeared. The
PDEA4D inhibition rate 029 and30 at 1uM were only 6.3 % and 7.3 %, respectively.
The inhibitory activity of analogues31, 32) with a linker between the
tetrahydroisoquinoline core and 2-position of irelalso decreased drastically. Thus,
we retained the original linker and focused on stigating different substitutions on
the indole ring. Based on the aforementioned SARysof the tetrahydroisoquinoline
core, we kept the formamide group and synthesizeaol $eries of derivatives,
compounds33-42 with the 7-methyoxyl and compound8-52 with the 7-ethyoxyl.
Compounds33-37 with a halogen-substituted indole all showed materto good
potency toward PDE4D. The derivatives with the @&adindole B4, ICso = 0.61uM,;
35, IC5p = 0.55uM) showed comparable inhibitory activity againstEID compared
with the ones with the 4-chloroindol@3 1Cso = 0.36uM) or 7-chloroindole 36, 1Cso
= 0.36uM). Both compound83 and36 also exhibited moderate inhibitory activity in
cells @3, ICso= 34.9uM, 36, IC5o= 14.5uM). By contrast, introduction of 5-bromo
gave the less potent derivativ@&7( ICso = 1.03uM). Even thoug37 showed better
inhibitory activity against TNF release in the RAW264.7 cell than that3¥ its
cytotoxicity was unfortunately higher (G£= 38.0uM). Subsequently, we changed
the bromine to other groups, like meth$B), methoxyl 89), or phenyl 42). Among
these derivatives38 with the 5-methyl group displayed the most potenttibitory

activity against PDE4D, with an égvalue of 0.30uM, while its inhibition rate of



TNF-o production was not satisfactory. Although compoudd bearing a
5-phenylindole showed lower inhibitory activity thte enzymatic level, its ability to
reduce the production of TNdcwas comparable to that 86. Meanwhile, the C§
value of 42 was also low. Analogud0 with 2,5-disubsitituent on the indole ring
maintained the PDEA4D inhibitory activity yet disypdéa weak TNFe inhibition in
RAW264.7 cells. When the nitrogen of the indolggnmas blocked by a methyl group,
the resulting compoundil exhibited significant decreased ability in inhig
PDE4D. Among compoundgl3-47, 43 with a 4-chloroindole and46 with a
7-chloroindole showed moderate inhibitory actiatyboth the enzymatic and cellular
levels, 43, PDE4D IGo = 0.81uM, TNF-a IC5¢ = 37.5uM; 46, PDE4D IGo = 0.63
uM, TNF-a 1C5p = 14.8 uM), but both of them were less potent than their
7-methyoxyl counterparts38 and 36). Replacement of the 5-bromd7) with a
5-methyl @8), 5-methoxyl 49) or 5-phenyl $2) resulted in less potent inhibitors, of
which the PDE4D I values were more thangM. Compounds0 (ICso = 0.63uM)
with a 2-methyl-5-methoxyl exhibited the PDEA4D ipitory activity more potent than
that of49 but less potent than that4® (ICso = 0.61uM).

Table 3.Inhibitory Activities of Compounds 29-52 against PIE4D and TNF-u
Secretion in the LPS-stimulated RAW264.7 Cells
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2.4. Inhibition of TNF-a production from hPBMC by the selected compounds

It is known that inhibition of PDE4 would elevatetracellular cAMP levels,
which would subsequently reduce the production BF® from human peripheral
blood mononuclear cells (hPBMCs) [29]. Consequentdn enzyme-linked

immunosorbent assay (ELISA) was used to measureirthibition of TNF«



production in the LPS-stimulated hPBMCs, for thenpounds with moderate to good
inhibitory activity at both the enzymatic and cédlulevels.

As shown in Table 4, most of the derivatives exbibilow inhibitory potency on
the TNFea release in hPBMCs, with the inhibition rate lovtkan 25% at 1QM.
Fortunately, compound&3 and36 performed more potently than compoun@Csg =
33.34uM), with 1Csq values of 7.18 and 6.7%6M, respectively. Moreover, the results
of the Caco-2 permeability assay revealed that comg 36 possesses perfect
cell-penetrating ability. Its efflux ratio was alid®+fold lower than that of compound
1 (Table 5), which is in accord with its high TNF#nhibitory activity. Taking a
consideration of the PDE4D enzymatic inhibitoryiatt and the inhibitory activity
of the TNFe release in both RAW 264.7 cells and hPBMCs, wenadly chose
compound36 for a further study of crystal structure deternima, selectivity andn

vivo efficacy.

Table 4.Inhibitory Activities of Selected Compounds againsthe TNF-a Release
from the LPS-stimulated hPBMCs
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Table 5. Caco-2 Permeability of Compounds 1 and 36

Mean a Mean .
Compds Flow Direction Recovery Iz/llf)incrirl)g) Fabe IFEQTtLijo)i Percr?:Sagblllty
(%) (%)
apical to basal 100 14.80 ,
1 . 100 1.47 high
basal to apical 90 21.73
apical to basal 108 34.58 _
36 . 100 0.44 high
basal to apical 85 15.08

4The Rypp values in the Ato B or B to A were calculatedthg following formula:
Papp = (Va/(area x time)) x ([drugfceptof[drugjinitia dono) Where, o = the volume in
the acceptor well (in this assay: 0.3 or 1.0 mligaa= the surface area of the
membrane (in this assay: 0.333ntime = the total transport time in seconds kiis t
assay: 5400 sY.Fa,s Human absorbed fractiohEfflux ratio (B to A/A to B ratio) =
Papp (B to A)/Pspp (A to B). dpermeability classiigh, Fus% > 70%; moderate, 30% <
Faps % < 70%; poor: fps% < 30%.



2.5. Crystal structures of PDE4D in complex with compound 36 and apremilast
We solved the crystal structures of the catalybmdin of PDE4D in complex
with compound36 and apremilast (Figur®). The structure of the PDE4BB
complex (PDB code: 7CBJ) showed that the bindingamnation of compoun@6 in
the ligand binding pocket of PDE4D was similarhattof compound. The catechol
group formed two H-bonds with the conserved glute{Q369) and the-z stacking
interactions between F372 and tetrahydroisoquieadicaffold were maintained too.
While in compared with compount], the installation of a chlorine atom at the
7-position of the indole ring led this ring to flipway and bury into a new
hydrophobic pocket formed by residues M273, H278,9, and 1376. As a result, the
indole ring of compoun®6 was stabilized, as the density map of it was cetepl
However, the inhibitory activity of compourb against PDE4D was weaker than
those of compound and apremilast (I§ values of 0.14 uM and 0.077 uM for the
two compounds, respectively). It is consisted widhbr previous finding that
interactions between the indole ring and hydropticlamp was important to improve
the inhibitory activity. In structurally, the binty mode of apremilast with PDE4D
(PDB code: 7CBQ) was quite different from that anmgpound 36. Except the
H-bonds with Q369, a direct H-bond with H160 in tMepocket and a water
molecule mediated H-bond with P356 in the H-poakete formed (Figure 2D), and
the latter may account for the high inhibitory aityi of apremilast. In contrast, the
carbonyl group of compoundsand 36 oriented to the solvent accessible region and

made little interactions with residues within the &hd H-pockets.



Figure 2. Crystal structures of PDE4D in complex wh compounds 1, 36 and
apremilast. (A) Superimposed binding modes of three compounds PDEA4D.
Compoundsl, 36 and apremilast are shown as cyan, yellow and pitiéks,
respectively. The PDE4D catalytic domain is showrgeay surface. (B-D) Detailed
interactions oflL (B), 36 (C) or apremilast (D) with PDE4D, respectivelybdnds are

shown as grey dash lines.

2.6. Selectivity of compound 36 against other PDEaforms

Selectivity of compoun@6 against other PDE isoforms was examined before the
in vivo study. As shown in Tables 6 and S2, compo@addisplayed > 13-fold
selectivity versus PDE1-3,6, and > 55-fold selegtiversus PDES5,7-9,11, indicating
its high selectivity for PDEA4.



Table 6. Selectivity of Compound 36 to 11 PDE Enmyes

PDEs 1Go (LM) Selectivity index
PDE1A >5 > 13
PDE2A >5 > 13
PDE3A >5 > 13
PDE4A? 0.36 -
PDE5A > 20 > 55
PDE6C >5 > 13
PDE7A > 20 > 55
PDE8SA > 20 > 55
PDE9A® > 20 > 55
PDE10A 76.5%" -
PDE11A > 20 > 55

&Commercial recombinant human full-length PDEs (E#&cience, Inc.).

P PDE10A inhibition rate at M

2.7. Compound 36 attenuated IMQ-induced murine psoasis-like skin
inflammation.

Encouraged by the enzymatic inhibitory activity amdi-inflammatory effect of
compound36, pharmacological effects of compou®@ were further evaluated in the
following in vivo investigations. Since PDE4 are widely expresseauimerous cells
[11], oral administration of PDE4 inhibitors mayusa some side effects, the most
common ones of which are nausea and diarrheaB2@jdes, compoung6 displayed
poor pharmacokinetics properties after p.o. adrmatien in rats, with the
bioavailability of only 0.75% (Table S3). Given theeferable transdermal absorption
characteristics (Table S4), compoud® with a topical treatment strategy was
conducted in the imiquimod (IMQ)-induced murine pasis model, which could
extensively mimic the clinical manifestations ofopasis patients [30, 31]. During
consecutive application of the IMQ cream on BALBi@e for 7 days, obvious loss

of body weight was observed, which could be largalyersed upon the topical



treatment of compoun@6 (Figure 3A). Moreover, as presented in Figure 8B,
severe skin lesions occurred on the back skinouvatly the IMQ application,
including scales, thickness and erythema. Therag@dlyt compound36 significantly
attenuated the experimental symptoms in a doseadepé manner during the
treatment, which was comparable to the calcipotredted group (Figure 3B, C).
Collectively, these results demonstrated that camg@6 exhibited the therapeutic

potential to improve the features of psoriasis-Bke inflammation.

]

B Normal Vehicle
-#- Normal K- /

-# Vehicle

-+ Calcipatriol

% 4% Compound 36

-4~ 2% Compound 36

Body weight {% of initial)

Total score (0-12)

o 1 2 3 a - 1 7 8 o L X 3 a4 5 6 7 & o | 2 3 a 5 13 7 8 o 5, ] 2 3 4 £ & 3 8
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Figure 3. Topical treatment of compound 36 dose-demdently ameliorated the
experimental murine psoriatic inflammation. (A) Body weights were monitored
daily as the percentage of body weight at day DTt represent phenotypic pictures
of the back skins in each group. (C) The Psoriase&a and Severity Index (PASI)
scores, including scales, thickness, and eryth&ata were shown as mearSEM,;

n =5 mice per group; p < 0.05, *p < 0.01, and ***p < 0.001, compared with the

vehicle group.

3. Conclusions

Small molecules with minimal side effects and hmtency for anti-psoriasis
treatment are greatly needed. Based on the prdyioseported compound with
moderate PDEA4D inhibitory activity, a series of abuetrahydroisoquinoline
derivatives were designed and synthesized. Sefront the crystal structure of the

PDE4D- complex,we investigated the structure—activity relationshipsubstituents



supposed to interact with the metal binding sit2,pQcket and hydrophobic clamp of
the enzyme, respectively. The structure-guidednupttion resulted in 12 novel
PDEA4D inhibitors 2, 5, 21-23 33, 36, 38, 4Q 43, 46, and50) with ICsq values in the
sub-micromolar range. Among them, compo@6dvas found to be a safe, permeable
and selective PDE4 inhibitor with enhanced inhdritof the TNFe. secretion in the
LPS-stimulated RAW 264.7 and hPBMQde crystal structure of compouid® in
complex with PDE4D was solved and compared withs¢hof PDE4D: and
PDE4DApremilast. Moreover, topical administration 086 exhibited superior
therapeutic efficacy compared with calcipotriok first-line medication for psoriasis,
against the IMQ-induced murine psoriasis-like skiftammation. Overall, our study
lays a solid foundation for further developmentsafall-molecular PDE4 inhibitors

for effective anti-psoriasis treatment.

4. Experimental sections

4.1. Chemistry

4.1.1. Materials and methodsAll of the reagents (chemicals) were purchasethfro
commercial chemical reagent company and directiy wsithout further purification.
Analytical thin layer chromatography (TLC) was mermhed on HSGF 254. All
products were characterized by their NMR, LR-MS &®-MS. The purity of the
target compounds was determined by HPLC (Agilerlipge XDB-C18, 5um, 4.6
mm x 150 mm, 30 °C, UV 214/230/254/280 nm, flowerat 1.0 mL/min) with
agueous CECN or CHOH (40-70%) for 20 min, and the peak areas wereutated
at 230 nm.

4.1.2. Synthesis of compounds 1-52
(S)-1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (1). A solution of 6a (300 mg, 0.93 mmol) and trimethylamine

(TEA, 140 uL, 1.02 mmol) in ethyl formate (5.0 mL) was kepirrgtg for 6 h at
55 °C. The mixture was then diluted with EA. Afteeing washed with saturated

NH4Cl and NaCl, the organic layer, the organic fayas dried over N&O,. The



solvent was removed under vacuum. The residue wagfigod by column
chromatography (PE/EA v: v = 1:1) to give compoun(45 mg, 75%) as a white
solid. HPLC purity: 98.66 %. m.p.: 88-9G.'H NMR (500 MHz, DMSO#) & 10.94,
10.86 (2 x s, 1H), 8.08, 7.48 (2 x s, 1H), 7.68772 % d,J = 7.9 Hz, 1H), 7.35, 7.33
(2 x d,J = 8.2 Hz, 1H), 7.18 — 6.94 (m, 3H), 6.91, 6.6%(&, 1H), 6.73, 6.44 (2 x s,
1H), 5.45, 4.82 (2 x dd] = 10.4, 4.3 Hz, 1H), 4.16, 3.69 (2 x ddds 13.0, 6.2, 2.5
Hz, 1H), 3.73, 3.70 (2 x s, 3H), 3.73, 3.49 (2 BH), 3.43 — 3.37, 3.27 — 3.04 (m,
3H), 2.82 — 2.59 (m, 2HC NMR (126 MHz, DMSOd) & 161.4, 160.6, 147.7,
147.4, 147.2, 146.8, 136.2, 136.1, 128.6, 127.8.612127.1, 125.5, 125.4, 124.4,
123.8, 120.9, 120.8, 118.6, 118.4, 118.3, 112.0,91111.4, 111.3, 110.9, 110.7,
110.6, 110.4, 56.5, 55.6, 55.5, 55.4, 55.2, 50310,332.4, 31.4, 28.7, 27.2. ESI-MS
m/z 351.0 [M+H]". HR-MS: (ESI,m/z) calcd for GiH»aN,05" [M+H]* 351.1703,
found 351.1704.
1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-carba
Idehyde (2). White solid. This compound was prepared using adlammethod of
compoundl, by replacingéa with 5a. HPLC purity: 99.17 %. m.p.: 93-9%&. 'H
NMR (400 MHz, DMSOdg) & 10.92, 10.83 (2 x s, 1H), 8.08, 7.46 (2 x s, TH)9,
7.58 (2 x dJ = 7.8 Hz, 1H), 7.39 — 6.94 (m, 4H), 6.92, 6.6%(&, 1H), 6.73, 6.45 (2
x s, 1H), 5.45, 4.81 (2 x dd,= 10.4, 4.2 Hz, 1H), 4.22 — 4.11, 3.69 — 3.65 (& x
1H), 3.73, 3.70 (2 x s, 3H), 3.73, 3.49 (2 x 5,342 — 3.03 (M, 3H), 2.80 — 2.61 (m,
2H). °C NMR (126 MHz, CDCJ) 5 161.6, 161.5, 148.3, 147.8, 147.7, 147.3, 136.4,
136.1, 127.9, 127.9, 127.8, 126.8, 126.1, 125.3.612123.0, 122.4, 122.1, 119.8,
119.6, 119.1, 118.1, 112.0, 111.6, 111.4, 111.2,1110.6, 110.0, 57.4, 56.1, 56.0,
55.9, 55.6, 51.2, 40.8, 34.0, 33.3, 31.8, 29.28.2ESI-MS nvz 351.1 [M+HT.
HR-MS: (ESI,m/z) calcd for GiH»3N,03" [M+H]* 351.1703, found 351.1697.
(R)-1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (3). White solid. This compound was prepared using alam
method of compound, by replacingéa with 7a. HPLC purity: 99.46 %. m.p.:
159-161°C. *H NMR (600 MHz, DMSO#dg) & 10.89, 10.88 (2 x s, 1H), 8.08, 7.46 (2
x s, 1H), 7.70, 7.57 (2 x d,= 7.9 Hz, 1H), 7.34, 7.33 (d,= 8.1 Hz, 1H), 7.13 — 6.92



(m, 3H), 6.92, 6.67 (2 x s, 1H), 6.73, 6.45 (2 %K), 5.46 — 5.44, 4.83 — 4.80 (2 x m,
1H), 4.19 — 4.14, 3.71 — 3.65 (2 x m, 1H), 3.73032 x s, 3H), 3.73, 3.49 (2 x s,
3H), 3.45 — 3.35, 3.29 — 3.04 (m, 3H), 2.84 — AB% m, 2H).}*C NMR (151 MHz,
DMSO-0g) 6 161.4, 160.6, 147.7, 147.4, 147.2, 146.8, 13638.11, 128.5, 127.8,
127.6, 127.1, 125.5, 125.3, 124.4, 123.8, 120.9.82118.6, 118.5, 118.4, 118.3,
112.0, 111.8, 111.4, 111.3, 110.8, 110.7, 110.6,41156.5, 55.6, 55.5, 55.4, 55.1,
54.9, 50.1, 33.0, 32.4, 31.4, 28.7, 27.2. ESI-M& 351.1 [M+H]". HR-MS: (ESI,
m/z) calcd for GiH23N205" [M+H]* 351.1703, found 351.1707.
1-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)
-yl)ethan-1-one (4). To a solution of 5a (150 mg, 0.47 mmol) and N,
N-Diisopropylethylamine (DIPEA, 23QL, 1.40 mmol) in DCM (5 mL) was slowly
added acetyl chloride (40L, 0.56 mmol) at C. The mixture was then stirred at
room temperature for 2 h. After being washed wadlusated NHCI| and brine, the
solvent was dried over N&a0O, and concentrated under vacuum. The residue was
purified by column chromatography (PE/EA v: v =)1t& afford compound! as a
white solid (150 mg, 89%). HPLC purity: 99.64 %pm.155-157°C. *H NMR (400
MHz, CDCL) 5 8.89, 8.59 (2 x s, 1H), 7.64, 7.59 (2 X)d; 7.7 Hz, 1H), 7.38, 7.31 (2
x m, 1H), 7.22 — 7.04 (m, 2H), 6.87, 6.83 (2 XJ& 2.4 Hz, 1H), 6.64, 6.20 (2 x s,
1H), 6.58 (s, 1H), 5.83 — 5.81, 4.94 — 4.91 (2 xli), 4.82 — 4.79, 3.24 — 3.17 (2 x
m, 2H), 3.87, 3.83 (2 x s, 3H), 3.80, 3.46 (2 81), 3.67 — 3.63, 3.51 — 3.47 (2 x m,
1H), 3.34 — 3.27 (2 x m, 1H), 2.93 — 2.79 (2 x 1),12.74 — 2.64 (2 x m, 1H), 2.15,
153 (2 x s, 3H).13C NMR (126 MHz, CDG) 6 170.2, 169.6, 148.1, 147.6, 147.3,
147.0, 136.3, 136.2, 129.1, 128.4, 128.0, 127.3.612125.6, 123.7, 123.1, 122.1,
121.8, 119.7, 119.4, 119.2, 117.9, 112.3, 111.1,611111.4, 111.1, 110.9, 110.2,
57.9, 56.1, 56.0, 55.9, 55.6, 53.1, 41.7, 34.97,332.0, 28.7, 28.0, 22.2, 21.1.
ESI-MS mvz 365.1 [M+H]. HR-MS: (ESI,m/z) calcd for GoHosN,Os" [M+H]*
365.1860, found 365.1863.
(S)-1-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(
1H)-yl)ethan-1-one (5). White solid. This compound was prepared using a

similar method of compound, by replacing5a with 6a. HPLC purity: 99.83 %.



m.p.: 99-100°C. *H NMR (400 MHz, CDCJ) 6 8.89, 8.57 (2 x s, 1H), 7.64, 7.59 (2 x
d,J=7.7 Hz, 1H), 7.37, 7.31 (2 x m, 1H), 7.21 — 7(65 2H), 6.87, 6.83 (2 x d,=
2.4 Hz, 1H), 6.64, 6.20 (2 x s, 1H), 6.58 (s, 15483 — 5.80, 4.93 — 4.91 (2 x m, 1H),
4.81 — 4.78, 3.24 — 3.17 (2 x m, 2H), 3.87, 3.8% (€ 3H), 3.80, 3.46 (2 x s, 3H),
3.66 — 3.63, 3.51 — 3.46 (2 x m, 1H), 3.33 — 32% (n, 1H), 2.92 — 2.78 (2 x m, 1H),
2.73-2.68 (2 x m, 1H), 2.14, 1.52 (2 x s, 3. NMR (126 MHz, CDGCJ) § 170.2,
169.6, 148.1, 147.6, 147.3, 147.0, 136.3, 136.9.0012128.4, 128.0, 127.2, 126.6,
125.5, 123.7, 123.1, 122.1, 121.8, 119.6, 119.3,111117.9, 112.2, 111.7, 111.5,
111.3, 111.2, 110.9, 110.8, 110.2, 57.9, 56.0,,59%F, 53.1, 41.6, 34.9, 32.7, 32.0,
28.6, 28.0, 22.1, 21.1. ESI-MBVz 365.1 [M+H]. HR-MS: (ESI,m/2) calcd for
Ca2H2sN05" [M+H] " 365.1860, found 365.1867.

1-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)
-yl)-2,2,2-trifluoroethan-1-one (6). To a solution oba (150 mg, 0.47 mmol) and
TEA (200pL, 1.40 mmol) in DCM (5 mL) was added trifluoroaceanhydride (200
uL, 1.40 mmol) slowly at 6C. The mixture was then stirred at room temperdinre
2 h. After being washed with water and brine, thlwent was dried over N8O, and
concentrated under vacuum. The residue was purified¢olumn chromatography
(PE/EA v: v = 1:1) to afford compoundl as a white solid (100 mg, 52%). HPLC
purity: 99.44 %. m.p.: 185-18C. 'H NMR (400 MHz, DMSOds) & 10.90,10.83 (2
x s, 1H), 7.61, 7.51 (2 x d,= 7.4 Hz, 1H), 7.34 (2 x m, 1H), 7.10 — 6.96 (1h))3
6.74,6.72 (2 x s, 1H), 6.58, 6.43 (2 x s, 1H)95%04 (2 x dJ) = 5.7 Hz, 1H), 4.40,
3.85 (2 x dJ = 12.4 Hz, 1H), 3.72, 3.43 (2 x s, 3H), 3.70 -83(8 x m, 1H), 3.55,
3.34 (2 x s, 3H), 3.33 — 3.17 (m, 2H), 2.86 — (1. 2H). *C NMR (126 MHz,
CDCl) 6 156.2, 155.9, 148.4, 148.2, 147.4, 146.8, 13&2,8], 127.6, 127.3, 126.8,
125.0, 123.7, 123.2, 122.5, 122.4, 120.1, 112.0.311118.8, 117.9, 115.6, 111.7,
1115, 111.3, 111.1, 111.0, 110.8, 57.3, 56.0,,5%H4, 54.7, 40.7, 40.6, 38.0, 33.4,
31.9, 28.8, 27.4"° NMR (376 MHz, CDGCJ) § -68.3, -69.2. ESI-MSn/z 419.1
[M+H]*. HR-MS: (ESI, m/z) calcd for GoHaF3N,Os" [M+H]™ 419.1577, found
419.1576.



(5)-1-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroi soquinolin-2(1H)-
y)-2,2,2-trifluoroethan-1-one (7). White solid. This compound was prepared using
a similar method of compourfy] by replacingsa with 6a. HPLC purity: 99.72 %.
m.p.: 145-147C.*H NMR (400 MHz, CDCJ) § 8.10, 8.05 (2 x s, 1H), 7.61, 7.41 (2
x d,J = 7.4 Hz, 1H), 7.35 (2 x m, 1H), 7.18, 7.10 (2 x2H), 6.85, 6.81 (2 x s, 1H),
6.61, 6.58 (2 x s, 1H), 6.17, 5.86 (2 x s, 1H)35-75.71, 5.18 — 5.15 (2 x m, 1H),
4.63 —4.59, 3.94 — 3.90 (2 x m, 1H), 3.85, 3.84 @ 3H), 3.60 — 3.55, 3.38 — 3.25
(m, 3H), 3.48, 3.25 (2 x s, 3H), 2.94 — 2.69 (M).2fC NMR (126 MHz, CDG)) 5
156.2, 155.9, 148.4, 148.2, 147.4, 146.8, 136.2.82127.6, 127.3, 126.7, 125.0,
123.7, 123.2, 122.5, 122.4, 120.1, 119.9, 119.3.81117.9, 115.6, 111.7, 111.5,
111.3, 111.1, 111.0, 110.8, 57.3, 56.0, 55.7, 55447, 40.6, 37.9, 33.4, 31.8, 28.8,
27.4.%F NMR (376 MHz, DMSOsdg) 5 -68.3, -69.3. ESI-MS m/z 419.1 [M+H]
HR-MS: (ESI, m/z) calcd for £H2oF3N,O5" [M+H] " 419.1577, found 419.1587.

methyl
2-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)a
cetate (8). To a solution oba (150 mg, 0.47 mmol) in acetonitrile (15 mL) were
added KCOs; (195 mg, 1.40 mmol) and methyl bromoacetate(B80.93 mmol).
The resulting mixture was refluxed for 12 h. Thénvas extracted with EA and
the organic layer was washed with saturated Na@kddover NaSO, and
concentrated under vacuum. The residue was purifyecolumn chromatography
(PE/EA v: v = 1:1) to afford compoung as a white solid (160 mg, 88%). HPLC
purity: 99.49 %. m.p.: 105-10°C. *H NMR (400 MHz, CDC}) & 8.06 (s, 1H), 7.59
(d,J=7.7 Hz, 1H), 7.35 (d] = 8.0 Hz, 1H), 7.21 — 7.15 (m, 1H), 7.14 — 7.08 {i),
6.94 (d,J = 2.0 Hz, 1H), 6.56 (s, 1H), 5.96 (s, 1H), 4.158.64 (m, 1H), 3.83 (s, 3H),
3.67 (s, 3H), 3.60 - 3.47 (m, 2H), 3.44 — 3.40 2H), 3.38 (s, 3H), 3.08 — 3.03 (m,
2H), 2.91 — 2.83 (m, 1H), 2.63 — 2.59 (m, 1K} NMR (126 MHz, CDGJ) 6 171.9,
147.5, 146.5, 136.3, 129.1, 127.9, 125.5, 123.2.12119.5, 119.2, 113.7, 111.6,
111.3, 111.2, 61.5, 55.9, 55.7, 55.5, 51.8, 42(5,24.8. ESI-M31z 395.2 [M+HT.
HR-MS: (ESI, m/z) calcd for £H>7N,05" [M+H] " 395.1965, found 395.1971.



methyl
(5)-2-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-
yl)acetate (9). White solid. This compound was prepared using alammethod
of compoundB, by replacingsa with 6a. HPLC purity: 99.48 %. m.p.: 106-10T.
'H NMR (400 MHz, CDCJ) § 8.01 (s, 1H), 7.59 (d] = 7.9 Hz, 1H), 7.35 (d] = 8.1
Hz, 1H), 7.22 — 7.15 (m, 1H), 7.15 — 7.05 (m, 16185 (d,J = 2.2 Hz, 1H), 6.56 (s,
1H), 5.98 (s, 1H), 4.11 — 4.09 (m, 1H), 3.83 (s),33467 (s, 3H), 3.59 - 3.48 (m, 2H),
3.44 — 3.40 (m, 2H), 3.40 (s, 3H), 3.09 — 3.04 2id), 2.90 — 2.83 (m, 1H), 2.64 —
2.59 (m, 1H)**C NMR (126 MHz, CDGJ) 5 171.8, 147.6, 146.6, 136.4, 129.0, 127.9,
125.5, 123.3, 122.0, 119.5, 119.2, 113.6, 111.7,311111.2, 61.6, 55.9, 55.6, 55.5,
51.9, 45.0, 32.5, 24.8. ESI-M8/z 395.2 [M+H]. HR-MS: (ESI,m/z) calcd for
CaaH27N203" [M+H] " 395.1965, found 395.1971.

1-(1-((1H-indol-3-yl)methyl)-6, 7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-
2-methoxyethan-1-one (10). White solid. This compound was prepared using a
similar method of compound, by replacing acetyl chloride with methoxyacetyl
chloride. HPLC purity: 98.71 %. m.p.: 173-1%@. '"H NMR (400 MHz, CDC})) §
8.49,8.19 (2 x s, 1H), 7.69 — 7.64 (m, 1H), 7283 (2 x dJ = 8.0 Hz, 1H), 7.27 —
7.03 (m, 2H), 6.92, 6.88 (2 x d= 2.2 Hz, 1H), 6.63, 6.55 (2 x s, 1H), 6.57, 626
s, 1H), 5.79, 4.90 (2 x dd,= 9.2, 5.1 Hz, 1H), 4.86 — 4.76, 3.72 — 3.62 (@& x1H),
4.14 (s, 1H), 3.87, 3.84 (2 x s, 3H), 3.79, 3.4% (& 3H), 3.48 — 3.41 (2 x m, 1H),
3.38,2.96 (2 x s, 3H), 3.38 — 3.14 (m, 3H), 2.9662 (m, 2H)**C NMR (126 MHz,
CDCl) 6 168.8, 168.3, 148.6, 148.1, 147.7, 147.4, 13636,5] 129.1, 128.6, 128.3,
127.6, 126.7, 125.8, 123.9, 123.4, 122.9, 122.0.42112.0, 119.7, 118.5, 112.9,
112.2, 112.0, 111.3, 110.6, 72.4, 71.1, 59.5, 3K, 56.4, 56.3, 56.0, 53.5, 40.2,
35.4, 33.1, 32.4, 29.1, 28BSI-MS m/z 394.9 [M+H]". HR-MS: (ESI,m/2) calcd
for CosHo7N2O4" [M+H] ™ 395.1965, found 395.1957.

1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-2-(2-(methylsulfonyl)ethyl)-1,2,3,4-te
trahydroisoquinoline (11). White solid. This compound was prepared using a
similar method of compound, by replacing methyl bromoacetate with

2-bromoetyl-methylsulfone. HPLC purity: 97.89 %.pm.86-88°C. 'H NMR (400



MHz, CDCh) & 8.09 (s, 1H), 7.58 (dl = 7.9 Hz, 1H), 7.36 (d] = 8.1 Hz, 1H), 7.20 (t,
J=7.3 Hz, 1H), 7.13 (t) = 7.3 Hz, 1H), 6.97 (d] = 1.9 Hz, 1H), 6.59 (s, 1H), 6.32
(s, 1H), 3.99 — 3.94 (m, 1H), 3.86 (s, 3H), 3.633d), 3.45 — 3.30 (m, 1H), 3.25 —
3.12 (m, 2H), 3.11 — 2.85 (m, 6H), 2.56 — 2.53 i), 2.42 (s, 3H):*C NMR (126
MHz, CDCk) 6 147.9, 147.1, 136.3, 129.0, 127.8, 125.5, 1228,4], 119.8, 118.9,
114.1, 111.6, 111.4, 111.3, 62.3, 56.0, 55.9, 53&%0, 43.3, 41.7, 32.3, 23.5.
ESI-MS nmvz 429.0 [M+HT. HR-MS: (ESI,m/2) calcd for GsHagN,0,S" [M+H]*
429.1843, found 429.1843.

(5)-1-(1-((1H-indol-3-yl)methyl)-6, 7-dimethoxy-3,4-dihydroi soquinolin-2(1H)-
yl)-2-(methylsulfonyl)ethan-1-one (12). To a solution of 2-methylsulfonylacetic
acid (65 mg, 0.47 mmol), HATU (265 mg, 0.70 mmohdaTEA (200uL, 1.40
mmol) was addeda (150 mg, 0.47 mmol). The resulting mixture wasrstr at
r.t. for 8 h. After being washed with saturated JftHand NaCl, the organic layer
was dried over N&Os. The solvent was removed under vacuum. The resicase
purified by column chromatography (PE/EA v: v =)1t@ afford compound?2 as
a white solid (92 mg, 45%). HPLC purity: 97.13 %pm105-107C. *H NMR (600
MHz, DMSO-ds) 5 10.98, 10.80 (2 x s, 1H), 7.62, 7.57 J& 7.8 Hz, 1H), 7.37, 7.33
(2 x d,J = 8.1 Hz, 1H), 7.18 — 6.94 (m, 3H), 6.87, 6.711¢d), 6.73, 6.22 (2 x s, 1H),
5.65, 5.10 (2 x dd] = 9.6, 4.5 Hz, 1H), 4.54 — 4.46 (m, 1H), 4.46 4144.01 — 3.96
(2 x m, 1H), 3.73, 3.70 (2 x s, 3H), 3.71, 3.38%(8, 3H), 4.01 — 3.96, 3.61 — 3.54
(ddd,J = 13.5, 10.7, 4.4 Hz, 1H), 3.30 — 3.08 (m, 3HP23.2.75 (2 x s, 3H), 2.91 —
2.84, 2.73 — 2.60 (2 x m, 2HY’C NMR (126 MHz, CDG)) § 161.6, 161.0, 148.4,
147.9, 147.8, 147.2, 136.1, 127.9, 127.7, 127.6,92126.0, 125.1, 123.4, 123.3,
122.9, 122.2, 120.5, 119.7, 119.1, 118.1, 112.0,71111.5, 111.0, 110.9, 110.8,
110.1, 77.3, 77.0, 76.8, 58.8, 58.3, 57.2, 56.19,955.6, 54.0, 42.3, 41.4, 36.2, 32.7,
32.0, 28.5, 27.9. ESI-MSwz 443.2 [M+Na]. HR-MS: (ESI, m/z) calcd for
CasH27N,03" [M+H] " 443.1635, found 443.1629.

(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl
)(pyridin-4-yl)methanone (13). White solid. This compound was prepared using

a similar method of compoundd, by replacing acetyl chloride with



pyridine-4-carbonyl chloride. HPLC purity: 98.32 %h.p.: 200-201°C. *H NMR
(500 MHz, DMSO#) § 10.96, 10.85 (2 x s, 1H), 8.60 (2 x s, 1H), 8484 (2 x s,
1H), 7.68, 7.41 (2 x d] = 8.1 Hz, 1H), 7.36, 7.19 (2 x d= 7.9 Hz, 1H), 7.15 - 6.80
(m, 4H), 6.77, 6.69 (2 x s, 1H), 6.62 — 6.55 (M),16130, 6.29 (2 x s, 1H), 5.79 —
5.75, 3.49 — 3.36 (2 x m, 2H), 4.68 — 4.54 (m, 1HJ4, 3.71 (2 x s, 3H), 3.60, 3.56
(2 x s, 3H), 3.31 — 3.25 (m, 1H), 3.22 — 3.05 (id),12.99 — 2.53 (m, 2HYC NMR
(126 MHz, DMSOsdg) 6 167.7, 167.2, 150.3, 149.5, 148.1, 147.8, 14744,3], 144.5,
143.6, 136.4, 128.5, 128.4, 128.1, 127.8, 126.6,612124.9, 124.3, 121.3, 121.2,
121.0, 120.5, 118.9, 118.8, 118.6, 118.4, 112.2.111111.6, 111.3, 111.0, 110.8,
110.6, 58.4, 55.8, 55.6, 52.4, 41.2, 34.8, 32.46,328.6, 27.7. ESI-M$n/z 428.1
[M+H]". HR-MS: (ESI, n/z2) calcd for GgH2eN3Os' [M+H]™ 428.1969, found
428.1971.
1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-2-((tetrahydro-2H-pyran-4-yl)me
thyl)-1,2,3,4-tetrahydroisoquinoline (14). White solid. This compound was
prepared using a similar method of compouBd by replacing methyl
bromoacetate with 4-bromomethyltetrahydropyran. GRiurity: 99.82 %. m.p.:
89-90°C. *H NMR (500 MHz, DMSOsdg) & 10.71 (S, 1H), 7.57 (d} = 7.8 Hz, 1H),
7.32 (d,J = 7.8 Hz, 1H), 7.08 — 7.01 (m, 2H), 6.99 — 6.95 {iH), 6.61 (s, 1H), 6.39
(s, 1H), 3.82 (tJ = 7.0 Hz, 1H), 3.69 (s, 3H), 3.54 (ddb= 11.4, 4.5, 2.1 Hz, 1H),
3.32 (s, 3H), 3.32 — 3.23 (m, 2H), 3.12 — 2.982i), 2.93 (dd,) = 14.4, 5.9 Hz, 1H),
2.82 — 2.66 (M, 3H), 2.44 — 2.30 (m, 2H), 2.25 (#id,12.5, 8.3 Hz, 1H), 1.26 — 1.21
(m, 2H), 1.17 — 1.10 (m, 1H), 1.00 — 0.72 (m, 2H& NMR (126 MHz, DMSOdg) 5
147.1, 146.5, 136.3, 130.3, 127.7, 126.1, 123.8.712118.7, 118.1, 113.0, 112.0,
111.8, 111.3, 67.1, 67.0, 61.0, 59.6, 55.5, 5539,433.3, 31.9, 31.4, 31.2, 23.6.
ESI-MS m/z 421.1. [M+H]. HR-MS: (ESI,m/2) calcd for GgHzaN,Os" [M+H]*
421.2486, found 421.2490.
(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)(m
orpholino)methanone (15). White solid. This compound was prepared using a
similar method of compound4, by replacing acetyl chloride with

4-morpholinecarbonyl chloride. HPLC purity: 99.47 #6.p.: 179-186C. *H NMR



(500 MHz, CDC}) 6 8.26 (s, 1H), 7.67 (d1 = 7.6 Hz, 1H), 7.36 (d] = 7.9 Hz, 1H),
7.20 — 7.13 (m, 2H), 6.95 (s, 1H), 6.61 (s, 1H}16(s, 1H), 5.19 — 5.06 (m, 1H), 3.90
— 3.86 (M, 1H), 3.85 (s, 3H), 3.67 (s, 3H), 3.53.37 (M, 3H), 3.32 — 3.28 (m, 1H),
3.23 — 3.15 (m, 3H), 3.05 — 2.97 (m, 2H), 2.93 (H), 2.77 — 2.62 (m, 3H):*C
NMR (126 MHz, CDC}) 6 164.2, 148.0, 147.2, 136.4, 129.2, 127.9, 1252341
122.2, 119.7, 118.8, 112.6, 111.6, 111.4, 110.8,&%®.7, 56.0, 55.9, 47.6, 39.3, 32.5,
28.5. ESI-MSm/z 436.1 [M+H]. HR-MS: (ESI, m/z) calcd for £gHzoNsO04" [M+H]*
436.2231, found 436.2241.

(S)-(2-((21H-indol-3-yl)methyl)-6, 7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
(morpholino)methanone (16). White solid. This compound was prepared using a
similar method of compoundl5, by replacingsa with 6a. HPLC purity: 99.41 %.
m.p.: 100-102C. *H NMR (400 MHz, DMSO#dg) & 10.79 (s, 1H), 7.70 (d,= 7.8 Hz,
1H), 7.34 (dJ = 8.0 Hz, 1H), 7.16 — 6.86 (m, 3H), 6.67 (s, 1614 (s, 1H), 5.09 —
5.05 (m, 1H), 3.71 (s, 3H), 3.66 (dil= 13.3, 6.0 Hz, 1H), 3.57 (s, 3H), 3.48 — 3.38
(m, 1H), 3.27 (ddd) = 11.3, 6.4, 2.8 Hz, 2H), 3.18 — 3.04 (m, 4H),72(8dd,J =
13.1, 6.7, 2.8 Hz, 2H), 2.80 — 2.70 (m, 1H), 2.8%9 (m, 3H)°C NMR (126 MHz,
CDCl3) 6 164.2, 148.0, 147.1, 136.4, 129.2, 127.8, 12%9,5], 122.1, 119.6, 118.7,
112.4, 111.6, 111.4, 110.5, 66.3, 56.7, 56.0, 56(%, 39.3, 32.5, 28.5. ESI-M§#/z
436.1 [M+H]". HR-MS: (ESI,mV2) calcd for GsHaoNsO4" [M+H]" 436.2231, found
436.2236.

(1-((1H-indol-3-yl)methyl)-6, 7-dimethoxy-3,4-dihydroi soquinolin-2(1H)-yl)(tet
rahydro-2H-pyran-4-yl)methanone (17). White solid. This compound was
prepared using a similar method of compodndyy replacing acetyl chloride with
tetrahydro-2H-pyran-4-carbonyl chloride. HPLC pyr®6.82 %. m.p.: 218-2X.

'H NMR (400 MHz, DMSO€) 6 10.87, 10.86 (2 x s, 1H), 7.97 — 7.86, 7.40 — 7.33
(2 x m, 1H), 7.60, 7.32 (2 x d,= 8.0 Hz, 1H), 7.14 — 7.08 (m, 2H), 7.07, 6.6&(&,
1H), 7.05 — 6.85 (m, 1H), 6.72, 6.31 (2 x s, 1HE7- 5.4, 5.11 — 5.07 (2 x m, 1H),
452 — 4.47,3.94 — 3.89 (2 x m, 1H), 3.82, 3.78 € 3H), 3.79 — 3.74 (m, 1H), 3.73,
3.43 (2 x s, 3H), 3.58 — 3.55, 3.33 — 3.22 (2 x2h), 3.20 — 3.04 (m, 2H), 2.91 —
2.55 (m, 3H), 2.08 — 1.01 (m, 6HJC NMR (126 MHz, CDGJ) § 174.3, 173.2, 148.4,



147.7, 147.2, 136.5, 136.1, 129.2, 128.5, 128.7.312127., 125.4, 123.8, 123.1,
122.8, 122.0, 120.3, 119.6, 119.3, 117.9, 112.4,91111.8, 111.7, 111.0, 110.9,
110.2, 67.5, 67.4, 67.2, 66.9, 56.4, 56.3, 56.10,96b.7, 53.1, 40.4, 38.3, 37.7, 34.8,
33.1, 32.0, 29.6, 29.3, 29.1, 28.3, 28.2. ESI-M3 436.1 [M+H]. HR-MS: (ESI,
m/z) calcd for GgH31Nz04" [M+H] " 435.2278, found 435.2290.
(9)-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroi soquinolin-2(1H)-yl)
(tetrahydro-2H-pyran-4-yl)methanone (18). White solid. This compound was
prepared using a similar method of compoudiidby replacingba with 6a. HPLC
purity: 99.96 %. m.p.: 114-11%. 'H NMR (500 MHz, CDCJ) & 8.49, 7.77 (2 x dJ
=32.8 Hz, 1H), 7.77 — 7.75, 7.60 — 7.58 (2 x m),IH40 — 7.38, 7.32 - 7.24 (2 x m,
1H), 7.25 — 7.05 (m, 2H), 6.95, 6.87 (2 x s, 1HJ866.57 (2 x s, 1H), 6.65, 6.21 (2 x
s, 1H), 5.86 — 5.84, 5.10 — 5.07 (2 x m, 1H), 4.84.84, 4.02 — 3.96 (2 x m, 1H),
3.95,3.84 (2 x s, 3H), 3.88, 3.48 (2 x s, 3H)233.69, 3.60 — 3.51 (2 x m, 1H), 3.44
— 3.14 (m, 4H), 2.96 — 2.68 (m, 3H), 2.15 — 1.2Q @H)). °C NMR (126 MHz,
CDCls) 6 174.4, 173.2, 148.4, 147.8, 147.2, 136.6, 13&9,2, 128.5, 127.3, 127.0,
125.3, 123.8, 123.1, 122.7, 121.0, 120.2, 119.6,311117.8, 112.6, 111.9, 111.8,
111.6, 111.1, 110.0, 110.9, 110.3, 67.5, 67.4,,6868, 56.4, 56.3, 56.1, 55.7, 53.2,
40.4, 38.3, 37.7, 34.8, 33.1, 31.9, 29.8, 29.62,2%0.1, 28.3, 28.2. ESI-M®/z436.1
[M+H]". HR-MS: (ESI, m/z) calcd for £gH3:N3O," [M+H]" 435.2278, found
435.2279.
(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)(thi
azol-2-yl)methanone (19). White solid. This compound was prepared using a
similar method of compound4, by replacing acetyl chloride with
tetrahydro-2H-pyran-4-carbonyl chloride. HPLC pyr9.25 %. m.p.: 120-12C.
'H NMR (600 MHz, DMSOdg) § 10.81, 10.75 (2 x s, 1H), 8.02 (s, 1H), 7.75, {®B5
x dd,J=3.2,1.7 Hz, 1H), 7.67, 7.44 (2 xX+ 7.9 Hz, 1H), 7.33, 7.21 (2 x d= 8.1
Hz, 1H), 7.08 — 6.83 (m, 3H), 6.76, 6.51 (2 x s),16i71, 6.36 (2 x s, 1H), 6.61 —
6.57,5.79 — 5.74 (2 x m, 1H), 5.22 — 5.13, 4.8651 (2 x m, 1H), 3.73, 3.71 (2 x s,
3H), 3.69 — 3.65, 3.43 — 3.38 (2 x m, 1H), 3.52932 x s, 3H), 3.32 — 3.19 (m, 2H),
2.95-2.69 (m, 2H)1.3C NMR (126 MHz, CDGJ) 6 165.7, 164.8, 160.4, 159.8, 148.0,



147.8, 147.2, 146.9, 143.3, 142.6, 136.3, 136.3.512128.4, 127.9, 127.6, 126.0,
125.9, 124.0, 123.8, 123.3, 123.2, 122.2, 122.9,.8/1119.6, 119.5, 119.1, 112.6,
112.2, 111.4, 111.1, 110.7, 56.5, 56.0, 55.9, 5568, 54.6, 41.2, 37.2, 33.4, 32.1,
29.2, 28.3. ESI-MSWz 434.9 [M+H]. HR-MS: (ESI,m/2) calcd for G4H24N30sS"
[M+H]* 434.1533, found 434.1546.
(9)-(1-((1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)
(thiazol-2-yl)methanone (20). White solid. This compound was prepared using a
similar method of compountl9, by replacingsa with 6a. HPLC purity: 99.34 %.
m.p.: 104-105C. *H NMR (400 MHz, CDCJ) § 8.09, 8.05 (2 x s, 1H), 7.90, 7.67 (2
x d,J = 3.1 Hz, 1H), 7.73, 7.34 (2 x d= 7.8 Hz, 1H), 7.56 — 7.54 (m, 1H), 7.25 —
7.22 (m, 1H), 7.17, 7.03 (2 x3= 7.0 Hz, 1H), 7.12 — 7.09 (m, 1H), 6.94, 6.82 (&, x
1H), 6.65, 6.60 (2 x s, 1H), 6.34, 6.09 (2 x s, 1594 — 5.92, 4.79 — 4.75 (2 x m,
1H), 5.30 — 5.25, 3.81 — 3.78 (2 x m, 1H), 3.88432 x s, 3H), 3.56, 3.40 (2 x s,
3H), 3.52 — 3.41 (m, 2H), 3.31 — 3.27 (2 x m, 189 — 3.02 (2 x m, 1H), 2.86 —
2.75 (2 x m, 1H)**C NMR (126 MHz, CDGJ) § 166.0, 165.0, 160.55, 160.0, 148.2,
148.0, 147.4, 147.3, 143.5, 142.8, 136.5, 136.8,.712128.6, 128.2, 127.8, 126.2,
126.1, 124.2, 124.0, 123.5, 123.4, 122.4, 122.8.0012119.8, 119.7, 119.3, 112.8,
112.4, 111.6, 111.3, 111.0, 56.9, 56.2, 56.2, 38608, 54.9, 41.4, 37.4, 33.6, 32.3,
29.4, 28.5. ESI-MSnz 434.1 [M+H]. HR-MS: (ESI,m/2) calcd for G4H24N505S"
[M+H]" 434.1533, found 434.1542.
1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-dihydroisoquinoline-2(1H)-
carbaldehyde (21). White solid. This compound was prepared using ailarm
method of compoun@, by replacing5a with 5b. HPLC purity: 99.60 %. m.p.:
188-190°C. 'H NMR (500 MHz, CDCY)) § 8.27, 8.07 (2 x s, 1H), 7.86, 7.28 (2 x s,
1H), 7.34, 7.27 (2 x d] = 7.6 Hz, 1H), 7.08, 7.04 (2 x 3= 8.0 Hz, 1H), 7.10 — 6.76
(m, 2H), 6.62 — 6.60 (m, 1H), 6.64, 6.27 (2 x s),16137, 6.09 (2 x s, 1H), 5.40 —
5.37, 4.43 — 4.35 (2 x m, 1H), 4.27 — 4.17, 3.3223 (2 x m, 1H), 3.85 — 3.73, 3.54
—3.37 (2 x m, 2H), 3.59, 3.55 (2 x s, 3H), 3.12.83 (M, 3H), 2.69 — 2.50 (2 x m,
1H), 2.50 — 2.30 (2 x m, 1H), 1.19, 1.03 (2 3 £ 7.0 Hz, 3H)*C NMR (126 MHz,
CDCl) 6 161.7, 148.8, 148.2, 147.1, 146.8, 136.6, 13&3,d, 127.9, 126.9, 126.3,



125.3, 123.8, 123.2, 122.3, 122.0, 119.8, 119.6.11118.1, 112.1, 112.0, 111.9,
111.8, 111.6, 111.3, 111.1, 64.9, 64.3, 57.6, 38610, 51.4, 41.0, 34.0, 33.4, 31.9,
29.3, 27.9, 15.0, 14.8. ESI-M®/z 365.0 [M+H]. HR-MS: (ESI,m/2) calcd for
C22H25N,05" [M+H] " 365.1860, found 365.1850.

(5)-1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (22). White solid. This compound was prepared using alarm
method of compoun@1, by replacing5a with 6a. HPLC purity: 97.69 %. m.p.:
118-120°C. *H NMR (400 MHz, DMSO+&) 6 10.89, 10.81 (2 x s, 1H), 8.08, 7.46 (2
x s, 1H), 7.69, 7.58 (2 x d,= 7.8 Hz, 1H), 7.35, 7.33 (2 x d= 8.0 Hz, 1H), 7.17 —
6.94 (m, 3H), 6.92, 6.66 (2 x s, 1H), 6.73, 6.44%(8, 1H), 5.45, 4.80 (2 x dd,=
10.4, 4.3 Hz, 1H), 4.17, 3.66 (2 x ddds 13.1, 5.9, 2.6 Hz, 1H), 4.19 - 3.91, 3.72 —
3.70 (2 x m, 2H), 3.73, 3.70 (2 x s, 3H), 3.46 293(m, 2H), 3.26 — 2.97 (m, 3H),
1.32, 1.20 (2 x t) = 7.0 Hz, 3H)!*C NMR (126 MHz, CDG)) § 162.0, 161.9, 149.0,
148.4, 147.3, 147.0, 136.8, 136.4, 128.1, 128.0,112126.5, 125.5, 124.0, 123.4,
122.6, 122.3, 120.0, 119.3, 118.4, 112.3, 112.2,01111.7, 111.6, 111.3, 65.1, 64.5,
57.8, 56.3, 56.2, 51.6, 41.2, 34.3, 33.6, 32.15,298.1, 15.2, 15.0. ESI-M8&vz
365.0 [M+H]. HR-MS: (ESI,mV/2) calcd for G,H»sN,0s" [M+H]" 365.1860,
found 365.1857.

(9)-1-(1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-di hydr oi soquinolin-2
(1H)-yl)ethan-1-one (23). White solid. This compound was prepared using a
similar method of compoun8, by replacingsa with 5b. HPLC purity: 98.82 %.
m.p.: 85-87°C. *H NMR (500 MHz, CDCJ) § 8.40, 8.15 (2 x s, 1H), 7.64, 7.59 (2 x d,
J=7.6 Hz, 1H), 7.39, 7.32 (2 x d= 8.0 Hz, 1H), 7.24 — 7.16 (m, 2H), 6.90, 6.83 (2
x s, 1H), 6.64, 6.61 (2 x s, 1H), 6.57, 6.26 (2 %H), 5.81 — 5.78, 4.91 — 4.90 (2 x m,
1H), 4.80 — 4.76, 3.85 — 3.82 (m, 1H), 4.06 — 3@76 — 3.71, , 3.48 — 3.42 (m, 2H),
3.86, 3.83 (2 x s, 3H), 3.25 — 3.15 (2 x m, 1H§63- 3.60 (M, 1H), 3.33- 3.26 (m,
1H), 2.90, 2.79 (2 x ddd}, = 17.4, 11.7, 6.1 Hz, 1H), 2.74 — 2.60 (m, 1HL42.1.52
(2 x s, 3H), 1.44, 1.27 (2 x3,= 7.0 Hz, 3H)*C NMR (126 MHz, CDGJ) § 170.1,
169.5, 148.6, 147.9, 146.7, 146.4, 136.2, 136.9.112128.4, 127.2, 126.7, 125.6,
123.5, 122.9, 122.3, 121.9, 119.8, 119.5, 119.3.(011112.5, 112.4, 112.0, 111.8,



111.7, 111.6, 111.1, 110.9, 64.7, 64.1, 57.9, 56301, 41.7, 34.9, 32.7, 31.9, 28.6,
28.0, 22.1, 21.0, 14.9, 14.€SI-MS m/z 379.0 [M+H]. HR-MS: (ESI,m/z) calcd

for CosH2sN-05~ [M—H]~ 377.1871, found 377.1869.

methyl
(S)-1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-dihydroisoquinoline-2(1H)-c
arboxylate (24). White solid. This compound was prepared using alammethod
of compound23, by replacing acetyl chloride with methyl carbohtmridate.
HPLC purity: 99.65 %. m.p.: 99-10C. 'H NMR (400 MHz, CDCJ) § 8.12 (s, 1H),
7.63, 7.61 (2 x d) = 3.4 Hz, 1H), 7.35, 7.33 (2 x d= 8.5 Hz, 1H), 7.23 — 7.04 (m,
2H), 6.85, 6.80 (2 x s, 1H), 6.61, 6.29 (2 x s,,16438, 6.15 (2 x s, 1H), 5.45 — 5.39,
5.35 -5.27 (2 x m, 1H), 4.15, 3.79 (2 x dd& 13.0, 5.9, 3.7 Hz, 1H), 3.84, 3.74 (2
x s, 3H), 3.83, 3.42 (2 x s, 3H), 3.73 — 3.51 (M),B.40 — 3.07 (m, 3H), 2.95-2.41
(m, 2H), 1.33, 1.25 (2 x t] = 7.0 Hz, 3H).*C NMR (126 MHz, CDG)) 5 156.3,
148.1, 148.0, 146.3, 146.2, 136.4, 136.2, 129.8.7.2128.0, 127.8, 126.4, 126.2,
123.2, 123.0, 122.1, 122.1, 119.6, 119.4, 119.@.91112.7, 112.4, 112.1, 111.6,
111.3, 111.2, 111.0, 64.4, 64.2, 56.0, 55.1, 58287, 52.4, 39.3, 38.2, 33.0, 32.5,
28.3, 28.2, 14.9, 14.8. ESI-M®/z 417.0 [M+Na]. HR-MS: (ESI,m/z) calcd for
Co3H25N204 [M—-H] ™ 393.1820, found 393.1824.

(9)-1-(1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-di hydr oi soquinolin-2
(1H)-y1)-2-methoxyethan-1-one (25). White solid. This compound was prepared
using a similar method of compoun2B, by replacing acetyl chloride with
methoxyacetyl chloride. HPLC purity: 99.65 %. m.p35-137°C. *H NMR (400
MHz, CDCk) § 8.42, 8.14 (2 x s, 1H), 7.66, 7.63 (2 X)& 7.1 Hz, 1H), 7.39, 7.33 (2
x d,J = 7.2 Hz, 1H), 7.25 — 7.05 (m, 2H), 6.93, 6.87%(8, 1H), 6.63, 6.57 (2 x s,
1H), 6.60, 6.26 (2 x s, 1H), 5.79 — 5.76, 4.908742 x m, 1H), 4.82- 4.77, 3.45 —
3.40 (2 x m, 1H), 4.13 (s, 1H), 4.04 — 3.95 (m, 13486, 3.30 (2 x s, 3H), 3.83, 2.95
(2 x s, 3H), 3.78 — 3.57 (M, 2H), 3.38 — 3.17 (i), .69 — 2.74 (2 x m, 1H), 2.74 —
2.64 (2 x m, 1H), 1.44, 1.28 (2 xX= 7.0 Hz, 3H)X*C NMR (126 MHz, CDG)) 5
168.9, 168.3, 148.9, 148.3, 147.1, 146.8, 136.6,.413129.0, 128.5, 128.3, 127.5,
126.8, 125.8, 124.0, 123.4, 122.8, 122.3, 120.3,91119.6, 118.6, 112.7, 112.6,
112.3, 112.2, 112.0, 112.0, 111.5, 111.3, 72.3,,8b.1, 64.5, 59.5, 59.0, 56.4, 56.3,



53.5, 40.3, 35.4, 33.1, 32.3, 29.1, 28.3, 15.20.1&SI-MS m/z 409.1 [M+HT.
HR-MS: (ESI,m/2) calcd for G4H29N204" [M+H] " 409.2122, found 409.2122.

(5)-1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-2-(2-(methyl sulfonyl ) ethyl)-
1,2,3,4-tetrahydroisoquinoline (26). White solid. This compound was prepared
using a similar method of compoun2, by replacing acetyl chloride with
2-bromoetyl-methylsulfone. HPLC purity: 98.86 %.pm.78-79°C. 'H NMR (400
MHz, CDCh) & 8.13 (s, 1H), 7.58 (dl = 7.8 Hz, 1H), 7.36 (d] = 8.1 Hz, 1H), 7.20 (t,
J=7.3 Hz, 1H), 7.13 (t) = 7.3 Hz, 1H), 6.98 (d] = 1.8 Hz, 1H), 6.59 (s, 1H), 6.36
(s, 1H), 4.02 — 3.93 (m, 1H), 3.92 — 3.74 (m, 6351 — 3.38 (m, 1H), 3.26 — 3.15 (m,
1H), 3.10 — 2.83 (m, 6H), 2.57 — 2.53 (m, 1H), 2(413H), 1.36 (tJ = 7.0 Hz, 3H).
3C NMR (126 MHz, CDGJ) § 148.2, 146.6, 136.3, 127.7, 122.8, 122.3, 119.8,8,
112.9, 111.8, 111.5, 64.4, 62.3, 56.0, 47.9, 48137, 32.4, 23.4, 14.9. ESI-M¥/z
443.2 [M+HT. HR-MS: (ESI,m/2) calcd for G4H31N,04S™ [M+H] " 443.1999, found
443.1991.

(9)-1-(1-((1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-di hydr oi soquinolin-2
(1H)-y1)-2-(methylsulfonyl)ethan-1-one (27). White solid. This compound was
prepared using a similar method of compou2dby replacingsa with 6b. HPLC
purity: 99.57 %. m.p.: 101-10°%. 'H NMR (600 MHz, CDCJ) & 8.24, 8.02 (2 x s,
1H), 7.61, 7.57 (2 x d] = 7.9 Hz, 1H), 7.40, 7.33 (2 x d= 8.0 Hz, 1H), 7.26 — 7.16
(m, 2H), 7.02, 6.87 (2 x s, 1H), 6.71, 6.58 (2 AM), 6.64, 6.24 (2 x s, 1H), 5.81 —
5.78, 5.00 — 4.98 (2 x m, 1H), 4.75 — 4.72, 3.8583 (2 x m, 1H), 4.14 — 4.00 (m,
2H), 3.86, 3.83 (2 x s, 3H), 3.77 — 3.49 (m, 1HR43— 3.19, 2.98 — 2.94 (m, 3H),
2.99,2.79 (2 x s, 3H), 2.94 — 2.90 (2 x m, 1HJ42- 2.70 (2 x m, 1H), 1.47, 1.28 (2
xt,J=7.0Hz, 3H).13C NMR (151 MHz, CDQ) 6 161.6, 161.0, 148.7, 148.2, 147.1,
146.5, 136.1, 127.8, 127.7, 127.5, 126.9, 126.6,112123.4, 123.3, 122.9, 122.1,
120.5, 119.7, 119.1, 118.1, 112.2, 112.0, 111.8,711111.1, 111.0, 64.8, 64.2, 58.7,
58.3, 57.1, 57.0, 55.0, 54.0, 42.4, 41.5, 41.42,362.7, 32.0, 28.5, 27.9, 14.9, 14.6.
ESI-MS m/z 457.0 [M+H]". HR-MS: (ESI,mV2) calcd for GaHogN,0sS" [M+H]*
457.1792, found 457.1785.



(S)-1-((1H-indol-3-yl)methyl)-7-(benzyl oxy)-6-methoxy-3,4-dihydroi soquinolin
e-2(1H)-carbaldehyde (28). White solid. This compound was prepared using a
similar method of compoung, by replacing5a with 5¢. HPLC purity: 99.54 %.
m.p.: 108-109C. *H NMR (400 MHz, CDCJ) § 8.21, 8.02 (2 x s, 1H), 8.14, 7.51 (m,
1H), 7.54, 7.50 (2 x d] = 7.9 Hz, 1H), 7.54 — 7.27 (m, 5H), 7.28 — 7.07 &), 6.86,
6.71 (2 x dJ = 2.3 Hz, 1H)6.67, 6.56 (2 x s, 1H), 6.66, 6.3¢(& 1H), 5.57 — 5.54,
4.87 — 4.68 (2 x m, 1H), 5.12 (s, 1H), 4.59 — 4452 — 4.47 (2 x m, 1H), 3.89, 3.85
(2 x s, 3H), 3.57 — 2.99 (m, 3H), 2.93 — 2.77 (@ x1H), 2.75 — 2.59 (2 x m, 1HyC
NMR (126 MHz, CDC}) 6 162.0, 161.9, 149.3, 148.8, 147.0, 146.6, 13739,4]
136.8, 136.4, 129.0, 128.9, 128.4, 128.2, 128.0,9227.7, 127.6, 127.2, 127.1,
126.1, 124.0, 123.5, 122.7, 122.4, 120.1, 120.0.511118.5, 113.7, 113.6, 112.4,
112.3, 112.1, 112.0, 111.7, 111.4, 71.9, 71.0,,5%684, 56.4, 51.6, 41.3, 34.3, 33.6,
32.0, 29.6, 28.2. ESI-MSwz 427.1 [M+H]. HR-MS: (ESI, m/z) calcd for
Co7H27N203" [M+H] ™ 427.2016, found 427.2025.

(S)-6,7-dimethoxy-1-(thiophen-3-ylmethyl)-3,4-dihydroisoquinoline-2(1H)-car
baldehyde (29). White solid. This compound was prepared using dlammethod
of compoundi, by replacingéa with 12a. HPLC purity: 99.72 %. m.p.: 68-6%.

'H NMR (500 MHz, CDCY) 5 8.04, 7.64 (2 x s, 1H), 7.49, 7.40 (2 x br, 1HR27
7.12 (2 x dJ = 2.9 Hz, 1H), 7.07, 6.90 (2 x d= 4.9 Hz, 1H), 6.87, 6.68 (2 x s, 1H),
6.72 (s, 1H), 5.40 — 5.37, 4.81 — 4.78 (2 x m, 430 — 4.16, 3.25 — 3.31 (2 x m,
1H), 3.73, 3.71 (2 x s, 3H), 3.72, 3.66 (2 x s,,34}4 — 3.00 (M, 3H), 2.73 — 2.63 (M,
2H). 3¢ NMR (126 MHz, CDQ) 6 161.4, 160.7, 147.7, 147.5, 147.2, 147.1, 138.5,
138.3, 129.0, 128.8, 128.1, 127.5, 126.0, 125.5.42125.4, 122.9, 122.3, 112.0,
111.9, 110.6, 110.5, 56.8, 55.6, 55.5, 55.4, 55042, 36.6, 35.6, 33.0, 28.7, 27.1.
ESI-MS m/z 318.1 [M+H]. HR-MS: (ESI,nV/7) calcd for G7HoNOsS™ [M+H] ™
318.1158, found 318.1154.

(S)-1-benzyl-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-carbal dehyde
(30). White solid. This compound was prepared using ailammmethod of
compound29, by replacingl2a with 12b. HPLC purity: 99.48 %. m.p.: 109-1£C.
'H NMR (500 MHz, CDCJ) § 8.12, 7.65 (2 x s, 1H), 7.38 — 7.03 (m, 5H), 6635



(2 x s, 1H), 6.54, 6.23 (2 x s, 1H), 5.54 — 55814 4.58 (2 x m, 1H), 4.50 — 4.46,
3.59 — 3.57 (2 x m, 1H), 3.87, 3.84 (2 x s, 3HB233.62 (2 x s, 3H), 3.39 — 3.33,
3.20 — 3.02 (m, 3H), 2.93 — 2.80 (2 x m, 1H), 2-72.64 (2 x m, 1H)*C NMR (126
MHz, CDCk) 6 161.5, 161.4, 148.4, 148.0, 147.7, 147.4, 13737,4, 130.0, 129.5,
129.0, 128.4, 127.5, 127.2, 127.1, 126.8, 126.3.312111.8, 111.4, 110.5, 110.0,
59.2, 56.2, 56.1, 56.0, 55.8, 52.3, 43.6, 42.9,48.3, 29.2, 27.8. ESI-MS m/z 312.0
[M+H]". HR-MS: (ESI, m/z) calcd for GoH»NOs™ [M+H]" 312.1594, found
312.1601.
1-((1H-indol-2-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-c
arbaldehyde (31). White solid. This compound was prepared using ailaim
method of compoun@, by replacingsa with 11a HPLC purity: 98.29 %. m.p.:
184-185°C. *H NMR (500 MHz, DMSO#dg) & 8.72, 8.09 (2 x s, 1H), 8.15, 8.04 (2 x s,
1H), 7.53, 7.50 (2 x d] = 7.7 Hz, 1H), 7.32, 7.28 (2 x d= 8.0 Hz, 1H), 7.13 — 7.04
(2 x m, 2H), 6.62, 6.58 (2 x s, 1H), 6.46, 6.44(& 1H), 6.31, 6.21 (2 x s, 1H), 5.63
-5.61,4.82 — 4.80 (2 x m, 1H), 4.51 — 4.48, 3663 (2 x m, 1H), 3.87, 3.86 (2 x s,
3H), 3.68, 3.63 (2 x s, 3H), 3.38 — 3.30 (M, 2HP&3- 3.21, 3.11 — 3.06 (2 xm, 1H),
2.90 — 2.85 (2 x m, 1H), 2.74 — 2.62 (2 x m, 15& NMR (126 MHz, DMSOdg) &
162.2, 148.8, 148.5, 148.2, 136.7, 136.4, 135.8,613128.8, 127.3, 126.9, 126.5,
125.3, 122.1, 121.7, 120.5, 120.4, 120.2, 120.@.011111.6, 111.3, 111.1, 110.0,
102.8, 102.2, 58.0, 56.3, 56.1, 50.8, 41.3, 37623,334.9, 29.5, 28.0. ESI-M&/z
351.1 [M+H]. HR-MS: (ESI,m/2) calcd for GiH,3N,0Os" [M+H]™ 351.1703, found
351.1704.
(S)-1-((1H-indol-2-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (32). White solid. This compound was prepared using alam
method of compoun@1, by replacingllawith 12c. HPLC purity: 98.64 %. m.p.:
98-99°C. 'H NMR (500 MHz, CDC}) § 8.70, 8.10 (2 x s, 1H), 8.16, 8.03 (2 x s, 1H),
7.53,7.50 (2 x dJ = 7.7 Hz, 1H), 7.32, 7.28 (2 x d= 8.0 Hz, 1H), 7.13 — 7.04 (2 x
m, 2H), 6.62, 6.58 (2 x s, 1H), 6.46, 6.44 (2 AK), 6.32, 6.21 (2 x s, 1H), 5.63 -
5.61, 4.81 — 4.79 (2 x m, 1H), 4.51 — 4.48, 3.6%63 (2 x m, 1H), 3.87, 3.86 (2 x s,
3H), 3.68, 3.63 (2 x s, 3H), 3.38 — 3.30 (M, 2HP&3- 3.21, 3.11 — 3.06 (2 xm, 1H),



2.91 — 2.85 (2 x m, 1H), 2.71 — 2.66 (2 x m, 3. NMR (151 MHz, CDG) §
162.0, 161.7, 148.3, 148.0, 147.8, 136.5, 136.6,213135.4, 134.4, 128.7, 128.6,
127.1, 126.7, 125.3, 125.1, 121.9, 121.5, 120.8.12119.8, 111.7, 111.4, 111.0,
110.8, 109.7, 102.6, 102.0, 57.8, 56.1, 56.0, 350%, 41.1, 37.0, 36.1, 34.6, 29.2,
27.8.ESI-MSm/z 351.1 [M+H]". HR-MS: (ESI,nm/2) calcd for GiHzaN,05" [M+H]*
351.1703, found 351.1710.

(S)-1-((4-chloro-1H-indol -3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline
-2(1H)-carbaldehyde (33). White solid. This compound was prepared using a
similar method of compount, by replacingéa with 17a. HPLC purity: 99.89 %.
m.p.: 242-2423C.*H NMR (500 MHz, CDCY) & 8.58, 8.43 (2 x s, 1H), 8.10, 7.44 (s,
1H), 7.26 — 7.24 (2 x m, 1H), 7.13 — 7.10 (m, 2Hp8 — 7.04, 6.89 — 6.88 (2 x m,
2H), 6.64, 6.57 (2 x s, 1H), 5.78 — 5.75, 4.908742 x m, 1H), 5.37 — 5.32, 4.57 —
4.53 (2 x m, 1H), 3.88, 3.64 (2 x s, 3H), 3.863(d), 3.80, 3.77 (2 x d] = 3.5 Hz,
1H), 3.21 — 3.15 (2 x m, 1H), 3.10 — 3.05 (2 x ii),12.96 — 2.89 (2 xm, 1H), 2.76 —
2.74 (2 x m, 1H)C NMR (126 MHz, CDGCJ) 5 161.8, 148.1, 147.6, 138.1, 127.8,
125.8, 125.7, 125.5, 123.3, 122.8, 120.7, 111.%,4.11110.6, 109.7, 58.3, 55.9, 33.9,
33.7, 27.8. ESI-MS m/z 385.0 [M+H]HR-MS: (ESI,m/z) calcd for G;H2,CIN,O3"
[M+H]" 385.1313, found 385.1322.

1-((6-chloro-1H-indol-3-yl)methyl)-6, 7-dimethoxy-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (34). White solid. This compound was prepared using alarm
method of compoun@, by replacingsa with 16a. HPLC purity: 95.71 %. m.p.:
144-141°C. *H NMR (500 MHz, CDC)) § 8.52, 8.30 (2 x s, 1H), 8.15, 7.57 (2 x s,
1H), 7.49, 7.45 (2 x d] = 8.5 Hz, 1H), 7.36, 7.32 (2 x d= 1.9 Hz, 1H), 7.13, 7.04
(2 x dd,J = 8.5, 1.8 Hz, 1H), 6.92, 6.88 (2 xX= 2.0 Hz, 1H), 6.66, 6.55 (2 x s, 1H),
6.64, 6.31 (2 x s, 1H), 5.63 — 5.61, 4.69 — 4.66 (8, 1H), 4.50 — 4.46, 3.40 — 3.32
(2 x m, 1H). 3.88, 3.85 (2 x s, 3H), 3.87, 3.5%(&, 3H), 3.29 — 3.06 (M, 3H), 2.97 —
2.80 (2 x m, 1H), 2.76 — 2.63 (2 x m, 1HC NMR (126 MHz, CDGJ) & 161.9,
148.7, 148.3, 148.1, 147.7, 137.1, 136.8, 128.8.312127.9, 126.9, 126.5, 125.9,
125.6, 124.7, 124.1, 120.9, 120.7, 120.3, 119.2.511112.0, 111.9, 111.6, 111.4,
110.8, 110.3, 57.9, 56.6, 56.3, 56.2, 56.1, 51172,434.4, 33.6, 32.1, 29.6, 28.1.



ESI-MS m/z 385.1 [M+H]. HR-MS: (ESI, m/2) calcd for GiH2CIN,O5" [M+H]*
385.1313, found 385.1325.

(S)-1-((6-chloro-1H-indol -3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline
-2(1H)-carbaldehyde (35). White solid. This compound was prepared using a
similar method of compountl, by replacingéa with 17b.HPLC purity: 99.86 %.
m.p.: 103-105C. *H NMR (500 MHz, CDCJ) & 8.48, 8.27 (2 x s, 1H), 8.15, 7.57 (2
x s, 1H), 7.47, 7.34 (2 x d,= 8.5 Hz, 1H), 7.35, 7.32 (2 x d= 1.9 Hz, 1H), 7.13,
7.04 (2 x ddJ = 8.5, 1.8 Hz, 1H), 6.92, 6.88 (2 xX& 2.0 Hz, 1H), 6.66, 6.56 (2 x s,
1H), 6.64, 6.32 (2 x s, 1H), 5.63 — 5.61, 4.696642 x m, 1H), 4.50 — 4.46, 3.40 —
3.35 (2 x m, 1H). 3.88, 3.85 (2 x s, 3H), 3.8793(8 x s, 3H), 3.28 — 3.11 (m, 3H),
2.94 - 2.81 (2 x m, 1H), 2.76 — 2.63 (2 x m, 1HE NMR (126 MHz, CDGJ) &
162.0, 161.9, 148.7, 148.3, 148.1, 147.8, 137.56,8.3128.7, 128.3, 127.9, 126.9,
126.5, 125.9, 125.6, 124.7, 124.1, 120.9, 120.0.312119.4, 112.6, 112.1, 112.0,
111.9, 111.6, 111.4, 110.8, 110.3, 57.9, 56.6,,3863, 56.1, 51.7, 41.3, 34.4, 33.6,
32.1, 29.6, 28.1. ESI-MSwz 385.1 [M+H]. HR-MS: (ESI, m/z) calcd for
C21H2:CIN2Os" [M+H] " 385.1313, found 385.1323.

(S)-1-((7-chloro-1H-indol-3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline
-2(1H)-carbaldehyde (36). White solid. This compound was prepared using a
similar method of compound, by replacingéa with 17c. HPLC purity: 99.43 %.
m.p.: 133-135°C. *H NMR (500 MHz, DMSOdg) 5 11.26. 11.16 (2 x s, 1H), 8.05,
7.47 (2 x s, 1H), 7.68, 7.56 (2 xH= 7.9 Hz, 1H), 7.27 — 6.97 (m, 3H), 6.95, 6.68 (2
x s, 1H), 6.74, 6.59 (2 x s, 1H), 5.46 — 5.43, 4:8880 (2 x m, 1H), 4.18 — 4.14, 3.42
—3.38 (2 xm, 1H), 3.75, 3.71 (2 x s, 3H), 3.78832 x s, 3H), 3.28 — 3.09 (M, 3H),
2.74 — 2.64 (m, 2H)**C NMR (126 MHz, DMSOds) & 161.9, 161.1, 148.2, 148.0,
147.7, 147.5, 133.4, 133.3, 130.1, 129.6, 128.8.312126.3, 126.0, 125.9, 125.6,
121.0, 120.8, 120.0, 119.8, 118.3, 118.1, 116.8,21112.6, 112.5, 112.4, 112.3,
111.3, 111.2, 57.0, 56.2, 56.0, 55.9, 55.8, 503%5,332.7, 31.7, 31.4, 29.2, 27.6.
ESI-MS m/z 384.9 [M+H]. HR-MS: (ESI,m/2) calcd for GiH»:CIN,Os* [M+H]*
385.1313, found 385.1320.



(5)-1-((5-bromo-1H-indol -3-yl)methyl)-6,7-dimethoxy-3,4-dihydroisoquinoline
-2(1H)-carbaldehyde (37). White solid. This compound was prepared using a
similar method of compount, by replacingéa with 17d. HPLC purity: 99.71 %.
m.p.: 113-115°C. *H NMR (600 MHz, DMSOdg) 5 11.11, 11.03 (2 x s, 1H), 8.06,
7.50 (2 x s, 1H), 7.87, 7.69 (2 xH= 1.9 Hz, 1H), 7.32, 7.29 (2 x d= 8.6 Hz, 1H),
7.20,7.08 (2 x d)J = 2.3 Hz, 1H), 7.17, 7.14 (2 x ddi= 8.6, 1.9 Hz, 1H), 6.97, 6.68
(2 x s, 1H), 6.73, 6.58 (2 x s, 1H), 5.40, 4.8k @d,J = 10.5, 4.4 Hz, 1H), 4.15, 3.68
(2 x ddd,J = 13.1, 6.2, 2.4 Hz, 1H), 3.74, 3.71 (2 x s, 3HJ4, 3.56 (2 x s, 3H), 3.39,
3.21 (2 x ddd,) = 13.2, 11.5, 4.6 Hz, 1H), 3.18 — 3.02 (m, 2HY %= 2.59 (m, 2H).
¥C NMR (126 MHz, CD() 6 162.0, 161.9, 148.8, 148.5, 148.2, 148.0, 13338,Q,
130.1, 129.0, 128.0, 127.9, 126.5, 125.8, 125.5.312124.7, 122.0, 121.2, 113.5,
113.3, 112.8, 112.2, 112.1, 111.8, 111.5, 110.9,41157.7, 56.7, 56.4, 56.3, 56.2,
51.8, 41.3, 34.4, 33.5, 32.1, 29.5, 28ESI-MS m/z 428.8 [M+H]. HR-MS: (ESI,
m/z) calcd for GiH2:BrN,Os" [M+H]* 429.0808, found 429.0817.

(9)-6,7-dimethoxy-1-((5-methyl-1H-indol-3-yl)methyl)-3,4-dihydroisoquinoline
-2(1H)-carbaldehyde (38). White solid. This compound was prepared using a
similar method of compound, by replacing & with 17e HPLC purity: 99.30 %.
m.p.: 88-89°C. 'H NMR (400 MHz, DMSO#€g) & 10.76, 10.67 (2 x s, 1H), 8.09, 7.49
(2 x s, 1H), 7.46 — 7.19 (m, 2H), 7.10 — 6.49 (i),4.45 — 5.42, 4.83 — 4.79 (2 x m,
1H),4.18 — 4.14, 3.68 — 3.65 (2 x m, 1H), 3.73p3Z x s, 3H), 3.73, 3.50 (2 x s, 3H),
3.21 - 3.02 (m, 3H), 2.74 — 2.62 (m, 2H), 2.40528 x s, 3H)**C NMR (126 MHz,
DMSO-0g) 6 161.4, 160.7, 147.7, 147.2, 147.5, 147.2, 14633.6, 134.5, 128.6,
127.8, 127.3, 126.8, 126.6, 125.6, 125.4, 124.83.92122.6, 122.5, 118.2, 112.0,
111.8, 111.1, 111.0, 110.8, 110.0, 109.8, 56.4/,5%.5, 55.4, 55.2, 50.1, 33.0, 32.5,
31.4, 28.7, 27.2, 21.4. ESI-MS m/z 365.1 [MtHHR-MS: (ESI, m/z) calcd for
C2oH25N203" [M+H] ™ 365.1860, found 365.1858.

(S5)-6,7-dimethoxy-1-((5-methoxy-1H-indol-3-yl)methyl)-3,4-dihydroisoquinali
ne-2(1H)-carbaldehyde (39). White solid. This compound was prepared using a
similar method of compound, by replacingéa with 17f. HPLC purity: 99.73 %.
m.p.: 103-105C. *H NMR (500 MHz, CDCJ) & 8.18, 7.66 (2 x s, 1H), 8.05, 7.92 (2



x s, 1H), 7.28, 7.22 (2 x d,= 8.9 Hz, 1H), 7.00 (2 x s, 1H), 6.94 — 6.79 (H),2
6.65, 6.54 (2 x s, 1H), 6.64, 6.34 (2 x s, 1H)65-65.63, 4.72 — 4.69 (2 x m, 1H),
4.49 — 4.45, 3.57 — 3.53 (2 x m, 1H), 3.88, 3.8% & 3H), 3.84, 3.83 (s, 3H), 3.80,
3.59 (2 x s, 3H), 3.37 — 3.12 (m, 3H), 2.93 — ABX m, 1H), 2.75 — 2.62 (2 x m,
1H). **C NMR (126 MHz, CDGJ) § 162.0, 161.9, 154.6, 148.7, 148.2, 148.0, 147.7,
132.0, 131.6, 128.6, 128.2, 127.8, 126.6, 125.4.82124.1, 113.0, 112.6, 112.3,
112.1, 111.6, 111.5, 111.0, 110.5, 101.4, 101.07;,%&.5, 56.3, 56.1, 51.5, 41.4, 34.5,
33.9, 32.4, 30.1, 29.6, 28.2. ESI-MS m/z 381.0 [NI+HHR-MS: (ESI,m/z) calcd for
C2oH25N20," [M+H] " 381.1809, found 381.1817.

(5)-6,7-dimethoxy-1-((5-methoxy-2-methyl-1H-indol-3-yl )methyl)-3,4-dihydroi
soquinoline-2(1H)-carbaldehyde (40). White solid. This compound was prepared
using a similar method of compourd by replacingéa with 17g HPLC purity:
97.24 %. m.p.: 106-10%. *H NMR (500 MHz, DMSO€g) § 8.23, 7.54 (2 x s, 1H),
8.00, 7.83 (2 x s, 1H), 7.20, 7.14 (2 XJd& 8.7 Hz, 1H), 7.00, 6.98 (2 x d~ 2.5 Hz,
1H), 6.83, 6.76 (2 x dd, = 8.7, 2.5 Hz, 1H), 6.67, 6.57 (2 x s, 1H), 6684 (S, 1H),
5.55-5.53, 4.69 — 4.66 (2 x m, 1H), 4.47 — 43185 — 3.51 (2 x m, 1H), 3.90 - 3.47
(3 x 2 x5, 9H), 3.32 — 3.01 (m, 3H), 2.94 — 2.8% (M, 1H), 2.81 — 2.64 (2 x m, 1H),
2.19, 2.07 (2 x s, 3H)*C NMR (126 MHz, CDGJ)) § 161.5, 161.0, 154.0. 153.9,
148.1, 147.7, 147.5, 147.0, 134.1, 133.3, 130.6.(13129.4, 128.4, 127.6, 127.5,
126.1, 125.1, 1115, 111.2, 111.1, 111.0, 110.6,01109.9, 107.7, 107.0, 100.6,
100.4, 56.9, 56.0, 55.9, 55.8, 55.7, 55.6, 55.41,541.1, 34.3, 32.5, 31.0, 28.9, 27.8,
11.6, 11.5. ESI-MS m/z 395.0 [M+H]HR-MS: (ESI,m/z) calcd for GsHo7N,O4"
[M+H] * 395.1965, found 395.1972.

6, 7-dimethoxy-1-((1-methyl-1H-indol-3-yl )methyl)-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (41). White solid. This compound was prepared using alam
method of compoun@, by replacing5a with 16b. HPLC purity: 99.66 %. m.p.:
120-122°C. 'H NMR (400 MHz, DMSO¢g) & 8.08, 7.49 (2 x s, 1H), 7.71, 7.61 (2 x
d,J=7.8 Hz, 1H), 7.39, 7.37 (2 x d~ 8.6 Hz, 1H), 7.26 — 6.97 (m, 3H), 6.93, 6.67
(2 x s, 1H), 6.73, 6.45 (2 x s, 1H), 5.44, 4.8%(@d,J = 10.5, 4.2 Hz, 1H), 4.32 —
4.14, 3.72 — 3.67 (2 x m, 1H), 3.74, 3.73 (2 xH4),8.70, 3.48 (2 x s, 3H), 3.46 —



3.38, 3.27 — 3.01 (2 x m, 3H), 2.88 — 2.60 (m, 2£. NMR (126 MHz, CDCJ) &
161.7, 161.6, 148.4, 147.9, 147.7, 147.3, 137.3,3128.3, 128.0, 127.9, 127.4,
126.2, 125.2, 122.0, 121.7, 119.4, 119.2, 118.3,711111.3, 110.7, 110.6, 110.1,
110.0, 109.8, 109.1, 57.7, 56.2, 56.1, 56.0, 55164, 40.9, 34.0, 33.4, 32.9, 32. §,
31.9, 29.4, 27.9. ESI-MS m/z 365.1 [M+H]HR-MS: (ESI, m/z) calcd for
C2oH25N203" [M+H] ™ 365.1860, found 365.1868.
(9)-6,7-dimethoxy-1-((5-phenyl-1H-indol-3-yl ) methyl)-3,4-dihydroisoquinoline-2(1
H)-carbaldehyde (42). White solid. This compound was prepared using alarm
method of compound, by replacingéa with 20a. HPLC purity: 97.28 %. m.p.:
222-223°C."H NMR (400 MHz, DMSO&g) 6 10.98, 10.90 (2 x s, 1H), 8.11, 7.84 (2
x s, 1H), 7.76 — 7.57 (m, 3H), 7.49 — 7.25 (m, 5H21, 7.06 (2 x d] = 2.3 Hz, 1H),
6.95, 6.67 (2 x s, 1H), 6.74, 6.58 (2 x s, 1H)75490 (2 x ddJ = 10.1, 4.4 Hz, 1H),
4.24 — 4.10, 3.70 — 3.63 (2 x m, 1H), 3.73 (s, 3H9, 3.53 (2 x s, 3H), 3.32 — 3.08
(m, 3H), 2.83 — 2.58 (m, 2H}*C NMR (126 MHz, CDGJ) & 161.7, 161.6, 148.5,
148.1, 147.8, 147.6, 142.7, 142.5, 136.1, 135.8.713133.2, 128.9, 128.8, 128.6,
128.0, 127.6, 127.5, 127.4, 126.6, 126.4, 126.5,512124.4, 123.9, 122.5, 122.0,
117.7,117.0, 112.6, 112.0, 111.9, 111.8, 111.4,311110.8, 110.3, 57.6, 56.3, 56.1,
56.0, 55.9, 51.5, 41.1, 34.2, 33.6, 32.0, 29.39.27ESI-MS m/z 427.0 [M+H]
HR-MS: (ESI,mV2) calcd for G;H»7CIN,Os" [M+H] " 427.2016, found 427.2022.
(S)-1-((4-chloro-1H-indol -3-yl)methyl)- 7-ethoxy-6-methoxy-3,4-dihydr oi soqui
noline-2(1H)-carbaldehyde (43). White solid. This compound was prepared using
a similar method of compourB, by replacingla with 1b. HPLC purity: 99.47 %.
m.p.: 180-18C. *H NMR (400 MHz, CDCJ) & 8.62, 8.48 (2 x s, 1H), 8.09, 7.41 (2
x s, 1H), 7.26 — 7.24 (m, 1H), 7.23 — 7.06 (m, 1H)5 — 7.00 (m, 2H), 6.92, 6.59 (2
x s, 1H), 6.64, 6.57 (2 x s, 1H), 5.77 — 5.73, 4.8085 (2 x m, 1H), 4.58 — 4.53, 3.49
—3.46 (2 x m, 1H), 4.08 (d,= 7.0 Hz, 2H), 3.87, 3.85 (2 x s, 3H), 3.78 (dd; 14.5,
3.2 Hz, 1H), 3.21 — 3.14 (2 x m, 1H), 3.09 — 3.83x(m, 1H), 2.98 — 2.84 (2 x m,
1H), 2.78 — 2.74 (2 x m, 1H), 1.48, 1.38 (2 3 £ 7.0 Hz, 3H)**C NMR (126 MHz,
CDCl3) 6 162.2, 148.8, 147.3, 138.5, 128.2, 126.2, 12&6,d, 123.8, 123.3, 121.2,
112.1, 112.0, 111.7, 111.0, 64.8, 58.7, 56.4, 33431, 28.3, 15.12. ESI-MS m/z



399.0 [M+HJ. HR-MS: (ESI,mV2) calcd for G,H23CINLOs" [M+H] ™ 399.1470, found
399.1476.

1-((6-chloro-1H-indol -3-yl)methyl)-7-ethoxy-6-methoxy-3,4-dihydroi soquinoli
ne-2(1H)-carbaldehyde (44). White solid. This compound was prepared using a
similar method of compoun84, by replacingla with 1b. HPLC purity: 99.09 %.
m.p.: 118-120°C. *H NMR (500 MHz, DMSOdg) 5 11.02, 10.09 (2 x s, 1H), 8.04,
7.45 (2 x s, 1H), 7.69, 7.56 (2 x 8= 8.4 Hz, 1H), 7.39, 7.36 (2 x s, 1H), 7.19, 7.04
(2 x s, 1H), 6.98, 6.97 (2 x d= 8.4 Hz, 1H), 6.93, 6.67 (2 x s, 1H), 6.73, 6(BX s,
1H), 5.42 — 5.39, 4.79 — 4.76 (2 x m, 1H), 4.210843.41 — 3.36 (2 x m, 1H), 4.01 —
3.95, 3.78 — 3.74 (2 x m, 2H), 3.74, 3.71 (2 xH),3.25 — 3.02 (m, 3H), 2.80 — 2.60
(2 x m, 2H), 1.32, 1.23 (2 x §,= 7.0 Hz, 3H).**C NMR (126 MHz, DMSOdg) &
161.4, 160.6, 147.9, 147.7, 146.3, 146.1, 136.5,413128.4, 127.7, 126.4, 125.9,
125.7, 125.6, 125.4, 124.9, 120.1, 119.9, 118.8.611112.0, 111.9, 111.0, 110.9,
110.8, 63.9, 63.5, 56.4, 55.4, 55.3, 50.2, 33.01,321.1, 28.7, 27.2, 14.8, 14.7.
ESI-MS m/z 399.1 [M+H]. HR-MS: (ESI,m/2) calcd for GH24CIN,Os" [M+H]*
399.1834, found 399.1848.

(S)-1-((6-chloro-1H-indol-3-yl)methyl)-7-ethoxy-6-methoxy-3,4-dihydr oi soqui
noline-2(1H)-carbaldehyde (45). White solid. This compound was prepared using
a similar method of compour®b, by replacingla with 1b. HPLC purity: 99.69 %.
m.p.: 98-100°C. *H NMR (500 MHz, CDCJ) 5 8.54, 8.32 (2 x s, 1H), 8.14, 7.55 (2 x
s, 1H), 7.48, 7.42 (2 x d, = 8.4 Hz, 1H), 7.34, 7.31 (2 x d,= 1.8 Hz, 1H), 7.12,
7.04 (2 x dd,) = 8.5, 1.8 Hz, 1H), 6.91, 6.86 (s, 1H), 6.70, 3% s, 1H), 6.64, 6.37
(2 x's, 1H), 5.62 — 5.60, 4.67 — 4.65 (2 x m, 499 — 4.46, 3.56 — 3.53 (2 x m, 1H),
4.09 — 4.04, 3.84 — 3.73 (2 x m, 2H), 3.87, 3.84 € 3H), 3.37 — 3.13 (m, 3H), 2.92
—2.80 (2 x m, 1H), 2.75 — 2.62 (2 x m, 1H), 1.484 (2 x tJ = 7.0 Hz, 3H).*C
NMR (126 MHz, CDC}) 6 161.7, 161.6, 148.9, 148.4, 147.1, 146.9, 13638.5|
128.3, 128.0, 127.7, 126.6, 126.3, 125.6, 125.4.412123.8, 120.6, 120.4, 120.0,
119.1, 112.2, 112.0, 111.8, 111.7, 111.6, 111.@,&®t.4, 57.6, 56.1, 56.0, 51.4, 41.0,
34.1, 33.3, 32.0, 29.3, 29.0, 27.9, 15.0, 1£8I-MS vz 399.1 [M+H]. HR-MS:
(ESI, m/2) calcd for GoH24CIN,Os" [M+H] ™ 399.1470, found 399.1476.



(S)-1-((7-chloro-1H-indol-3-yl)methyl)- 7-ethoxy-6-methoxy-3,4-dihydr oi soqui
noline-2(1H)-carbaldehyde (46). White solid. This compound was prepared using
a similar method of compour®b, by replacingla with 1b. HPLC purity: 99.69 %.
m.p.: 107-109C. 'H NMR (400 MHz, DMSOd) 5 11.29, 11.19 (s, 1H), 8.04, 7.46
(2 x s, 1H), 7.68, 7.56 (2 x d= 7.9 Hz, 1H), 7.26 — 6.95 (m, 3H), 6.93, 6.6%(g,
1H), 6.73, 6.54 (2 x s, 1H), 5.44 — 5.41, 4.827942 x m, 1H), 4.17 — 4.12, 3.70 —
3.66 (2 x m, 1H), 4.03 — 3.75 (m, 2H), 3.74, 3.21x(s, 3H), 3.27 — 3.07 (m, 3H),
2.74 - 2.66 (m, 2H), 1.31, 1.24 (2 x,= 7.0 Hz, 3H)."*C NMR (126 MHz,
DMSO-dg) 6 161.6, 160.8, 148.1, 147.9, 146.5, 146.2, 13332.9, 129.8, 129.3,
128.5, 127.8, 126.0, 125.7, 125.6, 125.3, 120.6,52119.6, 119.5, 118.0, 117.8,
115.9, 112.3, 112.1, 64.0, 63.7, 56.6, 55.6, 552, 33.1, 32.4, 31.3, 29.2, 28.8,
27.3, 26.7, 22.2, 14.9, 14.8. ESI-MS m/z 399.1 [Nf+H HR-MS: (ESI,m/7) calcd
for CoHp3CIN,Os™ [M+H]* 399.1470, found 399.1476.

(5)-1-((5-bromo-1H-indol-3-yl)methyl)- 7-ethoxy-6-methoxy-3,4-dihydr oi soqui
noline-2(1H)-carbaldehyde (47). White solid. This compound was prepared using
a similar method of compour¥, by replacingla with 1b. HPLC purity: 99.69 %.
m.p.: 105-106°C. 'H NMR (400 MHz, DMSOsdg) 5 11.17, 11.09 (2 x s, 1H), 8.05,
7.49 (2 x s, 1H), 7.87, 7.68 (2 x 3= 1.9 Hz, 1H), 7.33 - 7.28 (m, 1H), 7.20 — 7.07
(m, 2H), 6.98, 6.67 (2 x s, 1H), 6.73, 6.58 (2 %K), 5.30 — 5.37, 4.81 — 4.78 (2 x m,
1H), 4.17 — 4.11, 3.71 — 3.65 (2 x m, 1H), 4.04753m, 2H), 3.73, 3.71 (2 x s, 3H),
3.22 — 3.05 (m, 3H), 2.78 — 2.61 (m, 2H), 1.3241(2 x t,J = 6.9 Hz, 3H)*C NMR
(126 MHz, DMSOs) 6 161.6, 160.8, 148.1, 148.0, 146.5, 146.3, 1350,9, 129.5,
129.1, 128.6, 127.9, 126.3, 125.8, 125.7, 123.8.412121.1, 113.5, 113.4, 112.4,
112.3, 112.2, 111.4, 111.2, 110.7, 110.6, 64.18,6%.4, 55.6, 55.5, 50.3, 33.2, 32.2,
31.3, 28.8, 27.3, 14.9, 14.8. ESI-MS m/z 442.9 [Nf+H{R-MS: (ESI,m/2) calcd for
C2oH24BrN,O3" [M+H] " 443.0965, found 443.0970.

(S)-7-ethoxy-6-methoxy-1-((5-methyl-1H-indol-3-yl )methyl)-3,4-di hydr oisoqui
noline-2(1H)-carbaldehyde (48). White solid. This compound was prepared using
a similar method of compourB, by replacingla with 1b. HPLC purity: 99.51 %.
m.p.: 88-90°C. 'H NMR (500 MHz, CDCJ) § 8.22, 7.58 (2 x br, 1H), 8.15, 7.37 (2 x



s, 1H), 7.36, 7.30 (2 x s, 1H), 7.27, 7.21 (2 3 d,8.3 Hz, 1H), 7.05, 6.99 (2 x d=
8.4 Hz, 1H), 6.88, 6.84 (2 x s, 1H), 6.72, 6.5% (&, 1H), 6.64, 6.39 (2 x s, 1H), 5.66
— 5.62, 4.72 — 4.65 (2 x m, 1H), 4.53 — 4.45, 3.53.50 (2 x m, 1H), 4.12 — 4.02,
3.82 — 3.67 (2 x m, 2H), 3.87, 3.84 (2 x s, 3H¥03.3.08 (M, 3H), 2.96 — 2.86 (2 x
m, 1H), 2.78 — 2.59 (2 x m, 1H), 2.50, 2.42 (2 8Md), 1.48, 1.33 (2 x t] = 7.0 Hz,
3H). 3¢ NMR (126 MHz, CDG) 6 161.8, 161.6, 148.8, 148.3, 147.0, 146.8, 134.9,
129.0, 128.8, 128.1, 128.0, 127.2, 126.4, 125.4.112123.9, 123.7, 123.3, 118.8,
117.9, 112.3, 112.1, 112.0, 111.6, 111.4, 110.9,71165.0, 64.4, 57.5, 56.1, 56.1,
51.3, 41.0, 34.1, 33.5, 31.9, 29.3, 28.0, 21.87,215.0, 14.8. ESI-MSn/z 401.0
[M+Na]". HR-MS: (ESI,m/z) calcd for GsH,7N,O3" [M+H]" 379.2016, found
379.2015.
(S)-7-ethoxy-6-methoxy-1-((5-methoxy-1H-indol-3-yl)methyl)-3,4-dihydroisoq
uinoline-2(1H)-carbaldehyde (49). White solid. This compound was prepared
using a similar method of compoud®, by replacingla with 1b. HPLC purity:
97.82 %. m.p.: 93-98C. 'H NMR (400 MHz, CDC})) & 8.17 (s, 1H), 7.62 (s, 1H),
7.27,7.21 (2 x d) = 8.8 Hz, 1H), 7.00, 6.98 (2 x d= 2.4 Hz, 1H), 6.91, 6.86 (2 x s,
1H), 6.88, 6.82 (2 x dd} = 8.8, 2.4 Hz, 1H), 6.69, 6.54 (2 x s, 1H), 6639 (2 x s,
1H), 5.64 — 5.61, 4.70 - 4.61 (2 x m, 1H), 4.494343.57 — 3.51 (2 x m, 1H), 4.08 —
4.02, 3.78 — 3.72 (2 xm, 2H), 3.87, 3.83 (2 x s),3487, 3.39 (2 x s, 3H), 3.37 —
3.08 (m, 3H), 2.95 — 2.77 (2 x m, 1H), 2.78 — AB& m, 1H), 1.46, 1.33 (2 xd,=
7.0 Hz, 3H).*C NMR (126 MHz, CDGJ) § 162.0, 161.9, 154.6, 154.5, 149.10, 148.5,
147.3, 147.1, 132.1, 131.6, 128.6, 128.2, 127.8,712125.7, 124.8, 124.1, 112.9,
112.6, 112.4, 112.3, 112.2, 112.1, 111.8, 111.4,31A01.0, 65.2, 64.6, 57.7, 56.5,
56.4, 56.3, 56.1, 51.5, 41.4, 34.5, 33.9, 32.46,298.2, 15.2, 15.1. ESI-M8&vVz
395.2 [M+H]. HR-MS: (ESI,m/2) calcd for GsH27N.0;" [M+H]" 395.1965,
found 395.1975.
(S)-7-ethoxy-6-methoxy-1-((5-methoxy-2-methyl-1H-indol-3-yl )methyl)-3,4-dih
ydroisoquinoline-2(1H)-carbaldehyde (50). White solid. This compound was
prepared using a similar method of compoddby replacingla with 1b. HPLC
purity: 97.67 %. m.p.: 85-8%C. 'H NMR (500 MHz, DMSOdg) 5 10.57, 10.53 (2 x s,



1H), 8.12, 7.43 (s, 1H), 7.12, 7.09 (2 xJck 8.6 Hz, 1H), 6.97, 6.83 (2 x d,= 2.5
Hz, 1H), 6.82, 6.66 (2 x s, 1H), 6.74, 6.26 (2 xdld 8.7, 2.4 Hz, 1H), 6.63, 6.58 (2
x dd,J = 8.6, 2.4 Hz, 1H), 5.30, 4.69 (2 x dds 9.5, 4.5 Hz, 1H), 4.15 — 4.10, 3.61 —
3.55 (2 x m, 1H), 4.00 - 3.93 (2 x m, 2H), 3.7&0®B(2 x s, 3H), 3.74, 3.66 (2 x s,
3H), 3.37, 3.16 (2 x ddd,= 12.8, 10.7, 5.0 Hz, 1H), 3.12 — 2.92 (m, 2H).72-72.57
(m, 2H), 2.15, 2.02 (2 x s, 3H), 1.31, 1.18)(& 7.0 Hz, 3H)**C NMR (126 MHz,
DMSO-dg) 6 161.6, 160.6, 153.2, 153.0, 148.1, 147.8, 1464%.11 134.3, 130.4,
130.3, 129.2, 128.7, 128.3, 127.6, 126.1, 125.2,41112.2, 112.0, 111.0, 110.9,
109.7, 109.5, 106.6, 106.4, 100.5, 100.2, 64.(5,&%.2, 55.6, 55.5, 55.4, 55.20, 50.3,
33.8, 31.9, 30.7, 28.7, 27.5, 14.9, 14.8, 11.5-MSIm/z 409.0 [M+H]. HR-MS:
(ESI,mV2) calcd for GaH2oN-O4" [M+H]™ 409.2122, found 409.2130.
(S)-7-ethoxy-6-methoxy-1-((1-methyl-1H-indol-3-yl )methyl)-3,4-di hydr oisoqui
noline-2(1H)-carbaldehyde (51). White solid. This compound was prepared using
a similar method of compourzl, by replacing? with 13h. HPLC purity: 99.86 %.
m.p.: 66-68C.*H NMR (500 MHz, DMSOds) § 8.08, 7.51 (2 x s, 1H), 7.69, 7.60 (2
x d,J = 7.9 Hz, 1H), 7.38 (2 x m, 1H), 7.20 — 6.96 (1h1),36.90, 6.67 (2 x s, 1H),
6.73,6.39 (2 x s, 1H), 5.44 - 5.41, 4.81 — 4.78 (8, 1H), 4.19 — 4.15, 3.46 — 3.38 (2
x m, 1H), 3.99 — 3.95, 3.70 — 3.63 (2 x m, 2H)333.70 (2 x 2 x s, 6H), 3.27 — 3.06
(m, 3H), 2.75 — 2.65 (2 x m, 2H), 1.31, 1.19 (2 3 t 7.0 Hz, 3H).*C NMR (126
MHz, DMSO-g) 6 161.7, 160.9, 148.2, 148.0, 146.6, 146.25, 1373®,.9, 129.0,
128.8, 128.5, 128.2, 128.0, 127.8, 125.9, 125.1,.412121.3, 119.2, 119.1, 118.8,
118.7, 112.4, 112.3, 110.4, 110.2, 109.9, 109.2,®8.7, 56.8, 55.8, 55.7, 50.4, 33.3,
32.6, 32.5, 31.6, 29.0, 27.5, 15.1, 14.1. ESI-MS B879.1 [M+H[. HR-MS: (ESI,
m/z) calcd for GsH,7NOs" [M+H] ™ 379.2016, found 379.2016.
(S)-7-ethoxy-6-methoxy-1-((5-phenyl-1H-indol-3-yl )methyl)-3,4-di hydr oisoqui
noline-2(1H)-carbaldehyde (52). White solid. This compound was prepared using
a similar method of compount®, by replacingla with 1b. HPLC purity: 99.23 %.
m.p.: 111-112C. *H NMR (500 MHz, CDCJ) § 8.37, 8.20 (2 x s, 1H), 8.17, 7.74 (2
x s, 1H), 7.66 - 7.27 (m, 8H), 6.98, 6.97 (2 ¥ &, 2.3 Hz, 1H), 6.73, 6.54 (2 x s, 1H),
6.64, 6.50 (2 x s, 1H), 5.69 — 5.66, 4.76- 4.69 (8, 1H), 4.53 — 4.45, 3.56 — 3.50 (2



x m, 1H), 4.09 — 4.01, 3.85 — 3.75 (2 x m, 2H)63880 (2 x s, 3H), 3.39 — 3.14 (m,
3H), 2.96 — 2.77 (2 x m, 1H), 2.79 — 2.60 (2 x tH),11.46, 1.33 (2 x t) = 7.0 Hz,
3H).1°C NMR (126 MHz, CDGJ) § 161.8, 148.8, 148.4, 147.1, 142.7, 142.5, 136.1,
135.7, 133.6, 133.1, 128.4, 128.8, 127.9, 127.6,5,2127.3, 126.6, 126.4, 126.3,
125.5, 124.5, 124.0, 122.4, 121.8, 117.6, 116.@.4,1112.2, 112.0, 111.8, 111.6,
111.4, 65.0, 64.4, 57.7, 56.1, 56.0, 51.6, 41.23,338.6, 31.9, 29.3, 27.9, 15.0, 14.8.
ESI-MS m/z 441.0 [M+H]. HR-MS: (ESI,m/2) calcd for GgHzoN,Os" [M+H]*
441.2173, found 441.2185,

4.2. Pharmacology

4.2.1. Protein purification and crystallization. The recombinant human PDE4D
catalytic domain (86-413) was expressedticoli BL21 codon PLUS (DE3). Briefly,
complementary DNA was subcloned into pET15b withNyterminal 6x His tag.
Protein was expressed irE.coli for 16 h at 18 °C after adding
isopropyl$-d-thiogalactoside at a final concentration of 0. Cells were collected
and disrupted with the buffer containing 50 mM NBBy, pH 7.0, 200 mM NaCl, 1
mM TCEP, 10 mM imidazole. Cell lysate was applidttagentrifugation at 15000
rpm for 40 min. The supernatant was collected andbated with nickel affinity resin
(Ni-NTA, GE Healthcare) at 4C for 30min. The mixed solution was passed through
a Ni-NTA column (GE Healthcare), then washed andgeel with the lysis buffer
containing 50 mM and 250 mM imidazole, respectivelsotein was further purified
by the anion exchange chromatography (Q-Sephar@e, Healthcare) and
size-exclusion chromatography (Superdex200, GE tHemde). Finally, the
recombinant PDE4D catalytic domain was concentrati@d10-12 mg/mL for
crystallization with the buffer containing 18% PEB350 (w/v), 0.1 M HEPES (pH
7.0), 0.2 M MgC}, 10% isopropanol (v/v), 30% ethylene glycol (vat)4 °C using
hanging drop vapor-diffusion method. Crystals wapmpeared within 2 days and
subsequently soaked into crystallization bufferhw&-10 mM compounds. Using
commercial perfluoropolyether cryo oil (PFO) as praodectant, crystals were

flash-frozen into liquid nitrogen.



4.2.2. X-ray structure determination. Diffraction data for PDE4[B6 and
PDE4D-apremilast complex were collected at beamline BL17U1 and BI1&t the
Shanghai Synchrotron Radiation Facility (SSRF) [Réflections were processed
using HKL2000/3000, the structure was solved by enwlar replacement using
Phaser in CCP4 suit with a search model of prelyosslved PDE4D apo structure
with all water molecules removed [33, 34]. Modellthng and subsequent several
rounds of refinement were processed using COOT RH&NIX [35, 36]. Data
collection and refinement statistics are shownahl& S1.

4.2.3. PDEs enzyme inhibition assaylhe catalytic activity of PDE4D and other
PDEs were monitored by measuring the hydrolysigtdf-cAMP or [°H]-cGMP into
[*H]-AMP or [°H]-GMP using a phosphodiesterase scintillation prity assay (SPA)
241 Following assay buffer condition: 50 mM Tris pt678.3 mM MgC}, 1.7 mM
EGTA, protein and compounds were diluted to a cotreéon of 2 nM and 5@QM to

1 nM, respectively. The reaction was performed dgirag 80uL of protein solution,
10 pL of test compound and 1L of [°*H]-cAMP or [’H]-cGMP (0.5uCi/mL) in a
“low binding” plate and then incubated at 30 °C 8@ min. Then 25uL of
phosphodiesterase SPA beads (RPNQO0150, PerkinBEhogrwas added to quench
the reaction. Settle all the plated for 20 mincatmn temperature before being counted
with MicroBetd counter (PerkinElmer Inc.). At least three indegent experiments
were performed for the determination ogd@alues which were shown asean + SD.
Experimental data were analyzed using GraphPadmPseftware, version 8.0
(GraphPad Inc.).

4.2.4. LPS-induced TNFe secretion in RAW264.7 cellsMurine RAW264.7 cells
were obtained from ATCC (Manassas, VA, USA) and ntamned in Dulbecco’s
Modified Eagle’s Media (DMEM, Gibco, Grand Islardy, USA) in the presence of
10% Fetal Bovine Serum (FBS, Hyclone, South Logaf, USA), 100 U/ml
penicillin  (Sigma-Aldrich, St. Louis, MO, USA) and00 ug/ml streptomycin
(Sigma-Aldrich). To evaluate the anti-inflammataagtivity of tested compounds,
RAW264.7 cells were incubated with the compoundthatindicated concentrations

(containing 0.125% DMSO) in the presence or absemdgopolysaccharide (LPS,



Escherichia coli O55:B5, Sigma-Aldrich) for 24 h in a humidifiedcubator of 5%
CQO,. The supernatants were collected for T&NBetermination by using the mouse
TNF-o ELISA kits (BD Biosciences, San Diego, CA, USA)edhwhile, 20ul of
CCK-8 reagents (Dojindo, Kumamoto, Japan) were @duael the OD values were
measured after 1 h incubation at 450 nm (650 niibredilon) by a microplate reader
(Molecular Devices, Sunnyvale, CA, USA) to estimtite cytotoxicity of the tested
compounds. The Ggand IG values were calculated using the log (inhibita)sus
normalized response nonlinear fit (Graph Pad P@ginLa Jolla, CA, USA).

4.2.5. Human PBMC inhibitory activity assay. HPBMCs were purchased from
SAILY BIO (Shanghai, China). Inhibition of TNE&-secretion of tested compounds
were measured in LPS-stimulated human PBMCs (hPBEEKCpreviously reported
[24]. HPBMCs were purchased from SAILY BIO (Shanigh@hina). Cells were
cultured in RPMI-1640 medium (Gibco, Grand IslaNd, USA) supplemented with
10% FBS (Gibco), 100 U/mL penicillin, 2 mM L-glutame, and 100ug/mL
streptomycin. Then added compounds to cultured hegMand 1 h later, LPS was
added to stimulate the cell with final DMSO concatibn of 0.1% for 18-20 h at
37 °C with 5% CQ Supernatants were harvested and the total dNkere
determined by the TNE-ELISA Kit (Abcam, Cambridge, UK) using a Bio-Tek
Synergy4 plate reader. At least three independgrgrenents were performed for the
determination of 1g values of tested compounds which were showmean = SD.
All experimental data were analyzed by using GraghPrism software, version 8.0
(GraphPad Inc.).

4.2.6. Caco-2 permeability assayPermeability of compoundd and 36 was
measured using the procedure reported previougly [3

4.2.7. Imiquimod-induced murine psoriatic skin infammation. Inbred
6-8-week-old female BALB/c mice (IACUC: 2019-10-T83) were obtained from
Shanghai Laboratory Animal Center of the Chinesad&my of Sciences. All mice
were allowed to acclimatize in the specific pathefree (SPF) conditions for 1 week
before any experiments were started. Mice weredaits a 12 h light/dark cycle with

humidity (55+ 5%) and temperature (22 1 °C). The animal experiments were



performed according to the National Institutes efkh Guides for the Care and Use
of Laboratory Animals and were approved by the Bims Committee of the
Shanghai Institute of Materia Medica, Chinese Acaylef Sciences.

To induce the experimental psoriatic skin inflamiorat mice were randomly
divided into 5 groups (n = 5): Normal, Vehicle (tmimod (IMQ, Sichuan Mingxin
Pharmaceutical, Sichuan, China)-applied only), ipatciol treatment (IMQ with
Calcipotriol ointment, Huabang Pharmaceutical, Quimg, China), 4% Compound
36 ointment (IMQ with 4% Compoun86 ointment), and 2% Compourd ointment
(IMQ with 2% Compound36 ointment). The psoriatic skin inflammation was
established by topically applying 62.5 mg of IMQ@&m on the shaved back skins.
Calcipotriol and compoun86 ointment were topically applied at the dose ob6ag
per day. During the treatment for 7 days, murindybweights were recorded daily
and to score the severity of skin inflammation, ¢heical Psoriasis Area and Severity
Index (PASI) was scored according to the previcescdption [24].
4.2.8.Transdermal absorption characteristics in mice.The ointment of compound
36 were topically applied (62.5 mg/kg) for 7 days. ftiee skin tissue of each mouse
was collected and the skin suspensions were preépafeer ultrasonic for 10 min and
vortex for 1 min, thesuspensions were separated by centrifugation &QLgim for 5
min. The mixture of supernatant with water (v: \L1A) was used for analysis. The
concentration 086 in skin tissue was measured using LC-MS/MS (WaA€QUITY
I-Class System/ Waters ACQUITY XEVO TQ-S(ESI)).

4.2.9. Statistical analysis.All data were shown as Mean + SEM. Statistical
differences were determined using one-way analg§ivariance (ANOVA) with
Dunnet’'s multiple comparisons test using GraphRdtivare 6.0.P-values less than

0.05 were considered significant.
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Highlights:

>

51 tetrahydroisoquinolines derivatives as novel PDE4 inhibitors were designed,
synthesized, and eval uated.

The structure-activity relationship (SAR) of this novel series of compounds was
demonstrated.

The optimum compound 36 exhibited high safety, potency (PDE4D ICso = 0.36
uM, TNF-a ICsp = 6.76 uM), permeability and selectivity in vitro.

The crystal structure of PDE4D in complex with compound 36 was solved.
Compound 36 exhibited superior therapeutic efficacy compared with calcipotriol

against the IMQ-induced murine psoriasis-like skin inflammation.
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