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ABSTRACT

Prostate cancer (PC) is a major cause of cancaettlmale death in worldwide and the
identification of new and improved potent anti-P@letules is constantly required. A novel scaffdld o
tetrahydroisoquinoline thiohydantoin was rationalBsigned based on the enzalutamide structures and
our pre-work, leading to the discovery of a senéqew antiproliferative compounds. Several new
analogues displayed improved androgen receptor @Ragonistic activity, while maintaining the
higher selective toxicity toward LNCaP cells (ARA) versus DU145 cells (AR-deficient) compared
to enzalutamide. In fact, compouBf exhibited promisingn vitro antitumor activity by impairing AR
unclear translocation. More important8s showed better pharmacokinetic properties comptréde
compoundl reported in our pre-work. These results demorestaastep towards the development of
novel and improved AR antagonists.

Keywords. Prostate cancer, androgen receptor, antagoreéstahiydroisoquinoline thiohydantoin
derivatives

1. Introduction

Prostate cancer (PC) is the second leading causancer-related male death in worldwide and it
is expected to account for 19% of all new cancaguidses in 2017 [1]. Initially, most patients with
advanced prostate cancer are treated with andrdgerivation therapy (ADT) using either
orchiectomy or a luteinising hormone-releasing hmmen (LHRH) agonist or antagonist [2, 3].
However, patients invariably develop more aggressiastration-resistant prostate cancer (CRPC)
because of several different mechanisms such asogen receptor (AR) aberrations, including gene
amplifications, point mutations as well as AR spli@riants [4-9].

AR is a ligand-dependent transcription factor thelbngs to the nuclear receptor superfamily and
it plays a critical role in normal prostate devetgnt and more over in growth and progression of
prostate cancer [10, 11]. AR is composed of anriitgal domain (NTD), a DNA-binding domain
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(DBD), a hinge region and a C-terminal ligand-birgldomain (LBD), comprising a Helix-12 (H12).
Activation function (AF-1) and activation functioffF-2) are essential for transcriptional activity,
which are located in the NTD and LBD, separateljthiwio androgen binding, inactive AR is in the
cytoplasm and binds to heat shock protein 90 (HEP@Gter binding, androgen induces a
conformational change of AR, leading to dissocafimm the chaperones and the relocation of H12.
The ligand-bound AR homodimer complex translocates the nucleus and binds to the
androgen-response elements (ARES), then coregulatmteins, coactivators or corepressors are
recruited to the AR complex to regulate AR targatetranscription [12-15].

Several non-steroidal androgen receptor antagomésts been approved for the treatment of PC.
Flutamide, hydroxyflutamide and bicalutamid€ig. 1) were first generation non-steroidal AR
antagonists and they decreased androgenic effgatsrbpetitively inhibiting the binding of androgen
to AR and induce a conformational change of H12stgric clashes. However, these antiandrogens
activated AR-LBD point mutants (for example, AR-T72V and AR-W741L, a common mutant
triggered by bicalutamide) with the long time afdtment, as a result of switching these antagooists
AR to agonists and leading to the relapse of CRE8L |
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Fig. 1. Structures of non-steroidal AR antagonists and gresf a novel scaffold as AR antagonists.

Enzalutamide, ARN-509and ODM-201 (Fig. 1) are second generation non-steroidal
antiandrogens with high affinity binding for the ABBD. Enzalutamide was approved by FDA in 2012
for the treatment of patients with bicalutamideistssit CRPC. Enzalutamide, which has higher affinit
to AR-LBD than bicalutamide, can block nuclear slacation of AR and recruitment of coactivator.
ARN-509 is another competitive AR antagonist withtgmt activity in both preclinical and clinical
trials [17], which shows higher efficacy and isddikely to penetrate the blood-brain barrier than
enzalutamide. SPARTAN (NCT01946204), a Phase idl of ARN-509, is ongoing with patients of
CRPC [18]. However, Korpal and coworkers found tbaralutamide and ARN-509 could also be
turned into agonists by a mutation of AR-LBD F87@he 876 to Leu). F876L mutant induced the
smaller leucine residue leading that the repositibiihe benzamide motif of enzalutamide side chain
eliminate H12 dislocation caused by steric clasfis 20]. ODM-201, a full antagonist, was
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developed for the mutant AR. It shows a similaucture with enzalutamide, but with a longer middle
linker for better fitting into the AR-LBD pocket 12 22]. Based on the second generation non-stéroida
AR antagonists, we found that they show a commaifadd composed of electron-deficient ring,
middle linker and hydrophobic ring with side chéiig. 1).

Previously, based on the SAR of enzalutamide, eaum introduced a cyclopentane moiety D
ring fused with thiohydantoin B ring and benzeneir@ to the discovery a novel scaffoldig. 1) of
indoline thiohydantoirl [23], which showed potent antiproliferation agaibhslCaP-hr cell (AR-rich)
and little inhibitory activity in DU145 cell (AR-dieient) with the IG, being 15.3 and 1434M. In
addition,1 exhibited considerable antagonistic activity agaiiR (58.4% inhibition).The three fused
rings of indoline thiohydantoin (ring B, C, xig. 1) can impose conformational restriction for a
greater steric clashes with residues approach ®tblinduce a larger dislocation in H12 and avbiel t
loss of entropic by the rigid structure [23]. Thikowed that the introduction of D ring into the
enzalutamide is an efficacious and practical mefloodhe finding of novel AR antagonists. Thus, on
one hand, to get more effective AR antagonistsfarttierly explore the relationship of the fusedgsn
scaffold with AR, this paper designed a novel sidffof tetrahydroisoquinoline thiohydantolh
through changing the D ring from cyclopentane itfie cyclohexane and synthesize a novel series of
tetrahydroisoquinoline thiohydantoin derivativeBig, 1). On the other hand, as a result the
pharmacokinetic properties &fwas not satisfactory with low plasma exposure laigth clearance, we
expected to improve the pharmacokinetic propedfesew designed compounds to develop novel and
improved AR antagonists.

2. Chemistry

Target compounds$3-15 were synthesized & heme 1. 2-Fluoro-4-nitrotoluene3j was oxidized
with potassium permanganate to obtain 2-fluorotdebenzoic acid 4). We got 2-fluoro-4-
nitrobenzamideR) through4 reacting with aqueous ammonia in the presenckiofiyl chloride.5 was
converted to 4-amino-2-fluorobenzonitrilé) (by the treatment with phosphorus oxychloride #rel
reduction with hydrogen and palladium on carbonoTimportant intermediates 4-isothiocyanato-2-
fluorobenzonitrile 9) and 4-isothiocyanato-2-trifluoromethylbenzondri(l0) were readily obtained
from 7 and8 by reacting with thiophosgen [24]. 1,2,3,4-Tetrdtojsoquinoline-3-formic acidld) and
3-methyl-1,2,3,4-tetrahydroisoquinoline-3-formicica¢12) were cyclized upon the treatment wih
and 10 into the target compounds$-15 [25]. Next, 2-fluoro-4-methylbenzonitrilel§) was converted
to 4-(2-amino-2-methoxycarbonyl-ethyl)-2-fluoro-lzeic acid methyl este2() through the treatment
with N-bromosuccinimide, diethyl acetamidomalonate, hiygie and methylation. After protection the
-NH, group of20 with ethyl chloroformate, we got 4-(2-ethoxycarbl@mino-2-methoxycarbonyl-
ethyl)-2-fluoro-benzoic acid methyl est&1f, which was cyclized to obtain 6-fluoro-3,4-dihgetH-
isoquinoline-2,3,7-tricarboxylic acid 2-ethyl es&7-dimethyl ester2?). Based on the mechanism of
Pictet-Spengler reaction [26, 27], which was usedHe synthesis of isoquinolir®, we utilized ethyl
chloroformate to decrease the electron cloud demsithe -NH, group so as to increase the reaction
activity of 20. Through the hydrolysis and methylation2¥ we synthesized significant intermediate
6-fluoro-1,2,3,4-tetrahydro-isoquinoline-3,7-dicaxlylic acid dimethyl ester2d). Compound?4 was
further cyclized witt9 and10 to yield 25a and25b, respectively. Target compoun@ga and27b were
obtained by the hydrolysis with sodium hydroxidel amidation o25a and25b.
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°C, 12 h, NH-H,0, DCM, 5°C, 30 min; (iii) POC}, DMF, H,0, 25°C, 12 h; (iv) B/Pd-C, MeOH, rt,
12 h; (v) CSGJ, CHCE, H,0, 1t, 15 h; (vi) TEA, DMF, 30C, 1-2 h; (vii) NBS, BPO, CHG] reflux, 12
h; (viii) EtONa, EtOH, diethyl acetamidomalonateflux, 18 h; (ix) HCI, reflux, 15 h; (x) SOgl
MeOH, reflux, 12 h; (xi) CICOOEHs, pyridine, DCM, rt, 4.5 h; (xii) HCHO, C¥OOH, HSO,, rt, 5
h; (xiii) HCI, reflux, 18 h; (xiv) SOGL MeOH, reflux, 12 h; (xvP or 10, TEA, DMF, rt, 2 h; (xvi)
NaOH, THF, HO, rt, 1 h; (xvii) NHCH;, DMT-MM, DCM, rt, 3 h.

Scheme 2 outlines the synthesis of compouri®a-32e and36a-36i. Starting from commercially
available tyrosine28), substituents Cl, Br and | were introduced irite brtho of -OH o£8 to obtain
29a-29c. Then29a-29c were cyclized by reacting with formaldehyde inte tetrahydroisoquinoline
derivatives30a-30c. The methylation 080a-30c afforded intermediate3la-31c. After protecting the
-NH of 6,8-dibromo-7-hydroxy-1,2,3,4-tetrahydroistapline-3-carboxylic acid methyl esteBlp)
with di-tert-butyl dicarbonate (Bog£), 33a was treated with different halogenated hydrocasbtmn
provide the corresponding aromatic eth88b-33i in high yields.33b and 33i were deprotected by
trifluoroacetic acid to yiel®1d and3le, respectively3la-3le were converted to the final compounds
32a-32e upon the treatment with0 under basic condition85a-35i, which were synthesized through
the cleavage of the 5,7-dibromo and tiéBoc of 33a-33i, were cyclized withl10 into the final
products36a-36i.
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35b, R, = -CH; 35g, R, = -CH,CH(CH,), | 36b, R, =-CHj 36g, R, = -CH,CH(CH,),

35¢, R, =-CH,CH;3 35h, R, = -cyclohexyl
35d, R, =-(CH,),CH; 35i, R, = -(CH,);COOC,Hs
35¢, R, = -CH(CH3),

' 36¢, R, =-CH,CHj; 36h, R, = -cyclohexyl |
! 36d, R, =-(CH,),CH; 36i, R, = -(CH,);COOC,Hs !
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30%H,0,, CH;COOH, HCI, 60°C, 1 h; (iv) HCHO, 33%HBr, C£O0OH, 55°C, 72 h; (v) SOG|
MeOH, reflux, 12 h; (vi) (Bogp, TEA, 1,4-dioxane, kD, rt, 24 h; (vii) RX, K,COs;, DMF, 1t, 2 h;
(viii) CFsCOOH, DCM, rt, 30 min; (ix) TEA, HPd-C, MeOH, 55C, 12 h; (x) CECOOH, DCM, rt,
30 min; (xi)10, TEA, DMF, rt, 1-2 h.

The synthesis of compound&la-41d and 44a-44g were shown inScheme 3. We used
phenylalanine 37) as raw material, which was converted 38a and 38b by the Pictet-Spengler
reaction and nitrification. However, it was diffictio separate&8a and38b purely due to the similar
polarity of the two molecules. After trying many tineds, we found that decreasing the polarity of the
mixture of 38a and 38b by treating with methylation and (Bg€) could provide40a and 40b,
respectively. ThedOa and40b were reduced by hydrogen and palladium on carbat®¢ and40d.
With 40a-40d in hand, it was easy to get tetrahydroisoquinotireivatives39a-39d by the treatment
of trifluoroacetic acid.39a-39d were cyclized withl0 into the final productglla-41d. Through the
condensation reaction dbd with different acid chloride or sulfonyl chloridend the deprotection of
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N-Boc, we obtained a series of amidlga-43g. Finally, target compound#a-44g, bearing different
long side chains were synthesized through theirepof 43a-43g with 10, respectively [28-30].
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Scheme 3. Reagents and conditions: (i) HCHO, HCI, reflwh;gii) KNO3, H,SO,, rt, 1 h; (iii) SOC},
MeOH, reflux, 12 h; (iv) (BogD, TEA, 1,4-dioxane, O, rt, 24 h; (v) H/Pd-C, MeOH, rt, 12 h; (vi)
CR;COOH, DCM, rt, 30 min; (vi) TEA, DMF, rt, 1 h; () RCI, pyridine, DCM, rt, 3 h; (ix)
CRCOOH, DCM, rt, 12 h; (x]10, TEA, DMF, rt, 1-2 h.

To expand our SAR study, target compolsig introducing a fluorine atom into théle, was
prepared as depicted 8theme 4. 1-(Bromomethyl)-3-fluorobenzend) was used as raw material.
Due to the reactions @&cheme 4 were similar toScheme 1 and3, we did not describe them in this
repeatedly.

The structures of all target compounds were vetifissing NMR spectroscopy, ESI mass
spectrometry and Infrared spectroscopy. Detailédrination about synthesis and characterization of
all compounds is described in the experimentalsamgborting information sections of this manuscript.
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3. Results and discussion

3.1. Antiproliferative and androgen receptor antaggh assay

Antiproliferative activity of the newly synthesizedompounds was initially evaluated in
LNCaP-hr cell line using a 3-(4,5-dimethylthiazei}-2,5-diphenyltetrazolium bromide (MTT) assay.
Additionally, in order to verify the probability afynthesized compounds as novel AR antagonists, the
potential cytotoxic effects were also investigaleddU145 cell. LNCaP shows androgen-dependent
cell proliferation whereas DU145 is hormone-indeget. Moreover, to clarify whether the
antiproliferative activity is related to any interénce with the AR function, the AR antagonist &ffe
was evaluated using the luciferase reporter geseyas

The results demonstrated that the novel compaolBi¢dhowed a little less potent inhibitory
activity in LNCaP cell tharl with the IGy being 31.1uM vs 15.3uM (Table 1). However, to our
delight, the antagonistic activity against AR1&f (89.0% inhibition) is much higher than compound
(58.4% inhibition). This is an encouraging factttttze size of bone skeleton of molecule has a very
important influence on the inhibition activity ofRA Next, we decided to fully and thoroughly stublg t
SAR of novel scaffold.3 with AR.

Firstly, to simulate the dimethyl moiety of enzalmide, 14 was synthesized by introducing a
methyl into the position of 10 in compoutd. However, compouni4 did not show a satisfying result
with weak antiproliferative activity in LNCaP (§¢= 65.3uM) and antagonistic activity against AR
(inhibition rate 26.2%, @ 10M). This demonstrated that the 10-©has not necessary for the activity
of novel scaffold. Previously, we have found the electron-withdrawing group -CN of aromatic ring
Ais required for binding to AR with the respectdivect interaction with Arg752 [23]. Next, we want
to know whether the trifluoromethyl moiety is nesay for maintaining the activity. Replacement of
the trifluoromethyl with the fluorine atom is asgded with decreased activity (i.&3 vs 15; 27b vs
27a). Especially, compared witd3, the antagonistic activity against AR 46 was abolished
completely. Modifications of -Cfon aromatic ring A do appear to decrease antfpralive and
antagonistic activity.



Table 1
Antiproliferative and androgen receptor antagoaigtvity of compoundd, 13-15, 27a and 27b. All
data are mean values from triplicate experiments.

| Cso/pM? | Cso/uM® AR antagonistic
(LNCaP) (DU145) activity % (10 pM)°

Compound Sructure

BOW:
1 Fs€ N 15.3+0.3 143.1+5.8 58.4+0.6
)‘N 2O IU. .1 T O. 4L T U,

NC
O
13 FiC E\ 31.1+1.7 > 200 89.0+3.1
N
S
o

14 BTN 653+ 1.9 > 200 26.2+12
S

oW
15 F N 70.3+0.8 37.1+3.2 N.E
N
S
RO
F N
27a s)‘N F 116.5+2.3 85.4+2.7 26.7+0.2

RO
FiC N
27b Ve F 28111 > 200 471423

CONHCH3

The cell proliferation inhibition of LNCaP cell kn See the Experimental Section for detéilsie cell proliferation inhibition of
DU145 cell line; See the Experimental Section fetadls; “Inhibition rate was shown as a ratio to the R188dtl; See the

Experimental Section for details; N.E, no antagiimisffect.

Based on our previous work, structure modificatiamsthe C ring profoundly influence the
activity and drug-like properties of compounds. Hue purpose of exploring the SAR of substituent
group in aromatic ring C, we firstly studied theert hindrance of substituents by designing
compounds32a-32e and 36a (Table 2). The results indicated th&2a-32e showed a comparable
activity against LNCaP cell line as enzalutamidewsdver, the five compounds also exhibited potent
inhibitory activity in DU145. Worse more, none tiese compounds expressed apparent antagonistic
behavior, especially32e which had no antagonistic activity. These findirsygygested thad2a-32e
might not AR antagonists but cytotoxic agents thilgix the inhibitory activity in either LNCaP and
DU145. We speculated that the molecular size of pmmds32a-32e might be too large to fit the
receptor cavity. Based on the ideas, we obtainethoond36a by removing the halogen atom of 6 and
8 position to “thin” the molecule32a-32e. Removing the halogen atoms might make comp@@ad
interacting with AR binding pocket more better. dar delighted,36a showed potent antagonistic
activity against AR (85.7% inhibition) and no intdyy activity in DU145 (IG, > 200 uM) which
were consistent with our design. So, compo@6d by removal of halogen atoms showed potent
inhibitory activity toward proliferation of LNCaFhtough AR antagonistic activity but not cytotoxic
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effect in DU145.

Table 2
Antiproliferative and androgen receptor antagoaisivity of compounds2a-32e and 36a designed
from 13. All data are mean values from triplicate experirsent

NC
(Al {
S 8 «
X6 R’7 Steric-hindrance
| Cso/uM*® | Cso/pM" AR antagonistic
Compound X R
(LNCaP) (DU145) activity % (10 uM)°
32a -Cl -OH 14.0+0.6 171+15 36.0+3.9
32b -Br -OH 11.1+0.8 114+04 6.1+0.9
32c -1 -OH 16.3+2.1 22.1+0.7 27.3+1.8
32d -Br -OCH; 19.1+1.6 338+21 46+0.3
32e -Br -O(CH,)sCOOEt 6.3+2.0 219+1.3 N.E
36a H -OH 50.7+04 > 200 85.7+23

The cell proliferation inhibition of LNCaP cell kn See the Experimental Section for detéilsie cell proliferation inhibition of
DU145 cell line; See the Experimental Section fetadls; “Inhibition rate was shown as a ratio to the R188dtl; See the

Experimental Section for details; N.E, no antagimisffect.

Next, to explore the influence of the position obstituents in the ring C on activity, we designed
four compoundgila-41d with substituents 7- or 8- positioiigble 3). Compound4la and4lc, the
8-substituted derivatives, did not show signific®R antagonist activity with the inhibition value
being N.E and 14.2%. And their antiproliferativeidty against LNCaP cell line were also not high
with the 1G, being 56.4 and 73.0M. However,41b and41d with the same substituents shifting to
7-position showed an increasement activitys¢lalues: 43.0 and 1848M). The antagonistic activity
suggested the similar result with the inhibitioteraeing 59.8% and 37.8%. The results indicated tha
compounds with substituents at 7-position were napgropriate than at 8-position for maintaining the
activity.

Previously, we have studied the steric hindranakthe position of substituent group in C ring.
Among the synthesized compounda exhibited similar AR antagonistic activity comparéo
enzalutamide (inhibition: 85.7% vs 86.5%). Howe\attiproliferative activity against LNCaP 86a
was not satisfied with the kgvalue being 50.7iM. Thus, to increase the antiproliferative activitye
synthesized target compoun88b-36i through extending the length of side chaiiale 3). Most of
the newly compounds showed increased inhibitioivigctin LNCaP with 1Gy being almost 2@M.
Compound36f, bearing four carbon atoms, exhibited a littlehaig activity than enzalutamide @£
10.2 vs 12.5uM) at the same time maintaining considerable ARagomistic activity (inhibition:
65.3%). According to the result, we concluded tbatthe one hand side chain extension indeed
increased the anti-proliferation activity in LNCafell, however on the other hand the extension
exhibited a little reduce in AR antagonistic adiiviThree or four atom length was best appropfiate
increasing inhibition activity in LNCaP and maimtitig AR antagonistic activity.



Table3
Antiproliferative and androgen receptor antagoacsivity of compoundgla-41d. 36b-36i. 44a-44g
and55. All data are mean values from triplicate experirsent

NC lE
F5C

I Cso/uM*® | Cso/uM° AR antagonistic
Compound Ry R>
(LNCaP) (DU145) activity % (10 pM)°
4la H -NO, 56.4+2.1 > 200 N.E
41b -NO; H 43.0+0.5 > 200 59.8+1.2
41c H -NH. 73.0+1.6 > 200 142 +0.5
41d -NH. H 189+ 3.7 89.7+11 37.8+0.2
36b -OCH; H 100.1 +3.1 60.4+4.7 N.E
36¢ -OCH,CHjs H 226+14 40937 47.1+£3.1
36d -OCH,CH,CHjs H 11.6£0.6 62.3+0.5 54.0+29
36e -OCH(CHs), H 86+12 91.6+3.5 454 £4.2
36f -O(CH,)sCHs H 10.2+25 542+21 65.3+25
369 -OCH,CH(CHg), H 106 +1.9 52.6+0.8 61.5+22
36h -Ocyclohexyl H 85+0.7 98.1+1.6 61.6+0.4
36i -O(CH,)sCOOEt H 18.8+4.1 154 +23 439+4.1
44a -NHCOCH; H 83.8+1.9 > 200 250+19
44h -NHCOCH,CHjs H 19.5+0.8 > 200 45+3.0
44c -NHCOCH,CH,CHjs H 10.8+1.6 > 200 455+4.1
44d -NHCOC(CH;)s H 21.2+45 83.2+44 N.E
44e -NHCOOCHCH; H 6.3+04 90.1+3.5 454 +0.7
A4f -NHSO,CH; H 31.1+5.9 > 200 13.6+1.9
449 -NHSQO,(CH,)sCHs H 3.12+0.3 > 200 29525
55 -NHCOOCHCH; F 134+1.1 > 200 85.1+3.6
Enzalutamide 12.5+0.3 46.1+0.2 86.5+1.1

The cell proliferation inhibition of LNCaP cell kn See the Experimental Section for detéilsie cell proliferation inhibition of
DU145 cell line; See the Experimental Section fetadls; “Inhibition rate was shown as a ratio to the R188dtl; See the

Experimental Section for details; N.E, no antagiimisffect.

AR-LBD is more hydrophilic in antagonistic confortitan compared with agonistic conformation.
Based on compoundild, we obtained4a-44g (Table 3) through introducing hydrophilic moiety to
favor the antagonistic conformation “H12-open.” NMo$ the compounds had no inhibition in DU145
cell with the 1G, value being more 200M, indicating that these compounds had no cytottyxid4f
and 44g, introducing the sulfonamide group, had no effectAR antagonistic activity with the
inhibition rate decreasing to 13.6% and 29.5%. Aenitkrivatives4da-44e exhibited improvement
activity, especially for compoungfle (ICso = 6.33uM; inhibition rate = 45.4%), showed the improved
anti-proliferation activity in LNCaP and the AR agbnistic activity compared #ild (ICso = 18.9uM;
inhibition rate = 37.8%).
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Fig. 2. Dose-dependent androgen receptor antagonist dssapmpoundl, 55 and enzalutamide.
Compounds tested at 6 different concentrationsddth are mean values from triplicate experiments.

Finally, to further increase the antagonistic attivand improve pharmacokinetic properties,
introducing a polar fluorine atom in the ortho piosi of the side chain got target compolsid The
result indicated that compourtsb showed profoundly AR antagonistic activity comphre 44e
(inhibition rate: 85.1% vs 58.6%). Moreover, compd®5 showed comparable effect in inhibiting the
LNCaP cell growth and AR antagonistic activity wigthzalutamide (the kg being 13.4uM vs 12.5
uM and the inhibition rate being 85.1% vs 86.5%)atidition,55 exhibited no inhibition activity in
DU145 cell compared to enzalutamide {fC> 200 uM vs 46.1 uM). A 6-concentrations
dose-dependent AR antagonism as$ayg.(2) showed thab5 possess an antagonisticd@ the same
range of enzalutamide and the AR antagonistic iagtf 55 was two-fold higher than compoufdOn
the basis of these findings, we summarized the St#Ries for compoungb in Fig. 3.

No correlation between the inhibitory activity tadalLNCaP proliferation and AR antagonism
can be identified just as previously reppimplying that other modes of action or other pasters
such as: physicochemical property, cell membraneneability or target activity could have an
significant role in the antiproliferative activitf our novel compounds.

« Cyclohexane is more suitable than cyclopentane
for antagonistic conformation of AR;

* 10-CHj decrease the activity of novel scaffold

« Three substitute groups in ring C is too large to fit the receptor cavity;

8
F

7
NHR, ¢ The side chain of 3-4 atom length increase inhibition activity in LNCaP
and maintain AR antagonistic activity;

NC.
Just like -CN, -CFj is also necessary @]\ o
for maintaining the activity R TN T
! B
et

 Substitute group in 7-positioin is best for activity;
55

* Hydrophilic side chain betterly favor the antagonistic conformation "H12-open"

* Introducing a fluorine atom in 8-position is beneficial for AR antagonistic activity

Fig. 3. SAR derived from tetrahydroisoquinoline thiohydazintderivatives.

3.2 Immunofluorescence assay of compdthd
The resultant strong antiandrogenic effect of commgdb5 can be explained by molecular basis
for its antagonism. To explore molecular basi®%fthe dynamic of AR subcellular distribution was
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analyzed by immunofluorescence assay with a cohfmézroscope (LSM700, Zeiss) [31]. When an
agonist R1881 binds to AR, the R1881-AR complergdtacated from the cytoplasm into the nucleus,
causing the localization of the liganded AR pratein the nucleusHig. 4). However, treatment of
enzalutamide an85 in the presence of R1881 resulted in a distinstrithiution pattern in which the
liganded AR proteins were instead dispersed througthe cytoplasm, indicating that they effectively
interfere with nuclear translocation of the AR pios. Moreover, the green nuclear AR staining of
compounds5 was much weaker than that of enzalutamide, initigathat55 can significantly impair
AR nuclear translocation and reduce more levelsusfear AR than enzalutamide.

DAPI Merge

ligand

-

R1881
+
Enzalutamide

R1881
+
Compound 55

Fig. 4. Molecular basis of antiandrogenic effect of compib&5: green staining represents AR, blue

staining represents nuclei and merge represerits ABt and nuclei was labeled with Alexa FIfia#88
(green) goat anti-rabbit IgG (H + L) and DAPI, respively. LNCaP were treated with R1881 (10 nM)
alone or in combination with compous8 (10 uM) or enzalutamide (1QM), and compared to the no
ligand group without treating with R1881.

3.3 Pharmacokinetic Properties of compound3, 44e, and55

Having identified several compounds with excellémtvitro antiproliferative and androgen
receptor antagonist activity, pharmacokinetic eatdins were conducted in rats following gavage
administration at a dose of 5 mg/kg [32], and #muits were summarized Tiable 4.
Table 4
Pharmacokinetic properties of selected compadyri@®, 44e, ands5.

compound AUG(ng-h/mL) Tua(h) Tmax(h) Crax (ng/mL) CL(mL/h/kg)
1 2863 10.36 2 452 1588
13 3865 5.13 2 387 1230
44e 7034 34.38 2 641 570
55 29995 24.68 4 2290 146
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Abbreviations: AUG., area under the concentration-time curve up tos®spling time; T, elimination half-life; CL, clearance.

Rats dosed at 5 mg/kg gavage administration, nBaga are the mean values.

Compounds5 exhibited favorable plasma exposure (AJE 29995 ng-h/mL) and relatively low
clearance (CL = 146 mL/h/kg). Compoudddisplayed poor pharmacokinetic properties with low
plasma exposure (AU = 2863 ng-h/mL) and relatively high clearance (€L1588 mL/h/kg),
whereas the hit compourd® showed a litter higher plasma exposure and a ligerease of clearance
when compared with that df. The results indicated that the pharmacokinetmperties of novel
scaffold of tetrahydroisoquinoline thiohydantoin svdetter than that of indoline thiohydantoin.
Interestingly, the compountiie exhibited the longest elimination half-life (= 34.38 h) among these
analogues, while its plasma exposure was low (AJG 7034 ng-h/mL). Based on the
pharmacokinetic properties, therefore, we chosepoomd55 for furtherin vivo studies in our next
work.

3.4 Molecular Modeling

In order to better elucidate the mechanism of camd®5 antagonism at the molecular level, we
performed molecular modeling calculations and caegathem to those of enzalutamide. The
compound55 and enzalutamide were docked into the active Gité\R (PDB code 20Z7) using
Accelrys Discovery Studio (DS) 3.0 (Accelrys In&an Diego, CA, USA). As shown iRig. 5,
compounds5 could fit into the binding site by the formatiohtbe key hydrogen bonding interaction
with Arg752 similar to that of enzalutamide, whilge side chain on ring C was located to different
orientation, formed as a result of the conformatlorearrangement of the active site. Enzalutamdie
formed additional hydrogen bond interactions thioiig fluorine atom on ring C with the side chafn o
Leu701. Similarly55 kept theinteraction between the fluorine atom and the siin of Asn705, and
formed an additional hydrogen bond between the ctidén of Gly708 and the oxygen atom on ring B.

13



LEU MET SER
B MET ABT3 AT780 AT78

PHE
A697

PHE
A707 AB76

LEU
A701

ALA
A748

H-Bonds

»
PHE
Donor A708 o AB9L

HOH GLN
2 . GLY
A124  AT71L A:708

MET
ARG

A48 (a750 A:780 PHE

v A:697

VAL

A:746 SER
A:778

HOH
MET A:108
A:749

LEU
A:880

MET
A:742

TRP

A4 :7E3T7 LEU
ALA ASN A:700

PHE T PHE A:877 A:705

A:891 A0S A:876

ILE HIS
433 A:874 Ao1

Fig. 5. (A) The predicted binding mode of compousislin complex with AR; B) The 2D diagram of
binding mode of compoungb in complex with AR; C) The predicted binding mode of enzalutamide
in complex with AR; D) The 2D diagram of binding mode of enzalutamideamplex with AR.

4. Conclusion

Herein we report the synthesis and biologicalitro and vivoevaluation of a novel class of
tetrahydroisoquinoline thiohydantoin derivatives pstent androgen receptor antagonists. Firstly,
compound13 exhibited much increasement in AR antagonistigvaigtcompared to compound
(inhibition rate: 89.1% vs 58.4%) and on the saime L3 maintained potent antiproliferative activity
in LNCaP cell. Next, we roundly investigated the FSAf novel scaffold tetrahydroisoquinoline
thiohydantoin to obtain compourish, a potent androgen receptor antagortiStshowed comparable
effect in inhibiting the LNCaP cell growth (= 13.4uM) and AR antagonistic activity (inhibition
rate = 85.1%) with enzalutamide g 12.5uM, inhibition rate = 86.5%). In additio®b exhibited no
inhibition activity in DU145 cell (IG, > 200uM) compared to enzalutamide > 46.1uM). More
importantly,55 showed favorable pharmacokinetic properties wigh plasma exposure and relatively
low clearance compared fo Finally, the most promising compoub8 has been selected for vivo
preclinical studies in mouse models, which willdeported in later paper. We believe that it mayabe
novel candidate in the treatment of advanced hupnastate cancer.

5. Experimental procedures

5.1 Chemistry
All reagents and solvents were from commercial cesirand were used without further
purification. With tetramethylsilane (TMS) as imat standard, théH and*C NMR spectra were
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recorded on Bruker AV-300 (300 and 75 MHz) appaaii25°C. Samples were prepared as solutions
in deuterated solvent. EI-MS was collected on sbHzmaGCMS-2010 instruments. HR-MS spectral
data was obtained on Agilent technologies 6520 AateuMass Q-TOF LC/MS instruments. All target
compounds were purified via silica gel (60 A, 7®28esh) column chromatography. Melting points
were measured by XT-4 melting point apparatus.t&iyet compounds were found to have > 95%

purity.

5.1.1 2-Fluoro-4-nitro-benzoic acidl)

To the solution of 2-fluoro-4-nitrotolueri (15.0 g, 96.69 mmol) in tert-butanol® (500 mL,
v:v = 2:3), tetrabutylammonium chloride (1.5 g, 5.4thof) and potassium permanganate (76.4 g, 0.48
mol) were added. After refluxed for 8 h, the reamtimixture was filtered. The filtrate was then
acidified to pH 1 with 1 M HCI and extracted witthgl acetate (EA). The combined organic layers
were dried over N&O, and concentrated under reduced pressure to giveafiesponding product. It
was obtained as a white solid in 89% yiell.was ready for the next step without the further
purification. HRMS (ESI): m/z, calculated forly;FNO, 184.0079 (M - H) found 184.0059.

5.1.2 2-Fluoro-4-nitro-benzamid&)(

To a solution o# (10 g, 54.05 mmol) in toluene (100 mL) was addednyl chloride (12.86 g,
0.1 mol) dropwisely, and the reaction mixture wasexd at 40°C for 12 h. The solvent was removed
under reduced pressure to afford the acid chloagl@ viscous oil. This oil was dissolved in £CH
(150 mL) and cooled to C. Aqueous ammonia (28%, 200 mL) was slowly addwdi the reaction
was stirred at 4C for 30 min. The mixture was extracted with EAdahe organic layer was dried
with N&SQ,, filtered, and concentrated under reduced predewaéord a yellow solid in 89.33% yield.
HRMS (ESI): m/z, calculated for/8sFN,0; 185.0365 (M + H), found 185.0388.

5.1.3 2-Fluoro-4-nitro-benzonitriles]

To a solution of 5 (10 g, 54.35 mmol) in DMF (10Q)was added phosphorus oxychloride (35
mL) dropwisely. And the mixture was stirred at%®5for 12 h. This mixture was treated with ice water
(300 mL) for 30 min. Then the mixture was extractgth EA, and the organic layer was washed with
sat, dried with Nz50O,, filtered, and concentrated under reduced pregsusdford produc6 (7.82 g,
86.73%) as a yellow solid. HRMS (ESI): m/z, caltethfor GHsFN,O, 167.0261 (M + H), found
167.0283.

5.1.4 4-Amino-2-fluoro-benzonitril&)

A solution of6 (10.0 g, 60.24 mmol) in methanol (100 mL) was loggmated with 10% Pd/C
(1.0 g) under hydrogen atmosphere at room temperdtn 12 h. After filtration, the filtrate was
evaporated to give the corresponding product. # @l@ained as a gray solid in 88% yiéldvas ready
for the next step without the further purificatidhRMS (ESI): m/z, calculated for-BsFN, 137.0487
(M + H)", found 137.0452.

5.1.5 2-Fluoro-4-isothiocyanato-benzonitril@) (

Thiophosgen (9.3 g, 80.62 mmol) was added to aesnsspn of intermediat& (10.0 g, 73.53
mmol) in HO/CHCk (450 mL,v:v = 8:1). The mixture was stirred at room temperafor 15 h. After
the reaction was completed, the reaction mixture evdracted with CHGI(3 x 50 mL). The combined
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organic layers were dried over )}, and concentrated under reduced pressure. The craidieie was
purified by silica gel column chromatography (p&tton ether (PE)/ethyl acetate (EA) 6:1) to give the
corresponding product. It was obtained as a pdlew®il in 57% yield. HRMS (ESI): m/z, calculated
for CgH3FN,S 179.0098 (M + H) found 179.0028.

5.1.6 4-Isothiocyanato-2-trifluoromethyl-benzonér{10)

The synthesis of intermediaf® was similar to9, just replacing the materidl into 4-amino-2-
trifluoromethyl-benzonitrile8. m.p. 41-42C; *H-NMR (300 MHz, CDCJ): 6 7.84 (d,J = 8.25 Hz, 1H,
Ar-H), 7.59 (s, 1H, Ar-H), 7.48 (dl = 8.25 Hz, 1H, Ar-H) ppm; MS-EI (m/z): 69, 186,2M]".

5.1.7 4-(1-Oxo-3-thioxo-4,9-dihydro-10,10a-dihydnidazol[1,5-b]isoquinolin-2(1H, 3H, 5H)-yI)-2-(t-
rifluoromethyl)benzonitrile 3)

To the solution ofl0 (0.23 g, 1 mmol) in DMF (10 mL), 1,2,3,4-tetrahgthoquinoline-3-carbox-
ylic acid 11 (0.21 g, 1 mmol) and triethylamine (0.15 mol) wadked. The mixture was stirred at 30
°C for 1 h. Then the solution was added into iceew#50 mL), extracted with Ci&l,. The organic
layers were dried over NaO, and concentrated under reduced pressure. The cagidue was
purified by silica gel column chromatography (PE/BA) to give the corresponding product. It was
obtained as a yellow solid in 39% yield. m.p. 21B-2C; *H-NMR (300 MHz, CDC})): 6 7.88 (d, 2H,
Ar-H), 7.48 (d,J = 5.94 Hz, 1H, Ar-H), 7.39-7.31 (m, 4H, Ar-H), 8.1d, 1H, -CH-), 4.74 (d]) = 6.87
Hz, 1H, -CHH-), 4.51 (gJ = 6.87 Hz, 1H, -CHH-), 3.45 (d, 1H, -CHH-), 3.08 (H, -CHH-) ppm;
¥C-NMR (75 MHz DMSO-dy): 6 178.3, 172.0, 138.1, 136.3, 133.6, 131.2, 13®8,2], 127.1 (¢J =
267.9 Hz, -CE), 124.0, 115.0, 108.3, 57.6, 45.6, 29.2 ppm; IB)K3397, 1742, 1311, 1283, 1134,
809 cm*; MS-EI (m/z): 104, 130, 387 [; HRMS (ESI): m/z, calculated for,gH;,FsN;0S 388.0726
[M + H]", found 388.0724.

5.1.8 4-(10a-Methyl-1-oxo-3-thioxo-4,9-dihydro-1@ridihydroimidazol[1,5-b]isoquinolin-2(1H, 3H,
5H)-yI)-2-(trifluoromethyl)benzonitrile14)

The synthesis o4 was similar to13. The productl4 was yellow solid in 35% yield. m.p.
193-195°C; 'H-NMR (300 MHz, DMSOe): ¢ 8.38 (d,J = 8.34 Hz, 1H, Ar-H), 8.32 (s, 1H, Ar-H),
8.08 (d,J = 8.34 Hz, 1H, Ar-H), 7.37 (m, 4H, Ar-H), 5.58 (@= 18.09 Hz, 1H, -CHH-), 4.73 (d,=
18.09 Hz, 1H, -CHH-), 3.55 (d,= 16.14 Hz, 1H, -CHH-), 3.08 (d,= 16.14 Hz, 1H, -CHH-), 1.50 (s,
3H, -CHy); *C-NMR (75 MHz, DMSO#d): § 177.3, 175.0, 138.0, 136.1, 134.0, 131.2, 13®8,9,
128.1 (g,J = 268.2 Hz, -Ck), 124.0, 115.0, 108.5, 61.8, 43.6, 19.3 ppm; IBK3127.38, 1763.72,
1399.48, 1311.14, 1136.40 SrMS-EI (m/z): 104, 130, 144, 401 [ HRMS (ESI): m/z, calculated
for CooH14F3N30S 402.0882 [M + H] found 402.0888.

5.1.9 2-Fluoro-4-(1-ox0-3-thioxo-10,10a-ihydroimidd1,5-b]isoquinolin-2(1H, 3H, 5H)-yl)benzonitr-
ile (15)

The synthesis o5 was similar to13. The productl5 was yellow solid in 56% yield. m.p.
210-214°C; *H-NMR (300 MHz, DMSO#): J 8.38 (s, 1H, Ar-H), 8.15 (d] = 8.04 Hz, 1H, Ar-H),
8.12 (d,J = 3.6 Hz, 1H, Ar-H), 7.74 (m, 1H, Ar-H), 7.65 (d,= 8.46 Hz, 1H, Ar-H), 7.55 (m, 1H,
Ar-H), 5.49 (t,J = 18.66 Hz, 1H, -CH), 4.83 (ddJ = 5.43 Hz, 1H, -CH), 3.47 (t,J = 2.97 Hz, 1H,
-CH-) ppm;**C-NMR (75 MHz, DMSOe): 6 172.7, 171.4, 160.8, 141.2, 134.0, 130.4, 1288,5,
126.9, 126.3, 125.7, 121.3, 110.8, 108.1, 108.06,723.8, 28.1 ppm; IR (KBr): 3125, 2231, 1752,
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1617, 1525, 1400, 1347, 1069, 860, 515'ciRMS (ESI): m/z, calculated for ;@H,,FN;OS
360.0577 (M + N&) found 360.0585.

5.1.10 4-Bromomethyl-2-fluoro-benzonitriter}

To the solution of 2-fluoro-4-methylbenzonitritks (10 g, 74.07 mmol) in CHEI(200 mL),
dibenzoyl peroxide (1 g, 4.13 mmol) aNeBromosuccinimide (19.77 g, 11.11 mmol) were addéus:
reaction was stirred at refluxing for 12 h. The taie was treated with saturated sodium bicarbonate
solution, washed with water and brine. The orgdajer was dried over N8O, and concentrated
under reduced pressure to give the correspondiodupt17. It was obtained as a yellow oil in 88%
yield. HRMS (ESI): m/z, calculated for;BsBrFN 213.9678 (M + H) found 213.9667.

5.1.11 2-Acetylamino-2-(4-cyano-3-fluoro-benzyl}lonéc acid diethyl esterl@)

To the solution of Na (0.76 g, 33.16 mmol) in EtQH0 mL), diethyl acetamidomalonate (6.45 g,
30.15 mmol) was added. The mixture was stirredfbmin. Thernl7 (6.42 g, 30.15 mmol) was added
into the solution. After the reaction mixture wasred at refluxing for 18 h, the mixture was tret
with ice water (400 mL) and filtered to give therr@spondingl8. It was obtained as a white solid in
71% yield. HRMS (ESI): m/z, calculated fog8:4N,Os 350.1321 (M + H), found 350.1423.

5.1.12 4-(2-Amino-2-carboxy-ethyl)-2-fluoro-benza@id (19)

The intermediate 18 (7.50 g, 21.43 mmol) was addiedHCI (80 mL). The reaction mixture was
stirred at refluxing for 15 h and TLC analysis icatied that the reaction was completed. The mixture
was filtered to give the white solitd in 86% yield. HRMS (ESI): m/z, calculated forgd;0NO,
228.0603 (M + H), found 228.0606.

5.1.13 4-(2-Amino-2-methoxycarbonyl-ethyl)-2-flubenzoic acid methyl este?q)

To the solution o9 (10 g, 44.05 mmol) in methanol (100 mL), thionglaride (10.48 g, 88.10
mmol) was added dropwisely afQ. After adding, the mixture was stirred for 30 miaintaining the
temperature no more%®. Then the solution was stirred at refluxing foin.8The reaction mixture was
cooled to room temperature and filtered to give wiéte solid20 in 75% yield. HRMS (ESI): m/z,
calculated for GH;,NO, 256.0917 (M + H), found 256.0914.

5.1.14 4-(2-Ethoxycarbonylamino-2-methoxycarbonlgid-2-fluoro-benzoic acid methyl est@1j

To the solution 020 (4 g, 15.69 mmol) in CKCl, (40 mL), pyridine (4.96 g, 62.74 mmol) was
added. Then carbonochloridicacid ethylester (1,706¢69 mmol) was dropped into the solution solwly.
The reaction was stirred at room temperature fér . The solvent was removed under reduced
pressure. The the crude was treated with water (A0)) extracted with EA and washed with brine.
The organic layer was dried over JS$&), filtered and evaporated to give the correspongiogluct21.
It was obtained as a white solid in 60% yield. HREESI): m/z, calculated for gH;gNOg 328.1119
(M + H)", found 328.1123.

5.1.15 6-Fluoro-3,4-dihydro-1H-isoquinoline-2,3fctrboxylic acid 2-ethyl ester 3,7-dimethyl ester
(22)

To the solution of21 (3.83 g, 11.71 mmol) in COOH (12 mL) and kBO, (4
mL), paraformaldehyde (4.20 g, 58.56 mmol) waseddd he reaction mixture was stirred at room
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temperature for 5 h. Then the solution was treaii¢d water, extracted with EA and washed with brine
The organic layer was dried over JS$&), filtered and evaporated to give the correspongiogluct22.

It was obtained as a white solid in 92% yield. HRKESI): m/z, calculated for gH;gNOg 340.1118
(M + H)", found 340.1113.

5.1.16 6-Fluoro-1,2,3,4-tetrahydro-isoquinoline-&jicarboxylic acid 23)

The intermediat@?2 (5.00 g, 14.74 mmol) was added into HCI (50 mLf)eTeaction mixture was
stirred at refluxing for 18 h and TLC analysis icatied that the reaction was completed. The mixture
was cooled and filtered to give the white sdlil in 75% vyield. HRMS (ESI): m/z, calculated for
C11H10NO,4 240.0709 (M + H), found 240.0706.

5.1.17 6-Fluoro-1,2,3,4-tetrahydro-isoquinoline-3jicarboxylic acid dimethyl este?4)

To the solution oP3 (4.22 g, 17.65 mmol) in methanol (50 mL), thioehloride (4.20 g, 35.30
mmol) was added dropwisely afQ. After adding, the mixture was stirred for 30 maaintaining the
temperature no more%®. Then the solution was stirred at refluxing foln.8The reaction mixture was
cooled to room temperature and filtered to give iéte solid24 in 78% yield. HRMS (ESI): m/z,
calculated for @H;,NO, 268.0917 (M + H), found 268.0918.

5.1.18 2-(4-Cyano-3-fluoro-phenyl)-8-fluoro-1-oxek8oxo-1,2,3,5,10,10a-hexahydro-imidazo[1,5-b]
isoquinoline-7-carboxylic acid methyl est@64)

To the solution 08 (0.18 g, 1 mmol) in DMF (10 mLP4 (0.28 g, 1 mmol) and triethylamine (0.5
g, 0.80 mmol) were added. The mixture was stirte80&C for 1 h. Then the solution was added into
ice water (50 mL), extracted with EA and washedhwbtine. The organic layers were dried over
Na&SO, and concentrated under reduced pressure. The peailie was purified by silica gel column
chromatography (PE/EA 6:1) to give the correspogdimoduct25a. It was obtained as a yellow
powder in 70% vyield. m.p. 228-23C; *H-NMR (300 MHz, DMSO¢): J 8.14 (t,J = 5.4 Hz, 1H,
Ar-H), 7.95 (d,J = 5.4 Hz, 1H, Ar-H), 7.71 (d) = 7.8 Hz, 1H, Ar-H), 7.56 (d] = 8.1 Hz, 1H, Ar-H),
7.41 (d,J= 8.1 Hz, 1H, Ar-H), 5.41 (m, 1H, -CH-), 4.78 (nH2-CH,-), 3.87 (s, 3H, -Ch), 3.37 (q.J
= 6.0 Hz, 2H, -Ch) ppm;**C-NMR (75 MHz, DMSOd,): § 172.7, 171.4, 165.9, 160.8, 158.5, 142.0,
141.2, 134.0, 130.5, 129.6, 121.3, 115.6, 114.0,811108.1, 108.0, 72.5, 53.8, 51.5, 28.1 ppm; IR
(KBr): 3482, 2236, 1662, 1444, 1367, 1200, 114Q), 858 crit; HRMS (ESI): m/z, calculated for
CaoH13F2N303S 414.0747 (M + H) found 414.0713.

5.1.19 2-(4-Cyano-3-trifluoromethyl-phenyl)-8-floet -oxo-3-thioxo-1,2,3,5,10,10a-hexahydro-imid-
azo[1,5-bJisoquinoline-7-carboxylic acid methyles{5b)

The synthesis of compourgbb was similar to25a, just replacing the materi8linto 10. It was
obtained as a yellow powder in 69% yield. m.p. 226°C; "H-NMR (300 MHz, DMSO#): 6 8.38 (d,
J = 8.4 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 8.01 (@= 8.4 Hz, 1H, Ar-H), 7.96 (d) = 8.4 Hz, 1H,
Ar-H), 7.42 (d,J= 7.5 Hz, 1H, Ar-H), 5.43 (s, 1H, -CH-), 4.78 (ntj,2CH,-), 3.88 (s, 3H, -Ch), 3.40
(d, J = 4.8 Hz, 1H, -CH), 3.34 (s, 1H, -CH) ppm;*C-NMR (75 MHz, DMSOd,): § 172.7, 171.4,
165.9, 158.5, 142.0, 139.9, 134.7, 132.7, 130.8,6.29,J = 267.3 Hz, -Cf), 119.6, 118.1, 115.8,
115.7, 115.6, 114.4, 105.0, 72.5, 53.8, 51.5, pdrh; IR (KBr): 3409, 2957, 1777, 1628, 1444, 1310,
1268, 1147, 854, 558 cmMHRMS (ESI): m/z, calculated for,@;5FsN30sS 464.0616 (M + H) found
464.0671.
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5.1.20 2-(4-Cyano-3-fluoro-phenyl)-8-fluoro-1-oxe8oxo-1,2,3,5,10,10a-hexahydro-imidazo[1,5-b]
isoquinoline-7-carboxylic acid?6a)

The compoun@5a (0.20 g, 0.48 mmol) was dissolved in THF (5 mLJdnN aqueous NaOH (5
mL). The mixture was stirred at room temperature5® min. The organic solvent was removed under
reduced pressure. The the solution was treated WithHCI to adjust pH being 6 and filtered to give
the yellow powde@6a in 77% yield. m.p. 246-24%; "H-NMR (300 MHz, DMSO#): 6 13.26 (s, 1H,
-COOH), 8.13 (tJ = 8.1 Hz, 1H, Ar-H), 7.91 (m, 1H, Ar-H), 7.71 @ 8.1 Hz, 1H, Ar-H), 7.56 (d]
= 7.8 Hz, 1H, Ar-H), 7.35 (d] = 8.1 Hz, 1H, Ar-H), 5.37 (d] = 17.4 Hz, 1H, -CH-), 4.84-4.75 (m, 2H,
-CH,-), 3.38-3.30 (m, 2H, -CH) ppm; IR (KBr): 3531, 2234, 1760, 1628, 1449, 637251, 1139, 896,
558 cm'; HRMS (ESI): m/z, calculated for;6H;;F,N3;0sS 398.0416 (M - H) found 398.0436.

5.1.21 2-(4-Cyano-3-trifluoromethyl-phenyl)-8-floet -oxo-3-thioxo-1,2,3,5,10,10a-hexahydro-imid-
azo [1,5-b]isoquinoline-7-carboxylic aci@gb)

The synthesis of compourfbb was similar to26a, just replacing the materi@ba into 25b. It
was obtained as a yellow powder in 76% yield. mf0-162°C; *H-NMR (300 MHz, DMSO#dy): &
13.33 (s, 1H, -COOH), 8.40 @ = 8.1 Hz, 1H, Ar-H), 8.06 (m, 1H, Ar-H), 7.96 (d,= 8.1 Hz, 1H,
Ar-H), 7.56 (d,J = 7.8 Hz, 1H, Ar-H), 7.35 (d] = 8.1 Hz, 1H, Ar-H), 5.39 (d] = 17.4 Hz, 1H, -CH-),
4.84-4.75 (m, 2H, -CH), 3.41-3.36 (m, 2H, -CH) ppm; **C-NMR (75MHz, DMSO#d): § 172.7,
171.1, 165.1, 158.9, 142.9, 139.9, 134.7, 132.0,9,3129.6 (gJ = 265.1 Hz, -Ck), 119.6, 118.1,
115.8, 115.7, 115.7, 114.4, 105.0, 72.5, 53.8, @prh; IR (KBr): 3413, 2235, 1718, 1627, 1443, 1313,
1253, 1140, 804, 558 cMHRMS (ESI): m/z, calculated for,gH;,F4NsOsS 448.0384 (M - H) found
448.0384.

5.1.22 2-(4-Cyano-3-fluoro-phenyl)-8-fluoro-1-oxeksoxo-1,2,3,5,10,10a-hexahydro-imidazol[1,5-b]
isoquinoline-7-carboxylic acid methylamid&r§)

To the solution of26a (0.1 g, 0.25 mmol) in CCl, (15 mL), 4-(4,6-dimethoxy-1,3,5-triazin-
2-yl)-4-methylmpholinium chlide, DMTMM (0.04 g, 0z3mmol) was added at @C, followed by
stirring for 0.5 h. Triethylamine (0.13 g, 1.25 miinand methylamine (0.05 g, 0.49 mmol) (33% in
ethanol) were then added into the solution andnthéure was reacted at room temperature for 3 h.
After the reaction was completed, the solvent wasaved under reduced pressure. The resulting
slurry was taken up in 1 N HCI and then extractéti ®A. The combined organic layer was dried over
NaSO, and concentrated under reduced pressure to gwecdiresponding produ@7a. It was
obtained as a yellow powder in 78% yield. m.p. 306°C; *H-NMR (300 MHz, DMSO#k): 6 8.25 (s,
1H, -NH-), 8.13 (tJ = 8.4 Hz, 1H, Ar-H), 7.69 (m, 2H, Ar-H), 7.55 (@7 8.4 Hz, 1H, Ar-H), 7.32 (d,
J=8.4 Hz, 1H, Ar-H), 5.33 (d, 1H, -CH-), 4.75 (mH2-CH,-), 3.33 (s, 2H, -Cht), 2.77 (dJ = 8.4 Hz,
3H, -CH;) ppm; *C-NMR (75 MHz, DMSO¢): 6 172.7, 171.4, 167.8, 160.8, 156.1, 141.2, 141.1,
134.0, 129.8, 128.1, 122.1, 121.3, 114.6, 110.8,1101L08.0, 72.5, 53.4, 28.1, 26.7 ppm; IR (KBr):
3424, 2244, 1748, 1620, 1450, 1380, 1247, 1168, 812 cni; HRMS (ESI): m/z, calculated for
CooH14F2N40,S 413.0811 (M + H) found 413.0884.

5.1.23 2-(4-Cyano-3-trifluoromethyl-phenyl)-8-flueteoxo-3-thioxo-1,2,3,5,10,10a-hexahydro-imid-
azo[1,5-bJisoquinoline-7-carboxylic acid methylami@7b)
The synthesis of compour¥b was similar to27a, just replacing the materi@ba into 26b. It
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was obtained as a yellow powder in 80% yield. r820-333°C; H-NMR (300 MHz, DMSO#d): &
8.38 (d,J = 8.4 Hz, 1H, Ar-H), 8.32 (s, 1H, -NH-), 8.22 (3;,1Ar-H), 8.02 (d,J = 8.4 Hz, 1H, Ar-H),
7.65 (d,J=8.4 Hz, 1H, Ar-H), 7.33 (d] = 7.5 Hz, 1H, Ar-H), 5.39 (d] = 7.5 Hz, 1H, -CH-), 4.76 (m,
J=7.5Hz, 2H, -CH), 3.28 (,J = 7.5 Hz, 2H, -CH"), 1.12 (t,J = 6.9 Hz, 3H, -CH) ppm;**C-NMR
(75 MHz, DMSO¢g): 6 172.7, 171.4, 167.8, 156.1, 141.1, 139.9, 13432,7, 129.8, 128.1 (g} =
272.0 Hz, -CFk), 122.1, 119.6, 118.1, 115.8, 115.7, 114.6, 10K, 53.4, 28.1, 26.7 ppm; IR (KBr):
3446, 2963, 1748, 1649, 1487, 1310, 1254, 1140, B6& cm'; HRMS (ESI): m/z, calculated for
C1H14F4N4O,S 463.0854 (M + H) found 463.0759.

5.1.24 2-Amino-3-(3,5-dichloro-4-hydroxyphenyl)propic acid 29a)

To the solution of tyrosin28 (5.00 g, 27.6 mmol) in methanol (100 mL), chlorgees was added
at 0°C. The reaction mixture was stirred at room tempeeaovernight. The solvent was removed
under reduced pressure. The remainder was treatiedvater and filtered. The filtrate was adjustétl p
being 5 with ammonia water to generate precipifalen the precipitate was filtered and washed with
water to give brown soli@9a in 45% yield. m.p. > 256C; 'H-NMR (300 MHz, DMSO-RO): § 7.17
(s, 2H, Ar-H), 4.30 (m, 1H, -CH-), 3.10 (m, 2H, -&M

5.1.25 2-Amino-3-(3,5-dibromo-4-hydroxyphenyl)pnopia acid @9b)

To the solution of tyrosin@8 (10.00 g, 55.2 mmol) in ice acetic acid (100 mthp solution of
bromine (17.3 g, 0.11 mol) in ice acetic acid (3D)was dropped at 8C. The reaction mixture was
stirred at room temperature for 4 h. The solverns veanoved under reduced pressure. The crude was
recrystallized with acetone:PE = 1:1 to give whitdid 29b in 67% yield. m.p. > 256C; 'H-NMR
(300 MHz, DMS0O-BO0): ¢ 9.92 (s, 1H, -COOQOH), 7.44 (s, 2H, Ar-H), 4.22 {1k, -CH-), 3.00 (m, 2H,
-CH,-).

5.1.26 2-Amino-3-(3,5-diiodo-4-hydroxyphenyl)propinacid @9c)

To the solution of tyrosin@8 (2.00 g, 11.0 mmol) in ice acetic acid (14 mL) a#al (8 mL),
iodo (2.8 g, 11.0 mmol) was added. Then 30%Hwas dropped into the solution at 86. The
mixture was stirred for 30 min maintaining the tergiure. The solution was cooled to 4% and
treated with water (100 mL). The mixture was adjdspH being 5 with ammonia water to generate
precipitate. Then the precipitate was filtered avabshed with water to give brown so$c in 80%
yield. m.p. > 250C; *H-NMR (300 MHz, DMSO-DO): § 7.46 (s, 2H, Ar-H), 4.10 (t, 1H, -CH-), 2.93
(m, 2H, -CH-).

5.1.27 Typical procedure for the preparation 8d4-30c)

To the solution of29a-29c (3.60 mmol) in CECOOH (20 mL), 33% HBr in CkCOOH was
dropped. Then paraformaldehyde (0.22 g, 7.34 mmvel added into the solution. The reaction was
stirred at 55°C for 72 h and the TLC indicated that the reactieas completed. The mixture was
cooled to @C to generate precipitate. Then the precipitatefitesed and washed with EA. The crude
was recrystallized with methanol to give correspoggroduct30a-30c. And 30a-30c were ready for
the next step without the further purification.

5.1.28 Typical procedure for the preparation 8ig-31c)
To the solution 0f30a-30c (16.99 mmol) in methanol (150 mL), thionyl chlai@50.97 mmol)

20



was added dropwisely at @. After adding, the mixture was stirred for 30 mimaintaining the
temperature no more %. Then the solution was stirred at refluxing fdr i and the TLC indicated
that the reaction was completed. The reaction méxtvas cooled to room temperature and filtered to
give corresponding produ@la-31c. And 3la-31c were ready for the next step without the further
purification.

5.1.29 Typical procedure for the preparation 824-32c)

To the solution of compountO (1.00 mmol) and TEA (1.00 mmol) in DMF (10 ml3]a-31c
(1.00 mmol) was added. The reaction mixture wasestiat room temperature for 1 h and the TLC
indicated that the reaction was completed. Thetisolwas added into ice water and extracted with EA
(3 x 20 mL). The combined organic layer was théadlover NaSQO, and concentrated under reduced
pressure. The crude material was purified by stiebcolumn chromatography (PE/EA 3:1) to give the
corresponding product.

5.1.30 4-(6,8-Dichloro-7-hydroxy-1-oxo-3-thioxo-10a-dihydroimidazo[1,5-b]isoquinolin-2(1H, 3H,
5H)-yl)-2-(trifluoromethyl)benzonitrile32a)

It was obtained as a yellow solid in 44.1% yieldpn260-262C; *H-NMR (300 MHz, DMSOd):
0 10.27(s, 1H, -OH), 8.39 (dJ = 8.28 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 @~ 8.28 Hz, 1H,
Ar-H), 7.48 (s, 1H, Ar-H), 5.35 (s, 1H, -CH-), 4.76,J = 18.18 Hz, 1H, -CHH-), 4.55 (d,= 18.18 Hz,
1H, -CHH-), 3.32 (s, 2H, -CH); *C-NMR (75 MHz, DMSOd): § 178.6, 171.7, 147.9, 137.8, 136.1,
133.7, 131.3, 130.8, 128.6 (= 270.2 Hz, -CFj, 127.8, 124.3, 120.8, 120.2, 114.9, 108.4, ¥4,
28.4 ppm; IR (KBr): 3414, 3127, 1762, 1503, 140814 cni; MS-El (m/z): 214, 471 [M; HRMS
(ESI): calculated for GH1oCl,FsN30,S 471.9896 (M + H) found 471.9898.

5.1.31 4-(6,8-Dibromo-7-hydroxy-1-oxo-3-thioxo-1gidihydroimidazo[1,5-b]isoquinolin-2(1H, 3H,
5H)-yI)-2-(trifluoromethyl)benzonitrile32b)

It was obtained as a yellow solid in 39.2% yield.pm242-245°C; 'H-NMR (300 MHz,
DMSO-dg): 6 10.03(s, 1H, -OH), 8.39 (djJ = 8.22 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.03 (b 8.22
Hz, 1H, Ar-H), 7.64 (s, 1H, Ar-H), 5.28 (d,= 18.18 Hz, 1H, -CH-), 4.76 (d,= 17.01 Hz, 1H, -CHH-),
4.48 (d,J = 17.01 Hz, 1H, -CHH-), 3.28 (s, 2H, -GH *C-NMR (75 MHz, DMSO¢d,): § 178.5, 171.7,
149.9, 137.8, 136.2, 133.6, 130.7, 127.8)¢ 264.8 Hz, -CF), 126.1, 124.0, 120.5, 115.1, 112.1,
108.5, 57.1, 47.2, 28.3, 14.0 ppm; IR (KBr): 348807, 1760, 1502, 1313 &mMS-EI (m/z): 57, 89,
116, 170, 304, 558, 560 [ HRMS (ESI): m/z, calculated forigH10Br,FsN30,S 559.8885 (M + H)
found 559.8882.

5.1.32 4-(6,8-Diiodo-7-hydroxy-1-oxo-3-thioxo-10idihydroimidazo[1,5-bJisoquinolin-2(1H, 3H,
5H)-yl)-2-(trifluoromethyl)benzonitrile32c)

It was obtained as a yellow solid in 36.1% yield.pm239-242°C; 'H-NMR (300 MHz,
DMSO-dg): 6 9.66(s, 1H, -OH), 8.39 (dJ = 8.28 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 8.03 @ 8.28
Hz, 1H, Ar-H), 7.80 (s, 1H, Ar-H), 5.22 (d, 1H, -€4.74 (d,J = 17.10 Hz, 1H, -CHH-), 4.40 (d,=
17.10 Hz, 1H, -CHH-), 3.23 (dl = 8.31 Hz, 2H, -Ch); **C-NMR (75 MHz, DMSOds): 6 178.6,
171.7, 154.5, 139.0, 137.8, 136.2, 134.2, 133.8,111y,J = 263.4 Hz, -CFk), 114.8, 91.2, 85.2, 57.2,
52.6, 27.8 ppm; IR (KBr): 3127, 1735, 1477, 140814 cm*; MS-El (m/z): 89, 116, 144, 170, 272,
398, 529, 655 [M; HRMS (ESI): calculated for {gH;oF31,N;0,S 655.8608 (M + H) found

21



655.8603.

5.1.33 2-Tert-butyl-3-methyl-6,8-dibromo-7-hydréky-dihydroisoquinoline-2,3(1H)-dicaroxylate
(333)

To the solution of intermediat81b (3.60 g, 10.0 mmol) and TEA (1.52 g, 15.0 mmol) in
1,4-dioxane/ HO (180 mL,v:v = 8:1), the ditert-butyl dicarbonate (2.4 g, 11.0 mmol) was added
dropwise slowly at C. The mixture was stirred at room temperature Xérh and TLC analysis
indicated that the reaction was completed. Theestlwas removed under reduced pressure. The crude
residue was treated with water and adjusted pHgokiwith 5 N HCI. Then the solution was extracted
wtih EA and washed with water. The organic layeiswizied over Nzg5O, and concentrated under
reduced pressure to give the corresponding pro8Ract33a was ready for the next step without the
further purification.

5.1.34 Typical procedure for the preparation 83I¢-33i)

To the solution of33a (2.00 g, 4.43 mmol) and KOs (2.52 g, 17.74 mmol) in DMF (25 mL),
different alkylation reagents RX (17.74 mmol) waki@d. The reaction mixture was stirred at room
temperature for 1 h and TLC analysis indicated that reaction was complete@ihe solution was
treated with water and extracted with EA. The crudaterial was purified by silica gel column
chromatography (PE/EA 3:1) to give the correspoggiroduct.33b-33i was ready for the next step
without the further purification.

5.1.35Typical procedure for the preparation (¥1d and 31e)

To the solution 083b or 33i (3.26 mmol) in CHCI, (20 mL), CRCOOH (48.3 mmol) was added.
The reaction mixture was stirred at room tempeeafar 30 min and TLC analysis indicated that the
reaction was completed. The solution was adjusteddbping 7 with saturated aqueous sodium
bicarbonate. The organic layer was washed with nvateed over NgSO, and concentrated under
reduced pressure to give the corresponding praglictand 31e. 31d and3le were ready for the next
step without the further purification.

5.1.36 4-(6,8-Dibromo-7-methoxy-1-0x0-3-thioxo-D@;Hihydroimidazo[1,5-b]isoquinolin-2(1H, 3H,
5H)-yI)-2-(trifluoromethyl)benzonitrile32d)

The synthesis 082d was similar to32a. It was obtained as yellow powder in 30% yieldpm.
162-165°C; 'H-NMR (300 MHz, DMSO#): 6 8.39 (d,J = 8.22 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H),
8.02 (d,J = 8.22 Hz, 1H, Ar-H), 7.79 (s, 1H, Ar-H), 5.30 @7= 18.09 Hz, 1H, -CH-), 4.76 (nd,=
17.91 Hz, 1H, -CHH-), 4.48 (d,= 17.91 Hz, 1H, -CHH-), 3.82 (s, 3H, -OgH3.35 (d,J = 5.64 Hz,
2H, -CH-); *C-NMR (75 MHz, DMSOd): 6 178.55, 171.60, 152.33, 137.80, 136.19, 133.72,5131
127.68 (qJ = 264.0 Hz, -Ck), 117.69, 115.47, 108.46, 60.40, 56.74, 46.915@8R (KBr): 3422.75,
3127.97, 1763.71, 1638.01, 1400.37'¢mS-El (m/z): 170, 318, 575 [, HRMS (ESI): calculated
for CyoH1BrFsN30,S 573.9042 (M + H) found 573.9028.

5.1.37 4-(6,8-Dibromo-7-(4-ethoxy-4-oxobutoxy)- b-@thioxo-10,10a-dihydroimidazo[1,5-b]isoqui-
nolin-2(1H, 3H, 5H)-yl)-2-(trifluoromethyl)benzorile (32€)

The synthesis of 32e was similar to 32a.It was inbthas yellow powder in 52% yield. m.p.
158-160°C; 'H-NMR (300 MHz, DMSOdy): 6 8.41 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.04 (dH1
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Ar-H), 7.80 (s, 1H, Ar-H), 5.32 (d, 2H, -GH, 4.50 (d, 2H, -CH), 4.10 (q, 4H, -O-CH, -COOCH-),
3.98 (t, 1H, -CH-), 2.08 (m, 4H, -GBH,-), 1.20 (t, 3H, -ChH); **C-NMR (75 MHz, DMSO#) : ¢
178.3, 172.5, 157.3, 134.0, 136.1, 133.7, 131.9.113127.7 (qJ = 272.5 Hz, -Cf), 122.9, 114.0,
111.9, 66.6, 59.8, 57.9, 30.1, 28.5, 24.1, 14.1;dpnfKBr): 3127.66, 2360.55, 2342.23, 1400.41'cm
HRMS (ESI): calculated for £H,Br,F;N3;0,S 673.9566 (M + H) found 673.9554.

5.1.38Typical procedure for the preparation (#4a-34i)

A solution 0f33a-33i (10 mmol) and TEA (10 mmol) in methanol (100 mLasshydrogenated in
the presence of 10% Pd/C and stirred afGJor 12 h. The reaction mixture was filtered tonowve
Pd/C and the solvent was removed under reducedyeesThe crude residue was treated with@H
and washed with water. The organic layer was ddaeer NagSO, and concentrated under reduced
pressure to give the corresponding prod@4a-34i were ready for the next step without the further
purification.

5.1.39Typical procedure for the preparation (#5a-35i)

To the solution oB4a-34i (3.26 mmol) in CHCI, (20 mL), CRCOOH (48.3 mmol) was added.
The reaction mixture was stirred at room tempeeafar 30 min and TLC analysis indicated that the
reaction was completed. The solution was adjustedbping 7 with saturated aqueous sodium
bicarbonate. The organic layer was washed with nvateed over NgSO, and concentrated under
reduced pressure to give the corresponding pro8&at35i were ready for the next step without the
further purification.

5.1.40 Typical procedure for the preparation 864-36i)

To the solution of compounti0 (1.00 mmol) and TEA (1.00 mmol) in DMF (10 ml35a-35i
(1.00 mmol) was added. The reaction mixture wasestiat room temperature for 1 h and the TLC
indicated that the reaction was completed. Thetisolwas added into ice water and extracted with EA
(3 x 20 mL). The combined organic layer was thdadiover NaSO, and concentrated under reduced
pressure. The crude material was purified by stiebcolumn chromatography (PE/EA 3:1) to give the
corresponding product.

5.1.41 4-(7-Hydroxy-1-ox0-3-thioxo-10,10a-dihydrmlaro[1,5-blisoquinolin-2(1H,3H,5H)-yl)-2-(tri-
fluoromethyl)benzonitrile36a)

It was obtained as yellow powder in 39% yield. n2p4-237°C; *H-NMR (300 MHz, DMSOd):
0 9.48 (s, 1H, -OH), 8.39 (d, 1H, Ar-H), 8.36 (s, 1M:H), 8.22 (d, 1H, Ar-H), 7.13 (d, 1H, Ar-H),
6.73-6.68 (m, 2H, Ar-H), 5.28 (d, 1H, -CH-), 4.748 (m, 2H, -CH), 3.17 (d, 2H, -Ch); *C-NMR
(75 MHz, DMSO4dg): 6 175.7, 169.6, 153.7, 135.5, 133.6, 131.2, 129.8,31@y,J = 265.7 Hz, -C§),
125.2, 118.5, 112.3, 110.2, 105.9, 55.6, 43.2, ;2R1(KBr): 3397, 3127, 1742, 1503, 1400 tm
MS-EI (m/z): 66, 73, 84, 120, 146, 403 M HRMS (ESI): m/z, calculated for ;@H;3F3N30,S
404.0675 (M + H), found 404.0676.

5.1.42 4-(7-Methoxy-1-0x0-3-thioxo-10,10a-dihydioiazo[1,5-bJisoquinolin-2(1H,3H,5H)-yl)-2-(tri-
fluoromethyl)benzonitrile3gb)

It was obtained as yellow powder in 66% yield. n2p4-236°C; *H-NMR (300 MHz, DMSOd):
0 8.38 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (di1Ar-H), 7.25 (d, 1H, Ar-H), 6.99 (s, 1H, Ar-H),

6.88 (d, 1H, Ar-H), 5.38 (d, 2H, -GH, 4.71 (m, 2H, -Ch#), 3.4-3.2 (m, 4H, -Cl} -CH-); *C-NMR
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(75 MHz, DMSO¢g): 6 178.4, 172.2, 158.1, 138.2, 136.2, 133.8, 13(®22,8.(q,J = 265.3 Hz, -C§),
114.9, 113.5, 111.5, 57.9, 55.5, 46.8, 28.5 ppm;(KBr): 3126.93, 1745.66, 1502.63, 1400.34,
1135.62 cnt; MS-El (m/z): 84, 134, 160, 417 [W) HRMS (ESI): m/z, calculated for @H;4FsN30,S
418.0832 (M + H), found 418.0827.

5.1.43 4-(7-Ethoxy-1-ox0-3-thioxo-10,10a-dihydralazo[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(trifl-
uoromethyl)benzonitrile36c)

It was obtained as yellow powder in 43% yield. n20-233°C; 'H-NMR (300 MHz, DMSOd):
0 8.38 (d, 1H, Ar-H), 8.24 (s, 1H, Ar-H), 8.02 (d, 1HAr-H), 7.24 (d, 1H, Ar-H), 6.96 (s, 1H, Ar-H),
6.86 (d, 1H, Ar-H), 5.38 (d, 1H, -CH-), 4.77 (m, 2#€H,-), 4.06 (q, 2H, -Cht), 3.23 (q, 2H, -CH}),
1.35 (t, 3H, -CH); **C-NMR (75 MHz, DMSOdy): § 178.3, 172.1, 157.4, 138.0, 136.1, 133.7, 131.8,
130.1, 127.7 (gJ = 268.1 Hz, -Ck), 122.6, 115.0, 113.9, 111.8, 63.1, 57.9, 45.75,2B4.6 ppm; IR
(KBr): 3133.37, 1763.04, 1507.09, 1400.14, 112%84; MS-EI (m/z): 91, 120, 146, 174, 431 (M
HRMS (ESI): m/z, calculated for,@H,6FsN50,S 432.0988 (M + H) found 432.0992.

5.1.44 4-(7-Propoxy-1-oxo-3-thioxo-10,10a-dihydnoiazo[1,5-bJisoquinolin-2(1H,3H,5H)-yl)-2-(tri-
fluoromethyl)benzonitrile36d)

It was obtained as yellow powder in 34% yield. n22-205°C; *H-NMR (300 MHz, DMSOd):
0 8.39 (d, 1H, Ar-H), 8.24 (s, 1H, Ar-H), 8.02 (di1Ar-H), 7.23 (d, 1H, Ar-H), 6.96 (s, 1H, Ar-H),
6.84 (d, 1H, Ar-H), 5.34 (d, 2H, -GH, 4.65 (d, 2H, -CH), 3.95 (m, 3H, -CH-, CH), 1.72 (q, 2H,
-CH,-), 0.98 (t, 3H, -CH); **C-NMR (75 MHz, DMSOd,): § 178.4, 172.2, 157.8, 138.1, 136.2, 133.8,
130.2, 127.8 (q) = 272.6 Hz, -Ck), 122.7, 115.1, 113.9, 111.8, 69.1, 57.8, 45.8,,281.8, 10.4 ppm;
IR (KBr): 3127.72, 1766.88, 1507.56, 1400.34cIS-El (m/z): 91, 120, 146, 188, 445 [MHRMS
(ESI): m/z, calculated for GH;gFsN30,S 446.1145 (M + H) found 446.1152.

5.1.45 4-(7-lIsopropoxy-1-oxo-3-thioxo-10,10a-dilgmidazo[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-
(trifluoromethyl)benzonitrile 36€)

It was obtained as yellow powder in 38% yield. n2p0-223°C; *H-NMR (300 MHz, DMSOd):
0 8.36 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (di1Ar-H), 7.24 (d, 1H, Ar-H), 6.96 (s, 1H, Ar-H),
6.83 (d, 1H, Ar-H), 5.37 (d, 1H, -CH-), 4.80-4.58,(3H, -OCH-, -CH), 3.22 (d, 2H, -CH), 1.28 (d,
6H, -CH(CH,),); *C-NMR (75 MHz, DMSO¢,): ¢ 178.2, 172.1, 156.3, 138.0, 136.1, 133.7, 131.9,
130.8, 127.6 (gJ) = 268.9 Hz, -Ck), 124.0, 115.0, 113.2, 108.3, 69.2, 57.9, 45.75,287.8 ppm; IR
(KBr): 3127.75, 1744.00, 1502.36, 1400.32, 131xi; MS-EI (m/z): 91, 120, 146, 445 [}
HRMS (ESI): m/z, calculated for,gH,5FsN50,S 446.1145 (M + H) found 446.115.

5.1.46 4-(7-Butoxy-1-oxo-3-thioxo-10,10a-dihydrala@o[1,5-blisoquinolin-2(1H,3H,5H)-yl)-2-(trifl-
uoromethyl)benzonitrile3gf)

It was obtained as yellow powder in 44% yield. n2@3-205°C; *H-NMR (300 MHz, DMSOd):
0 8.39 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (di1Ar-H), 7.24 (d, 1H, Ar-H), 6.97 (s, 1H, Ar-H),
6.85 (d, 1H, Ar-H), 5.37 (d,1H, -CH-), 4.73-4.68,(&H, -CH-), 3.99 (t, 2H, -OCH), 3.22 (d, 2H,
-CH,-)1.72 (m, 2H, -CH), 1.47 (m, 2H, -Chk#), 0.95 (t, 3H, -CH); **C-NMR (75 MHz, DMSOdj): ¢
178.2,172.0, 157.6, 138.0, 136.1, 133.7, 131.8,.327.7, 124.0, 122.6, 120.4, 115.2, 114.0,911,1.
108.4, 67.7, 58.0, 45.8, 30.6, 28.6, 18.7, 13.8;pin(KBr): 3127.04, 1744.74, 1400.25, 1311.92,
1173.64 cnt; MS-EIl (m/z): 91, 120, 146, 202, 403, 459 JMHRMS (ESI): m/z, calculated for
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CoaHa0FsN30,S 460.1301 (M + H) found 460.1308.

5.1.47 4-(7-1sobutoxy-1-oxo-3-thioxo-10,10a-dihyaidazo[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(t-
rifluoromethyl)benzonitrile 36g)

It was obtained as yellow powder in 38% vyield. n2p8-210°C; *H-NMR (300 MHz, DMSOd):
0 8.38 (d, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.03 (di1Ar-H), 7.24 (d, 1H, Ar-H), 6.99 (s, 1H, Ar-H),
6.89 (d, 1H, Ar-H), 5.37 (d, 1H, -CH-), 4.73-4.62,(2H, -CH-), 3.75 (d, 2H, -OCH}), 3.22 (d, 2H,
-CH,-), 2.02 (m, 1H, -CH-), 0.98 (d, 6H, -CH(G}); **C-NMR (75 MHz, DMSO¢): § 178.1, 172.3,
157.8, 138.1, 136.5, 133.6, 131.8, 130.1, 126.8 {g264.0 Hz, -CF), 122.5, 114.8, 113.8, 111.9, 73.8,
57.9, 45.6, 28.6, 27.7, 19.1 ppm; IR (KBr): 3127.8050.31, 1508.03, 1400.09, 1312.76"ciMS-El
(m/z): 57, 91, 120, 146, 403, 459 ]MHRMS (ESI): m/z, calculated forJgH,oFsN30,S 460.1301 (M
+ H)", found 460.1304.

5.1.48 4-(7-Cyclohexyloxy-1-ox0-3-thioxo-10,10aydilvimidazo[1,5-blisoquinolin-2(1H,3H,5H)-yl)-
2-(trifluoromethyl)benzonitrile3eh)

It was obtained as yellow powder in 53% yield. n2p8-220°C; *H-NMR (300 MHz, DMSOd):
0 8.38 (d, 1H, Ar-H), 8.24 (s, 1H, Ar-H), 8.02 (di1Ar-H), 7.23 (d, 1H, Ar-H), 6.99 (s, 1H, Ar-H),
6.86 (d, 1H, Ar-H), 5.37 (d, 1H, -CH-), 4.77 (m, 2CH,-), 4.33 (s, 1H, -CH-), 3.21 (d, 2H, -GHi
2.01-1.15 (m, 10H, -(CH)s); *C-NMR (75 MHz, DMSO¢,): § 178.2, 172.2, 156.4, 137.9, 135.9,
133.6, 131.8, 130.1, 127.8 (§,~= 271.4 Hz, -Ck), 122.8, 115.0, 113.4, 74.5, 57.9, 46.9, 31.36,28.
24.8, 23.1 ppm; IR (KBr): 3127.55, 2939.85, 1753.8203.09, 1400.35, 1312.91 ¢nMS-El (m/z):
85, 91, 146, 341, 356, 403, 554 MHRMS (ESI): m/z, calculated for gH,FsN;0,S 486.1458 (M +
H)*, found 486.1463.

5.1.49 Ethyl 4-((2-(4-cyano-3-(trifluoromethyl)ph#Al-oxo-3-thioxo-1,2,3,5,10,10a-hexahydroimida-
zo[1,5-blisoquinolin-7-yl)oxy)butanoat&ei)

It was obtained as yellow powder in 52% yield. m.p8-160°C; *H-NMR (300 MHz, DMSOdy):
0 8.39 (d, 1H, Ar-H), 8.19 (s, 1H, Ar-H), 8.02 (d, 1HAr-H), 7.23 (d, 1H, Ar-H), 6.99 (s, 1H, Ar-H),
6.86 (d, 1H, Ar-H), 5.32 (d, 2H, -GH, 4.50 (d, 2H, -CH), 4.10 (g, 4H, -O-CH, -COOCH-), 3.98 (t,
1H, -CH-), 2.08 (m, 4H, -C}CH,-), 1.20 (t, 3H, -CH); *C-NMR (75 MHz, DMSO#¢): 6 178.3,
172.5, 157.3, 134.0, 136.1, 133.7, 131.9, 130.1,71@3,J = 263.1 Hz, -CF), 122.9, 114.0, 111.9, 66.6,
59.8, 57.9, 30.1, 28.5, 24.1, 14.1 ppm; IR (KBr}23.66, 2360.55, 2342.23, 1400.41 GrivIS-El
(m/z): 115, 146, 472, 517 [J) HRMS (ESI): m/z, calculated forgH,,F;N;0,S 518.1356 (M + H)
found 518.1358.

5.1.50 1,2,3,4-Tetrahydroisoquinoline-3-carboxyad (11)

To the solution of phenylalanir8¥ (16.5 g, 0.1 mol) in HCI (150 ml), 33% formaldeleysblution
(70 ml, 1 mol) was added. The reaction mixture wtged at refluxing for 6 h and TLC analysis
indicated that the reaction was completed. Theurgxtvas filtered to give white solid in 33% vyield.
m.p. 245-247°C; *H-NMR (300 MHz, DMOSdg): § 10.07 (s, 1H, -COOH), 7.27 (s, 4H, Ar-H),
4.43-4.40 (m, 2H, -CH), 3.81 (s, 1H, -CH-), 3. 45-3.10 (m, 2H, -€H

5.1.51 Typical procedure for the preparation 884 and38b)
The compoundi (2.5 g, 14.1 mmol) was dissolved in$0, (12.5 mL) at -1FC. The solution of
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KNO;3 (1.48 g, 14.7 mmol) in }$0, (5.00 mL) was added dropwise slowly into the migtuThe
reaction mixture was stirred at room temperaturelftn and TLC analysis indicated that the reaction
was completed. The solution was treated with icéew§l00 mL) and adjusted pH being 7 with
ammonia water to generate precipitation. Then theume was filtered to give yellow soli®8a and
38b were ready for next step without the further poaifion.

5.1.52 Typical procedure for the preparation 894 and39b)

To the solution 088a and38b (10.00 mmol) in methanol (50 mL), thionyl chlori@0.00 mmol)
was added dropwisely at @. After adding, the mixture was stirred for 30 mimaintaining the
temperature no more®®. Then the solution was stirred at refluxing fdri. The reaction mixture was
cooled to room temperature and filtered to giverdsponding compoun@9a and39b were ready for
next step without the further purification.

5.1.53 Typical procedure for the preparation 404 and40b)

To the solution of intermediat89a and 39b (10.0 mmol) and TEA (1.52 g, 15.0 mmol) in
1,4-dioxane/HO (180 mL, v:v = 8:1), the diert-butyl dicarbonate (2.4 g, 11.0 mmol) was added
dropwise slowly at C. The mixture was stirred at room temperatureXérh and TLC analysis
indicated that the reaction was completed. Theestlwas removed under reduced pressure. The crude
residue was treated with water and adjusted pHgbkiwith 5 N HCI. Then the solution was extracted
wtih EA and washed with water. The organic layeiswizied over Nzg5O, and concentrated under
reduced pressure to give the corresponding prod0atand40b were ready for the next step without
the further purification.

5.1.54 Typical procedure for the preparation 48¢ and40d)

A solution of40a and40b (10 mmol) in methanol (100 mL) was hydrogenatethapresence of
10% Pd/C and stirred at room temperature for 1Phe. reaction mixture was filtered to remove Pd/C
and the solvent was removed under reduced pretswige the corresponding produdfc and40d
were ready for the next step without the furtheniffpation.

5.1.55Typical procedure for the preparation (#9c and 39d)

To the solution o40c and40d (3.26 mmol) in CHCI, (20 mL), CRCOOH (48.3 mmol) was
added. The reaction mixture was stirred at roonptrature for 30 min and TLC analysis indicated
that the reaction was completed. The solution vaigstéed pH being 7 with saturated aqueous sodium
bicarbonate. The organic layer was washed with nvateed over NgSO, and concentrated under
reduced pressure to give the corresponding pro8@ctand39d were ready for the next step without
the further purification.

5.1.56Typical procedure for the preparation @fla-41d)

To the solution of compountld (1.00 mmol) and TEA (1.00 mmol) in DMF (10 ml39a-39d
(2.00 mmol) was added. The reaction mixture wasestiat room temperature for 1 h and the TLC
indicated that the reaction was completed. Thetisolwas added into ice water and extracted with EA
(3 x 20 mL). The combined organic layer was théadlover NaSQO, and concentrated under reduced
pressure. The crude material was purified by stiebcolumn chromatography (PE/EA 3:1) to give the
corresponding product.
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5.1.57 4-(8-Nitro-1-oxo-3-thioxo-10,10a-dihydroimmmb[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(trifluo-
romethyl)benzonitrile41a)

It was obtained as a yellow powder in 34% vyieldp.ml71-173°C; *H-NMR (300 MHz,
DMSO-dg): ¢ 8.40 (d, 1H, Ar-H), 8.32 (s, 1H, Ar-H), 8.25 (s, 1Ar-H), 8.15 (d, 1H, Ar-H), 8.04 (d,
1H, Ar-H), 7.69 (d, 1H, Ar-H), 5.55 (d, 1H, -CH4,81 (d, 2H, -Ch), 3.45 (m, 2H, -Ch); *C-NMR
(75 MHz, DMSO¢dg): 6 178.2, 172.0, 137.6, 136.0, 133.5, 132.5, 129.8,21&y,J = 266.3 Hz, -C§),
127.5, 123.8, 121.9, 114.9, 108.4, 57.3, 45.2, pprh; IR (KBr): 3448, 3133, 2371, 1637, 1400, 1313
cm®; MS-El (m/z): 129, 175, 432 [, HRMS (ESI): calculated for H;;FsN4O5S 433.0577 (M +
H)*, found 433.0583.

5.1.58 4-(7-Nitro-1-ox0-3-thioxo-10,10a-dihydroimmmb[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(trifluo-
romethyl)benzonitrile41b)

It was obtained as a yellow powder in 60% vyieldp.nm219-221°C; *H-NMR (300 MHz,
DMSO-dg): ¢ 8.39 (d, 2H, Ar-H), 8.23 (s, 1H, Ar-H), 8.12 (d, 1Ar-H), 8.01 (d, 1H, Ar-H), 7.65 (d,
1H, Ar-H), 5.57 (d, 1H, -CH-), 4.86 (g, 2H, -G}, 3.48-3.41 (m, 2H, -CH); *C-NMR (75 MHz,
DMSO-dg): ¢ 178.6, 171.8, 146.4, 139.4, 137.9, 136.2, 133329, 130.6, 127.6 (g} = 267.1 Hz,
-CRg), 122.0, 56.9, 45.4, 29.4 ppm; IR (KBr): 3439, 834614, 1312, 1048, 889; MS-El (m/z): 129,
175, 432 [M]; HRMS (ESI): calculated for gH13F3sN405S 433.0577 (M + H) found 433.0583.

5.1.59 4-(8-Amino-1-0x0-3-thioxo-10,10a-dihydroiard[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(trifl-
uoromethyl)benzonitriled(Lc)

It was obtained as a yellow powder in 31% vyieldp.n225-227°C; *H-NMR (300 MHz,
DMSO-dg): ¢ 8.39 (d, 1H, Ar-H), 8.24 (s, 1H, Ar-H), 8.02 (d, 1KAr-H), 7.38 (d, 1H, Ar-H), 7.10 (s,
2H, Ar-H), 5.38 (d, 1H, -CH-), 4.72 (m, 2H, -G# 3.76 (s, 2H, -Nk), 3.32 (d, 2H, -Ch); *C-NMR
(75 MHz, DMSO¢dg): 6 178.2, 172.0, 137.6, 136.0, 133.5, 132.5, 1228,21(q,J = 272.8 Hz, -C§),
127.5, 123.8, 121.9, 114.9, 108.4, 57.3, 45.2, @prh; IR (KBr): 3133, 2371, 1400, 1313 ¢nMS-El
(m/z): 119, 145, 402 [NM; HRMS (ESI): calculated for gH;sFsN,OS 403.0835 (M + H) found
403.0573.

5.1.60 4-(7-Amino-1-0x0-3-thioxo-10,10a-dihydroiagd[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-2-(trifl-
uoromethyl)benzonitrile4(Ld)

It was obtained as a yellow powder in 31% yieldp.m58-160°C; *H-NMR (300 MHz, BO): ¢
8.40 (s, 1H, Ar-H), 8.28 (s, 1H, Ar-H), 8.08 (s, 2&t-H), 7.44 (d, 2H, Ar-H), 5.42 (s, 1H, -CH-),80
(t, 2H, -CH-), 3.36 (t, 2H, -Ch); *C-NMR (75 MHz, DMSOd): § 179.2, 178.1, 172.1, 144.2, 137.6,
137.1, 135.9, 133.5, 131.2, 129.2 Jg= 269.2 Hz, -Cp), 127.8, 122.1, 120.1, 115.3, 114.2, 108.4,
101.8, 57.6, 45.4, 28.8 ppm; IR (KBr): 3127, 176326, 1400, 1346, 1312, 1140, 1057 ‘criIS-El
(m/z): 91, 119, 145, 402 [\t HRMS (ESI): m/z, calculated for ;6H,5FsN,OS 403.0835 (M + H)
found 403.0839.

5.1.61Typical procedure for the preparation @Ra-42g)

To the solutino of40d (2.00 mmol) and TEA (4.00 mmol) in GEl,, different acylation and
sulfonylation reagents (4.00 mmol) were added dispwlowly. The reaction mixture was stirred at
room temperature for 3 h and TLC analysis indicaled the reaction was completed. The mixture was
treated with water and extracted with §LH}. The organic layer was washed with saturated sodiu
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bicarbonate solution, washed with brine and drigedr NaSO,. The solvent was evaporated to give
corresponding product.

5.1.62Typical procedure for the preparation @f3a-43g)

To the solution of42a-42g (2 mmol) in CHCI, (20 mL), CRCOOH (2 mL) was added. The
reaction mixture was stirred at room temperaturrmight and TLC analysis indicated that the reactio
was completed. The solution was adjusted pH beingty saturated aqueous sodium bicarbonate. The
organic layer was washed with water, dried ovesS@ and concentrated under reduced pressure to
give the corresponding product.

5.1.63Typical procedure for the preparation @4a-44g)

To the solution of compounti0 (1.00 mmol) and TEA (1.00 mmol) in DMF (10 ml43a-43g
(2.00 mmol) was added. The reaction mixture wasestiat room temperature for 1 h and the TLC
indicated that the reaction was completed. Thetisolwas added into ice water and extracted with EA
(3 x 20 mL). The combined organic layer was théadlover NaSQO, and concentrated under reduced
pressure. The crude material was purified by stiebcolumn chromatography (PE/EA 3:1) to give the
corresponding product.

5.1.64 N-(2-(4-cyano-3-(trifluoromethyl)phenyl)-tes3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5
-bJisoquinolin-7-yl)acetamidedda)

It was obtained as yellow powder in 21% vyield. n298-290°C; *H-NMR (300 MHz, DMSO#):
0 10.00 (s, 1H, -NH-), 8.37 (d) = 8.1 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (d~= 8.1 Hz, 1H,
Ar-H),7.60 (s, 1H, Ar-H), 7.44 (d] = 8.1 Hz, 1H, Ar-H), 7.26 (d] = 8.4 Hz, 1H, Ar-H), 5.34 (d] =
17.7 Hz, 1H, -CH-), 4.79-4.71 (m, 2H, -GH 3.24 (dJ = 6.9 Hz, 2H, -CH), 2.06 (s, 3H, -CkH ppm;
¥C-NMR (75 MHz, DMSO#d): 6 178.2, 172.0, 168.3, 137.9, 136.1, 133.7, 13122,68.(q,J = 267.3
Hz, -CR), 125.4, 123.9, 120.3, 118.1, 116.6, 108.3, 54575, 28.7, 23.9 ppm; IR (KBr): 3363, 3128,
2238, 1753, 1600, 1401, 1348, 1256, 1172, 1052, 888 cm'; HRMS (ESI): m/z, calculated for
Ca1H15F3N40,S 467.0760 (M + N&) found 467.0769.

5.1.65 N-(2-(4-cyano-3-(trifluoromethyl)phenyl)-tes3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5
-bJisoquinolin-7-yl)propionamidedéb)

It was obtained as yellow powder in 27% yield. n243-245°C; 'H-NMR (300 MHz, DMSOd):
09.92 (s, 1H, -NH-), 8.37 (d,= 8.1 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 8.01 @ 8.1 Hz, 1H, Ar-H),
7.62 (s, 1H, Ar-H), 7.44 (d1= 7.5 Hz, 1H, Ar-H), 7.26 (d] = 8.1 Hz, 1H, Ar-H), 5.34 (d] = 17.7 Hz,
1H, -CH-), 4.79-4.65 (m, 2H, -C}#), 3.32-3.20 (m, 2H, -CH), 2.32 (9 = 7.5 Hz, 2H, -CH), 1.09 {(t,
J=7.5Hz, 3H, -Ch) ppm;**C-NMR (75 MHz, DMSOd;): 6 178.2, 172.0, 138.1, 137.9, 136.1, 133.7,
131.2, 130.8, 129.3, 127.6 (= 266.0 Hz, -CF), 125.3, 123.9, 120.3, 118.1, 116.6, 115.0, 10873,
45.6, 29.4, 9.5 ppm; IR (KBr): 3125, 2238, 16870041312, 1279, 1137, 1067, 851, 830, 560"cm
HRMS (ESI): m/z, calculated for,gH,/F:N,O,S 459.1097 (M + H) found 459.11109.

5.1.66 N-(2-(4-cyano-3-(trifluoromethyl)phenyl)-tes3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5
-bJisoquinolin-7-yl)butyramide44c)

It was obtained as yellow powder in 46% yield. m.41-143°C; *H-NMR (300 MHz, DMSOdy):
09.93 (s, 1H, -NH-), 8.37 (d,= 8.1 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (@ 8.1 Hz, 1H, Ar-H),
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7.64 (s, 1H, Ar-H), 7.45 (dl = 8.4 Hz, 1H, Ar-H), 7.26 (d] = 8.4 Hz, 1H, Ar-H), 5.34 (d] = 17.4 Hz,

1H, -CH-), 4.70 (tJ = 17.4 Hz, 2H, -CH), 3.24 (d,J = 6.9 Hz, 2H, -CH), 2.30 (t,J = 7.5 Hz, 2H,
-CHy), 1.62 (q,d = 7.5 Hz, 2H, -CH), 0.92 (t,J = 7.5 Hz, 3H, -CH) ppm;*C-NMR (75 MHz,
DMSO-dg): 6 178.2, 172.0, 171.1, 138.1, 136.1, 133.7, 1328,31.(q,J = 264.2 Hz, -Ck), 125.3,
57.7,45.6, 28.1, 18.5, 13.5 ppm; IR (KBr): 312961, 1682, 1400, 1284, 1258, 1174, 1132, 1073, 802
cm®; HRMS (ESI): m/z, calculated for,@H,6FsN,O,S 473.1254 (M + H) found 473.1261.

5.1.67 N-(2-(4-cyano-3-(trifluoromethyl)phenyl)-tes3-thioxo-1,2,3,5,10,10a-hexahydroimidazo[1,5
-bJisoquinolin-7-yl)pivalamide44d)

It was obtained as yellow powder in 25% yield. n2p9-231°C; *H-NMR (300 MHz, DMSOd):
09.27 (s, 1H, -NH-), 8.38 (d,= 7.8 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (@ 7.8 Hz, 1H, Ar-H),
7.67 (s, 1H, Ar-H), 7.51 (d1= 7.5 Hz, 1H, Ar-H), 7.26 (d] = 8.7 Hz, 1H, Ar-H), 5.34 (d] = 17.4 Hz,
1H, -CH-), 4.76-4.64 (m, 2H, -GH), 3.25 (d,J = 6.3 Hz, 2H, -CH), 1.23 (s, 9H, -(CHs3) ppm;
¥C-NMR (75 MHz, DMSO«d,): § 178.8, 176.9, 172.5, 138.6, 136.6, 134.2, 13234,11, 129.6 (qJ =
265.8 Hz, -Ck), 126.1, 118.4, 58.2, 46.1, 29.2, 27.6 ppm; IR (KB129, 1658, 1615, 1478, 1400,
1351, 1279, 1132, 1077, 833, 559 5MRMS (ESI): m/z, calculated for,gH,,F;N,0,S 487.1410 (M
+ H)", found 487.1417.

5.1.68 Ethyl (2-(4-cyano-3-(trifluoromethyl)phenghoxo-3-thioxo-1,2,3,5,10,10a-hexahydroimidazo
[1,5-b]isoquinolin-7-yl)carbamatedde)

It was obtained as yellow powder in 24% yield. n2p6-238°C; *H-NMR (300 MHz, DMSOd):
0 9.68 (s, 1H, -NH-), 8.37 (d]l = 8.4 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.02 (d,= 8.4 Hz, 1H,
Ar-H),7.45 (s, 1H, Ar-H), 7.35 (d] = 8.4 Hz, 1H, Ar-H), 7.24 (d] = 8.4 Hz, 1H, Ar-H), 5.32 (d] =
17.7 Hz, 1H, -CH-), 4.79-4.69 (m, 2H, -G 4.17-4.10 (m, 2H, -CH), 3.25-3.22 (m, 2H, -CH),
1.28-1.20 (m, 3H, -C) ppm;*C-NMR (75 MHz, DMSO#ds): § 178.7, 172.5, 154.0, 138.4, 136.6,
134.2, 131.3, 129.9, 128.1 (= 264.6 Hz, -Ck), 125.2, 120.8, 117.8, 116.2, 115.5, 108.8, 68862,
46.1, 29.1, 14.9 ppm; IR (KBr): 3477, 3364, 312232, 1618, 1400, 1314, 1284, 1136, 888, 851;cm
HRMS (ESI): m/z, calculated for,gH,/FsN,OsS 475.1046 (M + H) found 475.1082.

5.1.69 4-(7-(Methylsulfonyl)-1-ox0-3-thioxo-10,1@&ydroimidazo[1,5-b]isoquinolin-2(1H,3H,5H)-yl)
-2-(trifluoromethyl)benzonitrile44f)

It was obtained as yellow powder in 28% yield. m.p1-123°C; *H-NMR (300 MHz, DMSOd):
09.72 (s, 1H, -NH-), 8.38 (d,= 8.5 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 8.01-8.09, 1H, Ar-H), 7.31
(d,J=7.8 Hz, 1H, Ar-H), 7.17 (dJ = 8.5 Hz, 1H, Ar-H), 7.03 (d] = 6.3 Hz, 1H, Ar-H), 5.34 (d] =
17.7 Hz, 1H, -CH-), 4.50 (dd,= 16.02, 16.08 Hz, 2H, -CH), 3.60 (s, 3H, -Ch), 3.17 (s, 2H, -CH)
ppm; *C-NMR (75 MHz, DMSOds): 6 206.4, 178.2, 172.0, 137.1, 133.7, 132.7, 13128,8.(q,J =
270.5 Hz, -Ch), 118.7, 117.1, 57.5, 53.6, 52.3, 45.5, 43.8, 39846 ppm; IR (KBr): 3416, 3253, 2960,
2851, 2361, 1742, 1655, 1400, 1318, 1152, 970, 88, cn; HRMS (ESI): m/z, calculated for
CaoH15F3N403S,481.0610 (M + H), found 481.0610.

5.1.70 4-(7-(Butylsulfonyl)-1-oxo-3-thioxo-10,10i@roimidazo[1,5-b]isoquinolin-2(1H,3H,5H)-yl)-
2-(trifluoromethyl)benzonitrile44g)

It was obtained as yellow powder in 29% yield. mi.p2-114°C; *H-NMR (300 MHz, DMSOd):
0 9.76 (s, 1H, -NH-), 8.37 (d,= 8.5 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 8.09-8.01, 1H, Ar-H), 7.28
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(d,J=7.8 Hz, 1H, Ar-H), 7.17-7.12 (m, 1H, Ar-H), 7.0& J = 7.8 Hz, 1H, Ar-H), 5.34 (d] = 17.7 Hz,
1H, -CH-), 4.87-4.84 (m, 2H, -GH), 4.50 (dd,J = 16.02, 16.08 Hz, 2H, -C#), 3.29-3.18 (m, 2H,
-CH,-), 1.62 (t,J = 6.9 Hz, 2H, -CH), 1.39-1.33 (m, 2H, -CH), 0.88-0.80 (m, 3H, -Ckl ppm;
¥C-NMR (75 MHz, DMSOdg): 6 178.2, 172.0, 171.0, 137.9, 136.7, 133.7, 13389,7, 130.0 (qJ =
268.1 Hz, -Ck), 126.1, 118.3, 117.0, 116.7, 115.0, 108.3, 5935, 52.3, 50.3, 45.5, 43.9, 28.6, 25.0,
20.6, 13.7 ppm; IR (KBr): 3448, 3252, 2962, 234234, 1617, 1400, 1140, 1014, 959, 801, 645;cm
HRMS (ESI): m/z, calculated for,gH,1FsN4O3S, 521.0934 (M - H) found 521.0902.

5.1.71 2-Acetylamino-2-(3-fluoro-benzyl)-maloniédadiethy! ester46)

To the solution of Na (0.76 g, 33.16 mmol) in EtQH0 mL), diethyl acetamidomalonate (6.45 g,
30.15 mmol) was added. The mixture was stirredfbmin. Therd5 (6.42 g, 30.15 mmol) was added
into the solution. After the reaction mixture wasred at refluxing for 18 h, the mixture was tregt
with ice water (400 mL) and filtered to give therrasponding46. It was obtained as a white solid in
71% yield. HRMS (ESI): m/z, calculated fogg8,0NOs 326.3321 (M + H), found 326.1429.

5.1.72 2-Amino-3-(3-fluorophenyl)propionic acii’)

The intermediatd6 (7.50 g, 21.43 mmol) was added into HCI (80 mLf)eTeaction mixture was
stirred at refluxing for 15 h and TLC analysis icatied that the reaction was completed. The mixture
was filtered to give the white solid7 in 86% yield. HRMS (ESI): m/z, calculated foptGNO,
184.0715 (M + H), found 184.0767.

5.1.73 6-Fluoro-1,2,3,4-tetrahydroisoquinoline-3rgaxylic acid é8)

To the solution o#7 (16.50 g, 0.3 mol) in HCI (150 mL), 40% formaldeleysolution (70 mL, 1
mol) was added. The reaction mixture was stirrecefitixing for 6 h and TLC analysis indicated that
the reaction was completed. The mixture was cotdebom temperature and filtered to give white
solid 48 in 48% yield. HRMS (ESI): m/z, calculated for,g8,0FNO, 196.0702 (M + H), found
196.0783

5.1.74 6-Fluoro-7-nitro-1,2,3,4-tetrahydroisoquiima-3-carboxylic acid49)

The compound!8 (2.5 g, 14.11 mmol) was dissolved in9D, (12.5 mL) at -10°C. The solution
of KNO; (1.48 g, 14.74 mmol) in $$0, (5.00 mL) was added dropwise slowly into the migtulhe
reaction mixture was stirred at room temperaturelftn and TLC analysis indicated that the reaction
was completed. The solution was treated with icéew§l00 mL) and adjusted pH being 7 with
ammonia water to generate precipitation. Then theune was filtered to give yellow solid9 in 45%
yield. HRMS (ESI): m/z, calculated for,§sFN,O, 241.0587 (M + H), found 241.0621.

5.1.75 6-Fluoro-7-nitro-1,2,3,4-tetrahydroisoquiima-3-carboxylic acid methyl estesq)

To the solution o#49 (1.00 g, 4.48 mmol) in methanol (30 mL), thionyilaride (1.07 g, 8.96
mmol) was added dropwisely afQ. After adding, the mixture was stirred for 30 maaintaining the
temperature no more®®. Then the solution was stirred at refluxing fdri. The reaction mixture was
cooled to room temperature and filtered to givdoyelsolid 50 in 48% yield. HRMS (ESI): m/z,
calculated for 255.0719 (M + H)found 255.0788.

5.1.76 2-Tert-butyl 3-methyl 6-fluoro-7-nitro-3,4hgdroisoquinoline-2,3(1H)-dicarboxylat&X)
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To the solution of intermedia&® (1.50 g, 5.91 mmol) and DMAP (0.16 g, 1.53 mmolCiH,Cl,
(20 mL), the ditert-butyl dicarbonate (2.50 g, 15.32 mmol) was addexpwise slowly at C. The
mixture was stirred at room temperature for 30 amid TLC analysis indicated that the reaction was
completed. The solvent was removed under reduceskpre. The crude residue was treated with water
and adjusted pH being 1 with 5 N HCI. Then the sotuwas extracted with EA and washed with water.
The organic layer was dried over J$&, and concentrated under reduced pressure to glieewyeil
51 in 83% yield. HRMS (ESI): m/z, calculated fors8,sFN,Og 377.1105 (M + N4&) found 377.1122.

5.1.77 2-Tert-butyl 3-methyl 6-fluoro-7-amino-3 #ndiroisoquinoline-2,3(1H)-dicarboxylaté&2)

A solution of51 (1.00 g, 4.48 mmol) in methanol (30 mL) was hydnagted in the presence of
10% Pd/C and stirred at 4C for 12 h. The reaction mixture was filtered tonoere Pd/C and the
solvent was removed under reduced pressure tovgive solid52 in 89% yield. HRMS (ESI): m/z,
calculated for GH,,FN,0, 325.1515 (M + H), found 325.1572.

5.1.78 2-Tert-butyl 3-methyl 7-((ethoxycarbonylyao)i6-fluoro-3,4-dihydroisoquinoline-2,3(1H)-
dicarboxylate $3)

To the solution 062 (0.20 g, 0.22 mmol) and pyridine (0.09 g, 0.33 Mmoo CH,CI, (15 mL),
carbonochloridic acid ethyl ester (0.20 g, 0.44 Mymeas added. The reaction was stirred at room
temperature for 3 h and TLC analysis indicated thatreaction mixture was completed. The mixture
was treated with water and extracted with EA. Thgaoic layer was washed with saturated sodium
bicarbonate solution, washed with brine and drieer dNaSO,. The crude was purified by silica gel
column chromatography (PE/EA 6:1) to give the cgponding product. It was obtained as yellow
powder in 75% yield. HRMS (ESI): m/z, calculated f6;gH2sFN,Os 397.1765 (M + H), found
397.1752.

5.1.79 Methyl 7-((ethoxycarbonyl)amino)-6-fluor@,B,4-tetrahydroisoquinoline-3-carboxylatej

To the solution 064 (0.79 g, 2 mmol) in CkCl, (20 mL), CRCOOH (2 mL) was added. The
reaction mixture was stirred at room temperaturrmight and TLC analysis indicated that the reactio
was completed. The solution was adjusted pH beingty saturated aqueous sodium bicarbonate. The
organic layer was washed with water, dried ovesS@ and concentrated under reduced pressure to
give the corresponding product. It was obtaineged®w powder in 85% yield. HRMS (ESI): m/z,
calculated for @H,,FN,0, 297.1265 (M + H), found 297.1254.

5.1.80 Ethyl (2-(4-cyano-3-(trifluoromethyl)phengkfluoro-1-oxo-3-thioxo-1,2,3,5,10,10a-hexahydr-
oimidazo[1,5-bJisoquinolin-7-yl)carbamat&X)

To the solution of compountld (1.00 mmol) and TEA (1.00 mmol) in DMF (10 ml54 (1.00
mmol) was added. The reaction mixture was stirted@m temperature for 1 h and the TLC indicated
that the reaction was completed. The solution vaaied into ice water and extracted with EA (3 x 20
mL). The combined organic layer was then dried &N&SO, and concentrated under reduced pressure.
The crude material was purified by silica gel coflurdhromatography (PE/EA 3:1) to give the
corresponding product. It was obtained as yellowger in 45% yield. m.p. 236-24%C; 'H-NMR
(300 MHz, DMSO€dg): 6 9.37 (s, 1H, -NH-), 8.38 (dl = 8.5 Hz, 1H, Ar-H), 8.23 (d) = 8.5 Hz, 1H,
Ar-H), 8.01 (d,J = 8.5 Hz, 1H, Ar-H), 7.63 (d, 1H, Ar-H), 7.25 (d~= 7.8 Hz, 1H, Ar-H), 5.34 (d] =
17.7 Hz, 1H, -CH-), 4.77 (4 = 18.02 Hz, 1H, -CHH-), 4.65 (d,= 16.02 Hz, 1H, -CHH-), 4.13 (4,=

16.02 Hz, 2H, -Cht), 3.28 (d,J = 8.5 Hz, 2H, -CH), 1.24 (t,J = 8.5 Hz, 3H, -Ck) ppm;*C-NMR
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(75 MHz, DMSO€): 6 172.7, 171.4, 161.0, 153.8, 139.9, 134.7, 13B3,7, 129.9 (¢) = 268.1 Hz,
-CFs), 121.7, 119.6, 118.1, 116.1, 115.8, 115.7, 1108,0, 72.5, 61.7, 53.8, 28.1, 13.8 ppm. IR (KBr):
3414, 2360, 1761, 1603, 1454, 1341, 1314, 11836 148 HRMS (ESI): m/z, calculated for
CooH16FaN4O5S 491.0806 (M - H) found 491.0786.

5.2 Biology
5.2.1. LNCaP cell proliferation assay

LNCaP cells were cultured in RPMI-1640 supplememti 10% Fetal Bovine Serum(FBS) at
37 °C in a 5% CQ humidified incubator. All experiments were perfeanin triplicate or more. Cells
were trypsinized and diluted to 100,000 cells/mithwkPMI-1640 supplemented with 10% FBS. This
cell suspension was seeded in 96-well plates atiane of 100uL(10,000 cells/well) and incubated at
24 h. After removal of 10QL of medium from each well, 200L of the drug solution, which was
supplemented with serial dilutions of the test compls or DMSO, was added. Then the plates were
incubated at 37C under 5% C&for 3 d. A 20uL aliquot of MTT (5mg/mL) was added to each well of
microcultures, and the cells were incubated for €drefully remove the supernatant, then add 150
of DMSO so as to melt the crystal. The absorbah@®2 nm was measured. This parameter relates to
the number of living cells in the culture.

5.2.2. DU145 cell growth inhibition assay

DU145 cells were cultured in RPMI-1640 supplementgth 10% FBS at 37C in a 5% CQ
humidified incubator. All experiments were perfonria triplicate or more. Cells were trypsinized and
diluted to 100,000 cells/mL with RPMI-1640 supplerel with 10% FBS. This cell suspension was
seeded in 96-well plates at a volume of 1:007,000 cells/well) and incubated at 24 h. Aftemceval
of 100puL of medium from each well, 206L of the drug solution, which was supplemented withial
dilutions of the test compounds or DMSO, was addéen the plates were incubated at’@7under
5% CQ, for 3 d. A 20uL aliquot of MTT (5 mg/mL) was added to each wdllhaicrocultures, and the
cells were incubated for 4 h. Carefully removeshpernatant, then add 1p0 of DMSO so as to melt
the crystal. The absorbance at 492 nm was measthésl parameter relates to the number of living
cells in the culture.

5.2.3. AR reporter gene assay

Assay of androgenic activity was performed by meah&\RE-luciferase reporter assay using
Cos-7 cells. Cos-7 (5 x i@ells) were sown in a 150 érflask (Corning), and cultured in culture
medium (DMEM medium containing 10% Dextran Chard@sCC)-Fetal Bovine Serum (FBS), 2 mM
glutamine) for 24 h. pcDNA3.1-AR, pRL-SV40 and pMMTuc vector containing luciferase gene
bound at the downstream of an AR promoter derivethfMouse Mammary Tumor Virus (MMTV)
were co-transfected by using Lipofectamine 200@eéulturing at 37C in a 5% CQ atmosphere for
4 h, these cells were harvested and plated in wed6plate (10,000 cells/well) and cultured for 2 h
Twenty-four hours after addition of the sample gficoncentration, 1@M) and 1 nM R1881, cells
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were harvested with 2@0L of cell passive lysis buffer (Promega), and tinefliy and Renilla luciferase
activities were determined with a Dual Luciferassady Kit (Promega) by measuring luminescence
with a Wallac Micro-Beta scintillation counter (Rer-Elmer Life Sciences). The data were obtained in
triplicate and expressed as inhibition rate over Ri1881 control. Inhibition% = 1 - (RLL4 -
RLUpjan/(RLUR1gs1 - RLUpjan*100%. RLU = relative light unit

5.2.4. Immunofluorescence assay

LNCaP cells were cultured in fresh RPMI-1640 camtej 10% DCC FBS and treated with 10
nM R1881, or 10 nM R1881 in combination with ea¢iL® uM 55 andenzalutamiddor 12 h. Cells
were fixed with 4% paraformaldehyde for 15 min astdred either on ice. Immediately before the
assay, samples were permeabilized with a solutioFriton-X 0.3% in PBS. Afterwards the samples
were stained sequentially with a 1st and 2nd adtib@he first antibody was anti-androgen receptor
antibody-ChlP Grade (ab74272). The secondary ailheas Goat anti-Rabbit IgG (H+L) Secondary
Antibody, Alexa Fluof 488 conjugate. Cells were mounted onto microscdjpess for fluorescent
microscopy using the fluorescent microscope (LSM7B08iss). The nucleus was stained with 10
ug/mL 4'6-diamidino-2-phenylindole (DAPI, Sigma).

5.2.5. Rat Pharmacokinetic Studies

Pharmacokinetic parameters of compouhd43, 44e, and55 were measured in rats weighing
between 180 and 220 g, with three animals in eaobipy The tested compounds were dissolved in
water and administered by gavage at a dose of §gnSerial specimens were collected via the
retrobulbar vein 0.25, 0.75, 1.5, 2, 4, 6, 8, 12,48 and 72 h after administration and quantifigd
HPLC-MS/MS. Pharmacokinetic parameters were catedl&om the mean plasma concentration by
noncompartmental analysis. The protocol for thiglgtwas reviewed and approved by the Institutional
Animal Care and Use Committee of the Shanghaitlristiof Materia Medica, Chinese Academy of
Sciences. Animals were maintained in accordanck thii Guide for the Care and Use of Laboratory
Animals.

5.3.Molecular modeling

The binding modes for compou8 and enzalutamide to androgen receptor were gemeist
CDOCKER in Discovery Studio 3.0 (Accelrys Softwahec.). In CDOCKER, random ligand
conformations were generated through molecular mhje and a variable number of
translations/rotations were applied to each con&tion to generate low-energy orientations of the
ligand within the active site of rigid receptorngl ligand conformations were sorted by CHARMmM
energy (interaction energy plus ligand strain). Thestal structures of AR (PDB entry code: 20Z7)
were extracted from the Protein Database. All ldgawere docked in all possible stereoisomeric forms
in an active site located sphere with 12 A radarsAR, which was generated with the Create-Sphere
function around the subsequently removed crystalcstre ligand. A total of 30 dockings for each
ligand were performed, and the conformers with lkinwest CHARMm energy were chosen for
interpreting the docking results.
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Highlights:

® A series of tetrahydroisoquinoline thiohydantoin derivatives were synthesized and evaluated for
its binding affinity to AR, itsinhibition of cell growth in bicalutamide-resistant cells aswell asAR
nuclear translocation.

® The most potent compound 55 in our paper shows comparable ability with enzalutamide in
proliferation inhibition of LNCaP cells and AR antagonistic activity.

® Compound 55 has less cytotoxic to AR-negative cells compared with Enzalutamide.

® Moreimportantly, 55 displays good pharmacokinetic properties compared to our pre-work.

®  The bicalutamide-resistant mechanism was clarified and overcome by compound 55.



