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ABBREVIATIONS
CAR, constitutive androstane receptor; CPA, Cyctgpihamide; CYP2B6, cytochrome P450

2B6; CYP3A4, cytochrome P450 3A4; CLL, chronic Iymogytic leukemia; ALL,
lymphoblastic leukemia; PXR, pregnane X receptoCPDBOP, 1,4-bis(3,5-dichloro-2-
pyridinyl oxy)benzene; HTS, high throughput scregniCITCO, 6-(4-chlorophenyl)imidazo-
[2,1-b]thiazole-5-carbaldehyd®-(3,4-dichlorobenzyl)oxime; LBD, ligand binding dain;
TLC, thin-layer chromatography; RIF, rifampicin; PBhenobarbital; HPH, human primary

hepatocytes.
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ABSTRACT

The DNA alkylating prodrug cyclophosphamide (CPAlpne or in combination with other
agents, is one of the most commonly used anti-caagents. As a prodrug, CPA is activated by
cytochrome P450 2B6 (CYP2B6), which is transcripaity regulated by the human constitutive
androstane receptor (hCAR). Therefore, hCAR agenispresent novel sensitizers for CPA-
based therapies. Among known hCAR agonists, congpdis@-chlorophenyl)imidazo-[2,1-
bJthiazole-5-carbaldehyd®-(3,4-dichlorobenzyl)oxime (CITCO) is the most patand broadly
utilized in biological studies. Through structurabdification of CITCO, we have developed a
novel compound DL5016&R), which has an E£g value of 0.66 UM and\px value of 4.9 when
activating hCAR. DL5016 robustly induced the expres of hCAR target genes CYP2B6, at
both the mRNA and protein levels, and caused togasibn of hCAR from the cytoplasm to the
nucleus in human primary hepatocytes. The effeicBL5016 were highlighted by dramatically

enhancing the efficacy of CPA-based cytotoxicitpm-Hodgkin lymphoma cells.



1. Introduction

Cyclophosphamide (CPA), an alkylating prodrug o ttxazaphosphorine family, remains
one of the most widely prescribed anti-cancer dfayjs CPA is used, often in combination with
other agents, for the treatment of numerous matigeisseases including Hodgkin and non-
Hodgkin lymphomas, multiple myeloma, chronic lympisic leukemia (CLL), acute
lymphoblastic leukemia (ALL), and solid tumors swashovarian cancer, breast cancer, small cell
lung cancer, and sarcoma [1]. Although CPA andcabination regimens have successfully
improved the survival rates of patients with eatgge cancer, their effects for those with late
stage diseases are often limited. Thus, theretilisas urgent need for new CPA-based
treatments with an enhanced efficacy and bettetraited toxicity. One of the potential
solutions is to increase the metabolic conversibnCBA to its pharmacologically active

metabolite [2].

CPA is biotransformed predominantly in the liver tfoe active metabolite 4-hydroxy
cyclophosphamide by cytochrome P450 isozyme 2B6RZB6) [3,4]. In addition to this
desirable metabolic pathway, CPA can also be coedeinto a pharmacologically inactive
metabolite dechloroethyl-CPA, along with anothexi¢cometabolite, 2-chloro acetaldehyde,
almost exclusively by CYP3A4 [5]. It is well docemted that in the human body, the
expression of CYP2B6 and CYP3A4 are positively fatpa by nuclear receptors constitutive
androstane receptor (CAR) and pregnane X recepPdR], respectively, with certain levels of
cross-talk [6-9]. While activation of PXR has bedtmown to induce expression of CYP3A4 and
CYP2B6 in concert, selective activation of CAR Isa®wn preferential induction of CYP2B6
over CYP3A4 [6-9]. Therefore, development of potamd selective human CAR (hCAR)

agonists represents a promising approach to sen€§i?A-based chemotherapies [2].



As a part of its xenobiotic response mechanism, GéRctivated by a wide variety of
ligands including environmental chemicals and dr{8-12]. For instance, Tzameli and
coworkers showed that the cytochrome P450 indueiggnt 1,4-bis(3,5-dichloro-2-pyridinyl
oxy)benzene (TCPOBOP) [13] functions by selectigivation of mouse CAR [14]. Sueyoshi
and coworkers reported that the polybrominated ehighether, BDE-47, was a non-selective
activator for both CAR and PXR [15]. Various hititroughput screening (HTS) efforts have
been devoted to the identification of novel anéstle hCAR agonists [16-19]. Among others,
a screening campaign from GlaxoSmithKline led toe thdentification of 6-(4-
chlorophenyl)imidazo-[2, bjthiazole-5-carbaldehyd®-(3,4-dichlorobenzyl)oxime  (CITCO,
Figure 1), which binds to the ligand binding dom@iBD) of hCAR and activates the receptor
with a high potency [20,21]. Since its discove®yTCO has been widely used as a biological
tool in numerous studies investigating the funciai hCAR [22-25]. Although CITCO can
activate human PXR at higher concentrations, t# faffinity for hCAR leads to the potent and
preferred induction of CYP2B6 over CYP3A4 in humpnmary hepatocytes (HPH) [20].
Recently, synthetic efforts have started to emearggeveloping novel hCAR agonists. Smutny
and coworkers disclosed their efforts in the sysithef 2-(3-methoxyphenyl) quinazoline-based
hCAR agonists, although the top compounds of thieesdailed to significantly improve the

expression levels of hCAR regulated genes [26].

Herein, we disclose the development of a novel h@genist, DL5016, from a series of new
compoundsl-32 (Figure 1). The compounds have been designed dnifyimng the chemical
structure of CITCO. Specifically, the oxime linkef CITCO, which might cause chemical
instability [26,27], was replaced by functional gps such as amine, amide, imine, and ether. In

addition, the three hydrophobic ring systems of @Dl imidazothiazole, 3,4-diCl-phenyl and 4-



Cl-phenyl, were optimized using a variety of sulo$tid arene moieties, for their hCAR potency
and selectivity over hPXR. Our lead compound efghries, DL5016, was stable in an aqueous
environment and, activated hCAR with good potenoy aelectivity over hPXR. DL5016
caused hCAR translocation from the cytoplasm ifte tucleus of HPH and induced the
expression of CYP2B6 at both the mRNA and proteirels. In co-culture of HPH and human
non-Hodgkin lymphoma cells, DL5016 also potentiated cytotoxicity of the CPA-based

combination regimen CHOP (cyclophosphamide, doxiempvincristine, prednisone) against
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Figure 1. Design of compoundk32 by modifying the structure of CITCO.

2. Resultsand discussion

2.1. Chemistry

The syntheses of compount82 are summarized in Schemes 1-5. To optimize tiefiof
the agonist, compounds5 (Scheme 1) were prepared using a common prec@8&@cheme
S1). Condensation of aldehyd@ with 2-(3,4-dichloro phenyl)ethan-1-amine in thegence of
acetic acid (AcOH) generated imifhen modest yields. Reduction of compouhdsing NaBH
gave secondary amir®in modest yields. Methylation of the amino grafgrompound using

Mel provided tertiary amin8 in modest yields [28]. The amide analbgvas synthesized via a



two-step procedure fror83. NaClQ mediated oxidation of aldehyd®3 generated carboxylic
acid 34, which was coupled to 2-(3,4-dichlorophenyl)etiaamine using EDC and DMAP to
generate amidd [29]. To get the ether analdg aldehyde33 was first reduced to primary
alcohol35 using NaBH in good yields. Then, the resulting hydroxy graf85 was activated
using MsCI to give compour@b [30]. Finally, nucleophilic substitution of mesigs86 using 2-
(3,4-dichlorophenyl)ethan-1-ol as a nucleophilevated ether analo§ [31].
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Scheme 1. Synthesis of compoundsl-5. Reagents and conditions: (a) 2-(3,4-

dichlorophenyl)ethan-1-amine, AcOH, EtOH, D, overnight, 50%; (b) NaBKH MeOH, rt, 6 h,
64%; (c) Mel, NaH, DMF, 60C, overnight, 61%, (d) NaCK)NaHPQ,, 2-methyl-2-butenet-

BuOH/H,O/THF, rt, overnight, 85%; (e) 2-(3,4-dichloroph8eyhan-1-amine, EDCI, DMAP,
DCM, rt, overnight, 65%; (f) NaBK MeOH, rt, 2 h, 75%; (g) MsCl, B, DCM, 2 h; (h) 2-

(3,4-dichlorophenyl) ethan-1-ol,,KOs, DMF, 60°C, overnight, 28% for two steps.

To optimize the imidazothiazole core of CITCO, thempounds6&t8) were synthesized
using imidazole derivative87-39 as the starting materials (Scheme 2). Vilsmedaction of

compounds37-39 using DMF and POGlgave aldehyded0-42 in modest to good vyields [32].



Reductive amination of aldehydd6-42 using 2-(3,4-dichloro phenyl)ethan-1-amine giveafin

compound$-8 in modest yields [33].
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Scheme 2. Synthesis of compounds8. Reagents and conditions: (a) DMF, P@HCk, 0°C
to reflux, 6 h, 65-87%; (b) i) 2-(3,4-dichlorophdéy@than-1-amine, AcOH, EtOH, reflux,

overnight; ii) NaBH, MeOH, rt, overnight, 22-57% for two steps.

To optimize B-ring, compound®18 were synthesize(Scheme 3). Condensation of various
amines with aldehyd83 generated the corresponding imines, which wera gubmitted to a

NaBH; mediated reduction to give the final compoufids in modest overall yields [33].

9 R = 2-(4-chlorophenyl)ethyl
10 R =2-(3-chlorophenyl)ethyl
N~—-S 11 R = 2-(4-fluorophenyl)ethyl
cl S0.) 12 R=2-(4-bromophenyhethyl
_ 13 R = 2-(4-hydroxyphenyl)ethyl
NH 14 R = 2-phenylethyl
R 15 R = benzyl

16 R = 2-(1H-indol-3-yl)ethyl
17 R = 2,3-dihydro-1H-inden-2-yl
18 R = naphthalen-2-yl

Scheme 3. Synthesis of compoun®18. Reagents and conditions: (a) i) R-NKAcOH, EtOH,

reflux, overnight; ii) NaBH, MeOH, rt, overnight, 15-49% for two steps.

To optimize A-ring, compound$9-29 were synthesized using a collection of bromomethyl
ketones43a-k (Scheme 4). Treatment of compouri®s-k with thiazol-2-amine in refluxing

EtOH provided imidazothiazole®la-k [34], which were submitted to Vilsmeier reactionngs



DMF and POQ to give aldehyded5a-k in good yields [32]. Reductive amination of alddby

45a-k with 2-(3,4-dichlorophenyl)ethan-1- amine genadatempoundsl9-29 in good overall

yields [33].
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b[, 452k R = CHO

19, 43a, 45a R = ethyl

20, 43b, 45b R = 3-chlorophenyl

21, 43c, 45¢ R = 4-methylphenyl

22, 43d, 45d R = 4-(trifluoromethyl)phenyl
23, 43e, 45e R = 4-fluorophenyl

24, 43f, 45f R = phenyl

25, 439, 459 R = 4-bromophenyl

26, 43h, 45h R = 4-methoxyphenyl

27, 43i, 45i R = 4-cyanophenethyl

28, 43j, 45] R = 4-(tert-butyl)phenethyl
29, 43k, 45k R = naphthalen-2-yl

Scheme 4. Synthesis of compound®-29. Reagents and conditions: (a) thiazol-2-amine, EtOH,

reflux, overnight; (b) DMF, POGJ CHCk, 0 °C to reflux, 6 h, 51-69% for two steps; (c) i) 2-

(3,4-dichlorophenyl)ethan-1- amine, AcOH, EtOH,luef overnight; ii) NaBH, MeOH, rt,

overnight, 12-56% for two steps.

The syntheses of compoun@§-32 started with bromomethyl ketorn43k (Scheme 5).

Condensation of compound3k with either 2-amino-thiazole or 2-amino-oxazolevga

compounds44k and 46, respectively [34,35]. Vilsmeier reaction of covopds44k and 46

using DMF and POGlyielded the corresponding aldehydiék and47 [32], which underwent

reductive amination with either 2-phenylethan-1+enior 2,3-dihydro-H- inden-2-amine to

provide the final product30-32 [33].

10
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Scheme 5. Synthesis of compoun@®§-32. Reagents and conditions: (a) 2-amino-thiazole, EtOH
reflux, overnight; (b) i) 2-amino-oxazole, GEIN/THF, rt, 24 h; ii) TiCl, toluene; 0-106C, 4 h;
(c) DMF, POC}4, CHCL, 0°C to reflux, 6 h, 51-79% for two steps; (d) i) amiA\cOH, EtOH,

reflux, overnight; ii) NaBH, MeOH, 0-rt, overnight, 26-42% for two steps.
2.2. Sructure-activity relationship (SAR)

To modify the chemical structure of CITCO, we firgplaced the unstable oxime linker with
various functional groupd{5, Figure 2A, blue). The Egand Eax values of new compounds
were determined using an hCAR luciferase gene tepassay [18]. Compared to the parent
CITCO, the imine analodj was a much weaker agonist for h\CAR € 54 uM vs 3.1 uM for
CITCO, Figure 2A). The poor potency of this compdwvas probably due to the instability of
the imine group, which hydrolyzes readily in aqueasplutions to generate the inactive
intermediate33. The secondary amin& on the other hand, provided a 1.4-fold increase i
potency and a slightly decreasegak value compared to CITCO. The additional methglugr
of the tertiary amine analdturned out to be detrimental to both thesgE@nd Eyax values of
the compound. Decreased activities were also vbddor compoundt that employed a more
rigid amide linker. Interestingly, the ether ampoindicated an excellent Egvalue of 0.19 pM
while having a slightly decreased & value. These results showed that flexible snnaltels,

such as secondary amine and ether, are prefenr&€C#R agonist activity.

11



Using secondary amirizas a template, three compouGe® were synthesized by modifying
the imidazothiazole core (Figure 2A, red). Introtion of a methyl group at the 2-position of the
thiazole ring caused a 5.5-fold (EG 2.2 uM vs 0.4 uM foR) drop of the potency. This result
is consistent with the fact that the imidazothiazoioiety of CITCO binds to the bottom of a
hydrophobic pocket in the LBD of hCAR (Figure 611]2 Replacement of the sulfur atom with
an oxygen yielded compourfdwith a 3.2-fold decrease in the galue. However, compared
to compound?, the resulting compound also demonstrated a snakase in the fax value.
These results showed that the imidazofgdxazole could be a good substitution of the
imidazothiazole core, which forms toxic metabolitessivo [36]. Expansion of the core to an
imidazo[1,2a]pyrimidine ring system resulted in a new compo@dwith a 2-fold decrease in

potency and a slight decrease of thg,Evalue.

Compounds2, 5, 7 and 8 were selected for further evaluation based onr tefects in
activating hCAR and hPXR using the HepG2 cell regroassays (Figure 2B) [37]. At a
concentration of 1 uM, compoun@sand5 demonstrated similar efficacies in activating hGAR
although the more potent compouBdn the hCAR agonist assay also significantly aattd
hPXR. These results together indicated that tberskary amino linker is key for both potency
and specificity of hCAR agonists. Note that thadazo[2,1b]oxazole analog7z, although
indicated a slight decrease in hCAR activation poye still indicated good specificity for
hCAR. The imidazo[1,2]pyrimidine analog8, at the same tested concentration (1 uM), was

less potent compared to CITCO and the other thwegounds.

12
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Figure 2. Activation of hCAR and hPXR by CITCO and compourid8. (A) Concentration

dependent activation curves along withsE@&nd Eyax values of CITCO and compoundis3 in
the hCAR agonist luciferase gene reporter assaffso #alues obtained from at least three
independent experiments in quadruplicate were sgpreas mean + SEMyk values were
calculated by nonlinear regression. (B) Activatioh hCAR and hPXR by CITCO and
compounds2, 5 7 and 8 in the HepG2 cell reporter assays. Data obtairmed fthree
independent experiments were expressed as mean #o8Dalized against positive control

CITCO for hCAR activities or rifampicin (RIF) for?XR activities. *, P < 0.05; **, P < 0.01.

Next, substitutions of the 3,4-diCl-phenyl ring@ITCO were studied (Figure 3). When one
of the two Cl atoms was removed, the resulting caumpls9 and10 demonstrated 1.6- and 7-
fold decreases in potency, respectively (Figure. 38hese results indicated that the 4-Cl group
contributes more significantly to hCAR agonist aityi. When the 4-Cl was changed to a
smaller F, the resulting compourd indicated a 3-fold decrease of potency while kegma
similar Byax value. When a larger BAZ) was introduced to the same position, although the

ECso was further decreased, thgadx value of the resulting compound increased siggaifiky.
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Inclusion of a polar OH group led to a new compo(®) with a significantly decreased Ef-
indicating that polar substitutions were not preddron the bottom ring. Interestingly, the
analog with an unsubstituted phenyl groag)(turned out to be a potent hCAR agonist, and its
analog with one CHishorter 15) indicated an over 11-fold decrease in potencfiest results
highlighted the importance of linker length in maining the agonistic potency of hCAR
ligands. Three new compoundks{18) with fused ring systems were also tested. Wittike
indole analodl6 generated modest potency &€ 2.7 uM) with a significant increase imkx,

it was exciting to see the 2,3-dihydrbHInden-2-yl analodl?7 indicated good E& and Eyax

values. The large naphthyl compoud8)(was inactive towards hCAR.

Compounds, 14, and17 were selected for further evaluation of their\datiis in activating
hCAR and hPXR using the HepG2 cell reporter asgaggire 3B) [37]. All three compounds,
at 1 uM, had similar activation effects comparedCtdCO, while also maintaining selectivity

for hCAR against hPXR.

14
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Figure 3. Activation of hCAR and hPXR by CITCO and compds8-18. (A) Concentration
dependent activation curves alongsidesg=@nd Eyax values of compound®-18 in high
throughput hCAR agonist luciferase gene reporteays EGy values obtained from at least
three independent experiments in quadruplicate wgpeessed as mean + SEMyak values
were calculated by nonlinear regression. (B) Adiora of hCAR and hPXR by CITCO and
compounds9, 14, and 17 in the HepG2 cell reporter assays. Data obtainedn fthree
independent experiments were expressed as meanno®ialized against the positive control,

CITCO for hCAR activities or RIF for hPXR activiie**, P < 0.01.

We then optimized the 4-Cl-phenyl ring of CITCOngsia collection of compoundk-29
(Figure 4). Replacement of the phenyl group wittnaall aliphatic ethyl groupl®) caused a

dramatic drop in hCAR activity (Figure 4A). Thissult indicated that an aromatic system at this

15



position is important for the potency of hCAR agtsi Moving the Cl from the 4-position to 3-
position @0) caused a 2.3-fold decrease in thes&@©.93 pM vs 0.40 uM) for compourii
However, the new compoundQ) also had an increasegi& (from 2.8 to 3.2). These results
suggested that the 3-substitution might also befii@al for new agonists. Replacement of the
Cl with a similar-sized Me group led to the fornoatiof compoun@l that had similar E€; and
Evax values, while with a more polar @group, new compoun2? was a much weaker agonist.
Substitution of the Cl with smaller F or H atoms l® new compound&3-24 with excellent
potencies, although theiryvlsx values were decreased. The interesting profileghese
compounds Z3-24) make them good candidates for hCAR activatioloat concentrations. In
addition, large substitution at the 4-position,isas Br 25), OMe 6), CN 27) andt-Bu (28),
were also tested. While compoun2ts and 26 had comparable Egand Eyax values to the
parent2, compound£7 and28 were significantly less active. Interestingly, tiephthyl analog
29, although with a 3-fold decrease in potency, hddrge Euax value of 3.6. These results

indicated that the naphthyl group at this posit®also preferred for hCAR agonists.

The promising compound23, 24, and29 were then selected and further evaluated for their
activation effects, of hCAR and hPXR, using the B2pcell reporter assays (Figure 4B) [37].
While compound23 and 24 indicated slightly decreased activation potenaympared with
CITCO, the naphthyl analog® showed a slight increase in activation of hCARt tihe same

time, compoun@9 retained selectivity for hCAR over hPXR.
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Figure 4. Activation of hCAR and hPXR by CITCO and compdst9-29. (A) Concentration
dependent activation curves alongsidesgénd Eyax values of compound49-29 in high-
throughput hCAR agonist luciferase gene reporteays EGy values obtained from at least
three independent experiments in quadruplicate wgpessed as mean + SEMyak values
were calculated by nonlinear regression. (B) Adiora of hCAR and hPXR by CITCO and
compounds23, 24, and 29 in the HepG2 cell reporter assays. Data obtainmedh fthree
independent experiments were expressed as meanno®ialized against the positive control,

CITCO for hCAR activities or RIF for hPXR activige**, P < 0.01.

Finally, we combined the desirable features fromahove compounds29 and synthesized
compounds30-32 (Figure 5). While compound and31 had similar activities, compour82
(DL5016) showed excellent BEgand Eyax values (Figure 5A). These three compounds were

also evaluated in the HepG2 cell reporter assagscampared to CITCO (Figure 5B) [37].
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Compound 30 caused similar hCAR activation with respect to CO; however, it also
significantly activated hPXR. CompourBl demonstrated enhanced hCAR activation over
CITCO, while hPXR activation was also slightly inased. It was exciting to see that compound
DL5016 demonstrated significant improvement in hCAstivation over CITCO while

maintaining selectivity over hPXR.

A '0§ . ri T?
NH NH

NH

8 6

32 (DL5016)

30
ECsp (uM) Emax
- cmpd30 19:0.11 37
% cmpd31 16+010 38
=& cmpd32 066+0.10 49
3 7 5 5

Concentration log [M]

o
y

Relative Luc Activity
{d L.

-9

0] hCAR1+AICYP2B6 22K hPXRICYP2B622K [ 2%
1

& 200 e Lo 3
H 150 %
2 150

g 2
-4

S 1001 E
= <
g 2
5 3
2 5 s

o
I

Figure 5. Activation of hCAR and hPXR by CITCO and composi38-32. (A) Concentration
dependent activation curves alongsidesgénd Eiax values of compound80-32 in high-
throughput hCAR agonist luciferase gene reporteays EGy values obtained from at least
three independent experiments in quadruplicate wgpeessed as mean + SEMyak values

were calculated by nonlinear regression. (B) Adiora of hCAR and hPXR by CITCO and
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compounds30-32 in the HepG2 cell reporter assays. Data obtaimeth fthree independent
experiments were expressed as mean + SD normalga&idst the positive control, CITCO for

hCAR activities or RIF for hPXR activities. *, PG05; **, P < 0.01.

2.3. Binding mode of DL5016 in the LBD of hCAR

Compound DL5016 indicated an overall binding moiteilar to that of CITCO (Figure 6)
[21]. Specifically, the 2,3-dihydroH-inden-2-yl fragment of DL5016 occupied the same
hydrophobic pocket (Tyr224, Phel32, and Phe217dhasdichlorophenyl group of CITCO.
Because the length of 2,3-dihydreinden-2-yl is slightly shorter than the dichloreplyl
group, it fits deeper into this hydrophobic pockten dichlorophenyl, which might explain why
the 2,3-dihydro-H-inden-2-yl analog demonstrated improved agonastitvity compared to the
corresponding dichlorophenyl analdly (vs 2). Similar to the imidazothiazole core of CITCO,
the imidazo[2,1bJoxazole core of DL5016, located at the junctionhefixes 3 and 5 in close
proximity to Met168 (H3) and Cys202 (H5). This &ips why an additional methyl group on
the imidazothiazole core was not toleratéds¢ 2). The S atom in the imidazothiazole core of
CITCO is 3.0 A away from the side chain hydroxybgp of Tyr326, implying a possible H-
bonding interaction. Considering the fact that3R@ belongs to helix 10 which is adjacent to
helix X and AF2, this interaction might contribute the agonistic activity of CITCO with
respect to hCAR. The distance between the imitigemtle oxygen atom of DL5016 to the
same Tyr326 residue was 4.4 A, which could expthm slightly decreased Egvalue of
DL5016 compared to CITCO. The naphthyl group ahpound DL5016, similar to the p-Cl-
phenyl group of CITCO, pointed directly to the thg Gly229 of helix 6 and Leu239 in helix 7.
This result explains why large substitutions contit be tolerated on the A-ring in our SAR

studies. It is worth noting that the naphthyl grdormed a favorable-n stacking interaction
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with the side chain of Phe234. The same interactias not observed in the crystal structure of

CITCO in hCAR.

Figure 6. Docking result of compound DL5016 (cyan) in thBD of hCAR (grey) in
comparison with CITCO (magenta, PDB: 1XVP). Kegideies of hCAR that interact with
CITCO and DL5016 are highlighted in green, the>h#li(H-X) is shown in light pink, and the

activation function 2 helix (AF2) is orange.

2.4. Physiochemical properties of DL5016

Compound DL5016 demonstrated similar hCAR agongemcy and an improvedykx
value compared to CITCO (Table 1). Unlike CITCOqpieh gave unstable results from the
hCAR luciferase gene reporter assay [26,27], comg@i 5016 indicated excellent stability. In
addition, the potential toxicophores of CITCO, th@&zole and oxime groups, were replaced in
compound DL5016 by oxazole and amino groups, rdisqed.  Moreover, CITCO is a highly

hydrophobic (logP 7.2) structure without an ionieatfunctional group, while compound
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DL5016 indicated a significantly decreased logRugand an ionizable amino groupK{y/.85).
The solubilities of compound DL5016 in various sl systems have also been tested. DL5016

indicated reasonable aqueous solubility in bot® ldnd PBS buffer.

Tablel
Comparison of properties for CITCO and DL5016.
CITCO DL5016
ECso 0.57 £0.11 0.66 £ 0.10
Emax 3.r 4.9
Emax / EGsc 5.4 7.2
Potential toxicophore [38] thiazole, oxime none
logP 7.26 4.62
pK 5 NA 7.85
Solubility H.0 ND° 18+5
(ng/mL) PBS buffer ND 17 +5

®Number shown here is an average of six differetahes of samples.
®The solubility was not determined.

2.5. Activation of hCAR induces hepatic expression of CYP2B6 and CYP3A4

Numerous examples have shown that compounds igehti§ing hCAR gene reporter assays
might not be able to induce the expression of tH®ZB6 gene, the rate-determining enzyme for
CPA bioactivation [26,39]. To study the effectscompound DL5016 on the expression of CPA-
metabolizing enzymes, HPH were treated with CITO05016, and the known hPXR activator
Rifampin (RIF, Figure 7). For HPH from two liverodors (HL-#131 and HL-#133), the
treatment of compound DL5016, similar to CITCO [@pncentration-dependently induced the
expression of CYP2B6 mRNA (Figure 7A). This wad aohieved by the amide analoglie
(figure S1), implying that different gene inductieffects can happen even within the same
scaffold. Similar to the effect of CITCO, the iradiwon of CYP3A4 by DL5016 was significantly
lower compared to CYP2B6. The same trend of resudts also observed at the protein level in

HPH prepared from the same liver donors (Figure. A3) expected, the hPXR activator RIF
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preferentially induced CYP3A4 over CYP2B6 at botRNA and protein levels in the same liver

donors.
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Figure 7. hCAR regulated induction of CYP2B6 and CYP3A4HRH. (A) CYP2B6 and
CYP3A4 mRNA levels were measured in HPH preparechfhuman liver donors (HL-#131 and
HL-#133). The HPH were treated with CITCO, RIF, 30116 or the vehicle control (0.1%
DMSO). (B) Representative immunoblots of CYP2B@ &¥YP3A4 proteins in HPH from liver
donors #131 and #133. RT-PCR data obtained frometlindependent experiments were

expressed as mean + SD normalized against velookeot. *, P < 0.05; **, P < 0.01.
2.6. DL5016 causes hCAR nuclear translocation in HPH

It has been well-documented that chemically-stineaa activation causes hCAR to
translocate from the cytoplasm to the nucleus irHH® well asin vivo [40]. As shown in

Figure 8, compound DL5016 triggered hCAR nucleangfocation using Ad-EYEP-hCAR-
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infected HPH treated with vehicle control (0.1% DMS CITCO, or DL5016. While in the
vehicle control-treated HPH, Ad-EYFP-hCAR mostlynagns in the cytoplasm, it is efficiently
translocated into the nucleus upon treatment of gbsitive control CITCO and compound
DL5016. These results confirmed that compound [E5Mediates the first, essential step in

hCAR activation.
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Figure 8. DL5016 promotes translocation of hCAR from cyagmn to nucleus. HPH were
infected with Ad-EYFP-hCAR overnight and then teshtwith DMSO (0.1%), phenobarbital
(PB, 1 mM), CITCO (uM), or DL5016 (1uM) for 8 h. Cells were fixed, stained with DAPI to
represent the nucleus, and imaged. In represeatatiages from HPH139, hCAR is sequestered
in the cytoplasm of HPH without treatment, whiletbb&€ITCO and DL5016 promote significant
nuclear accumulation of hCAR, denoted with a redskndA). Quantitation of hCAR
translocation reveals DL5016 translocates hCARIlam agonists PB and CITCO, where CAR
translocation (%) is calculated based on the pérokpells that expressing hCAR where over

50% of the nucleus overlaps with EYFP-hCAR (B). P*< 0.01.
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2.7. DL5016 promotes CHOP-mediated cytotoxicity of SU-DHL-4 cells in the HPH/SU-

DHL-4 co-culture system.

The HPH/SU-DHL-4 cell co-culture model has beenvptbto be an excellent in vitro
compound evaluation assay that mimics thevivo conditions of human body and allows
simultaneous studies of hepatic metabolism andbg&pratic anti-cancer effects [2]. To evaluate
the anti-cancer effects of DL5016, different cortcaions of the CPA-based regimen CHOP
were added to the co-cultures with the presenceebicle (0.1% DMSO) or DL5016 (1 puM)
(Figure 9A). The results indicate that co-treattmeth DL5016 significantly enhanced CHOP-
induced cytotoxicity in SU-DHL-4 cells. Specificgl in the presence of DL5016, the
cytotoxicity of 100 uM CHOP was similar or evenosiger than that of 500 uM CHOP alone.
We also studied the temporal effects of CHOP inpgtesence of DL5016 (Figure 9B). CHOP
caused cytotoxicity in SU-DHL-4 cells time-depentignand addition of DL5016 dramatically
enhanced CHOP-induced cytotoxicity in 24 h aftertreatment. A control experiment
demonstrated that compound DL5016, by itself, didshow cytotoxicity in the co-cultured SU-

DHL-4 cells.
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Figure 9. Activation of hCAR enhanced cytotoxicity agair@t-DHL-4 cells by CPA-based
regimen CHOP in the HPH/SU-DHL-4 co-culture systéfy).Effects of hCAR activation on the
concentration-dependent anti-cancer effects of CHOBU-DHL-4 cells. The HPH/SU-DHL-4
co-cultures were treated with vehicle control (0.D¥SO) or CHOP (5, 100 and 500 pM) in
the presence and absence of DL5016 (1 uM). CabiMy was analyzed 24 h after the co-
treatment. (B) Effects of hCAR activation on timad-dependent cytotoxicity of CHOP in SU-
DHL-4 cells. The HPH/SU-DHL-4 co-cultures weredted with vehicle control (0.1% DMSO)
or CHOP (100 pM) in the presence and absence oOD&F1 pM). Data obtained from three
independent measurements were expressed as me#&h norfalized as the percentage of
viability of vehicle control. Statistical signifioae between the treatment groups CHOP and

DL5016/CHOP were analyzed; **, P < 0.01.
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3. Conclusion

In summary, the development of potent and sele¢t@AR agonists represents a promising
approach to sensitize CPA-based chemotherapiesmpving the metabolic efficiency of CPA.
As the most well-known hCAR agonist, CITCO is wigetilized in various biological studies.
However, CITCO is not stable, which undergoes amevization reaction in solution. Through
structural modification of CITCO, we have develogedovel compound, DL5016. DL5016 is
chemically stable while also potently and seledyivactivates hCAR over hPXR. DL5016
induces the expression of hCAR target genes on thethmRNA and protein levels. It causes
translocation of hCAR from cytoplasm to the nucleugéddition of DL5016 dramatically
decreases the efficacious dose of the CPA-basedination regimen CHOP.

4. Experimental section
4.1. General information

All reagents and solvents were of analytical gradd used without further purification.
Reactions were monitored using thin-layer chrom@plgy (TLC) on commercial silica-gel
plates (GF254). UV spectra were obtained on a HNiepo 2000c spectrophotometer. Flash
column chromatography was performed on silica @80£300 mesh). NMR spectra were
obtained on a Varian INOVA 400 MHz NMR spectrome#¢r25 °C. Chemical shifts were
reported a9 values (parts per million) using the residual sotveeak as an internal reference.
Data for'H NMR were reported in the following order: chentishift, multiplicity (s, singlet; d,
doublet; t, triplet; sept, septuplet; dd, doubleildet; dt, double triplet; m, multiplet), coupling
constant) (Hz), number of protons. Data fofC NMR were reported a8 values (parts per

million). High-resolution mass spectra (HRMS) weatained on a JEOL AccuTOF with
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ESI/APCI ion sources coupled to an Agilent 1100 BRlystem. HPLC analysis was performed
on a Shimadzu HPLC fitted with a C18 reversed-pltasemn (Phenomenex, lunau C18(2)
4.6 mm x 100 mm) with a flow rate of 0.8 mL/min ngi CHOH/H,O 75:25 with 0.1%
NH4OAc or CHCN/H,O 80:20 mobile phase. The purity of final produgts > 95%.

General Procedure A: A solution of 2-aminothiaz@emmol, 1 equiv) and bromomethyl
ketone (5 mmol, 1 equiv) in EtOH (30 mL) was heateder reflux for 16 h. The solvent was
removed under reduced pressure, and saturated NakB8DOnL) was added to the remaining
solid. The mixture was extracted using EtOAc (30 m 3), and the organic layers were
combined, and dried over b&0s. The concentrated crude product was dried ovetnigder
vacuum to get the crude imidazothiazole that wasl ubrectly in the next step. The Vilsmeier
reagent was prepared by dropping PO@6.5 mmol, 3.3 equiv) into a solution of DMF (5
mmol, 1.0 equiv) in CHGI(5 mL) at 0 °C. To the resulting mixture at 0G Was added a
solution of imidazothiazole (5 mmol) in CHGBO mL) dropwise. The reaction was warmed to
the room temperature over 1 h, and then heatedrwaflex for an additional 5 h. The solvent
was removed under reduced pressure and the resudtsidue was poured onto ice. The crude

aldehyde was collected by filtration and furtherified using flash chromatography.

General Procedure B: A solution of oxazol-2-am{Bemmol, 1 equiv) and bromomethyl
ketone (5 mmol, 1 equiv) in THF (30 mL) and §&HN (30 mL) was allowed to stir at room
temperature for 24 h. The precipitation from thaation mixture was collected by filtration and
then washed using GBN. To a mixture of the resulting solid in toluef® mL) at 0°C was
added titanium (1V) chloride (0.94 g, 5 mmol) asadution in toluene (5 mL) over 30 min. The
reaction mixture was heated at 1%D for an additional 3 h, and cooled. The solveasw

removed by rotary evaporation, and ice was addedetoesidue. The pH value of the resulting
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mixture was adjusted to 9 using /885, and the resulting solution was extracted usingAet

(30 mL x 3). The organic layers were combined, dridd over Ng&SO,. The concentrated
crude product was dried overnight under vacuum db tge imidazooxazole that was used
without further purification. The Vilsmeier reagemias prepared by dropping PQQGL6.5
mmol, 3.3 equiv) into a solution of DMF (5 mmolQlequiv) in CHC} (5 mL) at 0 °C. To the
resulting mixture at 0-5 °C was added a solutiomaflazothiazole (5 mmol) in CHE(30 mL)
dropwise. The reaction was warmed to the room &zatpre over 1 h, and then heated under
reflux for an additional 5 h. The solvent was rewt under reduced pressure and the resulting
residue was poured onto ice. The crude aldehydecaiéected by filtration and further purified

using flash chromatography.

General Procedure C: To a solution of aldehydarfiol) in EtOH (5 mL) was added amine
(2 mmol) followed by AcOH (5 mmol, 5 equiv). Theaction mixture was heated under reflux
overnight, and then concentrated. To a solutiothefresulting residue in MeOH at 0 °C was
added NaBH (5 mmol, 5 equiv). The reaction mixture was akoWo stir at room temperature
overnight. The reaction mixture was partitionedasen saturated Ni&I (30 mL) and EtOAc
(30 mL). The aqueous layer was extracted usingAEt30 mL x 2) and the combined organics
were washed with brine (45 mL), dried ¢$&,) and concentrated. The crude product was

purified by flash chromatography (1-5% MeOH in £H}) to give the desired product.
4.1.1. 6-(4-Chlorophenyl)-N-(3,4-dichl orophenethyl)imidazo[ 2,1-b] thiazole-5-car boxamide (1)

Compoundl was synthesized starting wiB8 and 2-(3,4-dichlorophenyl)ethan-1- amine
using the first half of General Procedure C (50¥%f):NMR (400 MHz, CDCJ): ¢ 8.36 (s, 1H),

8.28 (s, 1H), 8.51 (d] = 7.2 Hz, 2H), 7.43-7.36 (m, 4H), 7.07 (= 7.6 Hz, 1H), 6.91 (s, 1H),
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3.85 (t,J = 6.8 Hz, 2H), 2.96 () = 6.8 Hz, 2H)*C NMR (100 MHz, CDGJ): 6 152.8, 150.0,
140.3, 134.4, 132.2, 132.1, 131.0, 130.24, 1301.29,8, 128.9, 128.6, 121.8, 120.7, 112.8, 62.4,
36.9; HRMS (ESI): Exact mass calcd fopgd;sClsNsS [M+H]™ 434.0052, found 434.0037;

HPLC analysis: retention time = 12.1 min, peak &&4%, 80:20 CECN/H,O

4.1.2. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-(3,4-dichl or ophenyl)ethan-1-

amine (2)

Compound2 was synthesized using the second half of GeneoaeBlure C (64%)H NMR
(400 MHz, CDC}): 6 7.57 (d,J = 8.4 Hz, 2H), 7.48 (d] = 4.4 Hz, 1H), 7.38 (d] = 8.4 Hz, 2H),
7.32 (d,J = 8.0 Hz, 1H), 7.25 (d] = 6.8 Hz, 1H), 6.96 (d] = 8.8 Hz, 1H), 6.75 (d] = 4.8 Hz,
1H), 4.12 (s, 2H), 2.87 () = 6.0 Hz, 2H), 2.71 (t) = 6.4 Hz, 2H);**C NMR (100 MHz,
CDCly): 0 149.1, 143.7, 140.1, 133.1, 132.3, 130.6, 130.8.203129.0, 128.7, 128.1, 120.3,
118.7, 111.9, 49.6, 43.7, 35.3; HRMS (ESI): Exacissncalcd for gH:7CIsNsS [M+H]"
436.0209, found 436.0207; HPLC analysis: retentiore = 18.5 min, peak area 97.4%, 75:25

CH3s0H/H,0 with 0.1% NHOACc.

4.1.3. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol -5-yl)methyl)-2-(3,4-di chl or ophenyl )-N-

methylethan-1-amine (3)

To a solution of compound (130 mg, 0.3 mmol) and KOs (50 mg, 0.36 mmol) in DMF
was added Mel (47 mg, 0.33 mmol). The reactiontuméxwas stirred at 68C overnight and
then cooled to room temperature. The resultingluveswas dissolved in @ (50 mL) to give a
yellow solution. The resulting solution was exteat using CHCl, (30 mL x 3), and the
combined organic layers were dried over,8l&. The solvent was removed by rotary

evaporation. The crude product was purified bgHlahromatography to give compoudd83
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mg, 61%):'H NMR (400 MHz, CDCJ): 6 7.61 (d,J = 8.8 Hz, 2H), 7.37 (dJ = 8.8 Hz, 2H),
7.26 (d,J = 8.0 Hz, 1H), 7.16 (d] = 1.6 Hz, 1H), 7.08 (d] = 4.0 Hz, 1H), 6.87 (d] = 8.8 Hz,
1H), 6.62 (dJ = 4.0 Hz, 1H), 3.79 (s, 2H), 2.69 {t= 6.0 Hz, 2H), 2.62 (] = 5.6 Hz, 2H), 2.26
(s, 3H):¥*C NMR (100 MHz, CDCJ): 6 149.1, 144.2, 140.7, 133.2, 133.0, 132.1, 130.6,213
129.9, 129.2, 128.6, 128.0, 119.4, 118.7, 111.6,%2.4, 41.2, 32.6; HRMS (ESI): Exact mass
calcd for GiH14ClsN3S [M+H]" 450.0365, found 450.0351; HPLC analysis: retentiore =

13.1 min, peak area 99.6%, 80:20 4OHi/H,O with 0.1% NHOAC.
4.1.4. 6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazole-5-carboxylic acid (34)

To a solution of intermediat&3 (262 mg, 1 mmol) in the mixture ¢fbutanol (10 mL) and
H,O (10 mL) was added 2-methyl-2butene (2 M in THE/ &mol), sodium phosphate
monobasic (936 mg, 7.8 mmol), and sodium chlofité ¢, 10 mmol). The reaction mixture was
stirred at room temperature overnight. EtOAc (50)hen HO (30 mL) were added. After
stirring for an additional 2 h, the mixture was raxted using EtOAc (30 mL x 3). The
combined oragnic layers were washed using brineddsver NaSQ,, and concentrated. The
crude material was purified by flash chromatografuhgive carboxylic aci®4 (236 mg, 85%):
'H NMR (400 MHz, CDCY): 5 8.23 (d,J = 4.0 Hz, 1H), 7.85 (d] = 8.4 Hz, 2H), 7.43 (d] = 8.4
Hz, 2H), 7.05 (d,) = 4.8 Hz, 1H)*C NMR (100 MHz, DMSOde): J 165.7, 157.3, 156.1, 138.3,

137.8, 136.5, 133.5, 132.9, 127.0, 120.8.
4.1.5. 6-(4-Chlorophenyl)-N-(3,4-dichl orophenethyl)imidazo[ 2,1-b] thiazole-5-car boxamide (4)

To a solution of carboxylic aci@4 (139 mg, 0.5 mmol) in DMF (10 mL) was added EDCI
(2120 mg, 0.63 mmol) and DMAP (77 mg, 0.63 mmol)icfieed by 2-(3,4-dichlorophenyl)ethan-

1-amine (95 mg, 0.5 mmol). Upon completion of thaction (followed by TLC), the reaction
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mixture was partitioned between NaHEQ@0 mL) and EtOAc (25 mL). The aqueous layer was
extracted by EtOAc (25 mL x 2). The combined orgdayers were dried over MNaO,, and
concentrated. The crude material was purified laghf chromatography to give compoud
(146 mg, 65%)*H NMR (400 MHz, CDCJ): 6 8.36 (d,J = 4.4 Hz, 1H), 7.44 (d) = 7.6 Hz,
2H), 7.36-7.34 (m, 3H), 7.19 (s, 1H), 6.98 Jck 4.4 Hz, 1H), 6.91 (d] = 8.0 Hz, 1H), 5.70 (br

s, 1H), 3.57 (qJ = 6.0 Hz, 2H), 2.76 () = 6.4 Hz, 2H)*C NMR (100 MHz, CDCJ): 6 159.8,
152.0, 147.4, 138.6, 135.5, 132.6, 130.7, 130.6,513129.2, 127.9, 121.6, 117.5, 113.5, 39.9,
34.5; HRMS (ESI): Exact mass calcd fopg815CIsNsOS [M+H]" 450.0001, found 450.0006;

HPLC analysis: retention time = 4.2 min, peak &@&&2%, 80:20 CECN/H.0.
4.1.6. (6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methanol (35)

To a solution of compound3 (5 mmol) in MeOH (200 mL) at 8C was added NaBH(15
mmol, 3 equiv). The resulting mixture was warmeddom temperature and stirred for 1 h, and
concentrated. To the resulting residue was pamgtl between saturated #8&; (50 mL) and
EtOAc (50 mL). The aqueous layer was extractedawising EtOAc (50 mL x 2). The solvent
was removed and the crude material was purifiedguash chromatography to give alcol3sl
(75%):*H NMR (400 MHz, CDCJ): 6 7.95 (d,J = 8.8 Hz, 1H), 7.78 (d] = 8.8 Hz, 2H), 7.50 (d,

J = 8.0 Hz, 2H), 5.51 (br s, 1H), 4.80 (s, 2Kjc NMR (100 MHz, CDGJ): 6 153.2, 147.4,

138.6, 136.9, 133.9, 133.7, 128.5, 124.3, 118.4,.58
4.1.7. 6-(4-Chlorophenyl)-5-((3,4-dichl or ophenethoxy)methyl)imidazo[ 2,1-b] thiazol e (5)

To a solution of alcohoB5 (0.5 mmol) in CHCI, (10 mL) at 0°C was added TEA (0.55
mmol, 1.1 equiv) and methanesulfonyl chloride (0n&%ol, 1.1 equiv). The mixture was stirred

at 0°C for an additional 2 h, and concentrated to prewidide compoun86. To a solution of 2-

31



(3,4-dichlorophenyl)ethan-1-dD.5 mmol) and KCO; (1 mmol, 2 equiv) in DMF was added
compound36 (0.5 mmol). The reaction mixture wasirred at 60°C overnight, cooled, and
partitioned between # (50 mL) and EtOAc (30 mL). The aqueous layer exisacted twice
using EtOAc (30 mL x 2). The combined organic layeere washed using brine, dried over
NaSOy, and concentrated. The crude material was pdrifig flash chromatography to give
compounds (28%):*H NMR (400 MHz, CDCY): ¢ 7.78 (d,J = 8.0 Hz, 2H), 7.60 (d] = 8.0 Hz,
2H), 7.53 (dJ = 8.0 Hz, 1H), 7.48 (d] = 3.6 Hz, 2H), 7.38 (d] = 3.6 Hz, 1H), 7.20 (d] = 8.4
Hz, 1H), 7.01 (dJ = 3.6 Hz, 1H), 4.97 (s, 2H), 3.88 {t= 5.6 Hz, 2H), 3.04 (] = 5.6 Hz, 2H);
¥C NMR (100 MHz, CDG)): 6 149.6, 145.0, 139.3, 133.6, 132.5, 132.2, 130.8,313130.2,
129.0, 128.8, 128.3, 118.7, 117.8, 112.7, 70.07,625.3; HRMS (ESI): Exact mass calcd for
C,0H16CIzN,0S [M+H]" 437.0049, found 437.0051; HPLC analysis: retentiore = 5.7 min,

peak area 97.6%, 80:20 GEN/H,0.
4.1.8. 6-(4-Chlorophenyl)-2-methylimidazo[ 2,1-b] thiazol e-5-car bal dehyde (40)

Compound0 was synthesized usir8y as a starting material following General Procedre
(67%):'"H NMR (400 MHz, CDCJ): 6 9.84 (s, 1H), 8.11 (s, 1H), 7.72 (@@= 8.8 Hz, 2H), 7.48
(d, J = 7.6 Hz, 2H), 2.52 (s, 3H}’C NMR (100 MHz, CDGJ): 6 177.6, 155.7, 135.7, 131.1,

130.2, 129.3, 129.2, 123.9, 118.0, 14.0.
4.1.9. 6-(4-Chlorophenyl)imidazo[ 2,1-b] oxazol e-5-carbaldehyde (41)

Compound4l was synthesized usir88 as a starting material following General Procedire
(65%):'"H NMR (400 MHz, CDC}): 6 9.85 (s, 1H), 7.97 (s, 1H), 7.74 @z= 8.8 Hz, 2H), 7.57
(s, 1H), 7.47 (dJ = 8.4 Hz, 2H);"*C NMR (100 MHz, CDGJ): ¢ 177.9, 154.7, 139.2 (2C),

136.0, 131.0, 130.1 (2C), 129.2 (2C), 120.4, 113.9.
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4.1.10. 2-(4-Chlorophenyl)imidazo[ 1,2-a] pyrimidine-3-carbaldehyde (42)

Compound42 was synthesized usir89 as a starting material following General Procedure
(87%):'H NMR (400 MHz, CDCY): 6 10.1 (s, 1H), 9.87 (dl = 5.2 Hz, 1H), 8.84 (d] = 1.6 Hz,
1H), 7.85 (dJ = 8.4 Hz, 2H), 7.52 (d] = 7.6 Hz, 2H), 7.22-7.19 (m, 1H)*C NMR (100 MHz,

CDCl): 0 179.7, 157.8, 154.7, 150.3, 136.8, 136.4, 131.0,21.329.3, 118.9, 111.5.

4.1.11. N-((6-(4-Chlorophenyl)-2-methylimidazo[ 2,1-b] thiazol -5-yl)methyl)-2-(3,4-

dichlorophenyl)ethan-1-amine (6)

Compound6 was synthesized usird and 2-(3,4-dichlorophenyl)ethan-1-amine as starting
material following General Procedure C (22%): NMR (400 MHz, CDC}): § 7.55 (d,J = 7.6
Hz, 2H), 7.38-7.32 (m, 3H), 7.26 (s, 1H), 7.101s)), 6.96 (d,J = 7.6 Hz, 1H), 4.06 (s, 2H),
2.88 (t,J = 6.4 Hz, 2H), 2.71 (t) = 6.8 Hz, 2H), 2.39 (s, 3H}°C NMR (100 MHz, CDG): §
148.6, 142.4, 140.3, 133.3, 132.9, 132.2, 130.6,113128.8, 128.7, 128.1, 126.1, 120.1, 115.0,
49.5, 43.7, 35.3, 14.1; HRMS (ESI): Exact mass ctdlr CoH1oClsN3sS [M+H]" 450.0365,
found 450.0363; HPLC analysis: retention time =125%nin, peak area 99.2%, 75:25

CH3s0H/H,O with 0.1% NHOACc.

4.1.12. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] oxazol-5-yl)methyl)-2-(3,4-dichl or ophenyl)ethan-

1-amine (7)

Compound? was synthesized usify and 2-(3,4-dichlorophenyl)ethan-1-amiras starting
material followingGeneral Procedure C (57%)H NMR (400 MHz, CDC}): 6 7.53 (d,J = 7.6
Hz, 2H), 7.35-7.24 (m, 6H), 6.96 (d= 8.0 Hz, 1H), 4.03 (s, 2H), 2.84 {t= 7.2 Hz, 2H), 2.69
(t, J = 6.8 Hz, 2H);"*C NMR (100 MHz, CDGJ): ¢ 154.8, 140.2, 139.5, 137.1, 133.3, 132.8,

132.2, 130.6, 130.3, 130.1, 128.8, 128.6, 128.5,111111.8, 49.7, 43.9, 35.4; HRMS (ESI):
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Exact mass calcd for 5H17CIsNsO [M+H]" 420.0437, found 420.0445; HPLC analysis:

retention time = 14.0 min, peak area 98.6%, 75:R1503H/H,O with 0.1% NHOAC.

4.1.13. N-((2-(4-Chlorophenyl)imidazo[ 1,2-a] pyrimidin-3-yl)methyl)-2-(3,4-

dichlorophenyl)ethan-1-amine (8)

Compound8 was synthesized usir® and 2-(3,4-dichlorophenyl)ethan-1-amine as starting
material following General Procedure C (48%): NMR (400 MHz, CDCY): 6 8.54-8.51 (m,
2H), 7.70 (dJ = 8.8 Hz, 2H), 7.44-7.41 (m, 2H), 7.31-7.24 (m,)26193 (d,J = 7.6 Hz, 1H),
6.78 (d,J = 4.4 Hz, 1H), 4.24 (s, 2H), 2.89 Jt= 6.4 Hz, 2H), 2.71 (] = 6.4 Hz, 2H)}*C NMR
(100 MHz, CDC}¥): 6 150.0,148.1, 144.2, 140.1, 134.2, 132.9, 132.3, 132.2,71330.3, 130.2,
130.0, 128.8, 128.1, 116.4, 108.1, 49.6, 43.0, ;36IBMS (ESI): Exact mass calcd for
C,1H1sCl3N4 [M+H] " 431.0597, found 431.0588; HPLC analysis: retertiime = 11.5 min, peak

area 96.5%, 75:25 GAH/H,O with 0.1% NHOAC.

4.1.14.  2-(4-Chlorophenyl)-N-((6-(4-chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-1-

amine (9)

Compound9 was synthesized using3 and 2-(4-chlorophenyl)ethan-1-amiras starting
material followingGeneral Procedure C (28%)H NMR (400 MHz, CDCJ): ¢ 7.56 (d,J = 8.8
Hz, 2H), 7.50 (dJ = 4.0 Hz, 1H), 7.38 (d] = 8.8 Hz, 2H), 7.24 (d] = 8.8 Hz, 2H), 7.06 (d] =
7.6 Hz, 2H), 6.75 (dJ = 4.8 Hz, 1H), 4.12 (s, 2H), 2.88 &= 7.2 Hz, 2H), 2.74 (t) = 7.2 Hz,
2H); **C NMR (100 MHz, CDGJ): § 149.1, 143.7, 138.1, 133.1, 132.0, 130.0, 129.8,712
128.6, 126.5, 120.3, 118.8, 111.9, 49.9, 43.6, ;36IRMS (ESI): Exact mass calcd for
Co0H16CIbN3S [M+H]" 402.0598, found 402.0598; HPLC analysis: retentiore = 12.7 min,

peak area 97.7%, 75:25 gEN/H,O with 0.1% NHOACc.
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4.1.15.  2-(3-Chlorophenyl)-N-((6-(4-chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-1-

amine (10)

Compound10 was synthesized uisn83 and 2-(3-chlorophenyl)ethan-1-amimes starting
material following General Procedure C (43%): NMR (400 MHz, CDCJ): § 7.57-7.53 (m,
3H), 7.38 (d,J = 8.4 Hz, 2H), 7.20 (d] = 8.4 Hz, 2H), 7.16 (s, 1H), 7.02 @ = 5.6 Hz, 1H),
6.76 (d,J = 4.0 Hz, 1H), 4.12 (s, 2H), 2.90 {5 7.2 Hz, 2H), 2.75 (1] = 6.8 Hz, 2H)*C NMR
(100 MHz, CDC}): 6 149.1, 143.7, 141.8, 134.2, 133.1, 129.7, 129.8,814128.7, 126.9, 126.5,
120.2, 118.8, 111.9, 49.8, 43.7, 35.7; HRMS (EBXact mass calcd forsgH15CIoN3S [M+H]”
402.0598, found 402.0599; HPLC analysis: retentiore = 12.5 min, peak area 95.7%, 75:25

CHs0H/H,O with 0.1% NHOACc.

4.1.16.  N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-(4-fluor ophenyl)ethan-1-

amine (11)

Compound1l was synthesized using8 and 2-(4-fluorophenyl)ethan-1-amires starting
material following General Procedure C (44%):NMR (400 MHz, CDCJ): 6 7.57 (d,J = 8.4
Hz, 2H), 7.50 (d,J = 4.8 Hz, 1H), 7.37 (d] = 8.8 Hz, 2H), 7.11-7.08 (m, 2H), 6.96 Jt= 8.8
Hz, 2H), 6.75 (dJ = 4.8 Hz, 1H), 4.11 (s, 2H), 2.88 {t= 6.8 Hz, 2H), 2.74 (] = 6.4 Hz, 2H);
¥C NMR (100 MHz, CDGJ): § 161.5 ( = 244.1 Hz,), 149.0, 143.5, 135.4, 133.2, 13330.Q
(J = 7.4 Hz), 129.0, 128.6, 120.6, 118.8, 1152 (22.4 Hz), 111.8, 50.2, 43.8, 35.3; HRMS
(ESI): Exact mass calcd for,g81sCIFN3S [M+H]" 386.0894, found 386.0894; HPLC analysis:

retention time = 8.2 min, peak area 95.3%, 75:253@HHH,0 with 0.1% NHOAC.

4.1.17.  2-(4-Bromophenyl)-N-((6-(4-chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-1-

amine (12)
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Compound12 was synthesized usin®8 and 2-(4-bromophenyl)ethan-1-amias starting
material following General Procedure C (38%): NMR (400 MHz, CDCJ): ¢ 7.55 (d,J = 8.8
Hz, 2H), 7.46 (d,) = 4.8 Hz, 1H), 7.39-7.36 (m, 4H), 7.01 (= 8.0 Hz, 2H), 6.74 (d] = 8.4
Hz, 1H), 4.09 (s, 2H), 2.87 (§,= 6.8 Hz, 2H), 2.71 (t) = 6.4 Hz, 2H);**C NMR (100 MHz,
CDCl): ¢ 149.0, 143.6, 138.8, 133.1, 131.5, 130.4, 129.8,8,2128.6, 120.5, 120.0, 118.8,
111.9, 49.9, 43.7, 35.6; HRMS (ESI): Exact masscébr GoH1sBrCINsS [M+H]" 446.0093,
found 446.0101; HPLC analysis: retention time =114nin, peak area 95.4%, 75:25

CH30OH/HO with 0.1% NHOAcC.
4.1.18. 4-(2-(((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol -5-yl)methyl )amino)ethyl ) phenol (13)

Compound13 was synthesized using3 and 4-(2-aminoethyl)phenals starting material
following General Procedure C (31%H NMR (400 MHz, CDCY)): 6 7.54-7.49 (m, 3H), 7.36
(d, J = 8.8 Hz, 2H), 6.97 (d] = 8.4 Hz, 2H), 6.72 (d] = 7.2 Hz, 2H), 4.09 (s, 2H), 2.87 {t=
6.0 Hz, 2H), 2.71 () = 6.4 Hz, 2H)*C NMR (100 MHz, CDG)): 6 154.5, 149.0, 143.4, 133.1,
132.9, 131.3, 129.7, 129.0, 128.7, 120.7, 118.8,5,1112.0, 50.3, 43.7, 35.0; HRMS (ESI):
Exact mass calcd for »gH:gCIN3OS [M+H]" 384.0937, found 384.0931; HPLC analysis:

retention time = 3.5 min, peak area 97.3%, 75:253@H{H,0 with 0.1% NHOACc.
4.1.19. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-phenyl ethan-1-amine (14)

Compound14 was synthesized using3 and 2-phenylethan-1l-amings starting material
following General Procedure C (42%MH NMR (400 MHz, CDCJ): 6 7.56 (d,J = 8.8 Hz, 2H),
7.51 (d,J = 8.0 Hz, 1H), 7.37 (d] = 8.8 Hz, 2H), 7.29 (J = 8.0 Hz, 2H), 7.23 (d] = 8.0 Hz,
1H), 7.16 (dJ = 7.2 Hz, 2H), 6.73 (dJ = 4.0 Hz, 1H), 4.09 (s, 2H), 2.92 &= 6.4 Hz, 2H),

2.78 (t,J = 6.0 Hz, 2H);*C NMR (100 MHz, CDGJ): § 149.0, 143.5, 139.7, 133.2, 133.0,
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129.0, 128.7, 128.6, 128.5, 126.3, 120.7, 118.9,8/150.2, 43.8, 36.1; HRMS (ESI): Exact
mass calcd for &H19gCIN3S [M+H]" 368.0988, found 368.0989; HPLC analysis: retentiow

= 8.6 min, peak area 97.5%, 75:25 4CHi/H,O with 0.1% NHOAc.
4.1.20. N-Benzyl-1-(6-(4-chlorophenyl)imidazo[ 2,1-b] thiazol -5-yl )methanamine (15)

Compound 15 was synthesized usin83 and phenylmethanaminas starting material
following General Procedure C (38% NMR (400 MHz, CDCJ): 6 7.60 (d,J = 4.8 Hz, 1H),
7.55 (d,J = 8.8 Hz, 2H), 7.35-7.25 (m, 7H), 6.79 (= 3.6 Hz, 1H), 4.10 (s, 2H), 3.79 (s, 2H);
¥C NMR (100 MHz, CDG)): 6 149.0, 143.7, 139.6, 133.1, 133.0, 128.9, 128.8,5,2128.2,
127.2, 120.6, 118.7, 112.0, 53.1, 42.8; HRMS (EBXact mass calcd for;gH17CIN3S [M+H]"
354.0832, found 354.0834; HPLC analysis: retentiore = 7.9 min, peak area 95.9%, 75:25

CH3OH/H,0 with 0.1% NHOAC.

4.1.21. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol -5-yl)methyl)-2-(1H-indol-3-yl)ethan-1-

amine (16)

Compound16 was synthesized using3 and 2-(H-indol-3-yl)ethan-1-amineas starting
material following General Procedure C (49%): NMR (400 MHz, CDC}): § 8.27 (br s, 1H),
7.59 (d,J = 8.0 Hz, 1H), 7.53-7.49 (m, 3H), 7.35 (= 8.0 Hz, 1H), 7.28-7.20 (m, 3H), 7.12 (t,
J=7.6 Hz, 1H), 6.94 (s, 1H), 6.70 (= 4.8 Hz, 1H), 4.08 (s, 2H), 3.01-2.95 (m, 4K NMR
(100 MHz, CDC}): ¢ 148.9, 143.4, 136.4, 133.1, 132.9, 128.9(2C), 12R6.3, 122.1, 119.3,
118.8, 118.7, 113.4, 111.9, 111.3, 49.1, 43.8, ;26lBMS (ESI): Exact mass calcd for
C2H20CINSS [M+H]" 407.1097, found 407.1096; HPLC analysis: retertiime = 6.6 min, peak

area 95.7%, 75:25 GBAH/H,O with 0.1% NHOAc.
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4.1.22. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2,3-dihydro-1H-inden-2-

amine (17)

Compound17 was synthesized using3 and 2,3-dihydro-#H-inden-2-amine as starting
material following General Procedure C (26%):NMR (400 MHz, CDC}): ¢ 7.66 (d,J = 4.4
Hz, 1H), 7.62 (d,) = 8.4 Hz, 2H), 7.40 (d) = 8.0 Hz, 2H), 7.21-7.15 (m, 4H), 6.78 (= 4.8
Hz, 1H), 4.19 (s, 2H), 3.69-3.62 (m, 1H), 3.15 (d¢; 7.2 Hz,J = 8.4 Hz, 2H), 2.89 (dd] = 5.6
Hz,J = 10.0 Hz, 2H);*C NMR (100 MHz, CDGJ): § 149.0, 143.4, 141.4, 133.2, 133.1, 129.0,
128.7, 126.5, 124.7, 120.7, 118.9, 112.0, 59.13,429.9; HRMS (ESI): Exact mass calcd for
C,1H1sCIN3S [M+H]" 380.0988, found 380.0991; HPLC analysis: retentiore = 11.3 min,

peak area 95.3%, 75:25 @BH/H,O with 0.1% NHOAC.
4.1.23. N-((6-(4-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl )naphthal en-2-amine (18)

Compound 18 was synthesized usin83 and naphthalen-2-aminas starting material
following General Procedure C (15%H NMR (400 MHz, CDCY)): 6 7.73-7.66 (m, 5H), 7.62
(d,J = 7.6 Hz, 1H), 7.48 (d] = 4.4 Hz, 1H), 7.43-7.28 (m, 3H), 7.26Jt= 7.2 Hz, 1H), 6.93 (d,

J = 7.6 Hz, 2H), 6.84 (dJ = 4.8 Hz, 1H), 4.71 (s, 2H}*C NMR (100 MHz, CDGJ): 5 149.5,
145.0, 144.4, 134.9, 133.5, 132.6, 129.3, 128.8,8,227.9, 127.7, 126.7, 126.1, 122.7, 118.8,
117.8, 112.9, 105.0, 39.2; HRMS (ESI): Exact massccfor GoH17CINsS [M+H]* 390.0832,
found 390.0839; HPLC analysis: retention time =014nin, peak area 95.9%, 75:25

CH30H/H,0 with 0.1% NHOACc.
4.1.24. 6-Ethylimidazo[ 2,1-b] thiazol e-5-carbal dehyde (45a)

Compound45a was synthesized using 1-bromobutan-2-@3a and thiazol-2-amine as

starting material following General Procedur¢58%): *H NMR (400 MHz, CDCJ): § 9.81 (s,
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1H), 8.26 (d,J = 3.6 Hz, 1H), 6.98 (d] = 4.8 Hz, 1H), 2.99 (q] = 8.0 Hz, 2H), 1.41 (t] = 8.0

Hz, 3H);**C NMR (100 MHz, CDGJ): 6 175.6, 162.8, 155.6, 123.8, 121.2, 114.0, 21.4.14.
4.1.25. 6-(3-Chlorophenyl)imidazo[ 2,1-b] thiazol e-5-car bal dehyde (45b)

Compound45b was synthesized using 2-bromo-1-(3-chlorophenydyetl-one43b and
thiazol-2-amine as starting material following Getérocedure A63%):'H NMR (400 MHz,
CDCL): 5 9.89 (s, 1H), 8.37 (dl = 4.8 Hz, 1H), 7.79 (s, 1H), 7.65 @= 6.4 Hz, 1H), 7.43-7.39
(m, 2H), 7.07 (dJ = 4.0 Hz, 1H).**C NMR (100 MHz, CDG)): § 177.7, 156.2, 155.6, 135.0,

134.1, 130.2, 129.7, 129.0, 127.2, 124.1, 121.5,111
4.1.26. 6-(p-Tolyl)imidazo[ 2,1-b] thiazole-5-carbal dehyde (45c¢)

Compound45c was synthesized using 2-bromo-1-(p-tolyl)etham#-d3c and thiazol-2-
amine as starting material following General PracedA(65%):'H NMR (400 MHz, CDCJ): §
9.89 (s, 1H), 8.37 (dl = 4.8 Hz, 1H), 7.69 (d] = 8.0 Hz,2H), 7.31 (d] = 8.0 Hz, 2H), 7.03 (d]
= 4.8 Hz, 1H);*C NMR (100 MHz, CDGJ): § 178.1, 158.4, 155.6, 139.9, 129.7, 129.0, 123.9,

121.5,114.4,21.4.
4.1.27. 6-(4-(Trifluoromethyl)phenyl)imidazo[ 2,1-b] thiazol e-5-car bal dehyde (45d)

Compound45d was synthesized using 2-bromo-1-(4-(trifluoroméplyenyl) ethan-1-one
43d and thiazol-2-amine as starting material followiGgneral Procedure &5%):'H NMR
(400 MHz, CDC}): § 9.93 (s, 1H), 8.41 (dl = 4.0 Hz, 1H), 7.93 (d] = 8.0 Hz, 2H), 7.78 (d] =
8.0 Hz, 2H), 7.11 (dJ = 4.4 Hz, 1H);"*C NMR (100 MHz, CDGJ): § 177.5, 155.9, 155.6,

135.9, 131.11= 32.8 Hz), 129.3, 125.8 € 3.4 Hz), 124.3, 123.9€ 270.9 Hz), 121.4, 115.3.

4.1.28. 6-(4-Fluorophenyl)imidazo[ 2,1-b] thiazol e-5-car bal dehyde (45€)
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Compound 45e was synthesized using 2-bromo-1-(4-fluorophenlggatl-one43e and
thiazol-2-amine as starting material following GeiéProcedure A58%):*H NMR (400 MHz,
CDCLy): 6 9.86 (s, 1H), 8.38 (d] = 4.8 Hz, 1H), 7.78 (t) = 8.0 Hz, 2H), 7.19 (tJ = 7.6 Hz,
2H), 7.07 (d,J = 4.0 Hz, 1H);**C NMR (100 MHz, CDCJ): § 177.7, 163.8J = 248.5 Hz),

156.6, 155.4, 130.9€ 7.4 Hz), 128.3, 123.8, 121.5, 116J2=(20.8 Hz), 115.0.
4.1.29. 6-Phenylimidazol 2,1-b] thiazole-5-car bal dehyde (45f)

Compoundd5f was synthesized using 2-bromo-1-phenylethan-148hand thiazol-2-amine
as starting material following General Procedurg29):'H NMR (400 MHz, CDGJ): § 9.90
(s, 1H), 8.39 (dJ = 4.0 Hz, 1H), 7.79 (d] = 6.8 Hz, 2H), 7.50 (d] = 7.2 Hz, 3H), 7.05 (d] =
4.0 Hz, 1H);"*C NMR (100 MHz, CDGJ): ¢ 178.1, 158.2, 155.6, 132.5, 129.7, 129.1, 128.9,

124.0, 121.5, 114.6.
4.1.30. 6-(4-Bromophenyl)imidazo[ 2,1-b] thiazol e-5-car bal dehyde (459)

Compound45g was synthesized using 2-bromo-1-(4-bromophenyd)eth-one43g and
thiazol-2-amine as starting material following Getérocedure A69%):'H NMR (400 MHz,
CDCls): 6 9.87 (s, 1H), 8.37 (dl = 4.8 Hz, 1H), 7.67-7.61 (m, 4H), 7.07 (& 3.6 Hz, 1H)}C

NMR (100 MHz, CDCY): 6 177.6, 156.7, 155.7, 132.1, 131.4, 130.5, 124.3,00221.5, 114.9.
4.1.31. 6-(4-Methoxyphenyl)imidazo[ 2,1-b] thiazole-5-carbal dehyde (45h)

Compound 45h was synthesized using 2-bromo-1-(4-methoxyphethdjel-one43h and
thiazol-2-amine as starting material following Getérocedure A51%):'H NMR (400 MHz,

CDCl): 0 9.88 (s, 1H), 8.37 (d] = 4.8 Hz, 1H), 7.75 (d) = 8.8 Hz, 2H), 7.04-7.02 (m, 3H),
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3.88 (s, 3H):*C NMR (100 MHz, CDGJ): § 178.0, 161.0, 158.0, 155.5, 130.4, 124.8, 123.6,

121.6,114.4,114.3, 55.4.
4.1.32. 4-(5-Formylimidazo[ 2,1-b] thiazol-6-yl)benzonitrile (45i)

Compound45i was synthesized using 4-(2-bromoacetyl)benzoad8l and thiazol-2-amine
as starting material following General Procedurés296):*H NMR (400 MHz, CDGJ): § 9.94
(s, 1H), 8.41 (dJ = 4.0 Hz, 1H), 7.93 (d] = 8.0 Hz, 2H), 7.81 (d] = 7.6 Hz, 2H), 7.13 (d] =
4.8 Hz, 1H);**C NMR (100 MHz, CDG): 6§ 177.3, 155.8, 155.3, 136.8, 132.7, 129.5, 124.4,

121.5, 118.3, 115.6, 113.2.
4.1.33. 6-(4-(tert-Butyl)phenyl)imidazo[ 2,1-b] thiazol e-5-car bal dehyde (45j)

Compound45j was synthesized using 2-bromo-1-{é+tbutyl)phenyl)ethan-1-ond3j and
thiazol-2-amine as starting material following GeiéProcedure A58%):*H NMR (400 MHz,
CDCL): 6 9.92 (s, 1H), 8.40 (d] = 4.4 Hz, 1H), 7.74 (d] = 8.0 Hz, 2H), 7.54 (d] = 8.8 Hz,
2H), 7.07 (dJ = 4.0 Hz, 1H), 1.37 (s, 9H}°C NMR (100 MHz, CDGJ): § 178.2, 158.3, 155.6,

153.1, 129.5,128.8, 125.9, 123.9, 121.5, 114.,31.2.
4.1.34. 6-(Naphthal en-2-yl)imidazo[ 2,1-b] thiazole-5-car bal dehyde (45k)

Compound45k was synthesized using 2-bromo-1-(naphthalen-2Zhd)e1-one43k and
thiazol-2-amine as starting material following Getérocedure A69%):'H NMR (400 MHz,
CDCly): 6 10.00 (s, 1H), 8.41 (dl = 4.8 Hz, 1H), 8.27 (s, 1H), 7.99-7.89 (m, 4H}677.54 (m,
2H), 7.07 (dJ = 4.4 Hz, 1H)**C NMR (100 MHz, CDCJ): § 178.2, 158.1, 155.7, 133.7, 133.2,

129.7, 128.9, 128.8, 128.5, 127.8, 127.1, 126.8,11224.2, 121.6, 114.8.

4.1.35. 2-(3,4-Dichlorophenyl)-N-((6-ethylimidazo[ 2,1-b] thiazol -5-yl)methyl )ethan-1-amine (19)
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Compound 19 was synthesized using5a and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%2'*H NMR (400 MHz, CDCJ): 6 7.35 (d,
J=8.8 Hz, 1H), 7.32 (d] = 8.0 Hz, 1H), 7.26 (s, 1H), 6.97 @@= 8.4 Hz, 1H), 6.67 (d] = 4.8
Hz, 1H), 3.91 (s, 2H), 2.85 (,= 7.2 Hz, 2H), 2.71 ( = 7.2 Hz, 2H), 2.64 (q] = 7.2 Hz, 2H),
1.26 (t,J = 6.8 Hz, 3H);"*C NMR (100 MHz, CDGJ): § 148.2, 147.2, 140.3, 132.2, 130.6,
130.3, 130.1, 128.1, 118.9, 118.3, 110.8, 49.8,435.4, 21.1, 14.8. HRMS (ESI): Exact mass
calcd for GeH1CloN3S [M+H]"354.0598, found 354.0597. HPLC analysis: retertiime = 6.1

min, peak area 95.1%, 75:25 ¢PH/H,O with 0.1% NHOACc.

4.1.35. N-((6-(3-Chlorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-(3,4-dichl or ophenyl)ethan-

1-amine (20)

Compound 20 was synthesized uisng5b and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%31'H NMR (400 MHz, CDCJ): 6 7.64 (s,
1H), 7.49 (t,J = 6.8 Hz, 2H), 7.35-7.24 (m, 4H), 6.95 (b= 8.0 Hz, 2H), 6.76 (d] = 4.8 Hz,
1H); 4.13 (s, 2H), 2.87 (f) = 6.8 Hz, 2H), 2.71 (1) = 6.8 Hz, 2H):**C NMR (100 MHz,
CDCl): ¢ 149.2, 143.4, 140.0, 136.3, 134.4, 132.3, 130.6,33130.2, 129.7, 128.1, 127.8,
127.3, 125.8, 120.4, 118.8, 112.1, 49.5, 43.6, ;36IRMS (ESI): Exact mass calcd for
Co0H17ClsN3S [M+H]" 436.0209, found 436.0212; HPLC analysis: retentiore = 18.0 min,

peak area 97.0%, 75:25 @BH/H,O with 0.1% NHOAC.

4.1.36. 2-(3,4-Dichlorophenyl)-N-((6-(p-tolyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-1-amine

(21)

Compound 21 was synthesized using5¢c and 2-(3,4-dichlorophenyl)ethan-1-amine as

starting material following General Procedure C%¥55'H NMR (400 MHz, CDCJ): 6 7.51 (d,
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J=8.0 Hz, 2H), 7.46 (d] = 4.8 Hz, 1H), 7.31 (d] = 8.8 Hz, 1H), 7.22 (d] = 7.2 Hz, 3H), 6.94
(d, J = 8.0 Hz, 1H), 6.72 (d] = 4.8 Hz, 1H), 4.12 (s, 2H), 2.86 ({t= 6.0 Hz, 2H), 2.69 (1) =
6.4 Hz, 2H), 2.34 (s, 3H)C NMR (100 MHz, CDGJ): ¢ 148.8, 144.8, 140.3, 137.0, 132.2,
131.7, 130.6, 130.3, 130.1, 129.2, 128.1, 127.B,9,1118.7, 111.5, 49.6, 43.7, 35.3, 21.2;
HRMS (ESI): Exact mass calcd forE,0CloNsS [M+H]" 416.0755, found 416.0746; HPLC

analysis: retention time = 15.0 min, peak area%®y/.F:25 CHOH/H,O with 0.1% NHOAc.

4.1.37. 2-(3,4-Dichlorophenyl)-N-((6-(4-(trifluoromethyl) phenyl )imi dazo[ 2,1-b] thiazol -5-

yl)methyl)ethan-1-amine (22)

Compound 22 was synthesized using5d and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%38'H NMR (400 MHz, CDCJ): 6 7.75 (d,
J=8.8 Hz, 2H), 7.65 (d] = 8.8 Hz, 2H), 7.51 (d] = 4.8 Hz, 1H), 7.31 (d] = 8.0 Hz, 1H), 7.25
(s, 1H), 6.96 (dJ = 8.8 Hz, 1H), 6.77 (d] = 4.8 Hz, 1H), 4.15 (s, 2H), 2.89 {t= 7.2 Hz, 2H),
2.72 (t,J = 7.2 Hz, 2H);"*C NMR (100 MHz, CDGJ): § 149.4, 143.4, 140.2, 138.1, 132.3,
130.6, 130.3, 130.2, 128.1, 127.8, 126.1, 125.2.92120.9, 118.8, 112.3, 49.6, 43.7, 35.2;
HRMS (ESI): Exact mass calcd forE17Cl.FN3S [M+H]"470.0472, found 470.0459; HPLC

analysis: retention time = 20.1 min, peak area®9.25:25 CHOH/H,O with 0.1% NHOAc.

4.1.38. 2-(3,4-Dichlorophenyl)-N-((6-(4-fluorophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-

1-amine (23)

Compound 23 was synthesized uisndg5e and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%34'H NMR (400 MHz, CDCJ): ¢ 7.56-
7.53 (m, 2H), 7.46 (d] = 4.8 Hz, 1H), 7.28 (d] = 8.0 Hz, 1H), 7.07 (1] = 8.4 Hz, 2H), 6.92 (d,

J=7.6 Hz, 1H), 6.72 (d] = 4.8 Hz, 1H), 4.07 (s, 2H), 2.83 {t= 6.0 Hz, 2H), 2.67 () = 6.4
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Hz, 2H); *C NMR (100 MHz, CDGJ): 6 162.4 ( = 245.5 Hz), 148.9, 143.8, 140.1, 132.2,
130.6, 130.3, 130.1, 129.4 € 7.5 Hz), 128.1, 119.8, 118.7, 1154+ 22.3 Hz), 111.9, 49.5,
43.5, 35.2; HRMS (ESI): Exact mass calcd fosHG/Cl,FN3S [M+H]" 420.0504, found
420.0515; HPLC analysis: retention time = 11.6 rpgak area 98.8%, 75:25 @bH/H,O with

0.1% NH,OAC.

4.1.39. 2-(3,4-Dichlorophenyl)-N-((6-phenylimidazo[ 2,1-b] thiazol-5-yl)methyl)ethan-1-amine

(24)

Compound 24 was synthesized using5f and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%2'H NMR (400 MHz, CDC}): 6 7.63 (d,
J = 8.0 Hz, 2H), 7.45-7.40 (m, 3H), 7.32 Jt= 7.6 Hz, 2H), 7.24 (s, 1H), 6.95 (@= 8.0 Hz,
1H), 6.74 (dJ = 4.4 Hz, 1H), 4.15 (s, 2H), 2.88 Jt= 6.4 Hz, 2H), 2.70 () = 6.0 Hz, 2H)C
NMR (100 MHz, CDC}): 0 148.9, 144.8, 140.3, 134.6, 132.2, 130.6, 130.8,11328.5, 128.1,
127.8, 127.3, 120.2, 118.7, 111.7, 49.6, 43.7, ;36lBRMS (ESI): Exact mass calcd for
Cu0H1sCloNsS [M+H]™ 402.0598, found 402.0594; HPLC analysis: retentiove = 10.8 min,

peak area 97.0%, 75:25 @BH/H,O with 0.1% NHOAC.

4.1.40. N-((6-(4-Bromophenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-(3,4-dichl orophenyl)ethan-

1-amine (25)

Compound 25 was synthesized using5g and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%424'H NMR (400 MHz, CDCJ): 6 7.55-
7.49 (m, 5H), 7.33 (d] = 8.8 Hz, 1H), 7.26 (d] = 8.8 Hz, 1H), 6.96 (d] = 8.0 Hz, 1H), 6.76 (d,
J=4.8 Hz, 1H), 4.12 (s, 2H), 2.89 {t= 6.8 Hz, 2H), 2.72 () = 6.4 Hz, 2H)*C NMR (100

MHz, CDCk): ¢ 149.1, 143.6, 140.2, 133.6, 132.2, 131.6, 130.6,313130.2, 129.3, 128.1,
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121.3, 120.4, 118.7, 111.9, 49.7, 43.7, 35.3; HRESI): Exact mass calcd forg;:7/BrCIoNsS
[M+H]*479.9704, found 479.9696; HPLC analysis: retentiime = 20.9 min, peak area 95.4%,

75:25 CHOH/HO with 0.1% NHOACc.

4.1.41. 2-(3,4-Dichlorophenyl)-N-((6-(4-methoxyphenyl)imidazo[ 2,1-b] thiazol -5-

yl)methyl)ethan-1-amine (26)

Compound 26 was synthesized uisng5h and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%39'H NMR (400 MHz, CDCJ): 6 7.54-
7.49 (m, 3H), 7.30 (d] = 7.6 Hz, 1H), 7.22 (d] = 1.6 Hz, 1H), 6.94 (d] = 8.8 Hz, 3H), 6.72 (d,
J= 4.8 Hz, 1H), 4.11 (s, 2H), 3.84 (s, 3H), 2.86)(t 6.8 Hz, 2H), 2.70 (] = 7.2 Hz, 2H)*C
NMR (100 MHz, CDC}): 6 159.0, 148.8, 144.8, 140.1, 132.2, 130.6, 130.8,11329.0, 128.1,
127.2, 119.2, 118.7, 113.9, 111.5, 55.3, 49.5,,43562; HRMS (ESI): Exact mass calcd for
C21H20CIoN3OS [M+H]" 432.0704, found 432.0709; HPLC analysis: retentiore = 9.8 min,

peak area 96.4%, 75:25 @BH/H,O with 0.1% NHOAC.
4.1.42. 4-(5-(((3,4-Dichlorophenethyl)amino)methyl)imidazo[ 2,1-b] thiazol-6-yl)benzonitrile (27)

Compound 27 was synthesized uisng5i and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%)2'*H NMR (400 MHz, CDCJ): 6 7.75 (d,
J=8.4 Hz, 2H), 7.66 (d] = 8.4 Hz, 2H), 7.49 (d] = 4.4 Hz, 1H), 7.30 (d] = 7.6 Hz, 1H), 7.23
(s, 1H), 6.96 (dJ = 8.8 Hz, 1H), 6.78 (d] = 4.4 Hz, 1H), 4.13 (s, 2H), 2.88 {t= 6.0 Hz, 2H),
2.71 (t,J = 6.4 Hz, 2H):"*C NMR (100 MHz, CDGJ): ¢ 149.5, 142.7, 140.1, 139.2, 132.3,
130.6, 130.3, 130.2, 128.1, 128.0, 121.7, 119.8,71112.6, 110.3, 49.7, 43.9, 35.4; HRMS
(ESI): Exact mass calcd foro{E1,CILN4S [M+H]" 427.0551, found 427.0550; HPLC analysis:

retention time = 7.1 min, peak area 95.6%, 75:253@HHH,0 with 0.1% NHOACc.
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4.1.43. N-((6-(4-(tert-Butyl)phenyl)imidazo[ 2,1-b] thiazol-5-yl)methyl)-2-(3,4-

dichlorophenyl)ethan-1-amine (28)

Compound 28 was synthesized using5] and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%56'H NMR (400 MHz, CDCJ): 6 7.54 (d,
J=8.0 Hz, 2H), 7.49 (d] = 4.8 Hz, 1H), 7.43 (d] = 8.4 Hz, 2H), 7.30 (d] = 7.6 Hz, 1H), 7.24
(d, J = 1.6 Hz, 1H), 6.94 (d] = 8.0 Hz, 1H), 6.71 (dJ = 4.8 Hz, 1H), 4.13 (s, 2H), 2.88 {t=
6.8 Hz, 2H), 2.70 (t) = 7.2 Hz, 2H), 1.35 (s, 9H}*C NMR (100 MHz, CDGJ): § 150.2, 148.8,
144.8, 140.2, 132.2, 131.7, 130.6, 130.3, 130.8,212127.5, 125.5, 119.8, 118.8, 111.5, 49.6,
43.7, 35.3, 34.6, 31.3; HRMS (ESI): Exact mass ctdlr CouHoCloNsS [M+H]" 458.1224,
found 458.1233; HPLC analysis: retention time =939nin, peak area 97.6%, 75:25

CH3s0OH/H,O with 0.1% NHOACc.

4.1.44. 2-(3,4-Dichlorophenyl)-N-((6-(naphthal en-2-yl)imidazo[ 2,1-b] thiazol-5-yl )methyl )ethan-

1-amine (29)

Compound 29 was synthesized usingbk and 2-(3,4-dichlorophenyl)ethan-1-amine as
starting material following General Procedure C%31'H NMR (400 MHz, CDC}J): 6 8.08 (s,
1H), 7.90-7.79 (m, 4H), 7.52-7.48 (m, 3H), 7.3047(tn, 3H), 6.93 (dJ = 7.6 Hz, 1H), 6.77 (d,
J=4.0 Hz, 1H), 4.23 (s, 2H), 2.89 {t= 6.0 Hz, 2H), 2.71 () = 6.0 Hz, 2H)*C NMR (100
MHz, CDCk): o 149.1, 144.7, 140.3, 133.5, 132.6, 132.2, 1323D,6, 130.3, 130.1, 128.1,
127.7, 126.5, 126.2, 126.02, 125.9, 120.6, 11818,8] 49.7, 43.8, 35.3; HRMS (ESI): Exact
mass calcd for §HxCloNsS [M+H]"452.0755, found 452.0757; HPLC analysis: retentioe

= 20.4 min, peak area 97.5%, 75:254OHi/H,O with 0.1% NHOACc.

4.1.45. 6-(Naphthalen-2-yl)imidazo[ 2,1-b] oxazol e-5-carbal dehyde (47)
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Compoundd?7 was synthesized starting using 2-bromo-1-(napathalyl)ethan-1-one and 2-
amino-oxazole as starting material following Geh&wacedure B (50%}H NMR (400 MHz,
CDCl): §9.98 (s, 1H), 8.28 (s, 1H), 8.00-7.89 (m, 5H), 77585 (m, 3H):*C NMR (100 MHz,
CDCl): ¢ 178.5, 156.2, 139.2, 139.0, 133.8, 133.2, 129.8,812128.6, 127.8, 127.2, 126.8,

125.9, 121.2,114.0, 113.9.
4.1.46. N-((6-(Naphthal en-2-yl)imidazo[ 2,1-b] thiazol -5-yl )methyl)-2-phenyl ethan-1-amine (30)

Compound30 was synthesized uisdpk and 2-phenylethan-1-amine as starting material
following General Procedure C (42%) NMR (400 MHz, CDCY): ¢ 8.01 (s, 1H), 7.90-7.80
(m, 4H), 7.55 (d,J = 4.0 Hz, 1H), 7.51-7.48 (m, 2H), 7.29-7.17 (m, 5B)75 (d,J = 4.0 Hz,
1H), 4.23 (s, 2H), 2.95 () = 6.8 Hz, 2H), 2.80 () = 6.4 Hz, 2H);**C NMR (100 MHz,
CDCl3): 0 149.0, 144.6, 139.8, 133.5, 132.6, 132.2, 128.8.512128.2, 128.1, 127.6, 126.4,
126.2, 126.13, 126.06, 125.8, 120.9, 118.9, 113072, 43.9, 36.1; HRMS (ESI): Exact mass
calcd for G4H22N3S [M+H]" 384.1534, found 384.1534; HPLC analysis: retentiore = 9.2

min, peak area 97.5%, 75:25 ¢PH/H,O with 0.1% NHOAC.

4.1.47. N-((6-(Naphthal en-2-yl)imidazo[ 2,1-b] thiazol -5-yl)methyl)-2,3-dihydr o-1H-inden-2-

amine (31)

Compound3l was synthesized usindpbk and 2,3-dihydro-#-inden-2-amine as starting
material following General Procedure C (40%): NMR (400 MHz, CDCJ): § 8.13 (s, 1H),
7.93-7.85 (m, 4H), 7.69 (§ = 4.8 Hz, 1H), 7.53-7.47 (m, 2H), 7.21-7.15 (m,)46178 (d,J =
4.4 Hz, 1H), 4.29 (s, 2H), 3.71-3.66 (m, 1H), 3(d6,J = 7.2 Hz,J = 8.4 Hz, 2H), 2.81 (ddl =
5.2 Hz,J = 9.2 Hz, 2H);**C NMR (100 MHz, CDCJ): 6 149.1, 144.5, 141.5, 133.5, 132.6,

132.2, 128.1, 127.7, 126.5, 126.4, 126.2, 126.6,92124.7, 120.9, 118.9, 111.8, 59.1, 42.5,
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40.0; HRMS (ESI): Exact mass calcd fogs,:N3S [M+H]" 396.1534, found 396.1529; HPLC

analysis: retention time = 12.7 min, peak area®5.45:25 CHOH/H,O with 0.1% NHOAc.

4.1.48. N-((6-(Naphthal en-2-yl)imidazo[ 2,1-b] oxazol-5-yl)methyl)-2,3-dihydr o-1H-inden-2-

amine (32)

Compound32 was synthesized using7 and 2,3-dihydro-#H-inden-2-amine as starting
material following General Procedure C (26%): NMR (400 MHz, CDCJ): § 8.07 (s, 1H),
7.89-7.80 (m, 5H), 7.54-7.46 (m, 3H), 7.29 (s, 1AHR0-7.13 (m, 5H), 4.25 (s, 2H), 3.70-3.65
(m, 1H),**C NMR (100 MHz, CDGJ): § 155.0, 141.3, 140.7, 137.3, 137.1, 133.5, 1328,11
128.0, 127.7, 127.6, 126.5, 126.2, 125.9, 125.8,712116.5, 112.2, 58.9, 42.6, 39.9; HRMS
(ESI): Exact mass calcd foro£,,NsO [M+H]" 380.1763, found 380.1767; HPLC analysis:

retention time = 9.7 min, peak area 97.7%, 75:253@HHH,0 with 0.1% NHOAC.

4.2. Determination of aqueous solubility

Aqueous solubility for DL5016 was determined by HP&nalysis according to a previously
published protocol with minor modification [41]. riBfly, 6 mg of DL5016 was weighed and
added to 1 mL of water or PBS (pH 7.4). The susjoeis were shaken at 26 for 6 h and then
centrifuged. The supernatants were filtered. ddig (100uL) of the supernatants were injected
into the HPLC system equipped with a C18 reversasetcolumn (fum, 100 A, 100x4.6 mm,
Phenomenex), eluting with water-acetonitrile-trigémine (30:70:0.01 v:v:v) for DL5016. The
flow rate was 1 mL/min and the detection wavelengts set at 312 nm. The standard curve
was generated by injecting 1@ aliquots of the corresponding water or bufferusioins of

DL5016 with known concentrations (Figure S2).

4.3. hCAR agonist luciferase reporter gene assay

48



HepG2-CYP2B6-hCAR [18] cells were cultured in DME{hvitrogen, Carlsbad, CA)
supplemented with 5 pg/mL blasticidin (Invitroge®)5 mg/mL geneticin (Invitrogen), 10%
Hyclone™ FBS (GE Healthcare Life Sciences, Logaim),ldnd 100 U/mL penicillin and 100
ug/mL streptomycin (Invitrogen). For the assay, tHepG2-CYP2B6-hCAR cells were
dispensed at 2,500 cells/4 puL/well in tissue cektreated 1536-well white assay plates (Greiner
Bio-One North America, Monroe, NC) using a Thermme8tific Multidrop Combi (Thermo
Fisher Scientific Inc., Waltham, MA). The mediursed for plating was DMEM supplemented
with 10% Hyclone™ FBS and 100 U/mL penicillin an@01lug/mL streptomycin. After the
assay plates were incubated at 37 °C/5% fo©5 h, 23 nL of compounds dissolved in DMSO,
CITCO (Sigma-Aldrich Corp., St. Louis, MO), or DMS&ere transferred to the assay plates by
a Wako Pintool station (Wako Automation, San Die@@). One pL of PK11195 (Sigma-
Aldrich Corp.) was added (final concentration of®.uM PK11195) using a Flying Reagent
Dispenser (FRD, Aurora Discovery, Carlsbad, CAheTinal test compound concentrations in
the 5 puL assay volume ranged from 6.41 pM to 92ipM6 different concentrations at a 1:3
dilution. The final concentration of DMSO (used tbe negative control) was 0.46%. After 23
h of incubation at 37 °C/5% GQone pL of CellTiter-Fluor™ (Promega, Madison, Wias
added, using the FRD, after which, all plates wareback into the incubator at 37 °C/5% £O
for another hour. The fluorescence intensity was tmeasured at 540 nm following excitation at
405 nm using a ViewLux plate reader (Perkin Elnghelton, CT) to determine cell viability.
Immediately after, 4 uL of ONE-Glo™ Luciferase reag (Promega) was added to each well
using the FRD and a 30 min incubation at room teatpee occurred. Luminescence intensity
was then measured using the ViewLux plate readel data was expressed in relative

luminescence units.
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4.4. hCAR regulated induction of CYP2B6 and CYP3A4 in HPH

HPH obtained from Bioreclamation In Vitro Techndkg (Baltimore, MD) with viability
over 90% were seeded at 0.75%&@lls/well in 12-well biocoat plates in INVITROGRY CP
Medium (Bioreclamation In Vitro Technologies, Balbire, MD). After attachment at 37 °C in a
humidified atmosphere of 5% GChepatocytes were cultured in complete William’sditim E
(WME) and overlaid with Matrigel (0.25 mg/mL). 364diter seeding, HPH were treated with
vehicle control (0.1% DMSO), CITCO (0.1, 0.5 andM), RIF (10 uM), and DL5016 (0.1, 0.5
and 1 pM) for 24 or 72 h before harvesting cell&€dtlect RNA or protein, respectively. Total
RNA isolated from HPHs was reverse transcribed gusirHigh Capacity cDNA Archive Kit
(Applied Biosystems, Foster City, CA) following thmanufacturers’ instructions. Real-time
PCR assay was performed using SYBR Green PCR Maigt¢Qiagen, Germantown, MD) on
an ABI StepOnePlus real-time PCR system (AppliedsiBstems). Primers for the human
CYP2B6, CYP3A4, and glyceraldehyde-3-phosphate dietfyenase (GAPDH) include:
CYP2B6, 5-AGACGCCTTCAATCCTGACC-3" and 5-CCTTCACCAGACAAATCCGC-3';
CYP3A4, 5-GTGGGGCTTTTATGATGGTCA-3 and 5'-
GCCTCAGATTTCTCACCAACACA-3’; and GAPDH, 5-CCCATCACATCTTCCAGGAG-

3 and 5-GTTGTCATGGATGACCTTGGC-3'. Induction valsenere calculated according to
the following equation: fold over control ARCt, whereACt represents the differences in cycle
threshold numbers between the target gene and GABBIAACt represents the relative change
in these differences between control and treatrgemips. Cell homogenate proteins harvested
from HPH were resolved on SDS—polyacrylamide gel%o{12%) and electrophoretically
transferred onto blotting membranes. Subsequemiymbranes were incubated with antibodies

against CYP2B6 (diluted 1:200), CYP3A4 (dilutedd08), orp-actin (diluted 1:50,000). Blots
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were washed and incubated with horseradish persaidacondary antibodies, and developed
using enhanced chemiluminescence Western blottetgctdon reagent from GE Healthcare

(Pittsburgh, PA).
4.5. hCAR nuclear translocation assay in HPH

HPH were plated in collagen-coated 96-well plate808000 cells/well, media was changed
4 h after plating, and cells were infected with ramerus-expressing enhanced yellow
fluorescent protein-tagged hCAR (Ad/EYFP-hCARpIImL media) overnight. Subsequently,
cells were treated with vehicle control (0.1% DMS®B (1 mM), CITCO (uM), or DL5016
(1 uM) for 8 h, washed with PBS, and fixed with 4% garmaldehyde in PBS for 15 min. The
nuclei of fixed cells were stained for 30 min wih6-diamidino-2-phenylindole (DAPI, 1
pa/mL) (Sigma-Aldrich) and five images were takenai regular pattern for each well on a
Nikon Eclipse TI fluorescent microscope for YFP dD8PI channels. General Analysis in the
Nikon Elements AR High Content Analysis softwarecksge (Version 4.50.00) was used to
guantify CAR translocation (%) to the nucleus bgritifying the number of cells where 50% of
the nucleus (DAPI) was overlapping with EYFP-hCARIanormalizing to the total number of
cells expressing EYFP-hCAR (multiplied by 100%).pResentative images are shown, and

guantitative data represents the mean = SD ofifigvidual images for each treatment group.

4.6. CHOP-mediated apoptosis of SU-DHL-4 cellsin the HPH/SU-DHL-4 co-culture system.

HPH were cultured in collagen-coated 12-well plated pretreated with vehicle control (0.1%
DMSO) or DL5016 (1 uM) for 24 h. The wells were theeparated with 3.0 mm polycarbonate
membrane inserts (Sigma-Aldrich). A total of 0.5%18U-DHL-4 cells suspended in

supplemented Williams' Medium E were transferred the insert chamber with a final volume
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of 2 mL/well. The co-cultures were exposed to desigd concentrations of the chemotherapy
drugs in CHOP in the presence or absence of DL%0d &arious time intervals, as indicated.
The viability of the SU-DHL-4 cells was determinatiselected time points with a Cellometer

Auto T4 (Nexcelom Biosciences) using trypan bluelesion.
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Highlights
» DL5016 activates hCAR with excellent potency (E€ 0.66 uM, Fax = 4.9)

» DL5016 robustly induces the expression of hCAReaggnes CYP2B6, at both the
MRNA and protein levels

» DL5016 dramatically enhances the efficacy of CPAdshchemotherapeutics CHOP.



