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ABSTRACT

Cannabinoid type 2 (CIBreceptor continues to emerge as a promising @mggt for many
diseases and conditions. New tools for studying @Beptor are required to further inform
how this receptor functions in healthy and diseadatks. The alkyl indole scaffold is a well-
recognised ligand for cannabinoid receptors, arttigistudy the indole C5-7 positions were
explored for linker and fluorophore attachment.eéwrhigh affinity, CB receptor selective
inverse agonist was identified6b) along with a general trend of C5-substituted lado
acting as agonists versus C7-substituted indok&sgaas inverse agonists. The indole C7
position was found to be the most tolerant to lirdeeension and resulted in a high affinity
inverse agonist with a medium length link&®@), Although a high affinity fluorescent ligand
for CB;, receptor was not identified in this study, thealedC7 position shows great promise

for fluorophore or probe attachment.
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1. INTRODUCTION

Cannabinoid type 2 (CIBreceptor is a member of the G protein-coupleéptar (GPCR)
superfamily. GPCRs are the largest family of trag@srorane signalling proteins in the
human genome and a major therapeutic target [1].r€&eptor, cannabinoid type 1 (B
receptor, endocannabinoids and associated regukataymes comprise the
endocannabinoid system, which plays a key rolaérégulation of various neurotransmitter
systems [2]. CBreceptor is one of the most abundant receptdiseifrain and plays a
significant role in motivation and cognition [3h tontrast, CBreceptor is mostly expressed
on cells of the immune system and in lymphatiaugss spleen and tonsils [4] and only at low
levels in the central nervous system [5]..C8ceptor is crucial to immune system function,

including modulation of cytokine release and immuak migration [6, 7].

The cannabinoid (CB) receptors are potential dangets in multiple pathologies, including
CNS diseases (e.g. Alzheimer’s disease), cancetiozascular disease, drug addiction, pain,
obesity and inflammatory disorders [8]. In partaryICB receptor has been implicated in
cancer [9] and inflammatory diseases such as negesterative disorders [10],
atherosclerosis [11] and inflammatory bowel dis¢a&¢ In order to realise the potential of
CB, receptor as a drug target to treat these conditivere is a need for more detailed
knowledge of how this receptor functions in heakimyl diseased states. Current tools
available for studying CBreceptor include radioligands, covalent ligands antibodies and
whilst these have been used to study receptoriéat@in, structure and function, they all
possess significant limitations in their utilityJJL Fluorescent ligands are powerful tools for
studying receptor localisation, structure, dynanaied function in whole live cells [14].
Fluorescent ligands are adaptable to differentya@sd imaging systems, including high
throughput screening [15], fluorescent resonaneeggntransfer [16], confocal microscopy,
scanning confocal microscopy, flow cytometry angbfescence correlation spectroscopy
[17].

Whilst fluorescent ligands have been successfdbighed for some other GPCRs [18],
attempts at developing high affinity, selective &8ceptor fluorescent ligands for use in high
resolution confocal imaging studies have been ttegldny high non-specific binding,

limiting their utility as imaging tools [19-24]. Aumber of these fluorescent ligands for,CB

receptor have been developed by conjugating vaffilegophores to a pharmacophore-
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linker (mbc94) derived from SR144528 and of théd&760-mbc94 has been shown to
identify CB, receptor mediated inflammation in a mouse modg]. [Bhe challenge of
developing a high affinity, selective GBeceptor fluorescent ligand with little non-specif
membrane binding is increased further by the liplaphature of cannabinoids and many
fluorescent dyes. Conjugation of a fluorescenttdya pharmacophore introduces a large
amount of steric bulk to the ligand, which can digantly alter the pharmacology and
physicochemical properties compared to the uncat@egpharmacophore. Variation of site
of linker attachment, linker length, linker compam and fluorescent dye choice can all

influence affinity and efficacy of the probe aneé thverall physicochemical properties.

It is necessary to select a region of the pharmamepfor linker attachment that is amenable
to change and the introduction of steric bulk/l&ngthe aim of this study was to locate a
suitable linker position on the alkyl indole scédfand use this for the development of a high

affinity, selective fluorescent GBeceptor antagonist or inverse agonist.

1R=H 2 3R=H
5R=| 4R =CH,

Figure 1. CB receptor agonists WIN-48,098 (pravadoliri§)and WIN-55,212-23). CB, receptor agonists
JWH-015 8) and JWH-0464). CB, receptor inverse agonist AM638)(

Development of the indole class of cannabinoids spesrheaded by the development of CB
receptor agonists WIN-48,098 (pravadoliag?6] and WIN-55,212-2 [27] (Figure 1).

These were followed by variations to the scaffoldive CB receptor selective agonists such
as JWH-013 [28] and JWH-04@! [29], and inverse agonists such as AMG30
(iodopravadoline; hCBK; = 31.2 nM, hCBK; = 5152 nM) [30]. Many CBreceptor



selective indoles have subsequently been repadted3R]. In this project, linker attachment
via indole C5-C7 was explored for a variety of mes Firstly, the presence of the bulky C6
iodine group in AM63® demonstrates that GBeceptor binding is still possible with steric
bulk at this side of the indole ring. Secondly,uaer of other studies have shown that a
variety of bulky groups at the C5, C6 and C7 pos&i for exampl®-benzyl [33] and furan
[34], maintain high affinity and selectivity for GBeceptor and give varying function as
either agonists or inverse agonisikirdly, other studies that attached linkers dndrescent
dyes at the C3 acyl position of the alkyl indolaffald were unsuccessful and resulted in a
>250 fold loss in affinity for CBreceptor compared to the parent pharmacophore and
implied that there is a strict size limitation ¢r@tC3 acyl substituent in order to retain
affinity [35]. In addition, established structuretiaity relationships (SAR) dictate that the
indole scaffold is highly sensitive to variationlt substituents and that alkyl chains longer
than hexyl at this position are not tolerated [28]this project, the N1-alkyl and C3-acyl
groups were selected based on optimal affinityseidctivity reported previously by others
[36, 37] and a C2-H was used instead of the C2-yhathpresent in AM638 for synthetic
ease since the latter is not essential fos EBeptor binding affinity [38].

2. RESULTS AND DISCUSSION
2.1 Chemistry

All compounds were synthesised from a commercaligilable 5-, 6- or B-benzyl
substituted indoles@a-c) (Scheme 1). IndoleBa-c wereN-alkylated with R-mesylate using
sodium hydride to giv@a-ein good yield N-Alkyl indoles 7a-e were acylated at C3 with
different R-nitriles in the presence of catalytic [(Phen)Pd@QRusing a recently reported
adapted procedure [39, 40] to g&a&h. The palladium-ligand catalytic complex was pre-
formed rather than generatietsitu as this gave superior product yields. Previoustiedel-
Crafts acylation has commonly been used for C3adioyl of this indole class [37], however,
this palladium-catalysed reaction provides a cleand safer procedure with robust yield.
The benzyl ether Ba-h was cleaved using Pd/C and hydrogen to revealoxydrdoles9a-

h. Although these compounds were all evaluated &y 1€ceptor binding (Table 1), not all

combinations of Rand R were progressed through further derivatisations.
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12c¢, 13c, 15¢ | 4-ethylmorpholine | 1-naphthalene | (CH))s
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Scheme 1. Reagents and Conditions: (ij-BMs, NaH, DMF, 45°C, 2 h, 54 - 87%; (iif/Ritrile,
[(Phen)Pd(OAGg), H,O, CH,COOH, 1,4-dioxane, 140°C, 24 h, 18 - 81%; (iii) @dH,, EtOH, EA, rt, 20 h, 8 -
67%; (iv)tert-butyloromoacetate, NaH, DMF, 60°C, 3 h, 45 - 619»;TFA, DCM, rt, 1 h; (vi) 1. Fmoc-Ala-
Ala-trityl resin (prepared by SPPS¥*), piperidindylB, 2. HATU, DIPEA, DMF, 3. Resin cleavage (TFA,
DCM, rt, 1 h), 19 - 26%; (vii) EN-(CH,)s-NHBoc or HN-(C,H,40),C,H,-NHBoc, HATU, DIPEA, DMF, rt, 12
h, 50 - 94%; (viii) TFA, DCM, rt, 1 h, 27 - 77%x() Ac,O, DCM, r.t, 1 h, 97%; (x) BODIPY 630/650-X-OSu,
DIPEA, DMF, rt, 12 h, 36 - 88%. * 1. 1,2-diaminoatte trityl resin, Fmoc-Ala-OH, HBTU, DIPEA, DMF, 2.
Ac,0, DIPEA, DMF, 3. piperidine, DMF, 4. Fmoc-Ala-OHBTU, DIPEA, DMF.

Hydroxyindoles9a, 9c and9e-f were alkylated usintgrt-butylbromoacetate to install a short
spacer 10a-d), followed by cleavage of thert-butyl group to give carboxylic acidda-d.



These carboxylic acids were coupled to three difielinkers, eitheN-Boc-1,8-
octanediamine\-Boc-2,2’-(ethylenedioxy)diethylamine (polyethylegkycol (PEG) linker)

or Ala-Ala-ethylene-resin-bound (synthesised bydsphase peptide synthesis, then the
product cleaved from the resin) to give Boc-pragdda and12c, 12b and12d or primary
aminesl3e-g respectively. Linkers were chosen to give a rasfgelarity and functionality,
from the hydrophobic ‘benign’ alkyl chain to a mdrgdrophilic short peptide, with the goal
in mind to create a fluorescent probe with suitgdblgsicochemical properties and little non-
specific-membrane binding and also to generates tmolstudying CBreceptor with varied
polarity. Boc-deprotection di2a-d yielded primary amine$3a-d, which along withl3e-g
were then coupled to BODIPY 630/650-X-OSu (6-((fdiluoro-5-(2-thienyl)-4-bora-3a,4a-
diaza-s-indacene-3-yl)styryloxy)acetyl) aminohexaraxid, succinimidyl ester) to giviba-

g. BODIPY 630/650-X was chosen as a fluorophoretdugiccess with other Class A GPCR
fluorescent probes [18, 41, 42] and due to its Ipigbto and chemical stability, intense
absorption and good fluorescence quantum yield ratebmitting wavelength meaning
minimal detection interference from cellular autoftescence. The amid8b was also
acylated to givd4.

9e i X
of — /_/ N
e
16a 5-O-Pr
16b 7-O-Pr
- Ore

, H
%e . R1’Nv€\0/§§/o O ¥

N
17 R'=Boc To
i,
[ 18 R'=Ac
Scheme 2. Reagents and Conditions: (i) 1-bromopropane aNa¢{(C,H,0);C,H,Br, NaH, DMF, rt, 20 h, 31 -
83%; (ii) 1. TFA, DCM, rt, 1 h, 2. A©, DCM, r.t, 1.5 h, 71%.

Initial biological characterisation of compoundsdgbed thus far indicated the polar
carbonyl group/amide bond installed via the shedr5/-linker in close proximity to the
pharmacophore core may be detrimental t@ @Beptor binding. Therefore, hydroxyindoles

9e-f were reacted by Williamson ether procedure withegia short alkyl bromide or a longer



PEG-alkyl bromide to giv&6a-b or 17 respectively (Scheme 2). Once in hahidlyas Boc-
deprotected and acetylated to gii Attachment of a PEG-amine alcohoP®was initially

attempted using Mitsunobu conditions however, dnilsnot give a satisfactory yield &7.

Biological characterization (described in detaisécttions 2.2 and 2.3 below) reveale@-7-
propyl substituted6b as a lead compound, therefore 7-position linkeivdgves of16b
maintaining the same’fand R groups were explored (Scheme 3). Alkylatior®bivith
methyl 5-bromovalerate &d-Boc-bromohexylamine affordel® or 24 respectively. Methyl
ester hydrolysis 019 gave carboxylic aci@0, which underwent an amide coupling witth
Boc-2,2’-(ethylenedioxy)diethylamine to yieRi. Boc-deprotection a2l followed by
coupling to BODIPY 630/650-X-OSu afford@8. In a separate reaction, this amine
intermediate was also acetylated to g?2eln an analogous mann&4 was converted to the
corresponding BODIPY 630/650-2€) or acetylateddb) conjugate.

iv. then v. or vi. O
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Scheme 3. Reagents and Conditions: (i) methyl 5-bromovaéoa 6-(Boc-amino)hexyl bromide, NaH, DMF,
rt, 20 h, 33 - 79%; (ii) 0.2 M aq. LIOH#®, THF, 0°C, 1 h, 95%; (iiiN-Boc-1,8-diamino-3,6-dioxaoctane,
HATU, DIPEA, DMF, rt, 12 h, 82%; (iv) TFA, DCM, rfl h, 92 - 95%; (v) A, DIPEA, DCM, rt, 1 h, 95-
96%; (vi) BODIPY 630/650-X-OSu, DIPEA, DMF, rt, 12 77 - 93%.



2.2. Radioligand binding assays

Key smaller alkyl indoles and indole-linker conjtemalong with all fluorescent compounds
were subjected to a competition radioligand bindiegay screen, usintHJCP-55,940 as the
competing radioligand and human embryonic kidney @2EK) cells over-expressing human
(h) CB; receptor chimerized with thrééterminal haemagglutinin (HA) tags (SHA-hg)B
[43]. For compounds that displacé#{JCP55,940 by more than 50% at hQ@ceptor,
concentration response curves were obtained at h€&Bptor to determini€; values (Table
1). Compounds that showed high affinity for k@Bceptor were then subjected to a
competition binding assay screen in HEK cells agoressing 3HA-hCBreceptor [44]. CB
receptor inverse agonist SR144528 was analysdtibihding assays as a literature
comparison control. In this study, SR144528 dispthgK; = 51.0 + 3.0 nM at hCBandK; =
5682 + 2890 nM at hCBreceptor with a CBCB; selectivity of 110. This is comparable to
the recently reported SR144528;= 7.88 + 0.06 at hCB(K; = 13.2 nM) and i§; =5.77 +
0.09 at hCB receptor K; = 1698.2 nM; using®H]CP55,940K 4 = 0.33 at hCBand 0.1 at
hCB,), with a CB:CB; selectivity of 129 [45].



Table 1. Affinity of phar macophor e and phar macophore-linker conjugatesfor hCB, and hCB; receptors.

o

RZ R2 RZ
R3
5 A\ A\ A\
N R>6 N 7 N
R R’ RE R
Compound R R? R K; hCB, K; hCB, Selectivity fold
position (nM + SEM)? (nM + SEM)? hCB,/ hCB,
9a Et-morpholino | MeOPh 5 746.6 + 1398 | >10000 >13
9 Et-morpholino MeOPh 6 >10000 no bindihg -
9 Et-morpholino naphthalene 5 169.0 £ 16.7 2838 +3b5. 17
9d Et-morpholino cyclohexane 5 895.3 +332.2 | >10000 >11
9e Me-THP MeOPh 5 120.1 £23.4 1406 +463.6 12
of Me-THP MeOPh 7 53.9+7% 3583 + 427 66
9g Me-THP naphthalene | 5 275.4+83.7 | 823.8+214.6 3
9h Me-THF MeOPh 5 >10000 no binding -
1lla Et-morpholino MeOPh 5 >10000 >10000 -
11b Et-morpholino naphthalene 5 >10000 >10000 -
1lic Me-THP MeOPh 5 1660 £114.2 >10000 >6
11d Me-THP MeOPh 7 581.8 +70.8 >10000 >17
16a Me-THP MeOPh 5 1350 + 399°3 4527 £ 676 3
16b Me-THP MeOPh 7 5.7+1% 504.6 + 148.2 89
19 Me-THP MeOPh 7 200.7 4.9 1583 +242.7 8
20 Me-THP MeOPh 7 1307 + 302°5 >10000 >7
13a Et-morpholino MeOPh 5 >10000 n'd. -
13b Et-morpholino MeOPh 5 >10000 n.d. -
14 Et-morpholino MeOPh 5 >10000 n.d. -
13c Et-morpholino naphthalene 5 >10000 n.d. -
13d Et-morpholino naphthalene >10000 n.d. -
18 Me-THP MeOPh 5 >1000D no bindind’ -
22 Me-THP MeOPh 7 >10000 >10000 -
13e Et-morpholino MeOPh 5 no binding n.d. -
13f Et-morpholino naphthalene 5 no binding n.d. -
13g Me-THP MeOPh 5 no binding n.d. -
25 Me-THP MeOPh 7 1969 +351.9 3918 +800.4 2
SR144528 51.0+3.0 5628 + 2890 110

2K; obtained by radioligand binding assay, using M5[tH]CP55,940 (calculated withk, = 3 nM for hCB
receptor oKy = 2 nM for hCRB receptor) and transfected HEK 293 3HA cells. SEBtandard error of the

mean. Data is the mean of three individual expemtsperformed in triplicate, exceptvhich is four individual

experiments performed in triplicate ahdhich is five individual experiments performedtiiplicate. Low

affinity compounds that passed D’Agostino & Pearsormality test and showed significant competitigith
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[*H]CP55,940 (as determined by a one sample t-te=® determined to havekavalue >10000 nM:no
significant binding was detected, where compouihdsved no significant competition witAH]CP55,940 as

determined by a one sample t-tést.d. = value was not determined.

Comparison between the hydroxyindole compound s@#&h, Scheme 1) revealed 7-
hydroxy9f to have the highest affinity for hGBeceptor and the greatest selectivity (approx.
66-fold selective) over hGBeceptor. With the same'Rnd R groups present in each pair,
the 7-hydroxy position gave better hof@ceptor affinity than the 5-hydroxy (comp&feto
9e) and the 5-hydroxy position better than the 6-bygir(compareéa to 9b). The three
derivatives with the 5-hydroxy and 4-methoxyphelRdgroups held constant, but with
varying R groups revealed 4-methyl tetrahydropyran (TH#) {o have higher affinity for
hCB; receptor compared to 4-ethylmorpholi®a)and 3-methyl tetrahydrofuran (THF)
(9h), the latter of which showed no appreciable bigdmeither hCBor hCB receptor. The
optimal R group was determined by comparing 5-hydroxy aedst#me Rgroup and it was
found that either 1-napthalene (comp8ecdo 9a and9d) or 4-methoxyphenyl (compage to
9g) afforded higher hCBreceptor affinity. Therefore, the 6-hydroxy, 3-mgTHF R'and
cyclohexane Rgroups were not included in further derivatisasiofrostet al also found that
for 5-hydroxyindole compounds 4-methylTHP dtpRovides a highe; than
ethylmorpholino (when in combination with a tetramgcyclopropyl group) [33]. However,
Frostet al also found 5-hydroxy substitution conferred higa#inity than 7-hydroxy
substitution (R= 4-methylTHP, R = tetramethylcyclopropyl) indicating that the petd
position of 7-hydroxy found in our study is specifd the R and R groups utilised.

Evaluation of the six derivativedXa-d and16a-b, Schemes 1 and 2) with a 4-atom
linker/linear group revealed that the 7-indole-&dkposition conferred higher hgBeceptor
affinity than the 5-position. The 7-substitutett had a 3-fold higher affinity than 5-
substitutedl1lc, and 7-substitutetiéb around 230-fold higher affinity for GBeceptor than
16a (Table 1, Figure 2a). The weak bindinglds and11b compared td1c indicated a
preference for Rgroup 4-methylTHP andRyroup 4-methoxyphenyl. Of all the compounds
analysed, ©-propyl 16b (hCB; K; = 5.7 £ 1.4 nM, hCBK; = 504.6 + 148.2) had the highest
hCB; receptor affinity and had the most pronouncedyqebselectivity (89 fold hCBover
hCB; receptor) of the new compounds reported in thidyst

11



Derivatives19 and20 were evaluated to see if linker extension fromgtapyl-chain of lead
compoundl6b was tolerated. Despite having a 35-fold reducimonCB, receptor affinity
compared td6b, 19 still retained reasonable hgBeceptor affinity (hCBK; = 200.7 £ 4.9
nM) (Figure 2a) and was considered a promising fead fluorescent conjugate. The
carboxylic acid?0 showed approximately a 6-fold loss in affinity fa€B, receptor
compared to the methyl ester analo@@gewhich indicated it was unlikely the methyl ester

was hydrolysed during the assay.

Conjugation of longer linkers onto pharmacophorerslinker scaffolds was generally not
well tolerated. The longest linked derivative towhappreciable hCBreceptor binding was
alkyl-ether-acetylate@5. Alkyl, or PEG linkers introduced to derivativé$a-b, 9e and20 to
give 13a-d, 18 and22 showed minimal affinity (hCBreceptoiK; >10000 nM). The lack of
binding of acetylated analogdd compared with the corresponding primary anii@ie
demonstrated the primary aminel@b is not solely responsible for the lack of affinity
There was no detectable h&®ceptor binding observed for compounds contaiaing
dipeptide linker {3e-g). Unfortunately, conjugation of BODIPY630/650-Xddnot furnish
high affinity hCB receptor ligands, even when the fluorescent dyeasajugated to the
most promising pharmacophore-linker conjuge8eThe alkyl linker containing fluorescent
ligands showed no discernible binding, whilst tli&3Pand dipeptide-linked fluorescent
ligands showed very minimal affinity (hGBeceptoK; = >10000 nM; Supplementary Table
1).

12
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Figure 2: (A) Binding affinity of 16a, 16b and19 at hCB receptor, determined using competition binding
curves againsfH]CP55,940. {H]CP55,940 bound (ccpm) values are normaliseddftecific binding
window (%). Data shown is representative of a @irgperiment performed in triplicate, with errorda
indicating + SEM. (B) Concentration response cwi¥8e, 9f and CP55,940, measuring forskolin-stimulated
CcAMP (5uM). Area under the curve values are norsealiso that forskolin only response = 100% andlbasa
response = 0%. Data shown is representative ofggesexperiment, with data points conducted in idap. (C)
Concentration response curveléb and SR144528, measuring forskolin-stimulated cAliea under the
curve values are normalised so that forskolin oegponse = 100% and basal response = 0%. Data shown
representative of a single experiment, with datatsaonducted in duplicate.
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2.3. CAMP assays

Compounds that showed micromolar or nanomolarigfffor hCB, receptor were also
analysed for functional activity using a biolumioesce resonance energy transfer (BRET)
sensor to measure modulation of forskolin-stimwlatgclic adenosine monophosphate
(cAMP) at hCB and hCRB receptors. Initially compounds were tested apl¥0in the
presence and absence of CP 55,940. Since bota@BCB receptor are (Xoupled,
agonists cause a decrease in cellular cAMP, anistgaran prevent the inhibition produced
by an EGo concentration of a full agonist (i.e. CP 55,9400 snverse agonists lead to an
increase in cellular cAMP. Compounds that demoteira functional response were then
subjected to a concentration response assay atecBptor and the three highest,CB
receptor affinity compound9g, 9f and16b were also analysed for potency at;G&ceptor
(Table 2).

The five indoles with a 5-hydroxyl but varyind Bnd R groups 9a, 9c-e, 9g) all behaved as
hCB;, receptor agonists in the cAMP assay. The compauitidthe highest affinity for CB
receptor 9e) was also the most potent agonist. 5-Hydr&gyrad the highest hGBeceptor
agonist potency of all compounds tested (hEBsp = 4.4 £ 0.35 nM) but also showed
agonist activity at hCBreceptor at a lower potency (h€BGCsp = 62.9 £ 29.7 nM).
Extension of the 5-hydroxy position with a shoraitheither retained agonist activity1€)

or resulted in no responsksa).

In contrast to the 5-substituted agonists, deadion of the alkyl indole scaffold in the 7-
position led to inverse agonist activity at kdBceptor in five §f, 16b, 19, 20, 25) out of six
compounds analysed. Of note is the dramatic difie@en function between the regioisomers
5-hyroxy9e and 7-hydroxyaf, which showed agonism or inverse agonism ath@Beptor
respectively (Figure 2b). These two compounds \ae analysed for function at h¢B
receptor and both behaved as agonists, 9gthaving the highest potency (h€BGCsp = 62.9
+29.7 nM).
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Table 2: Functional data at hCB, and hCB; receptor.

hCB, receptor hCBreceptor

Compound | EG2orICs® | Emax Function EGP or ICs® | Emax Function

("M £ SEM) | (% + SEM)® ("M £ SEM) | (% + SEM)°
%9a 5427 67529 Agonist n.d. 704 +4.6 Agonist
9 8.7+1.¢ 774 6.1 Agonist n.d. 54.6+5.4 Agonist
od 18.6 +5.° 741+1.2 Agonist n.d. 743 +4.2 Agonist
9 4.4+0.35 65.7 £3.7 Agonist 62.9 £+ 2977 62.2 £3.4 Agonist
9g 14.7+5.3 64.4+15 Agonist n.d. 524+1.9 Agonist
1ic 70.2+6.7 57.4+3.2 Agonist n.d. 60.4+1.2 Agonist
16a - - No response - - No response
of 271.7+130.7 | 189.8+13.8| Inverse agonist 632.5 +315.164.3+8.1 Agonist
16b 30.6 +13.9 263.3£14.4 | Inverse agonist - - No response
11d >10000* 84.9+3.3 Agonist n.d. 80.5+5.5 Agonist
19 >10000" ¢ 165.8+7.1 Inverse agonist n.d. 77.8+3.6 Agonis
20 >10000" € 1236 £7.7 Inverse agonist n.d. 825+1.6 Adonis
25 >10000" € 150.9 £10.7 | Inverse agonist n.d. 743149 Agpni
CP-55,940 56+23 41.0+1.4 Agonist n.d. 56.5+1.4 Agonist
SR144528 760 + 61°%° 212.2+25 Inverse agonist - - No responde

Potency was determined by concentration responge€TRRsays measuring forskolin-stimulated cARBCs,

for compounds showing agonist activityCs, for compounds showing inverse agonist activitgompounds

did not reach a plateau for maximum efficacy. Datdne mean of at least three individual experiment

performed in duplicate, exceptvhich is two individual experiments performed impticate. SEM = standard

error of the mearf.Area under the curve (AUC) analysis was used terdene E,., as a percentage of

normalised forskolin only response (100%) and Vehi@%). A t-tests was used to determine if thgE

observed was significantly different from the fayik only response and if no significant differereas found,

the compounds were deemed to show no responses wallue was not determined.

It remains to be determined if this regioisomerchional switch between 5- and 7-substituted
indoles is a more robust trend as there is no iaddit SAR available in the literature directly
comparing the function of 5- and 7-substituted agaés with regards to cAMP signalling.
Pasquinkt al identified 5-aryl-substituted indoles that disgdyinverse agonism with cAMP
signalling, however with very different N1 and CGlole substituents than those utilised in
our study [34]. In an interesting study by Fretsal [33] using 4-, 5-, 6- and 7-hydroxyD-
benzyl and methoxy substituted indoles, the 7-swibstl analogues failed to show agonism

in a fluorescence imaging plate reader (FLIPR)inaidlux assay (but were not tested for
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antagonism or inverse agonism), whilst two outhoéé 5-substituted analogues did display

agonism.

It is important to note that we only analysed the@&hway via cAMP production in this
study and no other CB receptor signalling pathvesh agl-arrestin recruitment, £
coupling (intracellular calcium release), oy&upling (adenyl cyclase stimulation). GPCR
ligands are well known to exhibit signalling bid6[ 47], and therefore the new ligands
reported herein could possess varying functionsigaalling pathways other than cAMP.
The compound with the highest affinity for €& ceptor16b, also showed the highest hCB
receptor potency (hCBeceptor I1Gy = 30.6 £ 13.9 nM) amongst the inverse agonisthim
series, and a higher potency angfEhan the control inverse agonist SR144528 (Figaje 2
16b was also analysed for hgBeceptor potency but failed to produce a significasponse
at concentrations up to 10 uM. In comparison teiptesly reported alkyl indole scaffolds,
16b showed improved hCBeceptor affinity over AM63® (hCB; Ki = 32.1 nM,

hCB,/hCB; 165-fold) [30] but with less subtype selectivitjnere are a very few higher
affinity alkyl indoles that have been reported & @ceptor inverse agonists, for example
an inverse agonist (hGE; = 0.37 nM, hCBK; = 344.9 nM, calculated using{]CP55,940
hCB; K4 = 0.31 nM, hCBKq4 = 0.18 nM) reported by Pasqugtial [34]. In contrast, there
are many higher affinity CBreceptor indole-based agonists reported, whickddoe
attributed to the increased interest in CB receptianists driven by drug discovery efforts
[48]. 16b also showed a higher affinity than diarylpyrazolerse agonist SR144528 in this
study.

Compoundl9 was the highest affinity pharmacophore-linker ogaje, an@5 was the
longest linked derivative to show appreciable h@eptor binding, however despite both
behaving as an inverse agonist atL @eptor, an 16 could not be estimated for either as a

maximal response plateau was not reached at 10 uM.

All the compounds analysed for potency in the CABRET assay were also tested at 10 uM
and 1 uM in wild type (WT) HEK 293 cells to verifiyat the observed effects at hCihd

hCB; receptors were receptor mediated (Supplementare®3.9c, 9f, 16a-b, and20 all
invoked a small but significant response aulbut not at JuM and as these compounds

all demonstrated a response in HEK293-pC@&8Is at 1 uM, it can be concluded that the WT

HEK cell response is not large enough to have sagmtly affected the calculated hgBnd
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hCB; receptor potencied9 and25 showed a significant response in WT HEK cellsahb
10 uM and 1uM, but as both compounds demonstrated very weaknpgtat hCB receptor
(IC50>10000nM) the potential effect of non-receptor ragetl activity on the measured CB

receptor response is of limited concern.
2.4. Molecular Modelling

GPCRs have proved difficult to crystallise duette inherent insolubility of membrane
bound proteins, low expression levels, conformatidexibility and lack of stability in
detergents [49]. However, recent technological adga such as protein engineering and
lipid-based crystallisation have led to a rapidé@ase in the numbers of GPCR crystal
structures obtained [50]. A crystal structure of,C&eptor has not yet been reported,
however three structures were recently determiae@B,; receptor [51-53]. A homology
model of CB receptor based on the crystal structure of invagamist-bound CBreceptor
(PDB ID: 5TGZ) [51] was constructed. The secondsdrycture of a homology model is
heavily influenced by the template structure.,C&eptor homology models reported prior to
the determination of CBcrystal structures have utilised other, less ¢josdated crystal
structures, such g2-adrenoceptor, A adenosine receptor or rhodopsin and therefore will
differ slightly to the model reported here [54-56].

Ligand docking studies were carried out in an aftietm rationalise the hCBeceptor affinity
of the inverse agonist pharmacophore-linker conpig® Docking poses were clustered into
two groups, with the most consistent pose showiegnethyl valerate linker oriented out of
the binding pocket between TM1 and TM7, into tipedlibilayer (Figure 3). It has previously
been proposed that ligands may entei @Bl CB receptors via the lipid membrane [57] and
molecular dynamics simulations have shown a lilkegliry route between TM1 and TM7 for
tetrahydrocannabinol and anandamide binding te 1€Beptor [58]. A similar exit pathway
from the orthosteric binding site of GB2ceptor between TM1 and TM7 to that postulated
here forl9 has been proposed for a biotin-containing @ eptor probe [59]. In this pose,
the 7-ether demonstrates hydrogen bonding with S2Blst the THP oxygen and the ester
carbonyl hydrogen bonds with the extracellular loDpe phenyl is positioned in a
hydrophobic pocket between TM3-6 and the indole @rd phenyl are able to engage in van
der Waals interactions with multiple nearby aromatisidues (F183, W194, W258 and

F281). This linker pose reinforces that the indoieposition holds promise for linker and
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fluorescent dye conjugation. The other, smallesteluof poses (three out of ten) showed the
linker exiting through the extracellular loops, fexer the flexibility of extracellular loops

makes docking in this region difficult.

Figure 3: Inverse agonist9 (cyan carbon atoms) docked into hGBceptor homology model (grey ribbon).
The methyl valerate linker is orientated out of bireding pocket between helices 1 (TM1) and 7 (TM7)

Hydrogen bonding (yellow dotted lines) is showrvisn the 7-ether and S285 (shown as sticks) asawéifie
THP ether and the ester carbonyl with the extratzlloop. Side chains of residues within 4 A o ttyand19

are shown as sticks (green).
2.5. Off target activity

Compoundse-h, 9e-g and16a were accepted into the Eli Lilly and Company Open
Innovation Drug Discovery Program and the Tres @aQpen Lab Foundation and did not
show significant proprotein convertase subtilisgxik type 9 (PCSK9) inhibition, GPR120
agonism, disruption to IL-17 protein-protein intetian, Leishmania donovani growth
inhibition, voltage-gated potassium channel KCNQ&j8nism or nicotinamide N-
methyltransferase (NNMT) inhibition.
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3. CONCLUSIONS

In this study, the C5-C7 positions of €&ceptor alkyl indole ligands were explored for
tolerability of linker attachment, with the aimdevelop a high affinity, selective GB
receptor fluorescent ligand. Substitution of shiokers at the indole C7 resulted in higher
affinity and selectivity for hCBreceptor compared to the analogous C5 compourmgser
C7 substituted compounds also showed inverse aganisontrast to the C5-substituted
agonists in nearly all examples. C7-Short alkykdid indolel6b (hCB, K; = 5.7 £ 1.4 nM,
hCB; K; = 504.6 = 148.2, hCEhCB; 88-fold) was identified as a new high affinity hCB

receptor inverse agonist.

The pharmacophore-linker conjugdfthat retained CBreceptor affinity demonstrated that
a linker is tolerated in this indole C7 positiordanolecular modelling suggests this would be
amenable to further extension and fluorophore aatjon. Unfortunately, conjugation of a
fluorescent dye, including extensioni§, failed to produce a high affinity GBeceptor
fluorescent ligand in this study. Howev&® remains a promising pharmacophore-linker lead
and future studies could explore extensiod®Wwith other linker lengths and types in
addition to different fluorescent dyes. In the @xttof this study that investigated C5-C7
indole positions and in light of previous efforfslioker conjugation via the C3 acyl group
[35] or extension of the N1 substituent [29] tharsé for an indole-based fluorescent ligand

for CB;, receptor remains elusive.

EXPERIMENTAL PRODECURES
Material and Methods
Chemistry

Chemicals and solvents were purchased from Sigrdachl Merck or AK Scientific and
were used without further purification. BODIPY 6880-X-OSu was obtained from Life
Technologies. Anhydrous grade solvents were useshwadry atmosphere was required.
Unless stated, all reactions were carried out@nreemperature (rt) and under atmospheric
pressure. 1,2-diaminoethane trityl resin (200-4@3Im) was purchased from Merck.
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Thin layer chromatography was carried out on 0.2 atluminium-backed silica gel plates 60
F2s4 and visualised under UV light at= 254 nM and 365 nM and then with potassium
permanganate dip. Flash column chromatography am®d out using 40-63 pm silica.
Reverse phase high performance liquid chromatogréRR-HPLC) was carried out on an
Agilent 1260 Infinity system, using an YMC C8 5 (%0 x 10 mm) column for semi-
preparative RP-HPLC and an YMC C8 5 um (150 x 4n®) molumn for analytical RP-
HPLC. The mobile phases used were AOH0.05% TFA) and B: 9:1 ACN:#D (0.05%
TFA). Analytical RP-HPLC retention times quoteddwelwere determined with a standard
method - 5% A for 1 min, then a linear gradien6ed5% B from 1-27 min (followed by 1
min at 95% B, 2 min linear gradient 95-5% B anchthamin re-equilibration at 5% A). All
compounds analysed for biological activity were5%®purity by UV detection at 254 and
380 nm (and 550 nm for fluorescent compounds) ayécal RP-HPLC. All compounds
HPLC purified as the trifluoroacetic acid (TFA) tsakre neutralised using an Amberlyst
A21 ion exchange resin before biological testing.

High resolution electrospray ionization mass spe@tRMS-ESI) were obtained on a
microTOR, mass spectrometer. Proton and carbon nuclear meagesonance (NMR)
spectra were obtained on either a 400 MHz or aNBBI@ Varian MR spectrometer. Two-
dimensional NMR experiments, including COSY, HS@®BC and NOESY were used to
assign spectra. Chemical shifts are listed or theale in ppm, referenced to CRVeOD-
ds or DMSO4;s with residual solvent as the internal standard@ngpling constantsl)
recorded in hertz (Hz). Signal multiplicities assigned as: s, singlet; d, doublet; t, triplet; q,
guartet; quint, quintet; dd, doublet of doublets;dibublet of triplets; td, triplet of doublets;

br, broad; or m, multiplet.

501(Benzyloxy)1100[20]1(morpholint14Cyl)ethyl] T1IH [Jindole (7a)

Preparation of 2-(mor pholin-4-yl)ethyl methanesulfonate. A stirred solution of 4-(2-
hydroxyethyl)-morpholine (2.5 mL, 20.7 mmol) andNE(8.6 mL, 62.0 mmol) in anhydrous
DCM (48 mL) under Nwas cooled to 0°C and then methanesulfonyl chéof&4 mL, 31.0
mmol) was added dropwise. The mixture was stirtatifar 2 h, filtered, the solid washed
with minimal DCM and this filtrate combined withetloriginal filtrate was evaporated under
reduced pressure to give a yellow oil (10.24 ¢ asixture of the desired product 2-
(morpholin-4-yl)ethyl methanesulfonate and a SaNH"CI"). This material was used
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without further purification. A stirred solution 6fbenzyloxyindole (600 mg, 2.7 mmol) in
anhydrous DMF (11 mL) under.Nvas cooled to 0°C, and then NaH (60% by mass
dispersion in mineral oil; 358 mg, 9.0 mmol) wasledl The mixture was stirred at 0°C for
10 min and then at rt for 30 min. The reaction mm&twas cooled to 0°C and a solution of 2-
(morpholin-4-yl)ethyl methanesulfonate (1.13 g, ®#hol) in anhydrous DMF (5 mL) was
added. The mixture was stirred at 45°C for 2 h]exbto rt, diluted with EA (20 mL) and
guenched with sat. ag. NEI (20 mL) and HO (10 mL). The layers were separated and the
aqueous layer extracted with EA (3 x 20 mL). Thembmed organics were washed with(H
(4 x 70 mL), dried over MgSgfiltered and evaporated under reduced pressineciiude
product was purified using flash silica column e¢hedography (2:1 PE:EA) to yield the
desired7a (690 mg, 2.1 mmol, 76%) as a light brown waxQR.3, 2:1 PE:EA)'H NMR

(400 MHz, CDC}): 6 7.52 — 7.46 (m, 2H, ArH Bn), 7.43 — 7.37 (m, 2HHABnN), 7.37 — 7.30
(m, 1H, ArH Bn), 7.26 (dJ = 8.8 Hz, 1H, ArH indole), 7.18 (d,= 2.3 Hz, 1H, ArH indole),
7.13 (d,J = 3.1 Hz, 1H, ArH indole), 6.98 (dd,= 8.9, 2.2 Hz, 1H ArH indole), 6.41 (ddi=
3.2, 1.1 Hz, 1H, ArH indole), 5.12 (s, 2H, €Bn), 4.22 (tJ = 6.9 Hz, 2H, N1-Ch), 3.72 (t,

J = 4.6 Hz, 4H, O-Chimorpholino), 2.75 (t) = 6.9 Hz, 2H, N1-CkCH,), 2.49 (t,J = 4.6

Hz, 4H, N-CH morpholino).**C NMR (101 MHz, CDGJ) § 153.33, 137.86, 131.56, 128.98,
128.69, 128.61, 127.85, 127.64, 112.69, 110.03,38)401.03, 71.01, 67.03, 58.36, 53.99,
44.29. HRMS-ESI calculated for{,sN,0, [M+H]* 337.1911, founavz 337.1884.
6-(Benzyloxy)-1-[2-(mor pholin-4-yl) ethyl]-1H indole (7b)

6-Benzyloxyindole (1.34 g, 6.0 mmol), NaH (732 r§,3 mmol), and 2-(morpholin-4-
yhethyl methanesulfonate (2.51 g, 12.0 mmol) in B8 mL) were reacted as described in
the procedure fora. The crude product was purified using flash sitobumn
chromatography (2:1 hexane:EA) to yield the desriel.10 g, 3.3 mmol, 54%) as a brown
solid (R 0.13, 2:1 PE (petroleum ether):EAj NMR (400 MHz, CDCJ) & 7.55 — 7.44 (m,
3H, ArH Bn & ArH indole), 7.44 — 7.36 (m, 2H, ArHrB, 7.36 — 7.29 (m, 1H, ArH Bn), 7.04
(d,J=3.2 Hz, 1H, ArH indole), 6.95 — 6.83 (m, 2H, Anktlole), 6.42 (ddJ) = 3.2, 0.7 Hz,

1H, ArH indole), 5.14 (s, 2H, CiBn), 4.32 — 4.04 (br m, 2H, N1-G{ 3.82 — 3.57 (br m,
4H, O-CH morpholino), 2.83 — 2.62 (br m, 2H, N1-gEH,), 2.60 — 2.29 (br m, 4H, N-CH
morpholino).**C NMR (101 MHz, CDGJ) § 155.44, 137.60, 136.67, 128.67, 127.97, 127.63,
127.26, 123.27, 121.68, 109.95, 101.38, 94.83,4/®1.02, 58.08, 53.99, 44.10. HRMS-ESI
calculated for GH,sN,0, [M+H] " 337.1911, founavz 337.1880.
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5-(Benzyloxy)-1-[(oxan-4-yl) methyl]-1H-indole (7¢)

Preparation of (oxan[]14[]yl)methyl methanesulfonate. 4-(Hydroxymethyl)
tetrahydropyran (2.9 mL, 25.0 mmol)38t(10.4 mL, 74.9 mmol) and methanesulfonyl
chloride (2.9 mL, 37.5 mmol) in DCM (50 mL) wereanted as described in the procedure
for 2-(morpholin-4-yl)ethyl methanesulfonate togian orange oil (7.77 g) as a mixture of
the desired (oxan4]yl)methyl methanesulfonate and a salt. This mdter@s used without
further purification. 5-Benzyloxyindole (600 mg,72nmol), NaH (481 mg, 12.0 mmol) and
(oxan 14l 1yl)methyl methanesulfonate (1.04 g, 5.4 mmol) in B 7 mL) were reacted as
described in the procedure fta. The crude product was purified using flash sitodumn
chromatography (2:1 PE:EA) to yield the desired570 mg, 1.8 mmol, 66%) as a light
brown oil (R 0.44, 2:1 PE:EA)*H NMR (400 MHz, CDG}) § 7.52 — 7.44 (m, 2H, ArH Bn),
7.43 —7.36 (m, 2H, ArH Bn), 7.35 - 7.29 (m, 1HHABnN), 7.23 (d,J = 8.9 Hz, 1H, ArH
indole), 7.17 (dJ = 2.4 Hz, 1H, ArH indole), 7.03 (d,= 2.4 Hz, 1H, ArH indole), 6.96 (dd,
J=8.9, 2.4 Hz, 1H, ArH indole), 6.40 (@= 3.0 Hz, 1H, ArH indole), 5.11 (s, 2H, GBn),
3.99 — 3.91 (m, 4H, N-CH& O-CH, tetrahydropyran (THP)), 3.31 (td~= 11.7, 2.3 Hz, 2H,
O-CH, THP), 2.16 — 2.02 (m, 1H, CH THP), 1.53 — 1.32 4, O-CHCH, THP).**C

NMR (101 MHz, CDCY) 6 153.29, 137.85, 131.77, 129.02, 128.96, 128.61.8R) 127.64,
112.68, 110.25, 104.24, 100.72, 70.97, 67.58, 53630, 30.98. HRMS-ESI calculated for
C21H24NO, [M+H] " 322.1802, founavz 322.1778.

7-(Benzyloxy)-1-[(oxan-4-yl) methyl]-1H-indole (7d)

7-Benzyloxyindole (335 mg, 1.5 mmol), NaH (268 g, mmol) and (oxan4 lyl)methyl
methanesulfonate (582 mg, 3.0 mmol) in DMF (14 mvkye reacted as described in the
procedure foi7a. The crude product was purified using flash sibodumn chromatography
(4:1 hexane:EA) to yield the desiréd (418 mg, 1.3 mmol, 87%), as a pale violet wax (R
0.63, 2:1 PE:EA)*H NMR (400 MHz, CDGJ) & 7.51 — 7.44 (m, 2H, ArH Bn), 7.44 — 7.33
(m, 3H, ArH Bn), 7.24 (dt) = 8.0, 0.7 Hz, 1H, ArH indole), 7.00 @= 7.8 Hz, 1H, ArH
indole), 6.91 (dJ = 2.9 Hz, 1H, ArH indole), 6.73 (dd,= 7.8, 0.8 Hz, 1H, ArH indole), 6.40
(d,J = 3.0 Hz, 1H, ArH indole), 5.14 (s, 2H, GBn), 4.08 (dJ = 7.2 Hz, 2H, N-CH), 3.87
—3.76 (m, 2H, O-CKHTHP), 3.13 (tdJ = 11.6, 2.5 Hz, 2H, O-CHTHP), 2.11 — 1.92 (m,
1H, CH THP), 1.26 — 1.03 (m, 4H, O-GEH, THP).*C NMR (101 MHz, CDGJ) 5 146.85,
136.98, 131.35, 130.02, 128.71, 128.56, 128.41.572319.87, 114.12, 103.02, 100.83,
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70.60, 67.70, 55.41, 37.68, 30.43. HRMS-ESI catedldor G;H,3NNaQ; [M+Na]*
344.1621, founan/z 344.1591.

5-(Benzyloxy)-1-[(oxolan-3-yl) methyl]-1H-indole (7€)

Preparation of (oxolan-3-yl)methyl methanesulfonate. Tetrahydro-3-furanmethanol (0.86
mL, 9.0 mmol), EN (3.7 mL, 26.9 mmol) and methanesulfonyl chlorfdié® mL, 13.4
mmol) in DCM (21 mL) were reacted as describechnpgirocedure for 2-(morpholin-4-
yh)ethyl methanesulfonate to give a yellow oil @&) as a mixture of the desired (oxadlan
3 yl)methyl methanesulfonate and a salt. This mdtergs used without further
purification. 5-Benzyloxyindole (600 mg, 2.7 mmad¥iaH (322 mg, 8.1 mmol) and (oxolan
3yl)methyl methanesulfonate (969 mg, 5.4 mmol) inBM6 mL) were reacted as
described in the procedure fta. The crude product was purified using flash sitodumn
chromatography (2:1 PE:EA) to yield the desifed582 mg, 1.9 mmol, 70%), as a red-
orange oil (R0.63, 2:1 EA:PE)'H NMR (400 MHz, CDC}) § 7.55 — 7.46 (m, 2H, ArH Bn),
7.44 —7.37 (m, 2H, ArH Bn), 7.37 — 7.30 (m, 1HHABN), 7.27 (d,J = 8.9 Hz, 1H, ArH
indole), 7.19 (dJ = 2.5 Hz, 1H, ArH indole), 7.08 (d,= 3.1 Hz, 1H, ArH indole), 6.98 (dd,
J=8.9, 2.4 Hz, 1H, ArH indole), 6.43 (ddl= 3.1, 0.8 Hz, 1H, ArH indole), 5.12 (s, 2H, €H
Bn), 4.06 (dJ = 7.8 Hz, 2H, N-CH), 3.97 (td,J = 8.3, 5.5 Hz, 1H, O-Cktetrahydrofuran
(THF)), 3.82 — 3.67 (m, 2H, O-CH'HF), 3.61 (dd,J = 8.9, 4.7 Hz, 1H, O-CHTHF), 2.90 —
2.75 (m, 1H, CH THF), 2.10 — 1.94 (m, 1H, €FHF), 1.73 — 1.57 (m, 1H, GHTHF). *C
NMR (101 MHz, CDCY) 6 153.39, 137.84, 131.69, 129.02, 128.63, 128.438,812 127.65,
112.84,110.11, 104.36, 101.14, 71.13, 71.01, 64822, 40.16, 29.97. HRMS-ESI
calculated for GgH,:NNaQ, [M+Na]* 330.1464, founadvz 330.1441.
5-(Benzyloxy)-3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indole (8a)
Formation of [(Phen)Pd(OACc),] complex. Palladium (Il) acetate (324 mg, 1.5 mmol) was
dissolved in acetone (28 mL) and left unstirred3dmin at rt, after which, undissolved solid
Pd(OAc) was removed by filtration with fine filter papdr,10-Phenanthroline (313 mg, 1.7
mmol) was added to the reddish-brown filtrate,gbkition swirled for 1 min in which time a
precipitate started to form. The solution was tefsit unstirred for 30 min, the precipitate
was filtered, washed with cold acetone and vacuteddyielding [(Phen)Pd(OAg]) (336

mg, 0.83 mmol, 57%) as a canary yellow solid, acdeed in the literature [60]. A stirred
solution of7a (104 mg, 0.31 mmol), 4-methoxybenzonitrile (119, &&9 mmol) and
[(Phen)Pd(OAg) (13 mg, 31.Qumol) dissolved in KO (0.12 mL), glacial AcOH (0.18 mL)
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and 1,4-dioxane (0.6 mL) was heated to 140°C ieatesl pressure tube for 42 h. The
reaction mixture was cooled to rt, diluted with DGM mL), filtered through a celite pad
and the celite washed with DCM (6 mL). The filtratas evaporated under reduced pressure.
The crude residue was purified by flash silica oohuchromatography (99:1 DCM:MeOH
with 0.3% EtN to load silica), and recrystallized using MeOHyteld 8a (74 mg, 0.16
mmol, 51%) as dark brown crystals; 853, 95:5 DCM:MeOH)*H NMR (400 MHz,

CDCls) 6 8.06 (d,J = 2.4 Hz, 1H, ArH indole), 7.90 — 7.81 (m, 2H, AMEOPh), 7.65 (s,
1H, ArH indole), 7.53 — 7.47 (m, 2H, ArH Bn), 7.43%.36 (m, 2H, ArH Bn), 7.35 - 7.31 (m,
1H, ArH Bn), 7.29 (ddJ = 8.9, 0.5 Hz, 1H, ArH, indole), 7.05 (d#l= 8.9, 2.5 Hz, 1H, ArH
indole), 7.02 — 6.96 (m, 2H, ArH MeOPh), 5.17 (8, £ZH, Bn), 4.22 (tJ = 6.3 Hz, 2H, N1-
CHy), 3.90 (s, 3H, O-C}j, 3.70 (t,J = 4.6 Hz, 4H, O-Ckhimorpholino), 2.77 (t) = 6.4 Hz,
2H, N1-CHCH,), 2.48 (t,J = 4.7 Hz, 4H, N-Chmorpholino).**C NMR (101 MHz, CDGJ)

6 189.85, 162.30, 155.70, 137.49, 137.18, 133.59,918 130.98, 128.64, 128.31, 127.95,
127.81, 115.46, 114.71, 113.63, 110.48, 105.3®9/®7.02, 57.84, 55.58, 53.82, 44.45.
HRMS-ESI calculated for £gH3:N,O,4 [M+H] " 471.2278, founavz 471.2239.
6-(Benzyloxy)-3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indole (8b)

A solution of7b (123 mg, 0.37 mmol), 4-methoxybenzonitrile (144, hg mmol) and
[(Phen)Pd(OAg) (14 mg, 37.Qumol) in H,O (0.14 mL), glacial AcOH (0.21 mL) and 1,4-
dioxane (0.7 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography @®CM:MeOH, with 0.3% ammonia to
load silica) to yieldb (129 mg, 0.27 mmol, 75%) as a brown solid@R7, 95:5
DCM:MeOH).'H NMR (500 MHz, CDC}) & 8.29 (d,J = 8.7 Hz, 1H, ArH indole), 7.87 —
7.80 (m, 2H, ArH MeOPh), 7.56 (s, 1H, ArH indolé)50 — 7.44 (m, 2H, ArH Bn), 7.42 —
7.36 (m, 2H, ArH Bn), 7.36 — 7.30 (m, 1H, ArH B@)05 (ddJ = 8.7, 2.2 Hz, 1H, ArH
indole), 7.00 — 6.93 (m, 2H, ArH MeOPh), 6.90Jd; 2.2 Hz, 1H, ArH indole), 5.14 (s, 2H,
CH, Bn), 4.15 (tJ = 6.4 Hz, 2H, N1-Ch), 3.87 (s, 3H, O-Ch}, 3.68 (t,J = 4.6 Hz, 4H, O-
CH, morpholino), 2.72 (t) = 6.4 Hz, 2H, N1-CkKCH,), 2.46 (t,J = 4.7 Hz, 4H, N-CH
morpholino).**C NMR (126 MHz, CDGJ) 5 189.64, 162.25, 156.39, 137.55, 137.15, 136.38,
133.43, 130.93, 128.65, 128.02, 127.57, 123.54,72115.74, 113.53, 112.23, 95.19,
70.75, 66.94, 57.51, 55.50, 53.74, 44.12. HRMSd&&lulated for GoHziN,O4 [M+H] ™
471.2276, founan/z 471.2278.

5-(Benzyloxy)-1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indole (8c)
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A solution of7a (525 mg, 1.6 mmol), 1-naphthonitrile (717 mg, sihol) and
[(Phen)Pd(OAg) (76 mg, 0.19 mmol) in O (0.63 mL), glacial AcOH (0.93 mL) and 1,4-
dioxane (3.1 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography tevi@ 99:1 DCM:MeOH, with 0.3% EN
to load silica, 2 10:1 EA:hexane with 0.5% ammonia to load silicayield 8c (138 mg,
0.28 mmol, 18%) as a brown solid; (R34, 4:1 EA:hexaneJH NMR (400 MHz, CDCJ) &
8.22 — 8.15 (m, 2H, ArH indole & naphthalene), 8-00.89 (m, 2H, ArH naphthalene), 7.65
(dd,J=7.0, 1.2 Hz, 1H, ArH naphthalene), 7.57 — 7#5%H, ArH Bn & naphthalene),
7.45—7.37 (m, 3H, ArH Bn & indole), 7.37 — 7.21,(2H, ArH Bn & indole), 7.08 (dd] =
8.9, 2.5 Hz, 1H, ArH indole), 5.20 (s, 2H, €Bn), 4.29 — 3.97 (br m, 2H, N1-GH 3.76 —
3.36 (br m, 4H, O-CkHmorpholino), 2.85 — 2.58 (br m, 2H, N1-gEH,), 2.57 — 2.19 (br m,
4H, N-CH, morpholino).**C NMR (101 MHz, CDGJ) 5 192.18, 156.04, 139.21, 138.98,
137.42, 133.83, 132.12, 130.87, 130.04, 128.66,322828.00, 127.86, 127.76, 126.89,
126.43, 126.05, 125.80, 124.60, 117.54, 114.86,711005.55, 70.72, 66.87, 57.57, 53.65,
44.40. HRMS-ESI calculated forsg3:N,03[M+H] * 491.2329, foundnz 491.2303.
5-(Benzyloxy)-3-cyclohexanecar bonyl-1-[2-(mor pholin-4-yl)ethyl]-1H-indol (8d)

A solution of7a (100 mg, 0.3 mmol), cyclohexanecarbonitrile (106 &89 mmol) and
[(Phen)Pd(OAg) (12 mg, 30.Qumol) in H,O (0.12 mL), glacial AcOH (0.18 mL) and 1,4-
dioxane (0.6 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography G@®CM:MeOH, with 0.3% EN to load
silica) to yield a red oil as a 4:1 mixture&8uf and7a (100 mg) (R8d 0.17, 99:1
DCM:MeOH). This mixture could not be separatedHartand was therefore used without
further purification in subsequent reactions. HRESI calculated foBd CygH35N203

[M+H] " 447.2642, fountivz 447.2605 (from HRMS-ESI of the 4:1 mixture).
5-(Benzyloxy)-3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indole (8€)

A solution of7c (103 mg, 0.32 mmol), 4-methoxybenzonitrile (127, &5 mmol) and
[(Phen)Pd(OAg) (14 mg, 32.Qumol) in H,O (0.12 mL), glacial AcOH (0.18 mL) and 1,4-
dioxane (0.6 mL) was reacted as described in thegoiure foBa. The crude residue was
purified by flash silica column chromatography (PE:EA) to yield3e (118 mg, 0.26 mmol,
81%) as a brown oil (F0.32, 1:1 PE:EA)*H NMR (400 MHz, CDCJ) & 8.04 (d,J = 2.5 Hz,
1H, ArH indole), 7.87 — 7.80 (m, 2H, ArH MeOPh)53.— 7.47 (m, 3H, ArH Bn & ArH
indole), 7.43 — 7.36 (m, 2H, ArH Bn), 7.36 — 7.30, (H, ArH Bn), 7.28 (dd) = 8.9, 0.5 Hz,
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1H, ArH indole), 7.06 (dd) = 8.9, 2.5 Hz, 1H, ArH indole), 7.03 — 6.97 (m,, 2xH
MeOPh), 5.17 (s, 2H, C#Bn), 4.01 (dJ = 7.3 Hz, 2H, N-CH)), 3.99 — 3.93 (m, 2H, O-CH
THP), 3.90 (s, 3H, O-C§), 3.31 (tdJ = 11.8, 2.2 Hz, 2H, O-CHTHP), 2.21 — 2.05 (m, 1H,
CH THP), 1.56 — 1.28 (m, 4H, O-GEH, THP).**C NMR (101 MHz, CDGCJ) & 189.89,
162.34, 155.71, 137.47, 136.76, 133.54, 132.11,963028.65, 128.39, 127.97, 127.82,
115.43, 114.88, 113.71, 110.83, 105.31, 70.69,%B8.58, 53.33, 36.06, 30.86. HRMS-ESI
calculated for GoH3NO,4 [M+H] " 456.2169, founavz 456.2128.
7-(Benzyloxy)-3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indole (8f)

A solution of7d (104 mg, 0.32 mmol), 4-methoxybenzonitrile (129, @7 mmol) and
[(Phen)Pd(OAg) (13 mg, 32.Qumol) in H,O (0.12 mL), glacial AcOH (0.18 mL) and 1,4-
dioxane (0.6 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography (Beixane:EA) to yiel®f (85 mg, 0.19
mmol, 58%) as a pale pinkish-white solid (R44, 1:1 hexane:EAJH NMR (400 MHz,
CDCl;) 6 8.01 (ddJ = 8.1, 0.9 Hz, 1H, ArH indole), 7.85 — 7.78 (m,, 2ZiH MeOPh), 7.51
—7.46 (m, 2H, ArH Bn), 7.45 — 7.37 (m, 3H, ArH Bi)37 (s, 1H, ArH indole), 7.23 @,=
8.0 Hz, 1H, ArH indole), 7.02 — 6.95 (m, 2H, ArH ®IEh), 6.87 (dd) = 7.9, 0.9 Hz, 1H,
ArH indole), 5.15 (s, 2H, C§Bn), 4.10 (d,J = 7.2 Hz, 2H, N-Ch), 3.89 (s, 3H, O-Ch),
3.86 — 3.77 (m, 2H, O-CHTHP), 3.12 (tdJ = 11.6, 2.4 Hz, 2H, O-CHTHP), 2.14 — 1.93
(m, 1H, CH THP), 1.22 — 0.99 (m, 4H, O-@EH, THP).*C NMR (101 MHz, CDG)) &
189.81, 162.33, 146.60, 137.85, 136.49, 133.54,0431.30.25, 128.82, 128.74, 128.66,
126.27, 123.20, 115.56, 115.32, 113.64, 105.184/®7.54, 56.29, 55.55, 37.10, 30.22.
HRMS-ESI calculated for £H3oNO4 [M+H] " 456.2169, founaz 456.2129.
5-(Benzyloxy)-3-(naphthalene-1-car bonyl)-1-[ (oxan-4-yl)methyl]-1H-indole (8g)

A solution of7c¢ (103 mg, 0.32 mmol), 1-naphthonitrile (147 mg,60mM@mol) and
[(Phen)Pd(OAg) (14 mg, 32.Qumol) in H,O (0.12 mL), glacial AcOH (0.18 mL) and 1,4-
dioxane (0.6 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography (PE:EA) to yield8g (87 mg, 0.18 mmol,
59%) as a brown oil (®0.5, 1:1 PE:EA)'H NMR (400 MHz, CDCJ) § 8.19 (ddJ = 8.5,
1.2 Hz, 1H, ArH naphthalene), 8.13 (= 2.5 Hz, 1H, ArH indole), 7.98 (dd,= 8.3, 1.1
Hz, 1H, ArH naphthalene), 7.95 — 7.89 (m, 1H, Arkphthalene), 7.66 (dd,= 7.0, 1.3 Hz,
1H, ArH naphthalene), 7.60 — 7.44 (m, 5H, ArH Bm@&phthalene), 7.44 — 7.37 (m, 2H, ArH
Bn), 7.37 — 7.31 (m, 1H, ArH indole), 7.28 (= 8.9 Hz, 1H, ArH Bn), 7.27 (s, 1H, ArH
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indole), 7.08 (ddJ = 8.9, 2.5 Hz, 1H, ArH indole), 5.18 (s, 2H, £€Bn), 4.00 — 3.85 (m, 4H,
N-CH, & O-CH, THP), 3.28 (tdJ = 11.8, 2.1 Hz, 2H, O-CHTHP), 2.13 - 1.96 (m, 1H, CH
THP), 1.48 — 1.24 (m, 4H, O-GBH, THP)."*C NMR (101 MHz, CDGJ) § 192.14, 156.02,
139.12, 138.36, 137.40, 133.88, 132.31, 130.90,1630.28.67, 128.33, 128.01, 127.88,
126.86, 126.45, 126.11, 125.97, 124.71,117.409914.11.03, 105.44, 70.70, 67.36, 53.28,
35.93, 30.75. HRMS-ESI calculated fogB,0NNaO; [M+Na]* 498.2040, foundz
498.1996.

5-(Benzyloxy)-3-(4-methoxybenzoyl)-1-[ (oxolan-3-yl)methyl]-1H-indole (8h)

A solution of7e (87 mg, 0.28 mmol), 4-methoxybenzonitrile (130 &8 mmol) and
[(Phen)Pd(OAg) (13 mg, 28.Qumol) in H,O (0.12 mL), glacial AcOH (0.18 mL) and 1,4-
dioxane (0.6 mL) was reacted as described in thegolure foBa. The crude residue was
purified by flash silica column chromatography (PE:EA) to yield8h (84 mg, 0.19 mmol,
67%) as a light brown oil (.12, 2:1 PE:EA)'H NMR (400 MHz, CDC}) 5 8.05 (d,J =

2.5 Hz, 1H, ArH indole), 7.83 (d,= 8.7, 2.8, 2.6 Hz, 2H, ArH MeOPh), 7.54 (s, 1HHA
indole), 7.50 (dJ = 6.9 Hz, 2H, ArH Bn), 7.40 ( = 7.2 Hz, 2H, ArH Bn), 7.32 (dd,= 9.4,
8.1 Hz, 2H, ArH Bn, ArH indole), 7.07 (dd,= 8.9, 2.5 Hz, 1H, ArH indole), 7.00 (dk=

8.7, 2.8, 2.6 Hz, 2H, ArH MeOPh), 5.17 (s, 2H, {B#), 4.11 (dJ = 7.8 Hz, 2H, N-CH),
3.97 (td,J = 8.3, 5.4 Hz, 1H, O-CHTHF), 3.90 (s, 3H, O-C§), 3.77 (tJ = 8.3, 6.9 Hz, 1H,
O-CH, THF), 3.71 (dd) = 9.1, 6.4 Hz, 1H, O-CHTHF), 3.61 (ddJ = 9.1, 4.4 Hz, 1H, O-
CH, THF), 2.92 — 2.79 (m, 1H, CH THF), 2.12 — 1.99 (tH, CH, THF), 1.73 — 1.60 (m,
1H, CH, THF).*3C NMR (101 MHz, CDGJ) § 189.91, 162.36, 155.77, 137.45, 136.23,
133.48, 132.00, 130.96, 128.65, 128.41, 127.97,8P27115.71, 114.99, 113.73, 110.68,
105.34, 70.85, 70.69, 67.62, 55.58, 49.90, 39.98& HRMS-ESI calculated for
CogH2gNO4 [M+H] " 442.2013, foundn/z 442.1985.

3-(4-M ethoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-0l (9a)

A flask containing a stirred solution 8a& (497 mg, 1.1 mmol), EtOH (12 mL), MeOH (12
mL) and AcOH (1 mL) was evacuated and purged withftNlowed by addition of Pd/C
(10% by weight loading (dry basis), matrix carbawper, wet support) (50 mg). The
solution was placed under an atmosphere of hydrfggioon) (evacuated and purged with
H, three times) and stirred for 20 h at rt. The sotutvas then filtered through celite, the
celite washed with 1:1 EtOH:MeOH and then MeOH, tafiltrate evaporated under
reduced pressure. The crude residue was purifigudxypitation in EA to yield the desired
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product9a (54 mg, 0.14 mmol, 13%) as a pale fawn soliddqR9, 95:5 DCM:MeOH)'H

NMR (400 MHz, DMSO+dg) 6 9.08 (s, 1H, OH), 7.93 (s, 1H, ArH indole), 7.d7J = 8.3

Hz, 2H, ArH MeOPh), 7.66 (s, 1H, ArH indole), 7.4l J = 8.8 Hz, 1H, ArH indole), 7.06
(d,J=8.3 Hz, 2H, ArH MeOPh), 6.76 (d= 8.7 Hz, 1H, ArH indole), 4.30 (§,= 6.2 Hz,

2H, N1-CH), 3.85 (s, 3H, O-CH, 3.54 (t,J = 4.6 Hz, 4H, O-Chimorpholino), 2.67 (t) =

6.3 Hz, 2H, N1-CHCH,), 2.47 — 2.35 (br m, 4H, N-GHnorpholino).**C NMR (101 MHz,
DMSO-dg) 6 188.12, 161.52, 153.35, 138.50, 133.22, 130.80.,443 127.90, 113.54,
113.22,112.71, 111.12, 106.06, 66.26, 57.30, 55307, 43.09. HRMS-ESI calculated for
C2oH25N204 [M+H] " 381.1809, found/z 381.1779. Analytical RP-HPLCR 12.89 min.
3-(4-M ethoxybenzoyl)-1-[2-(mopholin-4-yl)ethyl]-1H-indol-6-ol (9b)

A mixture of8b (75 mg, 0.16 mmol), EtOH (2.6 mL), EA (1.3 mL) aRd/C (7.5 mg) was
reacted as described in the procedur@®#oiThe reaction mixture was filtered through celite,
the celite washed with 2:1 EtOH:EA and then MeOt] the filtrate evaporated under
reduced pressure. The crude residue was purifigudxypitation in EA and semi-preparative
RP-HPLC to yield the desired prod@it (4.8 mg, 12.6 pmol, 8%) as a brown solid QR21,
95:5 DCM:MeOH).*H NMR (400 MHz, DMSOsg) & 9.38 (s, 1H, ArOH), 8.00 (d,= 8.6

Hz, 1H, ArH indole), 7.84 (s, 1H, ArH indole), 7.817.75 (m, 2H, ArH MeOPh), 7.09 — 7.03
(m, 2H, ArH MeOPh), 6.88 (d, = 2.1 Hz, 1H, ArH indole), 6.76 (dd,= 8.5, 2.1 Hz, 1H,

ArH indole), 4.25 (tJ = 6.3 Hz, 2H, N1-Ch), 3.85 (s, 3H, O-Ch), 3.55 (t,J = 4.6 Hz, 4H,
O-CH, morpholino), 2.66 (t) = 6.3 Hz, 2H, N1-ChlCH,), 2.44 (t,J = 4.6 Hz, 4H, N-CH
morpholino).**C NMR (126 MHz, DMSOdg) 5 188.10, 161.59, 154.39, 137.76, 137.37,
133.07, 130.45, 122.27, 119.71, 114.01, 113.54,04135.81, 66.25, 57.07, 55.41, 53.18,
42.91. HRMS-ESI calculated for&,5N,04 [M+H] ™ 381.1809, founavz 381.1804.
Analytical RP-HPLC R=13.78 min.

1-[2-(M or pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-ol (9c)

A mixture of8c (299 mg, 0.61 mmol), EtOH (11 mL), EA (5.5 mL) aAd/C (30 mg) was
reacted as described in the procedur@®#oiThe reaction mixture was filtered through celite,
the celite washed with 2:1 EtOH:EA and then MeOmd the filtrate evaporated under
reduced pressure. The crude residue was purifigudxypitation in EA to yield the desired
product9c (95 mg, 0.24 mmol, 39%) as a white solid (R85, 95:5 DCM:MeOH)'H NMR
(400 MHz, MeODsd,) 6 8.03 (ddJ = 8.2, 4.6 Hz, 2H, ArH naphthalene), 7.99 — 7194 1H,
ArH naphthalene), 7.82 (d,= 2.4 Hz, 1H, ArH indole), 7.65 (dd,= 7.0, 1.4 Hz, 1H, ArH
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naphthalene), 7.62 — 7.57 (m, 1H, ArH naphthalenég (s, 1H, ArH indole), 7.55 — 7.46
(m, 2H, ArH naphthalene), 7.39 @= 8.8 Hz, 1H, ArH indole), 6.88 (dd,= 8.8, 2.5 Hz,
1H, ArH indole), 4.21 (tJ = 6.1 Hz, 2H, N1-Ch), 3.53 — 3.40 (m, 4H, O-GHnorpholino),
2.67 (t,J = 6.1 Hz, 2H, N1-ChCH,), 2.37 (t,J = 4.6 Hz, 4H, N-Chimorpholino).**C NMR
(126 MHz, CDC}) 6 194.66, 155.60, 141.78, 141.08, 135.85, 134.0P,883 132.13,
130.36, 129.98, 128.93, 128.49, 128.07, 127.79,682619.17, 115.54, 112.71, 109.78,
68.95, 59.58, 55.73, 46.54. HRMS-ESI calculated¥gH»sN,Os [M+H] " 401.1860, found
mM/z 401.1850. Analytical RP-HPLC;R 14.70 min.
3-Cyclohexanecar bonyl-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-ol (9d)

A mixture of8d (85 mg, 0.19 mmol), EtOH (3 mL), EA (1.5 mL) and/€ (8.5 mg) was
reacted as described in the procedur@®#oiThe reaction mixture was filtered through celite,
the celite washed with 2:1 EtOH:EA and then MeOd the filtrate evaporated under
reduced pressure. The crude residue was purifidgly silica gel column chromatography
(1:1 PE:EA) and precipitation in EA to yield thesded produc®d (11 mg, 30.9 umol, 16%)
as a pale pink solid ¢(®.54, 95:5 DCM:MeOH)*H NMR (400 MHz, DMSO#d) & 9.01 (s,
1H, ArOH), 8.26 (s, 1H, ArH indole), 7.60 (d= 2.4 Hz, 1H, ArH indole), 7.35 (d,= 8.8
Hz, 1H, ArH indole), 6.71 (dd] = 8.8, 2.4 Hz, 1H, ArH indole), 4.27 (= 6.4 Hz, 2H, N1-
CHyp), 3.53 (t,J = 4.6 Hz, 4H, O-Ckimorpholino), 3.12 — 2.99 (m, 1H, CH cyclohexane),
2.66 (t,J = 6.4 Hz, 2H, N1-ChlCH,), 2.43 (t,J = 4.7 Hz, 4H, N-CHmorpholino), 1.84 —
1.65 (m, 5H, CHcyclohexane), 1.49 — 1.31 (m, 4H, &¢yclohexane), 1.27 — 1.13 (m, 1H,
CH, cyclohexane)**C NMR (126 MHz, DMSOdg) 5 197.90, 153.24, 136.82, 130.92,
127.23, 113.26, 112.37, 110.97, 106.11, 66.23,652.14, 46.27, 43.26, 29.73, 25.67,
25.49. HRMS-ESI calculated for@E,9N,03 [M+H] " 357.2173, founavz 357.2154.
Analytical RP-HPLC R= 13.77 min.

3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-5-ol (9e)

A mixture of8e (1.10 g, 2.4 mmol), EtOH (15 mL), CH{GKUO mL), AcOH (1 mL) and Pd/C
(110 mg) was reacted as described in the procdduga. The reaction mixture was filtered
through celite, the celite washed with 3:1 CEHEIOH and then MeOH, and the filtrate
evaporated under reduced pressure. The crude eesw@hipurified by precipitation in 1:1
EtOH:MeOH to yield the desired prodigd (588 mg, 1.6 mmol, 67%) as a creamy pearl
solid (R 0.37, 95:5 DCM:MeOH)'H NMR (400 MHz, DMSOds) 5 9.11 (s, 1H, OH), 7.89
(s, 1H, ArH indole), 7.82 — 7.73 (m, 2H, ArH MeOPR)68 (dJ = 2.4 Hz, 1H, ArH indole),
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7.45 (d,J = 8.8 Hz, 1H, ArH indole), 7.12 — 7.03 (m, 2H, ANtEOPh), 6.78 (dd] = 8.8, 2.4
Hz, 1H, ArH indole), 4.11 (d] = 7.2 Hz, 2H, N-CH), 3.85 (s, 3H, O-C}J, 3.84 — 3.76 (m,
2H, O-CH THP), 3.19 (tdJ = 11.5, 2.3 Hz, 2H, O-CHIHP), 2.15-1.98 (m, 1H, CH
THP), 1.41 — 1.19 (m, 4H O-GBH, THP).**C NMR (101 MHz, DMSOdg) & 188.18,
161.54, 153.40, 138.08, 133.15, 131.11, 130.46,002813.62, 113.26, 112.86, 111.46,
106.07, 66.48, 55.38, 51.59, 35.29, 30.00. HRMSd&&iulated for gH,sNNaQ, [M+Na]”
388.1519, foundn/z 388.1489. Analytical RP-HPLC;R 18.02 min.

3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-ol (9f)

A mixture of8f (723 mg, 1.6 mmol), EtOH (12 mL), CHB2 mL) and Pd/C (72 mg) was
reacted as described in the procedur@®#oiThe crude residue was purified by flash silica
gel column chromatography (2:1 hexane:EA) to ytbkldesired produ&f (322 mg, 0.88
mmol, 55%) as a brown oil, {R.47, 1:1 PE:EAY*H NMR (400 MHz, CDC}) & 7.96 — 7.89
(m, 1H, ArH indole), 7.87 — 7.79 (m, 2H, ArH MeOP)44 (s, 1H, ArH indole), 7.07 @,=
7.9 Hz, 1H, ArH indole), 7.02 — 6.95 (m, 2H, ArH ®Eh), 6.69 (dtJ = 7.6, 1.1 Hz, 1H,
ArH indole), 4.31 (dJ = 7.2 Hz, 2H, N-CH), 4.02 — 3.91 (m, 2H, O-GHI'HP), 3.89 (s, 3H,
O-CHg), 3.31 (tdJ = 11.7, 2.3 Hz, 2H, O-CHTHP), 2.31 — 2.07 (m, 1H, CH THP), 1.58 —
1.27 (m, 4H, O-CHCH, THP).**C NMR (101 MHz, CDGJ)) § 190.53, 162.47, 143.72,
138.20, 133.38, 131.19, 130.33, 126.12, 123.47,561314.63, 113.71, 109.48, 67.65,
55.72, 55.59, 37.41, 30.45. HRMS-ESI calculated¥gH,sNNaQ, [M+Na]* 388.1519,
foundm/z 388.1553. Analytical RP-HPLC;R 18.19 min.
3-(Naphthalene-1-car bonyl)-1-[ (oxan-4-yl)methyl]-1H-indol-5-ol (9g)

A mixture of8g (54 mg, 0.11 mmol), EtOH (2.5 mL), EA (1.25 mL)daRd/C (6 mg) was
reacted as described in the procedur@®#oiThe reaction mixture was filtered through celite,
the celite washed with 2:1 EtOH:EA and then MeOid the filtrate evaporated under
reduced pressure. The crude residue was purifidgly silica gel column chromatography
(10:1 EA:hexane), recrystallisation in MeOH and spreparative RP-HPLC to yield the
desired produc®g (14.7 mg, 38.1 pmol, 33%) as a brown solid@®@5, 95:5 DCM:MeOH).
'H NMR (400 MHz, MeODd,) & 8.06 — 7.99 (m, 2H, ArH naphthalene), 7.98 — {r821H,
ArH naphthalene), 7.82 (d,= 2.7 Hz, 1H, ArH indole), 7.65 — 7.60 (m, 1H, ArH
naphthalene), 7.60 — 7.49 (m, 2H, ArH naphthalendg — 7.42 (m, 2H, ArH indole &
naphthalene), 7.40 — 7.36 (m, 1H, ArH indole), §@&®& J = 8.8, 2.5 Hz, 1H, ArH indole),
4.06 — 3.94 (m, 2H, N-CH), 3.92 — 3.80 (m, 2H, O-CHIHP), 3.26 (ddJ = 11.7, 2.1 Hz,
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2H, O-CH, THP), 2.12 — 1.98 (m, 1H, CH THP), 1.41 — 1.21 {#d, O-CHCH, THP).
HRMS-ESI calculated for ££H23NNaQ; [M+Na]* 408.1570, founavz 408.1535. Analytical
RP-HPLC R=19.69 min.

3-(4-M ethoxybenzoyl)-1-[(oxolan-3-yl)methyl]-1H-indol-5-ol (9h)

A mixture of8h (72 mg, 0.16 mmol), EtOH (2.5 mL), EA (1.4 mL) aAd/C (7 mg) was
reacted as described in the procedur@®#iThe reaction mixture was filtered through celite,
the celite washed with 2:1 EtOH:EA and then MeOmd the filtrate evaporated under
reduced pressure. The crude residue was purifidthsly silica gel column chromatography
(1:1 hexane:EA) to giveh (6.8 mg, 19.4umol, 12%) as a brown oil (®.27, 1:1
hexane:EA). Significant degradation upon stora@&4purity according to analytical RP-
HPLC) necessitated further purification immediatetior to biological testing, therefore a
small amount of this material (4 mg) was purifiesing semi-preparative RP-HPLC to yield a
sample oBh (1.58 mg) as a pale fawn solfti NMR (400 MHz, CDCJ) & 8.41 (d,J = 2.4
Hz, 1H, ArH indole), 7.83 (d] = 8.5 Hz, 2H, ArH MeOPh), 7.52 (s, 1H, ArH indql&)28
(d,J=6.1 Hz, 1H, ArH indole), 7.02 (d,= 8.6 Hz, 2H, ArH MeOPh), 6.98 (dd= 8.8, 2.4
Hz, 1H, ArH indole), 4.10 (d] = 7.8 Hz, 2H, N-CHh), 3.96 (tdJ = 8.3, 5.4 Hz, 1H, O-CH
THF), 3.90 (s, 3H, O-C§), 3.81 — 3.66 (m, 2H, O-GHIHF), 3.61 (ddJ = 9.1, 4.3 Hz, 1H,
O-CH, THF), 2.86 (tdJ =12.8, 6.2 Hz, 1H, CH THF), 2.05 (m, 1H, €FHF), 1.66 (m, 1H,
CH, THF).**C NMR (101 MHz, CDGJ) § 191.02, 162.49, 154.10, 137.38, 133.26, 131.70,
131.01, 128.69, 115.23, 113.97, 113.95, 110.69,61070.89, 67.65, 55.62, 50.05, 39.66,
29.90. HRMS-ESI calculated forx(,;NNaO, [M+Na]* 374.1363, foundnz 374.1345.
Analytical RP-HPLC R=17.16 min.

tert-Butyl 2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
yl]loxy}acetate (10a)

A stirred solution oBa (87 mg, 0.23 mmol) in anhydrous DMF (2.5 mL) wdsed

dropwise to a mixture of NaH (60% by mass disp&rgiomineral oil) (13 mg, 0.54 mmol) in
anhydrous DMF (1 mL). The mixture was heated taXBfdfr 1 h, then cooled to rt and a
solution oftert-butyloromoacetate (44 uL, 0.30 mmol) in anhydrDiF (1 mL) was added.
The reaction was stirred at 60°C for 3 h, then ghed with sat. ag. NACL (4 mL) and HO
(4 mL) and extracted with EA (4 x 4 mL). The condadrorganics were washed with®(3

x 7 mL), dried over MgS©and evaporated under reduced pressure. The cradegh was
purified by flash silica gel column chromatograg@9:1 DCM:MeOH with 0.3% ammonia
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to load silica) to yield.Oa (51 mg, 0.10 mmol, 45%) as a pale yellow oik, QRB89, 95:5
DCM:MeOH).'H NMR (400 MHz, CDC}) § 7.89 (d,J = 2.6 Hz, 1H, ArH indole), 7.87 —
7.80 (m, 2H, ArH MeOPh), 7.65 (s, 1H, ArH indol&)29 (d,J = 8.9 Hz, 1H, ArH indole),
7.07 (ddJ=8.9, 2.6 Hz, 1H, ArH indole), 7.02 — 6.95 (m,,2dH MeOPh), 4.62 (s, 2H, O-
CH,), 4.36 — 4.08 (br m, 2H, N1-G}N 3.89 (s, 3H, O-C}J, 3.78 — 3.62 (br m, 4H, O-GH
morpholino), 2.91 — 2.65 (br m, 2H, N1-@EH,), 2.63 — 2.36 (br m, 4H, N-CH
morpholino), 1.51 (s, 9H, GH Bu).*C NMR (126 MHz, CDGJ) 5 189.67, 168.39, 162.25,
154.71, 137.26, 133.53, 132.16, 130.89, 128.10,421314.60, 113.60, 110.59, 105.12,
82.27, 66.91, 66.33, 57.73, 55.54, 53.73, 44.28 RHRMS-ESI calculated for,gH3sN20¢
[M+H] " 495.2490, foundvz 495.2457.

tert-Butyl 2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-
yl}oxy)acetate (10b)

A solution of9c (71 mg, 0.18 mmol), NaH (14 mg, 0.36 mmol) aerd-butylboromoacetate
(34 pL, 0.23 mmol) in DMF (3 mL) was reacted asctiéed in the procedure fdfa. The
crude product was purified by flash silica gel enluchromatography (99:1 DCM:MeOH
with 0.3% ammonia to load silica) to yiel@b (56 mg, 0.11 mmol, 61%) as a brown oi} (R
0.6, 95:5 DCM:MeOH)'H NMR (400 MHz, CDC}) § 8.14 (d,J = 8.3 Hz, 1H, ArH
naphthalene), 8.02 (d,= 2.5 Hz, 1H, ArH indole), 7.96 (d,= 8.2 Hz, 1H, ArH
naphthalene), 7.90 (d,= 8.0 Hz, 1H, ArH naphthalene), 7.63 Jds 6.9 Hz, 1H, ArH
naphthalene), 7.56 — 7.42 (m, 3H, ArH naphthalen&g (s, 1H, ArH indole), 7.29 (d,=
8.9 Hz, 1H, ArH indole), 7.10 (dd,= 9.0, 2.6 Hz, 1H, ArH indole), 4.67 (s, 2H, O-gH
4.25 - 4.00 (br m, 2H, N1-Gi 3.70 — 3.43 (br m, 4H, O-GHnorpholino), 2.80 — 2.57 (br
m, 2H, N1-CHCHy), 2.54 — 2.24 (br m, 4H, N-GHnorpholino), 1.54 (s, 9H, GH Bu).**C
NMR (101 MHz, CDCY) 6 192.09, 168.44, 155.09, 139.13, 139.05, 133.88.,383 130.85,
130.04, 128.33, 127.60, 126.88, 126.43, 125.99,722824.61, 117.58, 114.92, 110.86,
105.20, 82.45, 66.79, 66.32, 57.49, 53.59, 44.882%2 HRMS-ESI calculated for
C31H3sN205 [M+H] ™ 515.2540, foundvz 515.2497.

Tert-Butyl 2-{[3-(4-methoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-5-yl]oxy}acetate
(10c)

A solution of9e (50 mg, 0.14 mmol), NaH (11 mg, 0.27 mmol) aerd-butyloromoacetate
(26 pL, 0.18 mmol) in DMF (3 mL) was reacted asctiéed in the procedure fdfa. The

crude product was purified by flash silica gel eofuchromatography (1:1 hexane:EA) to
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yield 10c (50 mg, 0.10 mmol, 76%) as a colourless ojlqR1, 1:1 hexane:EAJH NMR
(400 MHz, CDC}-d) 6 7.87 (d,J = 2.5 Hz, 1H, ArH indole), 7.83 — 7.78 (m, 2H, ArH
MeOPh), 7.48 (s, 1H, ArH indole), 7.27 (b= 7.8 Hz, 1H, ArH indole), 7.07 (dd,= 8.9,

2.6 Hz, 1H, ArH indole), 7.02 — 6.95 (m, 2H, ArH ®Bh), 4.62 (s, 2H, O-CH 4.03 - 3.91
(m, 4H, N-CH, O-CH, THP), 3.88 (s, 3H, O-C#), 3.30 (tdJ =11.8, 2.1 Hz, 2H, O-CH
THP), 2.16 — 2.04 (m, 1H, CH THP), 1.53 — 1.31 {3, O-CHCH, THP & CH; t-Bu).*C
NMR (101 MHz, CDC¥) 6 189.71, 168.38, 162.28, 154.73, 136.82, 133.53,383 130.87,
128.20, 115.41, 114.82, 113.69, 110.93, 105.080857.39, 66.32, 55.55, 53.31, 36.00,
30.83, 28.21. HRMS -ESI calculated fofg833NNaQs [M+Na]* 502.2200, founavz
502.2164.

tert-Butyl 2-{[3-(4-methoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-yl]oxy}acetate
(10d)

A solution of9f (11 mg, 30.1 umol), NaH (2.4 mg, 60.2 umol) &xttbutylbromoacetate
(5.8 pL, 39.1 umol) in anhydrous DMF (1.8 mL) waagcted as described in the procedure
for 10a. The crude product was purified by flash silichg@#umn chromatography (1:1
hexane:EA) to yield0d (4.7 mg, 9.8 umol, 33%) as a yellow oik (6, 1:2 hexane:EAJH
NMR (400 MHz, CDCY) 6 8.02 (ddJ = 8.1, 0.8 Hz, 1H, ArH indole), 7.87 — 7.79 (m,,2H
ArH MeOPh), 7.43 (s, 1H, ArH indole), 7.17 Jt= 8.0 Hz, 1H, ArH indole), 7.03 — 6.95 (m,
2H, ArH MeOPh), 6.64 (dd] = 8.0, 0.8 Hz, 1H, ArH indole), 4.64 (s, 2H, O-gH1.39 (dJ
=7.2 Hz, 2H, N-CH)), 3.94 (ddJ = 11.5, 4.0 Hz, 2H, O-CHTHP), 3.90 (s, 3H, O-C}),

3.30 (td,J = 11.8, 2.1 Hz, 2H, O-CHTHP), 2.28 — 2.11 (m, 1H, CH THP), 1.57 — 1.31 (m,
13H, O-CHCH, THP & CHs t Bu). **C NMR (101 MHz, CDGJ) & 189.86, 167.36, 162.39,
145.50, 138.02, 133.53, 131.11, 130.38, 126.44,082316.18, 115.46, 113.69, 105.22,
82.60, 67.68, 65.99, 56.19, 55.60, 37.29, 30.52R28HRMS -ESI calculated for,gH3sNOg
[M+H]" 480.2381, foundvz 480.2346.

2-{[ 3-(4-M ethoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-yl]oxy}acetic acid

(11a)

To a stirred solution df0Oa (25 mg, 51.5 pumol) in anhydrous DCM (1.8 mL) aCpWas
added TFA (0.9 mL). The reaction mixture was stiraért for 3h, then evaporated under N
stream, followed by reduced pressure. The TFAdahe crude produdtla (34 mg), was
used in the next reaction without further purifioat Some crude TFA salfla (approx. 3
mg) was purified for biological testing by semi-pagative RP-HPLC, yieldingjla (1.38
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mg) as a white solid. HRMS-ESI calculated fo;/N,Os [M+H] " 439.1864, foundz
439.1826. Analytical RP-HPLC{R 13.20 min.

HRMS-ESI calculated for £H,sNNaQs [M+Na]* 446.1574, foundnz 446.1561.
2-({1-[2-(Mor phalin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-yl}oxy)acetic
acid (11b)

10b (18 mg, 35.9 umol) and TFA (0.75 mL) in anhydr@£M (1.5 mL) were reacted as
described in the procedure fbta. The TFA salt of the crude produktb (24 mg) was used
in the next reaction without further purificatidbome crude TFA saltlb (approx. 3 mg)
was purified for biological testing by semi-pregar@a RP-HPLC, yieldindgl1lb (1.1 mg) as a
white solid. HRMS-ESI calculated for&,7N>0s [M+H] * 459.1914, foundn/z 459.1889.
Analytical RP-HPLC R= 14.96 min.

2-{[3-(4-M ethoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-5-yl]oxy}acetic acid (11c)

10c (17 mg, 0.04 mmol) and TFA (0.75 mL) in anhydr@GM (1.5 mL) were reacted as
described in the procedure ftita. The TFA salt of the crude produkic (21 mg) was used
in the next reaction without further purificatidbome crude TFA saltlc (approx. 3 mg)
was purified for biological testing by semi-pregara RP-HPLC, yieldindl1lc (1.0 mg) as a
white solid. HRMS-ESI calculated forgH,sNNaQs [M+Na]* 446.1574, founavz
446.1561. Analytical RP-HPLCR 18.10.

2-{[3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-ylJoxy}acetic acid (11d)

10d (3.1 mg, 6.46 pmol) and TFA (0.4 mL) in anhydr@6GM (0.8 mL) were reacted as
described in the procedure ftita. The crude was purified by semi-preparative RP-8PL
and passed through an Amberlyst A21 ion exchargje te remove TFA, yieldingld (1.45
mg, 3.4 umol, 53%), a white solid. HRMS -ESI cadtat for G4H24NOg [M-H] ™ 422.1609,
foundm/z 422.1598. Analytical RP-HPLC;R 17.17 min.

tert-Butyl N-[8-(2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
ylJoxy}acetamido)octyl]car bamate (12a)

To a solution of the TFA salt dfla (27 mg, 41.2umol) in anhydrous DMF (2 mL) were
added DIPEA (21.5 pL, 0.12 mmol) and HATU (16 m@j,24umol). After stirring for 5 min,
a solution otert-butyl N-(8-aminooctyl)carbamate (prepared according iteeature
procedure [61]) (33 mg, 0.14 mmol) and DIPEA (2115 0.12 mmol) in DMF (1.5 mL) was
added. The reaction mixture was stirred for 14 ¢h then the solvent evaporated under
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reduced pressure. The crude product was purifidthbl silica gel column chromatography
(99:1 DCM:MeOH with 0.3% ammonia to load silica)yield 12a (19 mg, 28.6 mmol, 69%)
as a brown oil (R0.28, 9:1 DCM:MeOH)*H NMR (500 MHz, CDCY) § 7.98 (d,J = 2.5 Hz,
1H, ArH indole), 7.88 — 7.81 (m, 2H, ArH MeOPh)7@.(br s, 1H, ArH indole), 7.33 (br s,
1H, ArH indole), 7.02 — 6.97 (m, 2H, ArH MeOPh)76.(t,J = 5.8 Hz, 1H, ArH indole),
4.56 (s, 2H, O-Ch), 4.52 (br s, 1H, NH), 4.31 - 4.15 (br m, 2H, NH4, 3.90 (s, 3H, O-
CHj3), 3.79 — 3.56 (br m, 4H, O-GHnnorpholino), 3.41 — 3.31 (m, 2H, Gldctyl), 3.14 —
3.01 (m, 2H, CHoctyl), 2.86 — 2.69 (br m, 2H, N1-GBH,), 2.63 — 2.31 (br m, 4H, N-CH
morpholino), 1.60 — 1.51 (m, 2H, Gldctyl), 1.50 — 1.39 (m, 11H, Gtbctyl & CH;t Bu),
1.37 — 1.23 (m, 8H, Cjbctyl). HRMS-ESI calculated for4Hs,NsNaO; [M+Na]”
687.3728, founan/z 687.3717.

tert-Butyl N-(2-{2-[2-(2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
yl]oxy}acetamido)ethoxy]ethoxy}ethyl)car bamate (12b)

The TFA salt ofLl1a (23 mg, 34.4umol), tert[1butyl N-{2-[2-(2-aminoethoxy)ethoxy]-
ethyl}carbamate (prepared according to a literapwoeedure [62]) (26 mg, 0.11 mmol)
DIPEA (36 pL, 0.21 mmol) and HATU (13 mg, 34uhol) in DMF (3 mL) were reacted as
described in the procedure ftiza. The crude product was purified by flash silichg@umn
chromatography (99:1 DCM:MeOH with 0.3% ammonidotad silica) to yieldl2b (22 mg,
32.9 pmol, 94%) as a brown oil (838, 9:1 DCM:MeOH)H NMR (500 MHz, CDC}-d) &
7.97 (d,J= 2.5 Hz, 1H, ArH indole), 7.88 — 7.82 (m, 2H, ANMEOPh), 7.69 (br s, 1H, ArH
indole), 7.33 (br s, 1H, ArH indole), 7.18 — 7.10 (n, 1H, ArH indole), 7.06 — 6.97 (m, 3H,
ArH MeOPh & NH), 5.08 (br s, 1H, NH), 4.59 (s, 2Hdole-O-CH), 4.31 — 4.15 (br m, 2H,
N1-CH,), 3.90 (s, 3H, O-CkJ, 3.75 — 3.51 (m, 14H, ([CHbO)2(CHy)2 & O-CH;
morpholino), 3.32 — 3.25 (br m, 2H, ([GHO)2(CHy),), 2.82 — 2.71 (br m, 2H, N1-GBH,),
2.61 — 2.38 (br m, 4H, N-GHmnorpholino), 1.42 (s, 9H, GH Bu). *C NMR (126 MHz,
CDCl3) 6 162.37, 156.57, 137.17, 136.76, 133.55, 131.98,043 131.00, 128.45, 114.67,
114.38, 113.80, 113.73, 110.81, 105.54, 103.921747.44, 67.42, 65.72, 55.97, 55.62,
55.60, 53.37, 43.78, 36.08, 30.87, 30.85. HRMSd&&iulated for gsH4gNsNaQy [M+Na]”
691.3313, foundn/z 691.3320.

tert-Butyl N-{8-[2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-
yl}oxy)acetamido]octyl}carbamate (12c)
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The TFA salt ofLl1b (12 mg, 18.1umol), tert-butyl N-(8-aminooctyl)carbamate (16 mg, 67.1
umol), DIPEA (19 uL, 0.11 mmol) and HATU (6.8 mg,.18mol) in DMF (1.8 mL) were
reacted as described in the procedurd®ar The crude product was purified by flash silica
gel column chromatography (97:3 DCM:MeOH with 0.83%monia to load silica) to yield
12¢ (8.3 mg, 12.1 pmol, 67%) as a brown oil (48, 9:1 DCM:MeOH)*H NMR (500

MHz, CDCk) 6 8.14 (d,J = 8.4 Hz, 1H, ArH naphthalene), 8.08 (br s, 1HHAndole), 7.97
(dt,J=8.3, 1.0 Hz, 1H, ArH naphthalene), 7.94 — 7:87 1H, ArH naphthalene), 7.63 (dd,
=7.0, 1.2 Hz, 1H, ArH naphthalene), 7.57 — 7.50 Zm, ArH naphthalene), 7.47 (ddds=
8.3, 6.8, 1.5 Hz, 1H, ArH naphthalene), 7.44 (s, AHH indole), 7.32 (dJ = 13.2 Hz, 1H,
ArH indole), 7.03 (d,J = 8.8 Hz, 1H, ArH indole), 6.79 — 6.67 (m, 1H, NH¥)58 (s, 2H,
indole-O-CH), 4.51 (s, 1H, NH), 4.21-4.05 (br m, 2H, N1-§H3.71 — 3.42 (br m, 4H, O-
CH, morpholino), 3.41 — 3.32 (m, 2H, Gldctyl), 3.08 (qJ = 6.8 Hz, 2H, CHoctyl), 2.78 —
2.60 (br m, 2H, N1-CbCH,), 2.56 — 2.22 (br m, 4H, N-GHnorpholino), 1.78 — 1.52 (m,
4H, CH, octyl), 1.43 (s, 9H, Ckit Bu), 1.38 — 1.16 (m, 8H, GHoctyl). °C NMR (126 MHz,
CDClg) 6 192.05, 168.33, 156.12, 154.48, 139.48, 133.89,803 130.29, 128.43, 127.95,
127.01, 126.53, 125.89, 124.63, 113.09, 110.9058079.12, 68.48, 66.92, 57.63, 53.66,
44,53, 40.74, 39.19, 30.17, 29.71, 29.32, 29.3B&&6.96, 26.86 (four quaternary carbons
were not observed). HRMS-ESI calculated fasHGsN4Os [M+H] ™ 685.3960, found/z
685.3955.

tert-Butyl N-[2-(2-{2-[2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-
indol-5-yl}oxy)acetamido]ethoxy}ethoxy)ethyl]car bamate (12d)

The TFA salt ofL1b (27 mg, 39.Jumol), tertlIbutyl N-{2-[2-(2-aminoethoxy)ethoxy]-
ethyl}carbamate (33 mg, 0.13 mmol), DIPEA (41 pl23®mmol) and HATU (15 mg, 39.1
umol) in DMF (3.5 mL) were reacted as describechmprocedure fot2a. The crude
product was purified by flash silica gel columnatmatography (98:2 DCM:MeOH with
0.3% ammonia to load silica) to yiel@d (13 mg, 18.9 umol, 50%) as a brown oi} (R36,
9:1 DCM:MeOH).*H NMR (400 MHz, CDC}J) § 8.19 — 8.12 (m, 1H, ArH naphthalene),
8.09 (d,J = 2.6 Hz, 1H, ArH indole), 7.96 (d,= 8.0 Hz, 1H, ArH naphthalene), 7.91 (dd;
7.8, 1.5 Hz, 1H, ArH naphthalene), 7.64 (dd; 7.0, 1.3 Hz, 1H, ArH naphthalene), 7.57 —
7.44 (m, 3H, ArH naphthalene), 7.42 (s, 1H, ArHale], 7.33 (d,J = 9.1 Hz, 1H, ArH
indole), 7.17 (br s, 1H, NH), 7.03 (d#l= 8.9, 2.6 Hz, 1H, ArH indole), 5.08 (br s, 1H, NH
4.62 (s, 2H, indole-O-C}), 4.29 — 4.03 (br m, 2H, N1-GM 3.68 — 3.50 (m, 14H,
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([CH2]20)2(CHy)2 & O-CH, morpholino), 3.36 — 3.24 (m, 2H, ([GHO)2(CH,),), 2.75 — 2.61
(br m, 2H, N1-CHCH,), 2.52 — 2.25 (br m, 4H, N-GHnorpholino), 1.41 (s, 9H, GH Bu).
13C NMR (126 MHz, CDG)) 6 192.04, 168.56, 156.11, 154.50, 139.38, 138.88.853
132.70, 130.78, 130.24, 128.39, 127.86, 126.97.4P26.25.87, 125.83, 124.61, 117.72,
113.69, 110.96, 107.14, 79.33, 70.44, 70.36, 7®343, 68.47, 66.84, 57.47, 53.52, 44.44,
40.48, 38.94, 28.53. HRMS-ESI calculated fagHoN4Og [M+H]" 689.3545, foundn/z
689.3546.

N-(8-Aminooctyl)-2-{[ 3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
ylloxy}acetamide (13a)

12a (7.3 mg, 10.9 pumol) was dissolved in DCM (1.6 mhyd TFA (1.6 mL) was added.
After 1 h stirring, the reaction mixture was evagied under pistream, followed by reduced
pressure. The crude was purified by semi-prepa@®i-HPLC to yield the TFA salt @Ba
(5.2 mg, 5.7umol, 52%) as a white solid. HRMS-ESI calculated@gsH4sN4Os [M+H] "
565.3384, founan/z 565.3338. Analytical RP-HPLCR 13.43 min.
N-{2-[2-(2-Aminoethoxy)ethoxy]ethyl}2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-
yh)ethyl]-1H-indol-5-ylJoxy}acetamide (13b)

12b (8.4 mg, 12.6 pmol) and TFA (1.6 mL) in DCM (1.&)were reacted as described in
the procedure fot3a. The crude was purified by semi-preparative RP-BRdyield the
TFA salt 0f13b (8.8 mg, 9.umol, 77%) as a white solid. HRMS-ESI calculated for
C30H41N4O7 [M+H] ™ 569.2970, found/z 569.2926. Analytical RP-HPLC;R 11.92 min.
N-(8-Aminooctyl)-2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-
5-yl}oxy)acetamide (13c)

12c (7 mg, 10.2umol) and TFA (1 mL) in DCM (1 mL) were reacted &sadribed in the
procedure fod3a. The crude was purified by semi-preparative RP-BRdyield the TFA
salt of13c (5.3 mg, 5.7umol, 56%) as a white solid. HRMS-ESI calculated@gsH45N4O4
[M+H] " 585.3435, foundvz 585.3384. Analytical RP-HPLC;R 14.32 min.
N-{2-[2-(2-Aminoethoxy)ethoxy]ethyl}-2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-
1-carbonyl)-1H-indol-5-yl}oxy)acetamide (13d)

12d (12 mg, 17.4umol) and TFA (1 mL) in DCM (1 mL) were reacted a&sdribed in the
procedure fod3a. The crude was purified by semi-preparative RP-BRd yield the TFA
salt of13d (4.3 mg, 4.6umol, 27%) as a white solid. HRMS-ESI calculated@gsH41N4Og
[M+H] " 589.3021, founavz 589.2984. Analytical RP-HPLC;R 12.95 min.
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Fmoc-Ala-Ala-trityl resin (for preparation of 13e-g)

This was assembled according to standard Fmoc-gblide peptide synthesis. In brief, 1,2-
diaminoethane trityl resin (300 mg, 1.8 mmol/g) waesded by double coupling with Fmoc-
Ala-OH (504 mg, 1.6 mmol), HBTU (614 mg, 1.6 mmahd DIPEA (0.56 mL, 3.2 mmol) in
DMF (3.2 mL). The resin was capped by double treatmvith acetic anhydride (500 pL)
and DIPEA (500 pL) in DMF (1 mL), and the loadingtekmined by Fmoc measurement to
be 0.68 mmol/g. The Fmoc was cleaved using 202piperidine/DMF then reacted with a
solution of Fmoc-Ala-OH (224 mg, 0.72 mmol), HBTR7@ mg, 0.72 mmol) and DIPEA
(0.25 mL, 1.4 mmol) in DMF (1.4 mL). The resin waashed and dried under vacuum.
(29)-N-[(19)-1-[(2[1aminoethyl)car bamoyl]ethyl]-2-(2-{[ 3-(4-methoxybenzoyl)-1-[ 2-

(mor pholin-4-yl)ethyl]-1H-indol-5-yl]oxy}acetamido)pr opanamide (13e)
Fmoc-Ala-Ala-trityl resin (58 mg, 41.4mol) was swelled in DMF, Fmoc-deprotected using
20%V/v piperidine/DMF and then washed thoroughly with DM¥Fsolution of the TFA salt
of 11a (23 mg, 34.3uimol), HATU (16 mg, 41.4umol) and DIPEA (29 pL, 0.17 mmol) in
DMF (83 uL) was swirled for 1 min and then addethi® drained resin and left for 2 h. The
resin was drained, washed with DMF and DCM andddueder vacuum. The resin was
transferred to a round bottom flask and cleavedguaisolution of TFA in DCM (5 mL, 5%
vIv), stirring for 1 h. The mixture was filtered, washwith DCM and the filtrate dried under
reduced pressure. The crude was purified using-pesparative RP-HPLC, to yield the TFA
salt of13e (9.9 mg, 10.2umol, 30%) as a white solid. HRMS-ESI calculated@gsH3NsO-
[M+H]" 623.3188, foundvz 623.3133. Analytical RP-HPLC;R 11.83 min.
(2S)-N-[(19)-1-[(2-aminoethyl)car bamoyl]ethyl]-2-[ 2-({1-[2-(mor pholin-4-yl)ethyl]-3-
(naphthalene-1-car bonyl)-1H-indol-5-yl} oxy)acetamido] pr opanamide (13f)
Fmoc-Ala-Ala-trityl resin (38 mg, 27.3mol), piperidine in DMF (20%/v), 11b (16 mg,
22.7umol), HATU (10 mg, 27.3umol), DIPEA (19 pL, 0.11 mmol), TFA in DCM (5 mL
5% v/v) were used as in the procedure I8e. The crude was purified using semi-preparative
RP-HPLC, to yield the TFA salt df3f (5.14 mg, 6.2umol, 27%) as a white solid. HRMS-
ESI calculated for gH3NgOs [M+H] " 643.3239, founaz 643.3194. Analytical RP-HPLC
R = 13.21 min.

(29)-N-[(19)-1-[(2-aminoethyl)car bamoyl]ethyl]-2-(2-{[ 3-(4-methoxybenzoyl)-1-[ (oxan(]
4-yl)methyl]-1H-indol-5-ylJoxy}acetamido)propanamide (13g)
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Fmoc-Ala-Ala-trityl resin (44 mg, 31.ikmol), piperidine in DMF (20%/v), the TFA salt of
11c (17 mg, 31.fumol), HATU (12 mg, 31.7umol), DIPEA (22 uL, 0.13 mmol), TFA in
DCM (5 mL 5%v/v) were used as in the procedureI8e. The crude was purified using
semi-preparative RP-HPLC, to yield the TFA sali8d (7.45 mg, 8.9umol, 28%) as a white
solid. HRMS-ESI calculated for#gH,NsO; [M+H]* 608.3079, founavz 608.3031.
Analytical RP-HPLC R= 15.63 min.

N-{2-[2-(2-Acetamidoethoxy)ethoxy]ethyl}-2-{[ 3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-
yh)ethyl]-1H-indol-5-yl]oxy}acetamide (14)

To a solution of the TFA salt df3b (2.6 mg, 2.9 umol) and DIPEA (1.71 pL, 9.8 umol,
added as a 1:10 solution in DCM) was added acehigdride (0.34 pL 3.6 pumol, added as a
1:10 solution in DCM) and the mixture was stirrédtdor 1 h. The reaction solvent was
evaporated under$tream. The product was purified by semi-prepaea®P-HPLC and
passed through an Amberlyst A21 ion exchange tesiemove TFA, yieldind4 (1.69 mg,
2.8umol, 97%) as a white solid. HRMS-ESI calculated@asH3N4Os [M+H] * 611.3075,
foundm/z 611.3068. Analytical RP-HPLC;R 13.49 min.

6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"|dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy} acetamido)-
N-[8-(2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
ylJoxy}acetamido)octyl]hexanamide (15a)

To a solution of the TFA salt df3a (2.82 mg, 3.11 pmol) in anhydrous DMF (500 pL)swa
added a solution of DIPEA (1.91 pL, 11.0 pmol) mhgdrous DMF (30.59 pL), followed by
a solution of BODIPY 630/650-X-OSu (1.25 mg, 1.88ql) in anhydrous DMF (300 pL).
The mixture was swirled, left standing for 12 rertrevaporated under reduced pressure. The
crude product was purified by semi-preparative RR-6 and passed through an Amberlyst
A21 ion exchange resin to remove TFA, yieldittg (1.56 mg, 1.41umol, 74%) as a bright
blue solid. HRMS-ESI calculated forEl70BF.N,NaGsS [M+Na] 1132.4970, foundvz
1132.5064. Analytical RP-HPLC;R 22.33 min.

6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"|dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy} acetamido)-
N-(2-{2-[2-(2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
yl]oxy}acetamido)ethoxy]ethoxy}ethyl)hexanamide (15b)
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The TFA salt ofl3b (3.59 mg, 3.94 umol), DIPEA (2.24 uL, 12.9 um&8pPDIPY 630/650-
X-OSu (1.25 mg, 1.89 umol) and DMF (836 uL) weracted as described in the procedure
for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove T§#élding 15b (1.26 mg,1.13umol,

60%) as a bright blue solid. HRMS-ESI calculatedGgeHesBF.N/NaO;¢S [M+Na]"
1136.4555, foundvz 1136.4618. Analytical RP-HPLC;R 21.36 min.
6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"]dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-{8-[2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-
yl}oxy)acetamido]octyl}hexanamide (15c)

The TFA salt ofL3c (3.22 mg, 3.47 umol), DIPEA (2.04 pL, 11.7 um&pPDIPY 630/650-
X-OSu (1.25 mg, 1.89 umol) and DMF (832 uL) weracted as described in the procedure
for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove Tyalding 15¢ (1.88 mg, 1.6mol,

88%) as a bright blue solid. HRMS-ESI calculatedGgH-oBF,N;NaO;S [M+Na]
1152.5021, foundvz 1152.5090. Analytical RP-HPLC;R 23.05 min.
6-(2-{4-[(E)-2-[2,2-Difluor o-(thiophen-2-yl)-1,4,3-diaza-2).4-
boratricyclo[7.3.0.0*"|dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-[2-(2-{2-[2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-
yl}oxy)acetamido]ethoxy}ethoxy)ethyllhexanamide (15d)

The TFA salt ofLt3d (2.41 mg, 2.59 umol), DIPEA (1.71 puL, 9.8 umolpBIPY 630/650-
X-OSu (1.25 mg, 1.89 umol) and DMF (827 uL) weracted as described in the procedure
for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove T#élding 15d (1.75 mg, 1.54mol,

82%) as a bright blue solid. HRMS-ESI calculatedGgHssBF.N/NaGyS [M+Na]"
1156.4606, foundvz 1156.4661. Analytical RP-HPLC;R 22.02 min.
6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"]dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-(2-{2-[2-(2-{[3-(4-methoxybenzoyl)-1-[2-(mor pholin-4-yl)ethyl]-1H-indol-5-
yl]oxy}acetamido)pr opanamido] propanamido}ethyl)hexanamide 15€)

The TFA salt ofL3e (3.67 mg, 3.80 umol), DIPEA (2.37 pL, 13.6 um&pPDIPY 630/650-
X-OSu (1.67 mg, 2.52 umol) and DMF (840 puL) weracted as described in the procedure
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for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove Tyalding 15e (1.56 mg, 1.34mol,
53%) as a bright blue solid. HRMS-ESI calculatedGgHssBF2NoNaO, S [M+Na]’
1190.4773, foundvz 1190.4840. Analytical RP-HPLC;R 21.18 min.
6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-114,3-diaza-2)\4-
boratricyclo[7.3.0.0*"|dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-[2-(2-{2-[2-({1-[2-(mor pholin-4-yl)ethyl]-3-(naphthalene-1-car bonyl)-1H-indol-5-
yl}oxy)acetamido]pr opanamido}propanamido)ethyl]hexanamide (15f)

The TFA salt ofl3f (3.32 mg, 3.37 umol), DIPEA (2.19 pL, 12.6 um@8pDIPY 630/650-
X-OSu (1.67 mg, 2.52 umol) and DMF (837 uL) weracted as described in the procedure
for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove Tyéalding 15f (2.08 mg, 1.7umol,
70%) as a bright blue solid. HRMS-ESI calculatedGgHsoBF2NgOsS [M+H]" 1188.5005,
foundm/z 1188.5012. Analytical RP-HPLC;R 21.76 min.

6-(2-{4-[(E)-2-[2,2-Difluor 0-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"]dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-(2-{2-[2-(2-{[3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-5-
yl]oxy}acetamido)pr opanamido]propanamido}ethyl)hexanamide (159)

The TFA salt ofL3g (3.89 mg, 4.65 pmol), DIPEA (2.46 pL, 14.1 um8PDIPY 630/650-
X-OSu (1.67 mg, 2.52 umol) and DMF (842 uL) weracted as described in the procedure
for 15a. The crude product was purified by semi-prepaea®¥P-HPLC and passed through
an Amberlyst A21 ion exchange resin to remove Tyéalding 159 (1.06 mg, 0.92umol,
36%) as a bright blue solid. HRMS-ESI calculatedGgHs/BF,NsNaO, S [M+Na]"
1175.4664, foundvz 1175.4655. Analytical RP-HPLC;R 23.14 min.

3-(4-M ethoxybenzoyl)-1-[ (oxan-4-yl)methyl]-5-propoxy-1H-indole (16a)

To a solution oBe (50 mg, 0.14 mmol) in anhydrous DMF (3 mL) waseditlaH (60% by
mass dispersion in mineral oil) (20 mg, 0.50 mmioljpwed by dropwise addition of 1-
bromopropane (18.6 pL, 0.21 mmol) in anhydrous D®RIRL). After stirring for 20 h, the
reaction was quenched with sat. aq./8H2 mL) and HO (3 mL) and extracted with EA (4
x 5 mL). The combined organics were washed wi® 4 x 20 mL), dried over MgSQ
filtered and evaporated under reduced pressurecilize product was purified using flash
silica column chromatography (99:1 DCM:MeOH) tolgli¢he desired6a (46 mg, 0.11
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mmol, 83%), as a white-opaque solid (557, 99:1 DCM:MeOH)*H NMR (400 MHz,
CDCl3) 6 7.93 (d,J = 2.5 Hz, 1H, ArH indole), 7.86 — 7.79 (m, 2H, ANtOPh), 7.48 (s,
1H, ArH indole), 7.25 (dd) = 8.9, 0.5 Hz, 1H, ArH indole), 7.03 — 6.95 (m,,3&H indole

& ArH MeOPh), 4.07 — 3.92 (m, 6H, O-Ghkropyl, N-CH & O-CH, THP), 3.89 (s, 3H, O-
CHj), 3.31 (tdJ =11.8, 2.2 Hz, 2H, O-CHTHP), 2.19 — 2.03 (m, 1H, CH THP), 1.93 - 1.76
(m, 2H, O-CH-CH, propyl), 1.55 — 1.30 (m, 4H, O-GBH, THP), 1.05 (tJ = 7.4 Hz, 3H,
CHs propyl).**C NMR (101 MHz, CDGJ) § 189.83, 162.29, 156.02, 136.66, 133.58, 131.88,
130.93, 128.43, 115.32, 114.72, 113.67, 110.71.90040.25, 67.41, 55.55, 53.29, 36.03,
30.84, 22.80, 10.71. HRMS-ESI calculated fegHzgNNaO, [M+Na]* 430.1989, found/z
430.1954. Analytical RP-HPLC{R 22.17 min.

3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-7-propoxy-1H-indole (16b)

A solution of9f (9.5 mg, 25.9mol), NaH (3.1 mg, 77.idmol), and 1-bromopropane (3.5
pL, 38.9umol) in DMF (0.95 mL) was reacted as describedhagrocedure fot6a. The
crude product was purified using flash silica coluohromatography (2:1 hexane:EA) to
yield the desired6b (6.1 mg, 15.0 umol, 57%), as a colourless oilQ86, 1:1 hexane:EA).
'H NMR (400 MHz, CDCJ) § 7.96 (ddJ = 8.1, 0.9 Hz, 1H, ArH indole), 7.86 — 7.77 (m,
2H, ArH MeOPh), 7.40 (s, 1H, ArH indole), 7.18Jt 7.9 Hz, 1H, ArH indole), 7.03 — 6.95
(m, 2H, ArH MeOPh), 6.74 (dd,= 7.9, 0.9 Hz, 1H, ArH indole), 4.29 (d= 7.3 Hz, 2H, N-
CHy), 4.10 (t,J = 6.5 Hz, 2H, O-CHpropyl), 4.01 — 3.92 (m, 2H, O-GHHP), 3.89 (s, 3H,
0O-CHg), 3.30 (tdJ=11.7, 2.3 Hz, 2H, O-CHTHP), 2.26 — 2.11 (m, 1H, CH THP), 1.99 —
1.82 (m, 2H, O-CHCH, propyl), 1.52 — 1.28 (m, 4H, O-GBH, THP), 1.12 (tJ = 7.4 Hz,
3H, CH; propyl).**C NMR (101 MHz, CDGJ) § 189.88, 162.34, 146.87, 137.66, 133.65,
131.09, 130.10, 126.36, 123.25, 115.50, 115.13,671305.03, 69.83, 67.63, 56.21, 55.59,
37.29, 30.58, 22.97, 11.04. HRMS-ESI calculated¥gH,oNNaQ, [M+Na]* 430.1989,
foundm/z 430.1994. Analytical RP-HPLC;R 22.55 min.

tert-Butyl N-(2-{2-[2-(2-{[3-(4-methoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-5-
yl]loxy}ethoxy)ethoxy]ethoxy}ethyl)carbamate (17)

To a stirred solution of 2-(2-(2-(2-aminoethoxy)®ti)ethoxy)ethanol (100 pL, 0.55 mmol)
in dioxane (1 mL) was added B€x (152 pL, 0.66 mmol). The mixture was stirred X8rh

at rt and then evaporated under reduced pressheecrtide was taken up in DCM (6 mL),
washed with HO (2 x 6 mL) and brine (1 x 5 mL), dried over MgS€@ltered and
evaporated under reduced pressure. The crude gredsqurified using flash silica column
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chromatography (99:1 DCM:MeOH) to yield the desiterd-butyl N-(2-{2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy}ethyl)carbamate (24 r84,8 pmol, 15%), as a pale yellow
oil (R; 0.52, 9:1 DCM:MeOH)*H NMR (400 MHz, CDCY) § 3.75 — 3.67 (m, 4H, O-CH{
3.66 — 3.57 (m, 8H, O-Ci€H,-0), 3.52 (tJ =5.2 Hz, 2H, O-CH), 3.29 (t,J = 5.2 Hz, 2H,
NH-CHj), 1.43 (s, 9H, CHkit Bu). **C NMR (101 MHz, CDGJ) § 156.31, 79.19, 72.77,
70.72, 70.67, 70.55, 70.36, 70.20, 61.76, 40.6 328 RMS-ESI calculated for
CisHo7NNaQs [M+Na]* 316.1731, foundn/z 316.1738. A solution of bromine (7.3 pL, 0.14
mmol) in DCM (0.2 mL) at 0°C was added to a solutad triphenylphosphine (37 mg, 0.14
mmol) and E4N (20 pL, 0.14 mmol) in anhydrous DCM (0.2 mL) a€0 Following stirring
at 0°C for 30 min, a solution oért-butyl N-(2-{2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy}ethyl)carbamate (42 rag,4 mmol) in DCM (0.2 mL) was
added dropwise. After stirring at 0°C for 2 h, thixture was evaporated under reduced
pressure. The crude product was purified usingpfialsca column chromatography (5:1
hexane:EA) to yield the desirégt-butyl N-(2-{2-[2-(2-
bromoethoxy)ethoxy]ethoxy}ethyl)carbamate (13 m@.53.umol, 26%) as a colourless oil.
'H NMR (400 MHz, CDCJ) § 5.03 (br s, 1H, NH), 3.81 (§,= 6.3 Hz, 2H, O-Ch), 3.73 —
3.58 (m, 8H, O-ChICH,-0), 3.54 (tJ = 5.1 Hz, 2H, O-CH), 3.47 (tJ=6.3, 1.2 Hz, 2H,
CH.Br), 3.31 (qJ = 5.6 Hz, 2H, NH-CH), 1.44 (s, 9H, Chkit Bu). HRMS-ESI calculated for
C13H26BrNNaGs [M+Na]* 378.0887, foundn/z 378.0894. To a solution 8 (13 mg, 35.1
umol) in anhydrous DMF (0.7 mL) was added NaH (60¢4riass dispersion in mineral oil)
(5.5 mg, 0.14 mmol). After stirring for 30 min, algtion oftert-butyl N-(2-{2-[2-(2-
bromoethoxy)ethoxy]ethoxy}ethyl)carbamate (12.5 ®ig,1pumol) in anhydrous DMF (0.6
mL) was added. The reaction mixture was stirredLibh, then quenched with,@ (1.5 mL),
extracted with EA (4 x 2 mL), washed with® (2 x 7 mL), dried over MgSQfiltered and
evaporated under reduced pressure. The crude predsqurified using flash silica column
chromatography (99:1 DCM:MeOH) and semi-prepara®fHPLC to yield the desirek¥
(6.88 mg, 10.7 pmol, 31%), as a white solld.NMR (400 MHz, DMSOd) & 7.97 (s, 1H,
ArH indole), 7.81 — 7.75 (m, 3H, ArH indole and Mek), 7.58 (dJ = 9.0 Hz, 1H, ArH
indole), 7.12 — 7.05 (m, 2H, ArH MeOPh), 6.95 (dd; 8.9, 2.5 Hz, 1H, ArH indole), 6.74
(brs, 1H, NH), 4.21 — 4.07 (m, 4H, N1-¢K indole-O-CH,), 3.86 (s, 3H, O-CkJ, 3.85 —
3.75 (m, 4H, O-CH& O-CH, THP), 3.65 — 3.45 (m, 8H, O-GBH,-0), 3.37 (tJ = 6.1 Hz,
2H, O-CH), 3.19 (tdJ = 11.7, 2.0 Hz, 2H, O-CHTHP), 3.05 (g, = 6.0 Hz, 2H, NH-CH),

43



2.13-2.02 (m, 1H, CH THP), 1.41 - 1.21 (m, 13HCB,CH, THP, CHt Bu). HRMS-ESI
calculated for GsHsgN-NaQy [M+Na]* 663.3252, foundz 663.3247. Analytical RP-HPLC
R =21.00 min.

N-(2-{2-[2-(2-{[3-(4-M ethoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-5-
yl]oxy}ethoxy)ethoxy]ethoxy}ethyl)acetamide (18)

To a solution ofL7 (1.81 mg, 2.8 umol) in DCM (0.45 mL) was added T@A5 mL). The
reaction mixture was swirled, left to stand for &rid then evaporated under reduced
pressure. The residue was then dissolved in aigolat DCM (0.4 mL) and a solution of
DIPEA (1.48 uL, 8.5 umol, added as a 1:50 solutioBCM) added, followed by a solution
of acetic anhydride (0.29 pL, 3.1 umol, added a$a solution in DCM). The reaction
mixture was swirled and then left to stand for i, &fter which the reaction solvent was
evaporated under air. The product was purifiedergigoreparative RP-HPLC and passed
through an Amberlyst A21 ion exchange resin to neenbFA, yieldingl8 (1.17 mg, 2.0
umol, 71%), as a white solid. HRMS-ESI calculated@,H4,N.NaQ; [M+Na]* 605.2833,
foundm/z 605.2828. Analytical RP-HPLC;R 18.12 min.

Methyl 5-{[ 3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-7-yl]oxy}pentanoate
(19)

A solution of9f (261 mg, 0.71 mmol), NaH (86 mg, 2.1 mmol) andhykb-bromovalerate
(153 pL, 1.1 mmol) in DMF (20 mL) was reacted asadéed in the procedure fa6a. The
crude product was purified using flash silica coluohromatography (4:1 hexane:EA) to
yield the desired9 (103 mg, 0.28 mmol, 30%), as a white solid @2, 1:1 hexane:EAJH
NMR (400 MHz, CDC4) 6 7.97 (ddJ = 8.1, 0.8 Hz, 1H, ArH indole), 7.84 — 7.80 (m,,2H
ArH MeOPh), 7.40 (s, 1H, ArH indole), 7.18 Jt= 8.0 Hz, 1H, ArH indole), 7.01 — 6.96 (m,
2H, ArH MeOPh), 6.73 (ddl = 7.9, 0.9 Hz, 1H, ArH indole), 4.28 (d= 7.3 Hz, 2H, N-
CHy), 4.15 (t,J = 5.8 Hz, 2H, O-Chlbutyl), 3.98 — 3.92 (m, 2H, O-GH'HP), 3.89 (s, 3H,
Ph-O-CH), 3.69 (s, 3H, COOCH#), 3.29 (tdJ=11.6, 2.4 Hz, 2H, O-CHTHP), 2.43 (tJ =
6.9 Hz, 2H, CHCOO), 2.22 — 2.08 (m, 1H, CH THP), 1.96 — 1.834i, CH,CH,), 1.48 —
1.30 (m, 4H, O-CHCH, THP).**C NMR (101 MHz, CDGJ) § 189.89, 173.66, 162.36,
146.64, 137.77, 133.52, 131.10, 130.14, 126.27.242315.45, 115.30, 113.66, 105.06,
67.63, 67.57, 56.20, 55.58, 51.79, 37.28, 33.758@9.06, 21.94. HRMS-ESI calculated
for CogHasNOg [M+H] ™ 480.2381, founavz 480.2366. Analytical RP-HPLC;R 20.92 min.
5-{[3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-ylJoxy}pentanoic acid (20)
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To a stirred solution af9 (91 mg, 0.19 mmol) in THF (1.6 mL) at 0°C was atideopwise
0.2 M aq. lithium hydroxide monohydrate solutiond(EnL). The mixture was stirred at 0°C
for 18 h, then quenched with biphase of 0.2 M agl/BA (1:1v/v) until pH 4. The agueous
layer was extracted with EA (4 x 4 mL), dried oMgSO;, filtered and evaporated under
reduced pressure to yield the hydrochloride sa®qB4 mg, 0.17 mmol, 88%) as a brown
solid.'H NMR (400 MHz, CDCJ) § 7.97 (ddJ = 8.1, 0.8 Hz, 1H, ArH indole), 7.85 — 7.79
(m, 2H, ArH MeOPh), 7.40 (s, 1H, Ar indole), 7.28)= 8.0 Hz, 1H, ArH indole), 7.02 —
6.95 (m, 2H, ArH MeOPh), 6.74 (dd= 8.2, 0.7 Hz, 1H, ArH indole), 4.29 (8= 7.3 Hz,
2H, N-CH,), 4.16 (t,J = 5.6 Hz, 2H, O-Chlbutyl), 3.99 — 3.92 (m, 2H, O-GH HP), 3.89 (s,
3H, O-CH), 3.30 (tdJ = 11.6, 2.5 Hz, 2H, O-CHTHP), 2.48 (tJ = 6.9 Hz, 2H,
CH,COOH), 2.21 - 2.11 (m, 1H, CH THP), 2.00 — 1.84 4id, CHCH,), 1.48 — 1.31 (m,
4H, O-CHCH, THP). HRMS-ESI calculated forgHz;NNaQs [M+Na]" 488.2044, found
m/z 488.2007. Analytical RP-HPLC;R 18.68 min.

Tert-Butyl N-(2-{2-[2-(5-{[3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-7-
ylloxy}pentanamido)ethoxy]ethoxy}ethyl)carbamate (21)

The hydrochloride salt &0 (38 mg, 74.9umol), DIPEA (85 pL, 0.49 mmol), HATU (31
mg, 80.8umol) andtertbutyl N{2[2-(2-aminoethoxy)ethoxy]ethyl}carbamate (60 ntg24
mmol) in DMF (5.8 mL) were reacted as describethenprocedure fot2a. The crude
product was purified by flash silica gel columnatmatography (99:1 DCM:MeOH) to yield
21 (46 mg, 66.1 pmol, 88%) as a brown soligd @F66, 9:1 DCM:MeOH)*H NMR (400
MHz, CDCk) 6 7.97 (ddJ = 8.1, 0.8 Hz, 1H, ArH indole), 7.86 — 7.78 (m,,2ktH

MeOPh), 7.39 (s, 1H, ArH indole), 7.18 Jtz 8.0 Hz, 1H, ArH indole), 7.03 — 6.95 (m, 2H,
ArH MeOPh), 6.73 (dd) = 7.9, 1.0 Hz, 1H, ArH indole), 6.10 (br s, 1H, NB.02 (br s, 1H,
NH), 4.28 (dJ = 7.3 Hz, 2H, N1-Ch), 4.20 — 4.11 (m, 2H, O-G+butyl), 3.95 (dd,) = 11.6,
3.9 Hz, 2H, O-CHTHP), 3.89 (s, 3H, O-C#)l, 3.65 — 3.52 (m, 8H, CHO-(CH,),-O-CH,),
3.47 (d,J = 4.8 Hz, 2H, CHCONH), 3.35 — 3.23 (m, 4H, O-GHHP & CH,NHCOO), 2.30
(t, J=6.9 Hz, 2H, CENHCO), 2.22 — 2.09 (m, 1H, CH THP), 1.90 Jgs 4.2, 3.5 Hz, 4H,
O-CHy(CHy),), 1.48 — 1.30 (m, 13H, O-GBH, THP, CH t Bu). **C NMR (101 MHz,
CDCl3) 6 189.84, 172.62, 162.28, 156.07, 146.63, 137.72,483 131.00, 130.03, 126.24,
123.16, 115.34, 115.12, 113.60, 105.02, 79.55,8/03.32, 70.25, 70.20, 67.69, 67.51,
56.11, 55.51, 40.48, 39.36, 37.20, 35.86, 30.48)928.48, 22.45. HRMS-ESI calculated
for CagHsaNsNaQy [M+Na]* 718.3674, founan/z 718.3704.
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N-{2-[2-(2-Acetamidoethoxy)ethoxy]ethyl}-5-{[ 3-(4-methoxybenzoyl)-1-[ (oxan-4-
yl)methyl]-1H-indol-7-yl]oxy}pentanamide (22)

21 (15 mg, 21.9umol), TFA (1.1 mL) and DCM (1.1 mL) were reacteddascribed in the
procedure fod3a. The crude product was purified by semi-prepaea®¥-HPLC to yield the
TFA salt ofN[1{2 [1[2[](2[1aminoethoxy)ethoxy]ethyl} 5C1{[3 [1(4[methoxybenzoyl) 11
[(oxan 4 yl)methyl][11HJindol] 7] yl]Joxy}pentanamidg17 mg, 20.7umol, 95%) as a
white solid. HRMS-ESI calculated fors§46N:O; [M+H] ™ 596.3330, founavz 596.3286.
Analytical RP-HPLC R= 16.28 min.

This TFA salt (3.4 mg, 4.3 umol), DIPEA (2.3 pL,.Q3tmol), acetic anhydride (0.45 pL,
4.8 umol) and DCM (0.27 mL) were reacted as deedrib the procedure fdd. The
product was purified by semi-preparative RP-HPL@ passed through an Amberlyst A21
ion exchange resin to remove TFA, yield2®)(2.67 mg, 4.2umol, 96%) as a white solid.
HRMS-ESI calculated for £gH47N3NaQOs [M+Na]* 660.3255, foundn/z 660.3193.
Analytical RP-HPLC R= 17.97 min.

6-(2-{4-[(E)-2-[2,2-Difluor o-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"]dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-(2-{2-[2-(5-{[3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-7-

yl]oxy} pentanamido)ethoxy]ethoxy}ethyl)hexanamide (23)

The TFA salt oN[ {2 [1[2[1(2[Taminoethoxy)ethoxy]ethyl}51{[3 [1(4[]

methoxybenzoyl) 11 1[(oxan 14 lyl)methyl] 11H[Tindol[ 17 lylJoxy}pentanamide (as
prepared fo22) (5.88 mg, 7.1 pmol), DIPEA (3.26 pL, 18.7 umol), B®Y 630/650-X-
OSu (1.25 mg, 1.89 umol) and DMF (852 uL) were tehas described in the procedure for
15a. The crude product was purified by semi-prepaea®¥-HPLC and passed through an
Amberlyst A21 ion exchange resin to remove TFAIldyeg 23 (2.01 mg, 1.7emol, 93%) as
a bright blue solid. HRMS-ESI calculated fogB7:BF,NgNaOyS [M+Na] 1163.4916,
foundm/z 1163.4991. Analytical RP-HPLC;R 23.50 min.

tert-Butyl N-(6-{[3-(4-methoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-
ylloxy}hexyl)carbamate (24)

A solution of9f (22 mg, 61.4umol), NaH (7.4 mg, 0.18 mmol) anert 1butyl N[1(6[]
bromohexyl)carbamate (prepared according to aalitiee procedure [63]; 26 mg, 9Zuiol)
in DMF (2.7 mL) was reacted as described in thegdare forl6a. The crude product was
purified using flash silica column chromatographyl(hexane:EA) to yield the desirad
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(27 mg, 47.8 umol, 79%), as a brown solid @1, 1:1 hexane:EAJH NMR (400 MHz,
CDCl3) 6 7.96 (ddJ = 8.1, 0.8 Hz, 1H, ArH indole), 7.86 — 7.78 (m,, 2H MeOPh), 7.40
(s, 1H, ArH indole), 7.18 (1 = 8.0 Hz, 1H, ArH indole), 7.02 — 6.95 (m, 2H, ANHOPh),
6.73 (ddJ = 7.9, 0.9 Hz, 1H, ArH indole), 4.56 (br s, 1H, N¥.28 (dJ = 7.3 Hz, 2H, N1-
CHy), 4.12 (t,J = 6.5 Hz, 2H, O-Chlhexyl), 4.02 — 3.91 (m, 2H, O-GHHP), 3.89 (s, 3H,
0O-CHg), 3.29 (tdJ=11.7, 2.5 Hz, 2H, O-CHTHP), 3.13 (tJ = 7.0 Hz, 2H, NHCH), 2.23
—2.09 (m, 1H, CH THP), 1.94 — 1.81 (m, 2H, O-CHi, hexyl), 1.61 — 1.23 (m, 19H,
(CHy)3, O-CH,CH, THP &t Bu CHs). **C NMR (101 MHz, CDGJ) § 189.86, 162.32,
156.15, 146.76, 137.66, 133.55, 131.07, 130.06,312623.22, 115.46, 115.14, 113.64,
105.05, 79.32, 68.03, 67.57, 56.12, 55.56, 40.7273 30.54, 30.28, 29.56, 28.55, 26.72,
26.19. HRMS-ESI calculated fors§44N,NaQs [M+Na]* 587.3092, founavz 587.3057.
N-(6-{[3-(4-M ethoxybenzoyl)-1-[(oxan-4-yl)methyl]-1H-indol-7-yl]oxy}hexyl)acetamide
(25)

24 (14 mg, 25.7umol) TFA (1 mL) and DCM (1 mL) were reacted as disd in the
procedure fod3a. The crude product was purified by semi-prepaea®¥-HPLC to yield the
TFA salt of 6-{[3-(4-methoxybenzoyl)-1-[(oxan-4-yhethyl]-1H-indol-7-ylJoxy}hexan-1-
amine (16 mg, 23.&mol, 92%) as a white solid. HRMS-ESI calculated@ggH37N.O4
[M+H] " 465.2748, founavz 465.2710. Analytical RP-HPLCR 16.79 min. This TFA salt
(3.2 mg, 4.6 pmol), DIPEA (2.5 pL, 14.4 pmol), awetic anhydride (0.5 pL, 5.3 pmol) in
DCM (297 uL) were treated as in the procedurelfbiThe product was purified by semi-
preparative RP-HPLC and passed through an AmbekB&tion exchange resin to remove
TFA, yielding25 (2.3 mg, 4.6umol, 98%) as a white solid. HRMS-ESI calculated for
CaoH3sN2NaQs [M+Na]™ 529.2673, foundvz 529.2661. Analytical RP-HPLC;R 20.0 min.
6-(2-{4-[(E)-2-[2,2-Difluor o-4-(thiophen-2-yl)-124,3-diaza-2)\4-
boratricyclo[7.3.0.0*"|dodeca-1(12),4,6,8,10-pentaen-12-yl]ethenyl]phenoxy}acetamido)-
N-(6-{[3-(4-methoxybenzoyl)-1-[ (oxan-4-yl)methyl]-1H-indol-7-
ylloxy}hexyl)hexanamide (26)

The TFA salt of 6-{[3-(4-methoxybenzoyl)-1-[(oxany)methyl]-1H-indol-7-ylJoxy}hexan-
1-amine (as prepared f@b) (6.05 mg, 8.73 pmol), DIPEA (3.90 pL, 22.4 um&@8pPDIPY
630/650-X-OSu (1.25 mg, 1.89 umol) and DMF (862 wkye reacted as described in the
procedure fod5a. The crude product was purified by semi-prepaea®¥-HPLC and passed
through an Amberlyst A21 ion exchange resin to neenbFA, yielding26 (1.46 mg, 1.45
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umol, 77%) as a bright blue solid. HRMS-ESI caloethtor G/Hg,BF.NsNaO;S [M+Na]’
1032.4333, foundvz 1032.4411. Analytical RP-HPLC;R 24.73 min.

48



Phar macology

Radioligand binding assays

Competition binding assays were carried out on mangs prepared from HEK (human
embryonic kidney) 293 cells and protein concentregiwere quantified using the DC Protein
Assay Kit (Bio-Rad, Hercules, CA) as previouslyadsed [64]. These cells were stably
transfected with either hGB®r hCB receptors as previously described [43, 44].
Membranes were resuspended in binding buffer (SOMBWES, 1 mM MgGl 1 mM CaC},
0.2% [w/v] fatty acid free bovine serum albumin [FBSA; MP Biomedicals, Auckland,
New Zealand], pH 7.4) to give a final assay coneiun of 10ug/well for hCB or 7.5

ug/well for hCB. Compounds (10 mM in DMSO) were diluted with bimglibuffer

containing EtOH to match CP55,940 (5-(1,1-dimethpliyl)-2-[5-hydroxy-2-(3-
hydroxypropyl)cyclohexyllphenol) (Cayman Chemiddichigan, USA) vehicle and serial
dilutions were prepared using binding buffer camtag the requisite amount of EtOH and
DMSO to maintain vehicle levels throughout the tiin series. For CP55,940 control points,
a stock aliquot in EtOH was diluted with bindingffiea containing DMSO to match
compound vehicle. All compounds were prepared>athe required assay concentration and
50 uL added to a v-bottom 96-well plate and made ug tiwtal volume of 20QL with
[*H]CP55,940 (PerkinElmer) and membrane. Similaf]CP55,940 was prepared at 10
nM, with 50puL added to each well to give a final concentratb2.5 nM. For vehicle

control points, binding buffer containing matchexhcentrations of EtOH and DMSO was
used in place of ligand or CP55,940. The v-bottdaes containing hCBor hCB,
membranes*H]CP55,940 and ligand (or CP55,940 or vehicle) wecebated at 30°C for 1
h.

GF/C 96-well harvest plates (PerkinElmer) were sdak 50uL/well of 0.1%
polyethylenimine for 1 h, then washed with 200well of ice-cold wash buffer (50 mM
HEPES pH 7.4, 500 mM NaCl, 0.1% FAF BSA). The catdgef the v-bottom plates were
filtered through the harvest plates, followed 808 uL/well wash of the v-bottom plates
with ice-cold wash buffer. The harvest plates wamamptly washed three times with 200
uL/well of ice-cold wash buffer and dried overnigtit24°C. Scintillation fluid (5@L/well)
(IRGASAFE PLUS, PerkinElmer) was added to the hstrpéates and incubated for 30 mins
in darkness, after which the harvest plates wead fer 2 min/well in a MicroBeta TriLux

(PerkinElmer). Binding experiments were performadiaimum of three times in triplicate.
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Data was analysed with GraphPad Prism 7 (GraphB&e, Inc., San Diego, CA, USA)
and competition binding curves fit by nonlinearressgion using one site competition
binding. Dissociation constants;f of compounds were determined usifig]CP55,940Ky =

2 nM (hCB) or 3 nM (hCB). K; values are expressed as mean + standard erfoe af¢an
(SEM). In cases where less than 50% displacemdAHPEP55,940 was observed with 10
uM compound, affinity of the compound was deemeddooto be able to generate an
accurate competition binding curve. Therefore, @ sample t-test (P < 0.05) was used to
determine if there was significant difference bedweisplacement in the absence (vehicle
normalised to 0%) and presence of compound (with5C320 normalised to 100%), in which
case the ligand was determined to hate 210 uM, otherwise it was determined to show no
significant binding.

CAMP Assays

Function of compounds at hgBnd hCRB receptor was determined using a bioluminescence
resonance energy transfer (BRET) assay measuniskdiin-stimulated cellular cAMP in the
appropriate HEK 293 cells transfected with a plakthat encodes for the CAMP sensor
YFP-Epac-RLuc (CAMYEL) as previously described [4@he or two days prior to
transfection, HEK 3HA-hCBpEF4A, HEK 3HA-hCB S4 low or HEK wild type cells,
generated as previously described [43, 44] werdezkm 10 cm sterile tissue culture dishes.
Cells were transfected withplgy of pcDNA3L-His-CAMYEL plasmid (ATCC, Manassas,
VA, USA) using 30ug of linear PEI (molecular weight 25 kDa; Polysdes, Warrington,

PA, USA) in 150 mM NaCl. After 24 h, transfectedlsavere plated in poly-lysine (PDL)
(0.05 mg mC* in PBS; Sigma-Aldrich, St Louis, MO, USA) treat@8-Well Solid White Flat
Bottom Polystyrene TC-Treated Microplates (Corniaga density of 60-80,000 cells/well in
Dulbecco’s Modified Eagle’s medium (DMEM) supplenteshwith 10% fetal bovine serum
(FBS). After 16 h, cells were serum-starved in Hautlalanced salt solution (HBSS)
containing 1 mg mtt FAF BSA, pH 7.4 for 30 mins. Cells were then teektvith 7.5uM
coelenterazine-h (Nanolight Technology) for 5 miieipwed by addition of ligand or
matched vehicle in HBSS plus 1mg thEAF BSA and 5uM forskolin (Tocris, Bristol, UK).
A LUMistar plate reader (BMG) was used to immediataeasure emission signals at 37 °C
following ligand addition, which were simultaneoysletected at 460/25 nM (Renilla
luciferase, RLuc) and 535/25 nM (yellow fluorescprdtein, YFP). The inverse BRET ratio
of emission at 460/535 nm is presented in the rata,cand hence an increase in ratio
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correlates to an increase in cCAMP production. Assagre carried out a minimum of three
times (except where stated) in duplicate.

Data analysis was performed using GraphPad Pristim dose response curves fit by
nonlinear regression. AUC analysis was achieveagusalues normalised to the vehicle
(0%) or forskolin (100%) values for individual expeents and Faxwas determined as a
percentage of the normalised forskolin values.tést-(P < 0.05) was used to determine if
there was a significant difference in responseémnpounds at 10 uM in HEK-hGBr -
hCB; cells in the presence or absence of CP 55,94inan HEK cells to determine

receptor mediated signalling.

Molecular modelling

The CB receptor homology model was generated using MOOER.D.19 [65] using the
structure of the antagonist-bound OBceptor (PDB ID: 5TGZ) [51] as a template, based
a modified sequence alignment between h@ml hCB receptors from the T-Coffee server
[66]. Three dimensional models of ligands were gateel using Avogadro 1.2 [67] and
minimised using the universal force field (UFF)gand docking was performed using
GOLD v5.5 (CCDC Software) [68] centred on Ser28tersling for a distance of up to 15 A
and visualised in PyMOL (The PyMOL Molecular GraghBystem, Version 1.8.6.0
Schrédinger, LLC.).
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Affinity of fluorescent conjugates for hGRBnd hCB receptors.

Compound| K; hCB, (nM + SEM)? | K; hCB; (nM + SEM)?
15a no binding’ n.d.’

15¢ no binding n.d.

15b >10000 n.d.

15d >10000 n.d.

15e >10000 n.d.

15f >10000 n.d.

159 >10000 n.d.

23 >10000 >10000

26 >10000 >10000

2K; obtained by radioligand binding assays, using®9°H]CP55,940 and transfected HEK cells. SEM =

standard error of the mean. Data is from threeviddal experiments each performed in triplicatewlaffinity

compounds that passed D’Agostino & Pearson nonyniadt and showed significant competition with
[*H]CP55,940 (as determined by a one sample t-te=# determined to havekavalue >10000 nM® no

significant binding was detected, where compoutadsved no significant competition witAH]CP55,940 as

determined by a one sample t-tést.d. = value was not determined.
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Supplementary Table 2: Forskolin stimulated CAM P responsein wild type HEK 293 cells.

% response in WT HEK293 cells

Compound 10 uM + SEM 1uM £+ SEM
9a 105.2+£5.9 101.9+1.8
9% 118.7 +3.8 * 101.9+3.2
od 105.1+4.0 105.9+2.6
9e 109.6 £ 7.7 105.5+£35
of 135.3+4.0* 104.3+£25
9g 108.1 £3.2 95.0+5.0
11c 100.1 +6.2 98.8 +3.7
11d 102.8+1.8 104.5+3.3
16a 1276 £49* 95.0+£3.7
16b 133.9+4.7* 105425
19 160.6 +2.6 * 1243+24*
20 129.1+35* 105.6 £3.6
25 128.0+£2.7* 1148 +7.1*
SR144528 945+1.6 99.8+2.2
WIN55,212-2 | 102.6 +2.1 96.1+1.0
CP-55,940 98.0+4.0 99.2+2.7

Assay carried out in wild type HEK 293 cells measgiforskolin-stimulated cAMP. Data is normalised, that

forskolin only response is 100% and vehicle ongpanse is 0%. SEM = standard error of the meara 3dahe

mean of three individual experiments each performeatliplicate. A one sample t-test was used tordete if

values were significantly different from forskolimly response, and where values are significaritigrent,

they are marked with *.
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Representative 'H and *C NMR spectra of Compound 24
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Highlights

* A C7-long linker aminoalkyl indole is a promising lead for a fluorescent probe.

* A new high affinity, selective CB2 receptor inverse agonist was discovered.

e Aminoalkyl indoles modified at C5 predominantly acted as agonists at CB2 receptor.
* Aminoalkyl indoles modified at C7 predominantly acted as inverse agonists.



