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1. Introduction substituted with eithep- or L-histidine are more potent than
o . ) norcantharidir? and equipotent to cantharidirfor the inhibition
Cyclic imides represent an important structuraliftbat has ¢ pp1 and PP2A Finally, Gassert al. has shown thah-

found widespread use across biological, medicindl polymer g pstituted  norcantharimides  display unique  paséntas
chemistry>? They are prevalent in natural products and

therapeutics that have a wide range of biologicalvities; o) 0 o N_o

finding potential as sedativéshypnotics’ anxiolytics® anti- N— NH

inflammatorie€, antivirals! antibacterial€, antimicrobial and N4§;N>H:o Ph N z

carcinostatics” Notable therapeutic examples include 0 O 0 o

thalidomidel, phensuximide, lenalidomide3 and fluorouracil 1 2 3

(Figure 1). o o )
Cantharidin 5, exo,exo0-2,3,-dimethyl-7-oxabicyclo[2.2.1] HN F % 7 WH

heptane-2,3,dicarboxylic acid anhydride, and thelicyimide O)\N

analogue cantharimidé are natural products found within the H -0 -0

Mylabris genus of the Meloidae family of Chineseistar 4 5 6

beetles;' the dried bodies of which have been widely utilized H O H O

within Chinese traditional medicine for over 2000axg for a : :

range of ailment¥ Of particular interest is the cytotoxicity of G’:EEO G’:EENH

cantharidin5, first reported in 126%, which has since been A Ao

found to be active against a number of human caceiélines, 7 8

particularly liver and esophagus carcinothaCantharidin has nematocides for the treatment Hemonchus contortus.®® We
also been identified to induce haematopoiesis th hamans and  iperefore believe substantial scope exists for gy the
animals, as well as to be a potent and selectividitoh of the  potential of novel cyclic imides based oN-substituted
serine/threonine  protein phosphatases PP1 and PP2A. cantharimide 6 and norcantharimide 8  for therapeutic
Unfortunately, cantharidin is also known to possessiraber of applications.

severe side effects including hepato- and nephigtpx thus

limiting its application to date to a topical tremnt for Ourselves, along with Peheeeal., have previously reported,
molluscum contagiosuri:*’ independently and simultaneously, the synthesis 2f
[(1SF,55¢,7S)-4-0x0-3,10-dioxatricyclo-[5.2.1'6]dec-8-en-5-
Figure 1. Chemical structures of thalidomidephensuximide, yl] acetic acid12, through the tandem Diels-Alder cycloaddition
lenalidomide3, fluorouracil4 and the cantharidin family-8, cantharidirb, and lactonization reaction of furfuryl alcohaD and itaconic
cantharimides, norcantharidiry, and norcantharimid@ anhydride9 (Scheme J.36'37 Oxanorbornend 2 is isolated as a

In comparison, the demethylated species norcaniihatialso  sjngle species, due to the lactonization step balgg favorable
demonstratqs similar anticancer activity to theepacompqunq, when the [4+2] cycloaddition yields the prexs intermediate
however without the associated toxicity.Its _synthesis is 11 which drives ring-opening of the anhydride antbssgquent
likewise readily accessible through the Diels-Alder+qf  crystallization of 12 from the dynamic reaction mixture as a
cycloaddition between furan and maleic anhydridéofed by yacemic mixturé” This direct and atom economical reaction
subsequent reduction of the alkéfidhis has led to numerous therefore presents a highly efficient route to giel
investigations into synthetic analogues of cantharb, with  fynctionalized oxanorbornene. Furthermore, itacamibydrided
several groups reporting structure-activity relasioips (SAR)  and furfuryl alcohol10 are readily available from biomass; the
for cytotoxicity and PP1/PP2A inhibition following midication  former through the simultaneous decarboxylation and

. . - 3 . .
of the 7-oxabicylo[2.2.1]heptyl ring systéft’ or ring-opening  genydration of citric acid (ca. 1,000,000 tons genum)® the
the anhydridé’™ However, these synthetic analogues haveater by hydrogenation of furfural, which is progdcthrough

seldom shown cytotoxicity comparable to cantharidl  he acid-catalyzed dehydration of pentoses (ca,0000tons per
suggesting only limited modification of the pareampound is annum)®

tolerated.
o L o Scheme 1Preparation of oxanorbornef via the [4+2] cycloaddition
Rather surprisingly, derivatization of cantharidi or  5nq intramolecular lactonization of furfuryl alcot® and itaconic anhydride
norcantharidin7 to the correspondingN-substituted imides, o
through condensation of the anhydride with an amiies, seen

minimal investigation, despite a few encouragingoreg> [4+2] o]

1523303301 example, potential for broad spectrum cytatibyi { Cycloaddition ; Q
against a range of cell lines has been highligl#etumber of O+ Q\/OH o
times >33 with Lin et al. demonstrating thatN- Y HO
thiazolylcantharimides were more potent than caidlraagainst ° 10 1" 0
the human hepatocellular carcinoma cell lines SK-Hemd Hep

3B.*° McCluskeyet al. have also found that norcantharimides '-ac‘°”iza“°”j
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Scheme 2A. Previous work on the synthesis of bio-based FROM
polymers from oxanorbornene lactatizand oxanorbornene lactelf. B.
This work on the divergent synthesis of secondarilas and spirocyclic
imides from oxanorbornerfe.

Subsequently, we have been interested
derivatives of oxanorborneri® as novel reactive monomers for
the synthesis of sustainable polymeesring-opening metathesis
polymerization (ROMP). We have reported a number
examples utilizing ester and tertiary amide denest13 for the
synthesis of various homo- and copolymée derived from
biomass using Grubbs™®generation catalysScheme 2%
These polymerizations were found to be well-contdhllbut
slow, which was attributed to thendo-orientation of the
carboxylic acid derivative withinl3. In more recent work,
structurally similarN-substituted lactam$5 possessing aexo-
orientated carboxylic acid were found to display veelhtrolled
and extremely rapid polymerizations in the preseofc&rubbs
3" generation cataly$f. During the course of these
investigations, whilst attempting to produce secopdamide
derivatives of12 for ROMP, we observed a cyclization that
yielded a mixture of two species; the desired seagndmide
and a spirocyclic imideScheme 2. Inspired by the structural
similarity between the spirocyclic imide and therafoentioned
cantharimide6 and norcantharimidd®, we were motivated to
explore this avenue further. Herein, we present ardent
strategy for the selective preparation of secondanides19a—e
(pathway A) and spirocyclic imide&dla—e(pathway B) based on
the 7-oxabicylo[2.2.1]heptyl ring system, from oméwmornene
12. A computational study of these compounds by ldehess
and molecular analysis (LLAMA) suggested that spictic

imides 21a—erepresent highly novel and lead-like compounds,

and as such they were subsequently investigated tHeir
biological activity against a range of human carvedrlines.

2. Results and Discussion

Initially, amide synthesis was performed in a simil@anner
to that reported previously, with oxanorbornerd® first

3
converted to the acid chloride intermediate, usimalyl
chloride and catalytic DMFScheme 3. The acid chloride was
easily isolated, redissolved in fresh anhydrous,@} and
reacted withN-butylamine in the presence of two equivalents of
triethylamine, to account for the formation of thgdrochloric
acid by-product. This yielded the desired secondamnyde 20a

i ) (COCI),,
j/ DMF (cat.) Y @ o
‘5\\; ii) nBuNHZ NEt; Y
" CH,Cly, 1t, 16h -__
20a 22
(41% yield) (33% yield)

along with spirocyclic imide22. Compound<20a and 22 were
separable by flash column chromatography, allowirent to be
studied independently.

Scheme 3 Synthesis ofN-butyl secondary amid@0a and spirocyclic
imide 22 by the amidation of2 by oxalyl chloride andN-butylamine.

The respective structures 2daand22 were determined using
a combination of electrospray ionization-mass spscbpy
(ESI-MS), FTIR and 2D'H-"*C heteronuclear multiple bond
correlation NMR spectroscop¥igure 2). ESI-MS showed that
the two species had identical molecular weights, ssigygg they
were structural isomers. FTIR then clearly identifeesharp peak
at 3396 crit in 22, which was absent ir20a most likely
corresponding to the O-H stretch of an alcohol. T8ti®ngly
implied that compoun®2 was the result of an intramolecular
cyclization, which led to the ring-opening of thettzne moiety.

in exploringinally, 'H-C HMBC NMR spectroscopy of the two

compounds showed that the butyl protons alpha tanitiegen
(yellow dot) had a clear correlation to both cardarpups (grey

ofdot) in 22 (Figure 2 spectrum B, rather than just the one as

observed in the secondary ami2iea (Figure 2 spectrum A).
This confirmed the spirocyclic imide structure &2, which can
be formed by an intramolecular €se-trig cyclization of
secondary amid@0a The structures of botN-butyl secondary
amide 20a and spirocyclic imide22 were then subsequently
confirmed by X-ray crystallography (CCDC 2000921 &
2000922).

Intrigued by the unusual nature of spirocyclic coupd 22,
we were encouraged to investigate this transformdticher in
an effort to selectively produce either compound study their
applications. Furthermore, the synthesis of cydfiddes is
traditionally performed through the dehydrative densation of
an anhydride with an amine or the cyclisation ofaamic-acid,
which usually requires either high temperature, avikeacid
catalyst or the use of stoichiometric acidic reagé&hMore
recently, there has been great interest in diregtes to cyclic
imides using readily available starting materialge dto the
therapeutic potential of this class of compoufitfs®® The
intramolecular Sexo-trig cyclization of a secondary amide onto a
lactone under homogeneous basic conditions, astezbbere,
provides a mild and highly efficient method for tegnthesis of
cyclic imides?®



4 rcualicuiluvli

A. L L ‘
L i
r0
— ool g
I ‘\ ( ° ° ° .20
— 5k cw 5%* |
— ~INo i s '8 {40 (J
— —0* L} ! ) . I
1 60
— s 000 : |
— o H L] 80
| -
) ) 1 ™ . r g
H F100 &
120
— o o0 .
I . H @ . 140
L-160 -
. ° o t
.——1 -0 o . 180
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, La00
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 20 15 1.0 0.5
12 (ppm)
B.
[ u 1 P B I 7Y [
ro
l +
— [ o’ 00 o +
— \? . :/‘O SO e o +20
—g HC ) I
o — 2 [ L
— o0 0° — rYoaret SO0 |
—] - o 1! ea .
— b feo
P
i I
— o0 . T ° 180
I -
— o0 ° welo LX) [ E
. 100 &
! L =
i [
H F120
i [
i
E— ® ° e ' +
] e Pl e . F140
[ 160
' [
P ) I
o —] 18 89 . }180
L200

10.0 95 9.0 85 80 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 05
£2 (ppm)

Figure 2.'H-**C HMBC NMR spectroscopy experiments forMbutyl secondary amid20a and B.N-butyl spirocyclic imide22, and associated X-ray crystal
structures.

In an effort to selectively synthesize either thebutyl deprotonation of the amide is necessary to forndé®2 whilst
secondary amid20a or the spirocyclic imid@2, the quantity of also highlighting its inherent instability in salon, with clear
triethylamine was adjusted during the amidation stépthe  degradation products observed to form over the ssowf the
reaction Figure S10). When varying the quantity of reaction. The degradation products were subsequilehtified
triethylamine from 0.8-4.0 equivalents relativeot@norbornene to be furfuryl alcohol10 and 1-butyl-3-methylene-pyrrolidine-
12, it was found bylH NMR spectroscopy of the reaction 2,5,-dione23, formed through a retro-Diels-Alder reaction, which
mixture that either species could be formed, withd€quivalents is possible following ring-opening of the lactoneietyp (Scheme
giving exclusively theN-butyl secondary amid20a whilst 4.0  4).
equivalents produced exclusively thebutyl spirocyclic imide
22. This was rationalized on the basis that amidestygieally
poor nucleophiles foN-attack due to delocalization of the lone
pair, which results inO-attack being preferrel. In contrast,
ambident amide nucleophiles have been shown tomxeéttack
over O-attack’® Deprotonation of the amide would therefore
favor N-attack through the now nucleophilic nitrogen legdia
formation of the spirocyclic produ@2, whilst under neutral or
acidic conditions ring-opening of the lactone issfavored,
leading to formation of the secondary am@a The N-butyl
secondary amid0a was then exposed to 2.0 equivalents of
triethylamine to see if it could promote formatiohthe imide22
(Figure S103. It was observed th&0awas indeed converted to

Scheme 4Intramolecular Sexo-trig cyclization of20aunder basic
conditions to forn22 and subsequent retro-Diels-Alder, which yields the
degradation products furfuryl alcohtd and 1-butyl-3-methylene-
pyrrolidine-2,5-dione3.

On the basis of the above studies, we realized that
hydrogenation of the oxanorbornene unit within dtrees 20a
and 22 would prevent the retro-Diels-Alder reaction andthe
case of the spirocyclic imide, provide a motif thagrs a striking
resemblance to the natural products cantharim&leand
norcantharimide8, suggesting a potential therapeutic application.
Buoyed by this we set about investigating derivétira of
oxanorbornend 2 by amidation and hydrogenatioBdheme %.

22, with optimal formation of the imide found afteh@urs g0a HO Pathway A o thway B 0 NHR
4%; 22 85%; 10 and23 11%), and complete consumption of the \ :20 \f)v(tj"//c; \f i) (COCl),, Y
amide observed after 24 hourd0& 0%; 22 41%; 10 and 23 _ ~“MeOH %‘@
59%). This experiment reaffirmed our hypothesis ttha :‘~o pyndlzne : °
18
i) 5-exo-trig (93% yield) (31—86% Sield)
@ ﬁ) cycllzatlon \fo ii) (COCI),, DMF (cat.) iify Hp, Pd/C
YH iii) RNH,, pyridine (10 wt%)
i /o g MeOH
HO OYNHR / /
retro-Diels-Alder . N
lreactionO @5";0 «’\C\{( [::5 \FO

L) _on+ 5 ) MO o
. 19a-e
o N-"Bu (33-77% yield) (76-58% Yield)
0

19/20/21a R = "Bu 19/20/21d R=B
19/20/21b R = nHex 19/20/21e R = 4-

n
Methoxybenzyl
19/20/21¢ R = "Oct xy Y



This can be done by either first hydrogenatirdto produce the

5

whether these compounds held potential as leaddikgets for

oxanorbornanel8 which can then be functionalized with the therapeutic applications. Lead-likeness and moécahalysis
desired aminel9a—e (pathway A), or by producing the desired (LLAMA) is an open-access, web-based tool developgdhle
secondary amid20a—ederivatives which are then hydrogenated University of Leeds for the decoration and assessmEsmall
2la—e (pathway B). Rather surprisingly, we found that itswa molecule scaffolds for their lead-likeness and gV

possible to selectively form either the secondanjdas19a—eor

Analyzing secondary amidd®9a—eand spirocyclic imide2la—e

the spirocyclic imide21a—e depending on the method used, by LLAMA, it was found that all compounds lay withirel-like

providing a simple and divergent route to eitheecips from
oxanorbornend 2. In the case of pathway A, oxanorborndree
was first hydrogenated using 10 wt% palladium on aayb
yielding the corresponding oxanorbornah® in an excellent
93% yield. Amidation was then performed using aesedf alkyl
and aryl amines according to the procedure destibeviously,
producing secondary amidek9a—e in moderate to excellent
yields (33—77%). Notably, pyridine was used as tasebrather
than triethylamine due to its lower basicity{p pyridine: 5.23;

space on the basis of their relative molecular nig#4M) (200

Da < RMM < 350 Da) and predicted lipophilicity (-1 AdogP

< 3) as shown ifrigure 3. However, whilst spirocyclic imides
21la—ewere assigned minimal lead-likeness penalties (Qué:to
the absence of an aromatic ring2ibd,8, secondary amidelda—

e were assigned higher penalties (5-6) due to theepoe of the
undesirable lactone functionality and the absericncaromatic
ring in 19d,e The compounds were then analyzed for novelty
against the ZINC database, a repository of over tyvemitlion

NEt;: 10.65, both in KD) and less than two equivalents were commercially available molecul&Sin both cases, the secondary

used to prevent formation of spirocyclic speéfeslternatively,
by pathway B, amidation of oxanorborneh2 could be used to
selectively produce the secondary ami@®s—ein moderate to
excellent yields (31-86%). Hydrogenation2tfa—ethen resulted
in a tandem cyclisation to produce spirocyclic ies@la—ein
excellent yields (76—98%). A possible explanationtfas is that
the hydrogenation conditions result in the formatid palladium
hydrides which are sufficiently basic to deprotontite amide,
facilitating the cyclisation. As described previgysspirocyclic

imides 21a—e could be easily differentiated from secondary
amides 19a-e through a combination of ESI-MS, FTIR
spectroscopy and'H-C HMBC NMR spectroscopy (see

supporting information), and the structure2dfd was confirmed
by X-ray crystallography (CCDC 2000923).

Scheme 5Synthesis of secondary amide3a—eand spirocyclic imides
2la—eby divergent amidation/hydrogenation strategy fimmanorbornen&?2
and the X-ray crystal structure 21d

amides19a—eand the spirocyclic imide2la—ewere found to
possess a 0.0% likeness to a random 2% of theatsabinally,
PMI analysis found that the majority of the compdsifie along
the rod-like to disc-like axis. Overall, these résutrongly
suggest that the spirocyclic imid8%a—erepresent highly novel
and promising lead-like compounds for further cdasition as
therapeutics.

Figure 3. A. Lead-likeness and B. PMI analysis plots forssetary
amidesl9a—eand spirocyclic imide21a—e Blue region represents the 3D
region of PMI space where 11 + 12 > 1.2.

Previously, cantharidin and norcantharidin analsgiave
shown promising anticancer activities against a eaofycancer
cell types, bottin vitro andin vivo.**?***°***Based on this, we
screened the racemic spirocyclic imid&ka—e for their activity
against six human cancer cell lines. For this wectetl A549

In view of the resemblance of these compounds thuman lung carcinoma cells, HCT 116 colorectal cancia

cantharimide6 and norcantharimid®, we were intrigued as to

A. s
44
o ¢ {
g Lead-like space M
2 T TRl i
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B.
1.0 4
0.9 4
08+
>
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PMI X (1)

cells, OVCAR-3 human ovarian adenocarcinoma cells, MDA
MB-231 human breast adenocarcinoma cells, MCF7 huma
breast adenocarcinoma cells and PC-3 human prostate
adenocarcinoma cells to represent a range of yyalist For the
initial investigation, we performed a broad assesgnté the
potential of all five molecules to inhibit cancesllayrowth at two
moderate fixed concentrations (100 uM and 200 puM) aver
three time points: 24, 48 and 72h. Cell growth wasitoced as

a function of relative cell viability, and the rdisuare shown in
Table 1, Figure 4A andFigures S103-S108

The data inTable 1 shows that after 72h of exposure,
promisingly, all compounds had a negative impacthengrowth
of all studied cell linesFigures S103-S10&onfirm that these
results have both a concentration- and time-depereféect. In
particular, HCT 116, A549, OVCAR-3 and MCF7 cells were
most susceptible to compoun@da-e after 72h of exposure,
while PC-3 and MDA-MB-231 cells showed more resistance
Furthermore, it was apparent that compo@idt consistently
exhibited the highest potency from all the compauasisayed. In
HCT 116 cells, at 200 uM, almost complete cell deats
achieved, with similar efficacy in A549 and MCF7 sell
suggesting that compourtllc has potential as a potent, broad-
spectrum anticancer agent. When analyzing thegicdl results
in comparison with the chemical structures of eashmmound,
whereby 21c followed by 21b were the most toxic, it was
apparent that the presence of a long alkyl chai@ &8d C6
chains respectively) increased the anticancer teffEis was
unexpected, with2la—cin fact receiving penalties during the
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LLAMA simulation as a result of the prediction plagi
importance on the presence of aromatic moietiestedd, the
three less active compounds had either a short eligin @1a,
C4) or aryl/aryloxy side-group21d,e)

Table 1.Cytotoxicity of compound&la—ein the cancer cell panel. Cytotoxicity is expreksas the percentage of relative metabolic actigiynpared to
untreated cells) at 1QM and 200uM drug concentration after 72 h of continuous deMpgosure, presented as mean * S.D (n=5)

HCT 116 Ab549 PC-3 OVCAR-3 MCF7 MDA-MB-231
100 uM 200 uM 100 pM 200 pM 100 pM 200 pM 100 pM 200 pM 100 pM 200 pM 100 pM 200 pM
2l1a 79 +2 27 5 83 +8 46 +7 82 +8 62 +5 69 +5 59 +9 68 +12 46 +5 72 +4 64 +6
21b 61 +8 23 +2 74 5 43 +5 69 +6 55 +9 64 +7 47 +9 51 +10 35 +7 77 +4 59 +3
21c 31 +4 5 +2 33 5 18 +7 61 +4 40 +9 35 +2 16 +3 29 +9 10 +5 62 +5 40 +11
21d 74 +3 42 £2 78 +2 36 +7 72 +9 63 +8 77 5 61 +2 71 £12 48 +5 75 4 65 +5
21e 72 +4 49 +6 78 +5 46 +6 83 +5 73 +7 63 +9 57 +10 67 +10 39 +4 76 +9 63 +8
A. HCT 116 B. C.
100 - 21a fad f— 21a
Ml == —21b
2 2 = F—— 2 21c
2 Zw — LN g:d M
) ; \N ¢ Y \
: : S\ pA
g £ ® \ O\ § AN\
2 2 N . ~— £ / \
-ﬂ' a - \ " \
g g %1 = HCTHIE ! 1 * [ /] \ \
° ° * A549 + / A\
3 2 ” 4 PC3 s / A\
K 8 24 + OVCAR3 \ !
- -3 + MCF7 71/ \\
« MDA-MB-231 [N ° 4 S
0 N g
10 100 10 100 1000
100 M | ] J Concentration (uM) Size (nm)

Figure 4. A. Representative cytotoxicity profiles of compds@la—ein HCT 116 cells over 24, 48 and 72h as assessétetPrestoBlue metabolic assay,
B. Dose-response curves of compo@idin all cell lines. Data are presented as mearDH8=4). C.DLS traces of compoundsda—eshowing the presence of

well-defined nanoaggregates in milliQ water (corraion 125 pg/mL).

Given the structural similarity of the two most aetiv
compounds to traditional surfactant molecuies, the presence
of a polar head group and aliphatic sidechain, & twgpothesized
that this could be the cause of the enhanced oytity of 21b-c
over the other lead-like compounds. Many surfastahave
toxicological effects on cells as a result of hy@udon chain
insertion into lipid bilayers, causing perturbatioof cell
membranes and lysis, which

hydrocarbon chain length and critical micelle/agatéon

concentration (CMC/CACY**® The lactate dehydrogenase

(LDH) cytotoxicity colorimetric assay was employed desess
this, as a reliable method for measuring releasth@fcytosolic
enzyme LDH into the cell culture medium upon any dgento
the cell plasma membrane. Surprisingly, no LDH raleams
observed after 48h incubation at the highest canagon of 200
KM in A549 cells as a representative experiméigure S109,

is typically a functiof o

indicating that no cell membrane lysis was occurtrihg further
verify this result, as it is reported that surfattdoxicity is
significantly heightened at concentrations lower nthéhe
CMCI/CAC, the propensity of compoundia—eto first self-
assemble, and then the concentration at which tidsreed, was
assessed using a dynamic light scattering (DLS)hatf In
accordance with our hypothesis, all compounds wenéirazed
to form nanoaggregates in aqueous solution of@rsizge 100—
120 nm Figure 4C), and with CAC values dependent upon
sidechain chemistryF{gure S110, Table S The calculated
CAC values confirmed that the LDH assay had been pedd
both above and below CAC values, and therefore Heetwas
no influence of this parameter on targeted toxiegainst cell
membranes. Interestingly, given the important aflsurfactants
for the formulation of poorly soluble drugs,these findings
crucially highlight the potential of these composras “active”



surfactants for formulation of a second drug, idesrto achieve
combination therapies, target different mechanisfrsction and
prevent drug resistanc@.

Finally, on the basis of these positive observatiand due to
the potency oR1c further biological analysis was performed to
determine the Efgconcentration in all the tested cell lines.;EC
values were determined after 48h incubation andrekelts are
shown inFigure 4, Figures S111-S11@nd Table 2 All values
were less than 100 pM and followed the same trerideamitial
cytotoxicity assays, whereby the lowest sE@alues were
observed in HCT 116 cells (56 uM). Overall, the bgital
assays, in agreement with the LLAMA predictions, aonéd
that molecules based on the spirocyclic imide stdfflescribed
here show potential as active agents or excipientaiiticancer
applications. While the final Eg values were modest in
comparison to traditional anticancer drugs (typi€als, <10
KM), the compounds assessed in this work can bed=yed as
unoptimized and preliminary candidates in terms théir
introduced functionalities’ Future work will endeavor to further
explore the possibility to introduce different sitlain substituent
chemistries in an effort to enhance the biologaxivity of these
interesting compounds, assess their range of taetigppotential
such as within antimicrobial applications, as wellragstigating
their potential for the codelivery of other actiagents by
exploiting their inherent propensity to self-asstamhnto
nanoparticles.

Table 2.Calculated E6; values of compoundlc

HCT
116

A549 PC-3 OVCAR-

3

MCF7  MDA-MS-

231

EC50
(M)

5613 833 955 7914 798 80122

3. Conclusion

Functionalization of biomass derived oxanorborné@ehas
led to a divergent strategy for the preparatiorm sénge of new
spirocyclic imides 2la—e and secondary amided9a—e
Computational modelling identified that these coommis
represent highly novel and lead-like structures fiire
development of clinical candidates, with the spidicyimides
21a—e preferred due to their lack of reactive functidtied.
Accordingly, the spirocyclic imide2la—e were analyzed for
their biological activity using cytotoxicity assaggainst a range
of human cancer cell lines. Overall, all compourftsxged some
degree of antiproliferative effect, witlc presenting the greatest
potential as a potent broad spectrum anticancentagehe
compounds demonstrated a propensity to self-assenmtb
nanoaggregates, indicating promising applicatiotempial as
“active” surfactants for formulation of a secondiglr This study
justifies further investigation into the therapeupotential of
these unusual species.

4. Experimental Section
4.1. General Experimental

All reagents and solvents were purchased from comaterc
suppliers and used as sold, excluding furfuryl latdawhich was
distilled prior to use. Anhydrous GAl, was obtained from an
Inert
purification system. All air- and water-sensitive agans were
carried out in oven-dried glassware under eitheitegen or
argon atmosphere. Analytical TLC was performed omaium

7
backed plates pre-coated (0.25 mm) with Merck KGdisasi
gel 60 ks, Compounds were visualized by exposure to UV-light
(254 nm) and stained using KMN®Or phosphomolybdic acid
followed by heating. Flash column chromatography was
performed using Fluorochem silica gel LC60A (40—60)pAll
mixed solvent eluents are reportedvassolutions. Brine refers
to a saturated solution of aqueous sodium chloride.

'"H and™C-Nuclear magnetic resonance (NMR) spectra were
acquired using either a JEOL ECS 400 MHz spectronmmter
Bruker DPX-400 400 MHz spectrometetd spectra were
referenced internally to the residual protic sotveesonance
(CHCI; = 7.27 ppm, DMSO-= 2.50 ppm and C{OH = 3.31
ppm). *C-Spectra were referenced internally to the solvent
resonance (CDgl= 77.16 ppm, CEDD 49.00 ppm and
DMSO-ds = 39.52 ppm).'H-NMR coupling constants are
reported in Hertz (Hz). Coupling constants are reggbusing the
following notation, or combination of; s = singlet, = broad, d =
doublet, t = triplet, q = quartet, quin = quintsx = sextet, sept =
septet, oct = octet, non = nonet and m = multigfdesignment of
signals in'H and"*C-spectra was determined usfitey'H COSY,
DEPT-135, 'H-*C HMQC and HMBC experiments where
appropriate.

High resolution mass spectra (HRMS) were recordedgusin
electrospray ionization (ESI) on a Bruker micrOTQORass
spectrometer in tandem with an Agilent series 12@uidi
chromatography system or on a Waters Xevo G2-XS Quabirup
time-of-flight mass spectrometer. All Infra-Red (IRpata was
obtained using a Perkin-Elmer Spectrum Two or Spett400
FT-IR spectrometer or an Agilent Technologies Ca39 6TIR
spectrometer. Absorbances are reported using tHewiob
notation; w = weak, m = medium and s = strong. Mglfwints
were determined using either a Stuart SMP3, SMP2And8RS
OptiMelt MPA100 hot stage apparatus and were not ctade
Dynamic light scattering measurements were recongsdg a
Malvern Panalytical Zetasizer Nano S fitted with & 68n He-
Ne laser operating at 4 mW. Measurements were pegfibah 25
°C using a scattering angle of 173° (backscattgriagd the
results analyzed using Malvern Panalytical Zetasemftware
version 7.13.

Diffraction data were collected at 110 K (195 K f¥g) on an
Oxford Diffraction SuperNova diffractometer with CuwK
radiation § = 1.54184 A) using an EOS CCD camera. The
crystal was cooled with an Oxford Instruments Cryojet.
Diffractometer control, data collection, initial @nicell
determination, frame integration and unit-cell mefnent was
carried out with “Crysalis”. Face-indexed absorptamrections
were applied using spherical harmonics, implementad
SCALE3 ABSPACK scaling algorithm. OLEX2 was used for
overall structure solution, refinement and prepamat of
computer graphics and publication data. Within OLEX2e
algorithm used for structure solution was SHELXT, rgea
flipping. Refinement by full-matrix least-squaressed the
SHELXT algorithm within OLEX2. Hydrogen atoms were
placed using a “riding-mode” and included in th&nement at
calculated positions. Structures for 22, 20a add 2vere
deposited in the CCDC (CCDC 2000921°3).

LLAMA was used to determine if compounds resided in a
region of chemical space within which they have aagne
potential for development into clinical candidatas,defined by
Nadin et al.®* Structural novelty was then assessed against the

Technologies PureSolv EN 1-4 enclosed solvenMurcko framework, where all side chain functionalityas

removed reducing the molecule to its ring systentsthe linkers
between them, with and without the alpha at6m3hese
frameworks were then assessed against a random 2fbeof
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rcualricuilvli

ZINC databasé' Finally, the molecules were analyzed by coupled according to the general procedure forsyrghesis of

principal moments of inertia (PMI) analysis, in erdto
determine shape distribution. Thus, the system aweuhygl
generated a number of 3D conformers of each moleaote
minimized their energy, selecting the lowest enecggformer
for further analysis. The moments of inertia werentlcalculated
along the X, Y, and Z-axis, with the I1 coordinatekwiated by
dividing inertia(X) by inertia(Z) and 12 by dividingertia(Y) by
inertia(Z). The resulting PMI plot of 11 against [Zovides an
indication of whether the molecule is rod (11=1.2+0.0), disc
(11=0.5, 12=0.5) or sphere (11=1.0, 12=1.0)-likenature Figure

3).

4.2. Compound Data

2-[(1S*,55¢,7S)-4-Ox0-3,10-dioxatricyclo-[5.2.1.0°|dec-8-
en-5-yl] acetic acid(12): Acid 12 was prepared from itaconic
anhydride and furfuryl alcohol using either of tpeocedures
described below. Solvent Free: Itaconic anhydrid® @ 27
mmol, 1.0 eq.) was suspended in furfuryl alcohoB (&L, 27
mmol, 1.0 eq.), the slurry obtained was allowed itoastambient

secondary amides. The crude material was thenigaitify flash
column chromatography (80:20, EtOAc:PE) to give thmget
compound20aas a white solid (1.7 g, 86%). Crystals suitabte fo
X-ray analysis were grown by slow evaporation of antcace
solution. R- = 0.18 (80:20, EtOAC:PE); m.p. 83.2-83.7 °C; IR
(Neat) vnayx 3240 (M), 3078 (w), 2961 (m), 2876 (w), 1768 (s),
1631 (s) and 1562 (s) ém'™H NMR (400 MHz, CDC)): & = 6.60
(d,J=5.9 Hz, 1H, 2-H), 6.50 (dd,= 5.9, 1.8 Hz, 1H, 1-H), 6.34
(br, 1H, N-H), 5.01 (ddJ = 4.6, 1.7 Hz, 1H, 6-H), 4.84 (d,=
10.7 Hz, 1H, 7-H), 4.58 (d] = 10.7 Hz, 1H, 7-H), 3.18 (df, =
7.1, 2.5 Hz, 2H, 11-H), 2.49 (dd= 11.9, 4.8 Hz, 1H, 5-H), 2.33
(d,J = 14.3 Hz, 1H, 9-H), 2.25 (d,= 14.3 Hz, 1H, 9-H), 1.50—
1.40 (m, 2H, 12-H), 1.37-1.27 (m, 2H, 1x5-H/2x13-H)90(8J

= 7.26, 3H, 14-H)*C NMR (100 MHz, CDGJ)): § = 179.3 (8),
168.5 (10), 137.3 (1), 131.5 (2), 94.5 (3), 78.p 6®.7 (7), 52.8
(4), 42.7 (9), 39.6 (11), 36.6 (5), 31.4 (12), 2(1B), 13.8 (14);
HRMS (ESI) m/z calculated for GH;sNNaQ, 288.1202
(M+Na)", found 288.1206, 1.5 ppm error.

N-Hexyl-2-[(1S*,5S*,7S¥))-4-0x0-3,10-dioxatricyclo

temperature. Aftecirca 5 h, the suspension had thickened to a[5.2.1.d’ﬂdec-S-en-5-y|]acetamide(20b): Acid 12°(2.0 g, 9.5

paste could no longer be stirred. The reactionuméxtvas left for
a further 19 h until a tan solid had formed. Theder material
was then purified by recrystallization from acetdpegive the
target acid12 as an off-white crystalline solid (3.8 g, 68%).
Reaction solvent: Itaconic anhydride (25.0 g, 228ah 1.0 eq.)
and furfuryl alcohol (19.4 mL, 223 mmol, 1.0 eq.) ree
suspended in acetonitrile (12 mL) and the slurigvegd to stir at
ambient temperature, after 24 h a white suspensaonférmed.
The solid was removed by filtration and the filtrateas

mmol, 1.0 eq.) and hexylamine (1.3 mL, 9.5 mmd), dg.) were
coupled according to the general procedure forsghrehesis of
secondary amides. The crude material was thenigaitify flash
column chromatography (70:30-100:0, EtOAc:PE) to dive
target compoun@0b as a yellow crystalline solid (0.87 g, 31%).
Re = 0.19 (70:30, EtOAC:PE); m.p. 61.6-62.4 °C; IR (Neatx
3303 (m), 2927 (m), 2855 (m), 1767 (s), 1669 (nBY4 (s) and
1541 (s) crit; 'H NMR (400 MHz, CDCJ): & = 6.60 (d,J = 5.7
Hz, 1H, 2-H), 5.67 (dd) = 5.7, 1.6 Hz, 1H, 1-H), 6.39-6.32 (br,

concentratedn vacuo. The concentrated filtrate was suspended inj N-H), 5.01 (dd,J = 4.6, 1.6 Hz, 1H, 6-H), 4.84 (d,= 10.5
EtOAc (100 mL) and filtered. The obtained solids were;, 14 7,-H) 457 (dJ = 10.5 Hz. 1H ,7-H) '318 (dfi - 71

combined and recrystallized from acetone, to dgheetarget acid
12 as an off-white crystalline solid (20.0 g, 43%).pm130.9—
131.5 °C;IR (Neat)uma 3100 (M), 1776 (s) and 1733 (s) &mH
NMR (400 MHz, CROD): 4 = 6.59 (ddJ = 5.9, 1.7 Hz, 1H, 1-
H), 6.55 (d,J = 5.9 Hz, 1H, 2-H), 5.02 (dd,= 4.7, 1.6 Hz, 1H,
6-H), 4.92 (dJ = 10.8 Hz, 1H, 7-H), 4.54 (d,= 10.8 Hz, 1H, 7-
H), 2.44-2.35 (m, 3H, 5/9-H), 1.55 @z= 12.3 Hz, 1H, 5-H)}*C
NMR (100 MHz, CQOD): & = 180.0 (8), 173.0 (10), 139.3 (1),
131.5 (2), 95.6 (3), 80.1 (6), 70.0 (7), 53.3 0,7 (9), 37.7 (5);
HRMS (ESI)mvz calculated for GH,NaQ; 233.0420 (M+Nal)

6.8 Hz, 2H, 11-H), 2.49 (dd, = 12.1, 4.6 Hz, 1H, 5-H), 2.32 (d,
J=14.6 Hz, 1H, 9-H), 2.25 (d,= 14.6, 1H, 9-H), 1.52-1.41 (m,
2H, 12-H), 1.33-1.20 (m, 7H, 5-H/13-H/14-H/15-H), 0.86](&
7.2 Hz, 3H, 16-H);*C NMR (100 MHz, CDCJ): = 179.3 (8),
168.5 (10), 137.3 (1), 131.5 (2), 94.5 (3), 78.F 6.7 (7), 52.8
(4), 42.7 (9), 39.9 (11), 36.6 (5), 31.5 (15), 2@3), 26.6 (13),
22.6 (14), 14.1 (16); HRMS (EShvz calculated for GHas.
NNaQ, 316.1519 (M+Na) found 316.1525, -1.9 ppm error.

N-Octyl-2-[(1S*,5S*,7S"))-4-0x0-3,10-dioxatricyclo

found 233.0417, 1.2 ppm error. Data is consistenth wit [5.2.1.0"]dec-8-en-5-yllacetamide(209: Acid 12 (2.0 g, 9.5

previously reported characterization d&ta.

General procedure for the synthesis of secondary ddes

mmol, 1.0 eq.) and octylamine (1.6 mL, 9.5 mma0Q, &q.) were
coupled according to the general procedure forsifrghesis of
secondary amides. The crude material was thenigaitify flash

from 12. Acid 12 (2.0 g, 9.5 mmol, 1.0 eq.) was s_uspended iNcolumn chromatography (90:10, EtOAC:PE) to give thegét
anhydrous CECl, (5 mL) under an atmosphere of nitrogen. ThecompoundZOc as a pale yellow crystalline solid (2.1 g, 69%R).

suspension was cooled to 0 °C and oxalyl chlori@av2solution

= 0.3 (90:10, EtOAC:PE); m.p. 75.8-76.2 °C; IR (Neap), 3302

in CH,Cl, (12 mL, 24 mmol, 2.5 eq.) was added dropwise OVelm), 2918 (m), 2851 (m), 1767 (s), 1669 (m), 164pand 1543

10 minutes, followed by DMF (4 drops). The suspensi@s
stirred at ambient temperature until a solution wkisined, after
which it was concentratech vacuo, to yield the crude acid
chloride as a light brown solid. The crude matenahs
redissolved in fresh anhydrous @, (10 mL) and cooled to O
°C. Pyridine (0.77 mL, 9.5 mmol, 1.0 eq.) was theide
dropwise, followed by the primary amine (9.5 mmofQ) &q.) in

(s) cm’; '"H NMR (400 MHz, CDC)): & = 6.60 (d,J = 6.1 Hz,
1H, 2-H), 6.50 (ddJ = 6.1, 1.9 Hz, 1H, 1-H), 6.37-6.28 (br, 1H,
N-H), 5.01 (dd,J = 4.8, 1.6 Hz, 1H, 6-H), 4.84 (d,= 10.8 Hz,
1H, 7-H), 4.57 (d,) = 10.8 Hz, 1H, 7-H), 3.18 (d§,= 12.3, 6.3
Hz, 2H, 11-H), 2.49 (dd) = 12.3, 4.8 Hz, 1H, 5-H), 2.33 (d=
14.6 Hz, 1H, 9-H), 2.24 (d} = 14.6 Hz, 1H, 9-H), 1.51-1.40 (m,
2H, 12-H), 1.34-1.17 (m, 11H, 5-H/13-H/14-H/15-H/16-H/17-

CH,CI, (10 mL). The solution was allowed to stir at ambientH) 0.86 (t,J = 7.1 Hz, 3H, 18-H)*C NMR (100 MHz, CDC)):

temperature overnight before diluting with @, (30 mL) and

§ = 179.3 (8), 168.5 (10), 137.3 (1), 131.6 (2)59@), 78.5 (6),

H,O (50 mL). The organic layer was separated and f[ll’th669l7 (7), 52.8 (4), 42.7 (9), 40.0 (11), 36.6 (3),9 (12), 29.4

washed with 1M HGlg (50 mL), HO (50 mL) and brine (50
mL). The organic layer was then dried (Mg$Cfiltered and
concentratedn vacuo.

N-Butyl-2-[(1S*,5S*,7 S*))-4-0x0-3,10-dioxatricyclo

[5.2.1.0|dec-8-en-5-ylJacetamide(20a): Acid 12 (2.0 g, 9.5
mmol, 1.0 eqg.) and butylamine (0.94 mL, 9.5 mmd), dq.) were

(13), 29.3 (14/15), 26.9 (16), 22.7 (17), 14.2 (1BRMS (ESI)
m/z calculated for GH,,NNaQ, 344.1832 (M+Na) found
344.1837, -0.9 ppm error.

N-Benzyl-2-[(1S*,55*,7S¥))-4-0x0-3,10-
dioxatricyclo[5.2.1.0"%|dec-8-en-5-yl]acetamide(20d): Acid 12



(2 g, 9.52 mmol, 1.0 eq.) and benzylamine (1.04 ¢n&2 mmol,
1.0 eq.) were coupled according to the general pireefor the
synthesis of secondary amides. The crude material thvan
purified by flash column chromatography (70:30-90:1
EtOAc:PE) to give the target compour2Dd as a white
crystalline solid (1.67 g, 58%lR- = 0.3 (80:20, EtOAc:PE); m.p.
106.8-107.4 °C; IR (Neat),ax 3286 (m), 1765 (s), 1636 (s) and
1547 (s) crit; '"H NMR (400 MHz, CDCJ): § = 7.31-7.25 (m,
2H, ArH), 7.24-7.18 (m, 3H, ArH), 6.75-6.66 (br, 1H, N-H),
6.54 (d,J = 5.8 Hz, 1H, 2-H), 6.45 (dd,= 5.8, 1.6 Hz, 1H, 1-H),
4.95 (dd,J = 4.8, 1.6 Hz, 1H, 6-H), 4.75 (d,= 10.6 Hz, 1H, 7-
H), 4.51 (d,J = 10.6 Hz, 1H, 7-H), 4.37 (dd, = 14.6, 5.8 Hz,
1H, 11-H), 4.30 (dd,) = 14.6, 5.8 Hz, 1H, 11-H), 2.41 (dd=
12.0, 4.9 Hz, 1H, 5-H), 2.32 (d,= 14.8 Hz, 1H, 9-H), 2.23 (d,

= 14.8 Hz, 1H, 9-H), 1.25 (dl = 12.0 Hz, 1H, 5-H)*C NMR
(100 MHz, CDC}J): 8 = 179.2 (8), 168.6 (10), 137.8 (1), 137.4
(ArC), 131.4 (2), 128.8 (ArCH), 127.8 (ArCH), 94.5 (38.5
(6), 69.6 (7), 52.8 (4), 43.9 (11), 42.5 (9), 36K HRMS (ESI)
m/z calculated for @H;;NNaQ, 322.1050 (M+Na) found
322.1049, 0.3 ppm error.

N-(4-Methoxybenzyl)-2-[(1S*,5S*,7S*))-4-0x0-3,10
dioxatricyclo[5.2.1.0"%|dec-8-en-5-ylJacetamide(208): Acid 12
(0.50 g, 2.4 mmol, 1.0 eq.) and 4-methoxybenzylani31 mL,
2.4 mmol, 1.0 eq.) were coupled according to theeg®n
procedure for the synthesis of secondary amides diude
material was then purified by flash column chromedpbhy
(80:20, EtOAc:PE) to give the target compouBfe as a
crystalline solid (0.24 g, 31%R:- = 0.25 (80:20, EtOAc:PE);
m.p. 150.3-150.9 °C; IR (Neab),., 3259 (m), 3088 (w), 2954
(w), 1758 (s), 1635 (m), 1561 (m) and 1508 (m)'citd NMR
(400 MHz, DMSO-¢): 5 = 8.41 (t,J = 5.8 Hz, 1H, N-H), 7.20-
7.15 (m, 2H, ArH), 6.90-6.85 (m, 2H, ArH), 6.55 (db= 5.8,
1.7 Hz, 1H, 1-H), 6.52 (d] = 5.8 Hz, 1H, 2-H), 5.00 (dd,= 4.6,
1.7 Hz, 1H, 6-H), 4.74 (d) = 10.6 Hz, 1H, 7-H), 4.47 (dl =
10.6 Hz, 1H, 7-H), 4.15 (d] = 5.8 Hz, 2H, 11-H), 3.72 (s, 3H,
12-H), 2.21 (s, 2H, 9-H), 2.17 (dd,= 11.9, 4.7 Hz, 1H, 5-H),
1.51 (d,J = 11.9 Hz, 1H, 5-H)*C NMR (100 MHz, DMSO-g):
8=177.7 (8), 168.0 (10), 158.3 (ArC), 137.5 (1)118(2), 128.7
(ArCH), 113.68 (ArCH), 94.0 (9), 78.0 (6), 68.2 (7),.5%12),
52.2 (4), 41.7 (11), 40.6 (9), 36.1 (5); HRMS (ESHhz
calculated for GH,oNOs 330.1338 (M+H), found 330.1341, -
0.9 ppm error.

(1S%,2S*,4R*)-1'-Butyl-1-(hydroxymethyl)spiro[ 7-
oxabicyclo[2.2.1] hept-2-ene-6,3'-pyrrolidine]-2’,5dione

(22): Acid 12 (2.0 g, 9.5 mmol, 1.0 eg.) was suspended in
anhydrous CLCl, (5 mL) under an atmosphere of nitrogen. The

suspension was cooled to 0 °C and oxalyl chlori@dv2solution

in CHCl, (12 mL, 24 mmol, 2.5 eq.) was added dropwise ove
10 minutes, followed by DMF (4 drops). The suspensi@s
stirred at ambient temperature until a solution wksined, after
which it was concentrateth vacuo, to yield the crude acid
chloride as a light brown solid. The crude matenahs
redissolved in fresh anhydrous @, (10 mL) and cooled to O
°C and a solution of butylamine (4.7 mL, 48 mmal &q.) in
CH,CI, (10 mL) was added dropwise. The solution was allowe
to stir at ambient temperature overnight beforautitiy with
CH,Cl, (30 mL) and HO (50 mL). The organic layer was
separated and further washed with 1M HE(50 mL), HO (50
mL) and brine (50 mL). The organic layer was thefedr
(MgSQ,), filtered and concentratad vacuo. The crude material
was purified by flash column chromatography (80:2
EtOAC:PE) to give the target spirocyclic imid@2 as a white
crystalline solid (839 mg, 33%). Crystals suitalite X-ray
analysis were grown by slow evaporation of an acesohgion.
Re = 0.25 (80:20, EtOAC:PE); m.p. 69.2-70.0 °C; IR (Neatx

0,

9
3396 (m), 3024 (w), 2946 (w), 2874 (m), 1767 (m), 443)
and 1685 (s) cifi 'H NMR (400 MHz, CDCJ): & = 6.65 (dd,J =
5.7, 1.7 Hz, 1H, 1-H), 6.48 (d,= 5.7 Hz, 1H, 2-H), 5.13 (dd,=
4.8, 1.7 Hz, 1H, 6-H), 4.02 (d,= 11.6 Hz, 1H, 7-H), 3.90 (dd,
= 11.6, 4.1 Hz, 1H, 7-H), 3.50 @,= 7.4 Hz, 2H, 11-H), 2.72—
2.61 (m, 2H, 5-H/9-H), 2.47-2.37 (m, 2H, OH/9-H), 1.5981.4
(m, 3H, 12-H/5-H), 1.37-1.25 (m, 2H, 13-H), 0.91)(& 7.3 Hz,
3H, 14-H); ®*C NMR (100 MHz, CDGJ): 3 = 180.4 (8), 176.2
(10), 140.3 (1), 135.1 (2), 92.8 (3), 79.1 (6),3607), 49.9 (4),
44.0 (5), 40.1 (9), 39.0 (11), 29.7 (12), 20.1 (1B3.7 (14);
HRMS (ESI) m/z calculated for GH;oNNaO, 288.1214
(M+Na)", found 288.1206, -2.7 ppm error.

General procedure for the hydrogenation of secondar
amides to imides.Secondary amide (1.9 mmol, 1.0 eq.) was
dissolved in MeOH (1 mL) under nitrogen, the additioh
EtOAc (1 mL) may be necessary in some cases to olatain
solution. In a separate flask Pd/C (10 wit%) was sudge in
MeOH (1 mL) under nitrogen. Hwas bubbled through the
suspension of Pd/C in MeOH for 10 minutes. The smiutf
secondary amide was then added to the catalystrssispe The
reaction mixture was allowed to stir at room temperfor 16
hours under K (1 bar). The reaction mixture was then passed
through a pad of celite® and concentraitegacuo.

(1S%,2S*,4R*)-1'-Butyl-1-(hydroxymethyl)spiro[ 7-
oxabicyclo[2.2.1]heptane-2,3"-pyrrolidine]-2’,5’-dione  (213):
Butyl amide 20a (0.10 g) was hydrogenated according to the
general procedure for the hydrogenation of secgndamides.
The crude material was purified using flash column
chromatography (80:20-90:10, EtOAc:PE) to give theyeia
compound2la as a clear oil (0.77 g, 76%R- = 0.33 (90:10,
EtOAC:PE); IR (Neathyax 3460 (w), 2958 (w), 2874 (w), 1771
(w) and 1685 (s) city '"H NMR (400 MHz, CDCJ): 8 = 4.72 (t,J
= 5.3 Hz, 1H, 6-H), 3.93 (dl = 5.3 Hz, 2H, 7-H), 3.49 (1=7.3
Hz, 2H, 11-H), 2.97 (dJ = 17.9 Hz, 1H, 9-H), 2.71 (d,= 17.9
Hz, 1H, 9-H), 2.52 (ddd) = 12.1, 5.5, 2.6 Hz, 1H, 5-H), 2.02—
1.91 (m, 2H, 1-H), 1.78-1.62 (m, 3H, 2-H, OH), 1.59-1(#9
3H, 12-H/5-H), 1.37-1.23 (m, 2H, 13-H), 0.91J& 7.3 Hz, 3H,
14-H); **C NMR (100 MHz, CDCJ): § = 180.5 (8), 175.7 (10),
90.4 (3), 77.4 (6), 62.7 (7), 52.6 (4), 45.3 (3,23(9), 38.8 (11),
31.3 (2), 29.7 (12/1), 20.1 (13), 13.7 (14); HRMSS(Em/z
calculated for GH,;NNaQ, 290.1363 (M+N4&), found 290.1368,
-2.5 ppm error.

(15%,25%,4R*)-1'-Hexyl-1-(hydroxymethyl)spiro[7-
oxabicyclo[2.2.1] heptane-2,3’-pyrrolidine]-2’,5-done (21b):
Hexyl amide20b (400 mg) was hydrogenated according to the
general procedure for the hydrogenation of secgndamides.
rThe crude material was purified by flash column ameitography
(70:30, EtOAC:PE) to give the target compowidh as a clear oil
(378 mg, 94%).R- = 0.32 (80:20, EtOAC:PE); IR (Neat)ax
3460 (w), 2931 (m), 2859 (w), 1771 (m) and 1686 (a) c'H
NMR (400 MHz, CDC}): 6 = 4.68 (t,J = 5.2 Hz, 1H, 6-H), 3.89
(s, 2H, 7-H), 3.44 (t) = 7.5 Hz, 2H, 11-H), 2.96 (d,= 18.4 Hz,
1H, 9-H), 2.68 (dJ = 18.4 Hz, 1H, 9-H), 2.48 (ddd=11.9, 5.2,

.5 Hz, 1H, 5-H), 2.34-2.18 (br, 1H, OH), 2.02-1.82 (M, 2-
/2-H), 1.75-1.60 (m, 2H, 1-H/2-H), 1.58-1.47 (m, 3H, 3:H/
H), 1.30-1.19 (m, 6H, 15-H/14-H/13-H), 0.84)(t 7.2 Hz, 3H,
16-H); *C NMR (100 MHz, CDGJ)): § = 180.5 (8), 175.8 (10),
90.4 (3), 77.1 (6), 62.6 (7), 52.6 (4), 45.2 (3,23(9), 39.0 (11),
31.4 (12), 31.2 (1), 29.6 (2), 27.5 (13), 26.5 (120.6 (15), 14.1
(16); HRMS (ESI)m/z calculated for GH,sNNaO, 318.1676

(M+Na)", found 318.1676, 0.1 ppm error.

(1S%,25%,4R*)-1-(Hydroxymethyl)-1'-octyl-spiro[7-
oxabicyclo[2.2.1] heptane-2,3-pyrrolidine]-2’,5’-done (2109:
Octyl amide20c (0.10 g) was hydrogenated according to the
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general procedure for the hydrogenation of secgnalarides.
The crude material was purified using flash
chromatography (70:30, EtOAc:PE) to give the targabhmound
21cas a clear oil (0.098 g, 98%3- = 0.26 (70:30, EtOAC:PE);

rcualricuilvli

catalyst suspension. The reaction mixture was allotwestir at

columnroom temperature for 16 hours undey @ bar). The reaction

mixture was then passed through a pad of celite® and
concentratedn vacuo to give the target compourd® as a white

IR (Neat)vmay 3452 (W), 2926 (m), 2856 (m), 1771 (w) and 1688powder (0.93 g, 93%). m.p. 184.6-185.2 °C; IR (Neat) 2991

(s) cmi*; "H NMR (400 MHz, CDCJ): & = 4.69 (t,J = 4.9 Hz, 1H,
6-H), 3.90 (s, 2H, 7-H), 3.45 (1,= 7.3 Hz, 2H, 11-H), 2.97 (d,
= 18.3 Hz, 2H, 9-H), 2.69 (d} = 18.3 Hz, 1H, 9-H), 2.52-2.45
(m, 1H, 5-H), 2.13-2.04 (br, 1H, OH), 2.01-1.88 (m, 2H{)1
1.77-1.61 (m, 2H, 2-H), 1.58-1.47 (m, 3H, 5-H/12-H)01R18
(m, 10H, 13-H/14-H/15-H/16-H/17-H), 0.85 @,= 6.3 Hz, 3H,
18-H); **C NMR (100 MHz, CDCJ): § = 180.5 (8), 175.8 (10),
90.4 (3), 77.4 (6), 62.7 (7), 52.6 (4), 45.3 (3,23(9), 39.1 (11),
31.9 (31.3), 29.6 (1), 29.3 (2), 29.2 (14), 27.6)(126.9 (16),
22.7 (17), 14.2 (18); HRMS (EShvz calculated for GHo.
NNaQ, 346.1989 (M+Na) found 346.1992, -0.5 ppm error.

(1S%,2S%,4R*)-1'-Benzyl-1-(hydroxymethyl)spiro[7-
oxabicyclo[2.2.1] heptane-2,3’-pyrrolidine]-2’,5-done (21d):

(m), 1713 (s) ci; 'H NMR (400 MHz, CQOD): 6 = 4.59 (d,J
=10.6 Hz, 1H, 7-H), 4.53 (f] = 5.4 Hz, 1H, 6-H), 4.48 (d] =
10.6 Hz, 1H, 7-H), 2.88 (d] = 15.4 Hz, 1H, 9-H), 2.58 (d, =
15.4 Hz, 1H, 9-H), 2.27 (ddd, = 12.5, 5.1, 2.3 Hz, 1H, 5-H),
2.04-1.89 (m, 2H, 1-H/2-H), 1.80 (d, J = 12.5 Hz, 1H{)5-
1.77-1.67 (m, 2H, 1-H/2-H)7C NMR (100 MHz, CRQOD): § =
181.9 (8), 173.3 (10), 93.4 (3), 77.7 (6), 70.6 64.5 (4), 45.9
(5), 40.1 (9), 29.7 (1), 25.2 (2); HRMS (ESWz calculated for
C10H1305 213.0769 (M+H), found 213.0763, 2.8 ppm error.

General procedure for the synthesis of hydrogenated
secondary amidesHydrogenated acid8 (0.5 g, 2.4 mmol, 1.0
eq.) was suspended in anhydrous,CH (5 mL) under an
atmosphere of nitrogen. The suspension was cool@€d’°@ and

Benzyl amide20d (400 mg) was hydrogenated according to theoxalyl chloride 2.0 M solution in C}€l, (3.0 mL, 5.9 mmol, 2.5

general procedure for the hydrogenation of secgndanides.
The crude material was purified using
chromatography (80:20-90:10, EtOAc:PE) to give theyeia

eg.) was added dropwise over 10 minutes, followed By§2

flash columndrops). The suspension was stirred at ambient textyperuntil a

solution was obtained, after which it was concentrateghcuo,

compound21d as a clear oil (381 mg, 95%). Crystals suitabte fo to yield the crude acid chloride as a light browhdsarhe crude

X-ray analysis were grown by slow evaporation of antcace
solution.R: = 0.36 (90:10, EtOAC:PE); IR (Neat),x 3490 (m),
2978 (w), 1772 (m) and 1692 (s) ¢mrH NMR (400 MHz,

CDCL): § = 7.40-7.35 (m, 2H, Ar-H), 7.31-7.23 (m, 3H, Ar-H),

4.67 (t,J = 5.7 Hz, 1H, 6-H), 4.65 (d] = 14.1 Hz, 1H, 11-H),

material was redissolved in fresh anhydrous,@QKH(5 mL) and
cooled to 0 °C. Pyridine (0.19 mL, 2.4 mmol, 1.0)agas then
added dropwise, followed by the primary amine (2.4air.0
eqg.) in CHCI, (5 mL). The solution was allowed to stir at
ambient temperature overnight before diluting witH,Cl, (30

4.60 (d,J = 14.1 Hz, 1H, 11-H), 3.80-3.67 (m, 2H, 7-H), 2.99 (d,mL) and HO (50 mL). The organic layer was separated and

J=18.4 Hz. 1H, 9-H), 2.70 (d,= 18.4. Hz, 1H, 9-H), 2.49 (ddd,
J=12.1 Hz, 5.7, 2.4 Hz, 1H, 5-H), 2.03-1.86 (m, 2H, 2-H},
1.77-1.57 (m, 3H, 2-H/3-H/OH), 1.53 @@= 12.1 Hz, 1H, 5-H);
*C NMR (100 MHz, CDG)): 6 = 180.2 (8), 175.3 (10), 136.0
(ArC), 129.0 (ArCH), 128.7 (ArCH), 128.1 (ArCH), 90.3 (3),
77.2 (6), 62.9 (7), 52.9 (4), 44.9 (5), 42.6 (139,3 (9), 31.3 (2),
29.9 (1); HRMS (ESI)'z calculated for GH,gNNaQ, 324.1206
(M+Na)", found 324.1206, 0.2 ppm error.

(1S%,2S*,4R*)-1'-(4-Methoxybenzyl)-1-
(hydroxymethyl)spiro[7-oxabicyclo[2.2.1]heptane-2,3
pyrrolidine]-2',5’-dione  (216: 4-Methoxybenzyl amide20e
(0.10 g) was hydrogenated according to the geneoakgdure for
the hydrogenation of secondary amides. The cruderiahwas
purified using flash column chromatography (80:E6QAc:PE)
to give the target compoun®ile as a white crystalline solid
(0.098 g, 98%)R- = 0.29 (80:20, EtOAc:Hexane); IR (Neat),x
3416 (w), 3312 (w), 2943 (w), 2835 (w), 1758 (w), 1682, (
1609 (m), 1508 (s) cth *H NMR (400 MHz, CDC)): & = 7.35—
7.30 (m, 2H, Ar-H), 6.83-6.78 (m, 2H, Ar-H), 4.67Jt 5.3 Hz,
1H, 6-H), 4.59 (dJ) = 14.0 Hz, 1H, 11-H), 4.54 (d,= 14.0 Hz,
1H, 11-H), 3.79-3.68 (m, 2H, 7-H), 3.75 (s, 3H, 12-H972d,J
=18.2 Hz, 1H, 9-H), 2.68 (d,= 18.2 Hz, 1H, 9-H), 2.48 (ddd,
=12.0,5.5, 2.5 Hz, 1H, 5-H), 2.02-1.93 (m, 1H, 1-H93%+1.86
(m, 1H, 2-H), 1.71-1.58 (m, 1H, 1-H/2-H), 1.52 {dx 12.0 Hz,
1H, 5-H); ®C NMR (100 MHz, CDGJ)): 8 = 180.2 (8), 175.4
(10), 159.3 (ArC), 130.4 (ArCH), 128.2 (ArC), 113.9 (AL
90.3 (3), 77.2 (6), 62.8 (7), 55.3 (12), 52.9 (43,8 (5), 42.0
(11), 39.2 (9), 31.2 (2), 29.9 (1); HRMS (E®#)z calculated for
CigH2NOs 332.1504 (M+H), found 332.1498, 1.8 ppm error.

2-[(1S*,5S*,7R*)-4-Ox0-3,10-dioxatricyclo[5.2.1.6°|decan-
5-yl]acetic acid (18): Acid 12 (1.0 g, 4.8 mmol, 1.0 eq.) was
dissolved in MeOH (5 mL) under nitrogen. In a semaffsk
Pd/C (10 wt%) was suspended in MeOH (1 mL) under rémog
H, was bubbled through the suspension of Pd/C in Me@HGo
minutes. The solution of secondary amide was thieteé to the

further washed with 1M HEl, (50 mL), HO (50 mL) and brine
(50 mL). The organic layer was dried (Mgg3QOfiltered and
concentratedn vacuo.

N-Butyl-2-[(1S*,5S*,7R*)-4-0x0-3,10-dioxatricyclo
[5.2.1.0"|decan-5-yl]acetamide (19a): Hydrogenated acidl8
(0.50 g, 2.4 mmol, 1.0 eq.) and butylamine (0.24 &4 mmol,
1.0 eq.) were coupled according to the general pireefor the
synthesis of hydrogenated secondary amides. Tiie enaterial
was then purified by flash column chromatography:Z80
EtOAc:PE) to give the target compoud®a as a white solid
(0.21 g, 33%)R- = 0.27 (80:20, EtOAC:PE); m.p. 58.1-58.5 °C;
IR (Neat)vax 3319 (W), 2958 (w), 2868 (w), 1765 (s), 1635 (s),
1553 (m) crit; "H NMR (400 MHz, CDC)): & = 6.26 (br. s, 1H,
N-H), 4.55 (t,J = 5.5 Hz, 1H, 6-H), 4.50 (s, 2H, 7-H), 3.25-3.12
(m, 2H, 11-H), 2.65 (dJ = 15.0 Hz, 1H, 9-H), 2.41 (d,= 15.0
Hz, 1H, 9-H), 2.42-2.37 (m, 1H, 5-H), 2.24 (ddds 12.2, 8.8,
3.2 Hz, 2-H), 2.02-1.92 (m, 1H, 1-H), 1.75Jt 12.2, 5.5 Hz,
1H, 2-H), 1.61 (dJ = 12.5 Hz, 1H, 5-H), 1.61-1.55 (m, 1H, 1-
H), 1.50-1.40 (m, 2H, 12-H), 1.36-1.27 (m, 2H, 13-H$90(t, J
= 7.4 Hz, 3H, 14-H)**C NMR (100 MHz, CDGJ)): 5 = 180.6 (8),
168.5 (10), 92.3 (3), 76.3 (6), 69.8 (7), 54.2 @3,6 (5), 41.4
(9), 39.6 (11), 31.4 (12), 29.0 (1), 24.6 (2), 2(LB), 13.8 (14);
HRMS (ESI) m/z calculated for ¢H,NO, 268.1555 (M+H),
found 268.1549, 2.2 ppm error.

N-Hexyl-2-[(1S*,5S%,7R*)-4-0x0-3,10-dioxatricyclo
[5.2.1.0"°|decan-5-ylJacetamide (19b): Hydrogenated acid.8
(0.50 g, 2.4 mmol, 1.0 eq.) and hexylamine (0.31, &hd mmol,
1.0 eq.) were coupled according to the general piireefor the
synthesis of hydrogenated secondary amides. Tl gnaterial
was then purified by flash column chromatography :3@0
EtOAC:PE) to give the target compoub®@b as a yellow oil (0.43
g, 61%).R:- = 0.27 (70:30, EtOAC:PE); IR (Neai), 3312 (w),
2950 (m), 2924 (m), 1762 (s), 1643 (s), 1538 (s):ctH NMR
(400 MHz, CDC}): 6 = 6.28 (br. s, 1H, N-H), 4.54 3,= 5.3 Hz,
1H, 6-H), 4.49 (s, 2H, 7-H), 3.24-3.11 (m, 2H, 11-H),52(8,J



= 14.6 Hz, 1H, 9-H), 2.41 (d} = 14.6 Hz, 1H, 9-H), 2.41-2.37
(m, 1H, 5-H), 2.23 (ddd) = 12.5, 8.9, 3.1 Hz, 1H, 2-H), 2.01—
1.91 (m, 1H, 1-H), 1.79-1.70 (m, 1H, 2-H), 1.60J¢; 12.7 Hz,
1H, 5-H), 1.60-1.55 (m, 1H, 1-H), 1.49-1.40 (m, 2H, 12-H)
1.32-1.22 (m, 6H, 13-H/14-H/15-H), 0.85 t= 6.7 Hz, 3H, 16-
H); *C NMR (100 MHz, CDGJ): 5 = 180.6 (8), 168.5 (10), 92.3
(3), 76.2 (6), 69.7 (7), 54.2 (4), 44.6 (5), 4193, 39.9 (11), 31.5
(13), 29.3 (12), 29.0 (1), 26.6 (14), 24.55 (2),62P15), 14.1
(16); HRMS (ESI)miz calculated for GH,NO4 296.1870
(M+H)*, found 296.1862, 2.7 ppm error.

N-Octyl-2-[(1S*,5S*,7R*)-4-0x0-3,10-dioxatricyclo
[5.2.1.0"°|decan-5-ylJacetamide (19¢): Hydrogenated acidl8
(0.50 g, 2.4 mmol, 1.0 eq.) and octylamine (0.39 &4 mmol,
1.0 eq.) were coupled according to the general pireefor the
synthesis of hydrogenated secondary amides. Tl gnaterial
was then purified by flash column chromatography :3@0
EtOAC:PE) to give the target compouféc as a yellow waxy
solid (0.51 g, 67%)R- = 0.3 (70:30, EtOAC:PE); m.p. 53.4-54.0
°C; IR (Neat)uyax 3394 (W), 2917 (m), 2850 (m), 1754 (s), 1665
(s) and 1523 (m) cih 'H NMR (400 MHz, CDCI3)3 = 6.30 (br.

s, 1H, N-H), 4.54 (tJ = 5.2 Hz, 1H, 6-H), 4.49 (s, 2H, 7-H),
3.21-3.11 (m, 2H, 11-H), 2.65 (d= 14.5 Hz, 1H, 9-H), 2.40 (d,
J = 14.5 Hz, 1H, 9-H), 2.40-2.35 (m, 1H, 5-H), 2.22 (ddle;
12.3, 8.6, 3.1 Hz, 1H, 2-H), 2.01-1.90 (m, 1H, 1-H) 91169
(m, 1H, 2-H), 1.60 (dJ = 12.5 Hz, 1H, 5-H)1.60-1.54 (m, 1H,
1-H), 1.49-1.39 (m, 2H, 12-H), 1.31-1.17 (m, 10H, 1344/
H/15-H/16-H/17-H), 0.84 () = 6.6 Hz, 3H, 18-H);°C NMR
(100 MHz, CDC}): 6 = 180.6 (8), 168.5 (10), 92.25 (3), 76.2 (6),
69.7 (7), 54.2 (4), 44.6 (5), 41.4 (9), 39.9 (13),9 (13), 29.4
(4), 29.3 (12/15) 29.0 (1), 26.9 (16), 24.6 (2),2217), 14.2
(18); HRMS (ESI) m/z calculated for GH3NO, 324.2184
(M+H)", found 324.2175, 2.8 ppm error.

N-Benzyl-2-[(1S*,5S*,7R*)-4-0x0-3,10-dioxatricyclo
[5.2.1.0"decan-5-yl]acetamide (19d): Hydrogenated acidl8
(0.50 g, 2.4 mmol, 1.0 eq.) and benzylamine (0.26 24 mmol,
1.0 eq.) were coupled according to the general pireefor the
synthesis of hydrogenated secondary amides. Tiie gnaterial
was then purified by flash column chromatography:Z35
EtOAC:PE) to give the target compountPd as a white
crystalline solid (0.55 g, 77%R: = 0.28 (75:25, EtOAc:PE);
m.p. 122.2-122.7 °C; IR (Neab),, 3326 (W), 2961 (w), 1765
(s), 1635 (s) and 1538 (s) ¢ntH NMR (400 MHz, CDCY)): =
7.27-7.15 (m, 5H, ArH), 6.75-6.69 (br. s, 1H, N-H), 4453 =
5.3 Hz, 1H, 6-H), 4.38 (s, 2H, 7-H), 4.31 (dbiz 14.9, 6.1 Hz,
1H, 11-H), 4.26 (ddJ = 14.9, 6.1 Hz, 1H, 11-H), 2.62 (d,=
14.0 Hz, 1H, 9-H), 2.34 (d, = 14.0 Hz, 1H, 9-H), 2.27 (ddd,=
12.5, 5.2, 2.4 Hz, 1H, 5-H), 2.10 (ddbiF 12.4, 8.7, 3.2 Hz, 1H,
1-H), 1.93-1.82 (m, 1H, 2-H), 1.70-1.60 (m, 1H, 1-H531(d,J
= 12.5 Hz, 1H, 5-H), 1.53-1.47 (m, 1H, 2-HJC NMR (100
MHz, CDCLy: & = 180.5 (8), 168.6 (10), 137.8 (ArC), 128.7
(ArCH), 127.8 (ArCH), 127.6 (ArCH), 92.2 (3), 76.2 (69.6
(7), 54.0 (4), 44.6 (5), 43.8 (11), 41.1 (9), 299, 24.5 (1);
HRMS (ESI) m/z calculated for GH,NO, 302.1399 (M+H),
found 302.1392, 2.3 ppm error.

N-(4-Methoxybenzyl)-2-[(1S*,5S*,7R*)-4-0x0-3,10-
dioxatricyclo[5.2.1.0"’|decan-5-ylJacetamide (199:
Hydrogenated acidl8 (0.50 g, 2.4 mmol, 1.0 eq.) and 4-
methoxybenzylamine (0.31 mL, 2.4 mmol, 1.0 eq.) werepled
according to the general procedure for the synghesi
hydrogenated secondary amides. The crude materigl then
purified by flash column chromatography (80:20, EtGX€) to
give the target compountbe as a white powder (0.45 g, 58%).
Re = 0.29 (80:20, EtOAC:PE); m.p. 160.7-161.4 °C; IR dfjle
Vmax 3259 (w), 2954 (w), 1762 (s), 1635 (m), 1568 (m) 4668

11
(m) cmi'; '"H NMR (400 MHz, CDCJ)): & = 8.49 (t,J = 5.7 Hz,
1H, N-H), 7.21-7.14 (m, 2H, ArH), 6.91-6.84 (m, 2H, ArH),
4.48 (t,J = 5.4 Hz, 1H, 6-H), 4.37 (d,= 10.4 Hz, 1H, 7-H), 4.33
(d,J =10.4 Hz, 1H, 7-H), 4.22-4.12 (m, 2H, 11-H), 3.7334,
12-H), 2.66 (dJ = 14.4 Hz, 1H, 9-H), 2.46 (d,= 14.4 Hz, 1H,
9-H), 2.10-2.03 (m, 1H, 5-H), 2.02-1.94 (m, 1H, 1-H35%1.76
(m, 1H, 2-H), 1.72 (dJ = 12.1 Hz, 1H, 5-H), 1.64-1.54 (m, 2H,
1-H/2-H); *C NMR (100 MHz, CDGCJ)): § = 179.4 (8), 168.4
(10), 158.3 (ArC), 131.0 (ArC), 128.7 (ArCH), 113.7 (M
91.8 (3), 75.5 (6), 68.5 (7), 55.1 (12), 53.2 43,4 (5), 41.7
(11), 39.9 (9), 28.5 (2), 24.2 (1); HRMS (E®i)z calculated for
C1gH,,NOs 332.1498 (M+H), found 332.1498, 2.7 ppm error.

4.3. Cell culture and stock solutions

A549 human lung carcinoma cells were obtained from th
American Type Culture Collection (ATCC; Middlesex UKpd
used in a passage window of 25. HCT 116 colorectaircama
cells, OVCAR-3 human ovarian adenocarcinoma cells, MDA
MB-231 human breast adenocarcinoma cells, MCF7 huma
breast adenocarcinoma cells and PC-3 human prostate
adenocarcinoma cells were obtained from AMS Bioteldgyo
(Europe) Limited (Abingdon, UK) and used in a passagelow
of 10. Cells were cultured in F-12K Medium (A549, BR-
McCoy's 5A Medium (HCT 116), RPMI-1640 Medium (MDA-
MB-231, OVCAR-3) or Minimum Essential Medium (MCF7)
(Sigma-Aldrich) supplemented with 109%/\() FBS (Sigma-
Aldrich) and at 37 °C with 5% CO Stock solutions of
compounds were prepared as 40 mM solutions in DMSO and
stored at 4 °C.

4.4, Cytocompatibility evaluation in cancer cell panel

The cytotoxicity of the compounds was assessed utsiag
PrestoBlue™ Cell Viability assay at two fixed coneatibns of
100 pM and 200 pM at three time points of 24, 48 @& h.
Cells were seeded into 96 well plates at a densi/oflG cells
per well and allowed to adhere in growth media ovértnag 37
°C and 5% CQ Cell media were discarded and replaced with
fresh media (10QL) containing the appropriate compound and
concentration. Triton X-100 applied at 0.5%/v} in culture
medium was used as a cell death (positive) contrdl @ulture
medium containing 0.5% DMSO was used as a negativieaton
After 24, 48 or 72 h exposure, the medium was remaed
replaced with 100 pL fresh medium containing 10%v)(
PrestoBlue reagent for 60 minutes. Cell viability swehen
assessed by measuring resultant fluorescence gsaalirb44/620
nm Qe/ler). Relative metabolic activity was calculated by
setting values from the negative control as 100% positive
control values as 0% metabolic activity.

Compound21c underwent further dose-response analysis in
all cell lines to calculate the EgLvalue. Cells were seeded into
96 well plates at a density of 3 x*1¢®lls per well and allowed to
adhere in growth media overnight at 37 °C and 5%.G32l|
media were discarded and replaced with fresh medi@ (L)
containing 17c (5-250 pM). Triton X-100 applied0e5% (/v)
in culture medium was used as a cell death (po}itieatrol and
culture medium containing 0.5% DMSO was used as atirega
control. After 48 h exposure, the medium was remosed
replaced with 100 pL fresh medium containing 10%v)(
PrestoBlue reagent for 60 minutes. Cell viability swthen
assessed by measuring resultant fluorescence gsaalirb44/620
nm Qe/rer). Relative metabolic activity was calculated by
setting values from the negative control as 100% positive
control values as 0% metabolic activity. dCvalues were
calculated using the dose-response fitting functio®riginPro
software.
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