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ABSTRACT

Breast cancer is a major medical threat which cebesufficiently addressed by current
therapies because of spontaneous or acquired #ratesistance. Besides, triple-negative
breast cancer (TNBC) tumors do not respond to tadginerapies, thus new therapeutic
strategies are needed. In this context, we designdgrepared new desulfured troglitazone
(TGZ)-derived molecules and evaluated them in vibraheir anti-proliferative activity, with
a special focus on triple-negative breast candetimes. Optimization of the synthetic
strategies and deracemization of the lead compweand performed to give highly active
compoundLO with low-micromolar potency. Further studies rdeeéahat this compound
triggers apoptosis rather than cell cycle arresttaerved with TGZ.

Keywords Troglitazone, Chromane, Deracemization, LipaseaBt cancer, Apoptosis

1. Introduction

Breast cancer is the most commonly diagnosed camcethe leading cause of cancer death
in women worldwide [1]. Current treatments for mteeancer are multimodal with surgery,
radiotherapy, chemotherapy, and targeted thergdpyi[2vever, all types of breast cancers
develop resistance to these conventional therafiggmor could be resistant to multiple
treatment strategies, such as chemotherapy anetédrtherapy based on monoclonal
antibody treatment [3-5]. Besides, the triple-nigabreast cancer tumors (TNBCSs),
characterized by a lack of expression of estrogeaptor, progesterone receptor, and human
epidermal growth factor receptor HER2, do not resiko targeted therapies. They further
present a higher chance of recurrence after tredtwieéh conventional chemotherapeutic
agents. TNBCs (15% of breast cancer cases worlQwaidea heterogeneous group of higher
grade cancer, with the worst prognosis, comparedher breast cancer subtypes [6]. The
increasing prevalence of drug resistant cancerstantimited treatment efficacy for TNBCs
are strong arguments for the search for new thatapagents and optimized therapeutic
strategies. In this context, thiazolidine-2,4-di®i(€ZDs) are studied in order to develop
alternative or complementary anticancer agentsnasvareast cancers. Compounds bearing
this moiety were recently proved to be of highiest as they exhibited numerous biological
activities [7—11] and many of them showed promismgitro and in vivo anticancerous
properties. In particular, our team developed [¥3-Structure-Activity Relationships (SAR)
studies starting from the structure of troglitaz¢h&Z) (Figure 1), a molecule formerly used
as an antidiabetic. We showed that some struckeatires both increased the anti-
proliferative activity toward breast cancer cellds and decreased the toxicity against primary
cultured non-malignant human hepatocytes. Thesectspomprised mainly the introduction
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of a double bond adjacent to the TZD moiety (yieddh2-TGZ, Figure 1), and the presence
of a lipophilic group on the 6-position of the chrane moiety. Meanwhile, Saha and
coworkers [15,16] synthesized some analogs of lwedlwn TZDs such as rosiglitazone
(RGZ2), pioglitazone (PGZ), and troglitazone (TG2)igh were all used as antidiabetics, due
to their affinity for the PPAR~receptor. These new compounds were devoid ofutlfiers

atom in the TZD ring, yielding pyrrolidinedione deatives. These compounds showed
diminished PPARg binding, but also a lower toxicity toward THLE-2del of primary

normal liver cells. Furthermore, they showed enbdranti-cancer properties; in particular, a
desulfured analog of TGZ called trosuccinimide (J8Ms promising.

The aim of the present study was to investigatessiple synergistic effect between the
desulfuration and our previous SAR studies on tlieancer properties of the molecules.
Thus, we prepared new desulfured TGZ derivativesibg or not a double bond adjacent to
the TZD moiety, and a lipophilic group (Boc or dlkain) at the 6-position of the chromane
heterocycle. The inhibition of proliferation of last cancer cell lines was studied, with a
special attention toward cell lines derived fromB®, and the impact on cell cycle was also
studied. Furthermore, since the chromane moiefyGi bears an asymmetric center, we set
up a deracemization procedure in order to evalin#énfluence of stereochemistry on the
activity. Finally, we investigated a vectorizatiapproach in order to still increase the potency
of our molecules.

Troglitazone (TGZ) A2-Troglitazone (A2TGZ)

0
RO 5
R= Hﬁsmm W R =H, Boc

R =H, Boc
Fig. 1. Structures of troglitazon@&2-troglitazone, and target desulfured molecules

2. Chemistry

In order to prepare the envisioned desulfured itiepne derivatives, we decided not to
follow the global procedure reported by Saha amdockers [15], as it was hampered by two
very low-yield steps. Indeed, we protected the ph&mction of the chromane heterocycle
by a Boc group which is very easy to introduce &ngemove, compared to the allyl group.
Thus, we easily prepared aldehyldesing our reported procedure [12] (Scheme 1)alk w
then reacted with 3-(triphenylphosphoranylidenejpidine-2,5-dione2 [15] to give Boc-
protected desulfured analog&2-TGZ 3 in good yield. Acidic treatment easily affordee th
deprotected counterpaktwhich we could nama2-TSN. Both3 and4 could be reduced by
hydrogenation to give saturated compouddsd6 (TSN) in good yield.
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Scheme 1Reagents and conditions: (a) MeOH, RT; (b) TFA,CH (c) H,, Pd/C, EtOAc; (d) TO, Pyr.,
CH,ClI, then 4-hydroxybenzaldehyde, LO; DMF; (e) HCI gas, CEKCl,.

RHN

We reported [13] that the introduction of an amikglagroup linked to the chromane moiety
is even more effective than a Boc group in incregéne anti-proliferative activity. Thus, we
prepared alcohdl [13] (Scheme 1) and after activation as a triflate,reacted it with 4-
hydroxybenzaldehyde, giving aldehy8leTo improve this reported procedure, the lattep st
was done in the presence of cesium carbonate thefgareviously used potassium carbonate.
In these conditions, the reaction was complete a#teh instead of 48 h. Compou8avas
then reacted witR as above to giv8, which was furtheN-deprotected to affordlO.
Performing nuclear Overhauser enhancement measnteimetween the methylene protons
of the pyrrolidinedione ring and the phenyl prote@isompound® showed a 5%
enhancement of the signal, confirming tk¢ gtereochemistry of the double bond.

As compound® and10 gave interesting biological results (see lateg,imtended to go
further with them. Thus, we had to scale up therssgis and the preparation©f13] had to
be reinvestigated (Scheme 2).
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Scheme 2Reagents and conditions: (a) (HCHQnethyl methacrylate, AcOH, BNH; (b) Br(CH,)sCOCI,
AICl3, CHCly; (c) LiAIH 4, AICIs, ELO; (d) NaN, DMF; (e) H, Pd/C, EtOAc; (f) BogO, CH,Cl,.

First, we intended to prepare easily chromhRdnstead of achieving a three-steps procedure
[12] starting from commercial trolox, we appliedeported procedure [17] on 2,3,5-
trimethylphenol by condensing it with methylmethdate and paraformaldehyde. This
method afforded 2 in modest (42%) yield, but it was straightforwardce after refluxing, a
simple filtration afforded a pure compound. Furthere, as all the starting materials were
affordable and since this reaction was easily balduge quantities (up to 19 g) of the
desired compound could be obtained per batch. Beswhen we had to prepare compound
13 at the multi-gram scale following our reportedgadure [13], it was difficult to isolate it
in sufficient purity. Some by-products were genedaand among them, low amounts of the
sulfide 17 (Figure 2) could be identified by mass spectroyéts formation might be due to
a reaction ofLl2 with remaining traces of highly electrophilic thid chloride in the freshly
prepared bromohexanoyl chloride. A previous studsealy described the obtaining of a
sulfide from a reaction between thionyl chloridelam aromatic compound [18]. In addition,
traces of dimel8 (Figure 2) were also identified by the same teghei As17 exhibits a
polarity close to the desired compoutf] it was difficult to remove it by chromatography.

Meo,C._° Q Q
MeOQC CO,Me

CO,Me

Fig. 2. Structures of by-producfis7 and18 obtained during the Friedel-Crafts reaction.

Thus, in order to avoid such side-products fornmgtiee developed a meticulous workup.
Indeed, after careful evaporation of the exceghiohyl chloride, the crude bromohexanoyl
chloride was treated with formic acid in order éonove any trace of remaining reactant (see
experimental section). The isolation of pafawas thus achieved at 6 g scale. Reduction to
give 14 and formation of azid&5 proceeded as previously reported [13], but agaorder to
scale up the whole procedure, we had to changprotwocol for the final steps. Indeed, one-
pot reduction of azid&5 and protection to givé gave tedious results at more than 500 mg
scale. Some non-isolated by-products were geneaatide hydrogenation step; thus the



primary aminel6 could preferentially be chromatographied beforquting it to give multi-
gram amounts of with high purity.

Since the chromane moiety contains an asymmetriiooait was challenging to separate
both enantiomers of our lead structures in theckefar a difference in anti-proliferative
activity. In our hands, chiral chromatography fdite separate both isomers of either
compound or 10. Thus, we intended to separate them by a kinesiglution method. Hyatt
and Skelton reported [19] on the separation of lkeodntiomers ofR,S)-6-hydroxy-2,5,7,8-
tetramethyl-2-chromanmethanol through a succinitydride acylation catalyzed by
supported Amano lipase PS. Thereby, we appliedéklmique to racemic alcohnp|
considering that the protected aminoalkyl chainusthaot interfere with the acylation
reaction which would take place at the other sidth® heterocycle. Indeed, after 18 hours of
reaction and according to TLC, approximately h&lf avas converted to the expected acid-
esterl9, together with remaining (Scheme 3). Unlike Hyatt’s work, the acid-est@was

too lipophilic to be isolated by aqueous basicaotion, nevertheless both compounds were
easily separated by column chromatography. Subsdgu#9 was saponified to give the
expected alcohol. According to Hyatt and Skeltomkyave assume that the stereoselection
should be identical, thus the lipase should pretely catalyze the acylation of th&)(
isomer of7, giving (S)-19 (Scheme 3). In addition, the same stereoseleatamobserved by
others using very similar but different substrdies20].

o}
\\OJ\/\cozH OH
[o3
BocHN(CH,)s BocHN(CH)s + BocHN(CH,)g — (R,R)-20
(R,S)-7 (S)-19
al— (R)-7; ee = 83%
o E(R)? ee = 96%
(R)7 ee=98% ----- > (R)-10
HH O :
© o]
: &~ (5,R)-20
Fad OMe BocHN(CH,)g ( )-
BocHN(CH,)s
(R,R/S,R)-20 a, b E(S) -7; ee =87%
b (S)-7; ee = 96%
a0 [, (5)7 ce=98% ----- = (5)-10

Scheme 3Reagents and conditions: (a) Succinic anhydriggpsrted Amano Lipase PS, MTBE; (b) LiOH,
THF/MeOH; (¢) R)-Mosher acyl chloride, CDg| CsDsN, CgDe.

The enantiomeric excess @)-7 and(S)-7 were evaluated by coupling these compounds
with (R)-Mosher acyl chloride as reported [20] (Schem®3)ive the corresponding esters
(R,R)-20 and(S,R)-20 (Scheme 3, Figure 3). The relative amounts ofélsalting
diastereomers were evaluated'ByNMR, since each oxymethylene group gave an AB
system between 4.00 and 4.35 ppm, without oventgpmth any other signals. After one
lipase reaction, the deduced ee was 83% in oneares87% for the other case. It reached
96% after two reactions for both isomers, and 98& ¢hree reactions (Figure 3).
CompoundgR)-7 and(S)-7 with 98% ee were subsequently used as substmtassfsteps
synthesis leading t@R)-10 and(S)-10 as described before. We payed attention to the
possibility of racemization of the chiral carbooratduring the final acidic deprotection
leading to the desired final compounds. We firgreied the stability of the stereochemistry
of compoundS)-7 in acidic conditions. In a first attempt, we neticthat it led to partial
decomposition. We thus easily acetylat8i 7 and then deprotected it with HCI to give the
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Fig. 3. Parts of NMR spectra (400MHz, 4.00-4.35 ppm rasp@wing the AB system of the oxomethylene
group of esteR0 obtained fron¥ as a racemic or after one, two, and three kimesolution reactions.

primary ammonium chloridé5)-21 (Scheme 4). It was then re-protected and deatetito
give back the starting compound. The latter waplszlwith Mosher acyl chloride as
previously and the deduced ee was the same thatatieg material one. Furthermore, it
was also comforting thdR)-10 and(S)-10 obtained from(R)-7 and(S)-7 exhibited opposite
optical rotation (see experimental part).

O .+~ O .o~

OH ab

R

OAc

BocHN(CH,)g HaN(CHo)g
(S)-7 (S)-21

HCI
T

Scheme 4Reagents and conditions: (a).8; Pyr., DMAP, CHCI,; (b) HCI gas, CHCl,; (c) BogO, TEA,
CH,Cl,; (d) LiOH, THF/MeOH.

With the aim of confirming the attributed stereotigry, we did many attempts in order to
get suitable crystals for X-ray diffraction. Siffegrocenyl esters were reported to facilitate
the formation of crystals from carboxylic acids J2d4ster22 was prepared from racemic



compound?, but unfortunately it showed no tendency to gimestals, and acidic removal of

the protecting group resulted in decompositiorhefgtructure (Scheme 5). As we had success
in getting crystals from dinitrophenylhydrazoneg][2ve condensed aldehy(®)-8 with 2,4-
dinitrophenylhydrazine to give hydrazofi®)-23in good yield, which could be deprotected to
give (R)-24. Besides, compoun@)-7 was converted to benzodf)-25 which was further
N-deprotected to givéR)-26 (Scheme 5). Among these compoun®;23 and(R)-26 gave
crystals which were submitted to X-ray analysig. bath crystals, diffraction was observed,
but with a too-low resolution to be resolved.

a
T— %@

BocHN(CH,)g

@”@

b

(R)-8
RHN(CH,)g o[ }g;i : }; = aoc
(o]
A

RAN(CHz)o (R)-25: R = Boc
¢ ,:(R)-26; R=H

Scheme 5Reagents and conditions: (a) Ferrocenoyl chloiigNEt, DMAP, CHCI,; (b) 2,4-
dinitrophenylhydrazine, MS 4A, toluene; (c) HCI g&+,Cl,; (d) Benzoyl chloride, pyridine, Gi&l..

Besides, we intended to vectorize our lead compaonvdrd cancerous cells by grafting a
glucose unit. For this purpose, we envisioned gpepmediated Huisgen click reaction
between an alkyne-derived glucose and an anal@@ béaring an azide function. Thus, azide
15was coupled to 4-hydroxybenzaldehyde to give aldeR7, which was in turn reacted

with phosphoranyliden2 to give compoun@8 (Scheme 6)D-glucose was peracetylated as
previously reported [23] to giveD-glucopyranose pentaacetate which was reacted with
propargyl alcohol to giv@9 as described by Murray [24]. Cycloaddition reactietweer28
and29 was conducted in the presence of in situ gene@tgt to give adducB0, which

could be deacetylated to give target compaBhah good yield (Scheme 6).

2 0
(0]
OH @ © O@J(H b © OWNH
N3(CHz)s 15 N3(CHz)g 27 N3(CHz)g 28 o
OH M
&@v -
HO — N
HO—pur O Moo 0\/ N "N—(CHy)e

30:R=Ac
31:R=H



Scheme 6Reagents and conditions: (a)®f Pyr., CHCI,, then 4-hydroxybenzaldehyde, ,C€;, DMF; (b) 2,
MeOH, RT; (c) AgO, AcONa, then propargyl alcool, RBEL, CH,Cl,; (d) 28, CuSQ, sodium ascorbaté,
BuOH/MeOH; (e) MeONa, MeOH.

3. Biological studies and discussion

The synthesized molecules were tested for thekwpraliferative activity against 4 breast
cancer cell lines: one hormone-dependent (MCF-@)3amNBC derived (hormone-
independent) (MDA-MB-231, MDA-MB-435, and Hs578Trelast cancer cell lines. The
results are expressed agd@ the Table 1. TGZ antl2-TGZ, prepared as previously
reported [12], were also tested for comparison. rEipeesentative dose-dependent responses
of MDA-MB-231 cancer cells to TGZ and compoul@are presented in supplementary data.

Table 1. Anti-proliferative activity of TGZ and some dertirges on different breast cancer cell lines.

ICs0"”
Compound
MCF-7° MDA-MB-231° MDA-MB-453¢ Hs578T
TGZ 74.3+3.9 455+ 3.7 67.1+£6.1 > 100
6 (TSN) 35.9+3.1 61.2+29 35.8+4.1 72.6 +6.8
5 158+ 3.9 28.0+2.0 13.6+2.0 38.2+34
A2-TGZ 57.0+44 56.5+3.3 58.3+4.1 > 100
4 13.2+1.3 32.4+3.3 13.2+1.0 38.9+2.2
3 6.7+0.6 20.6+1.0 39+04 30.8+1.3
9 4.0+0.2 5.4+0.7 1.04+0.2 6.4+0.8
10 58+04 59+0.1 3.5+0.1 8.8+0.6

:Concentration (uM) required to decrease tumorragthber by 50% + SEM (Standard Error of the Mean).
Hormone-dependent breast cancer cell line.

¢ Hormone-independent breast cancer cell line.
First of all, we could notice that the highestd@alues (corresponding to the lowest

activities) were obtained with the Hs578T cell liménile the most sensitive cell line (except
for TGZ) was MDA-MB-453. Hs578T cells were not sgine to TGZ andA2-TGZ, but the
ICsp Of all the other molecules were lower than 100 mMatever the cell line. Removal of
the sulfur atom of TGZ yielde@ and our tests confirmed that this molecule (nai@N in
other studies) was more active than TGZ, excephagthe MDA-MB-231 cell line. The
lipophilic Boc-derived compoun8 was approximately two-fold more active thH@nn
accordance with our previous results in the sutfugeries [12]A2-TGZ showed a slightly
better potency than TGZ as expected, and the rdmobtae sulfur afforded! (which we
could name\2-TSN), which was more potent than ba+TGZ and the related saturated



compounds. Thus, the presence of the double bond showsergigtic effect with the
removal of the sulfur atom. It is interesting tdioe that the introduction of the double bond
on 6 to give compound, has the same enhancing effect on the activity tha adjunction of
the Boc group 08, as4 and5 have c.a. the same anti-proliferative activity aosveach cell
line. Furthermore, the adjunction of the Boc gromg! afforded very active compourgj

with low micromolar activity on two cell lines. Rafly, the addition of &-Boc protected
aminoalkyl chain gave compoufdwhich showed a further fourfold increase in poten
compared t@ for the three hormone-independent breast cantldimas, and a lower effect
against MCF-7. Removal of the Boc protecting grgigdded10 which showed a slightly
lower activity tharf. Altogether, one can notice that the removal efghlfur atom has a
synergistic effect with the chemical modificatiomgich were previously showed to increase
the potency, i.e. the presence of a double bondaadipophilic group at the 6-position of
the chromane heterocycle. This approach led to aetiye compoundd and10 with low-
micromolar activities. Because of its lower lipdptity, we chose compount for further
consideration. We then studied the effect of compdid on two other cancer cell lines:
HCT116 (colon cancer) and U87 (glioblastoma). Thadecule displayed an anticancer effect
with 1Csp values of 6.4 + 0.4 uM and 8.7 + 1.1 uM on thege ¢ell lines respectively. These
values were in a similar range than those measarekast cancer cells. The sensibility of
U87 cell to compoundO is to be emphasized when considering the actifadudiy to treat
the very aggressive glioblastoma tumors[25]. Intiast, exposure of non tumoral primary
hepatocytes to compoudd afforded a much higher kgof 42.1 uM, showing an interesting
selectivity.

Besides, we intended to separate both enantiomhempoundlO by using a kinetic
resolution method. It allowed us to evaluate thie@mliferative activity of each isomer. We
tested them against two representative breast caaltdéines: a hormone-dependent one
(MCF-7) and a triple negative (hormone-independeng (MDA-MB-231). The measured
ICs0 Wwere unexpected (Table 2). Concerning MCF-7, 081{10.9 uM) and 9 (9.9 uM)
isomers were significantly less active than thenaic compound (5.8 uM). On the other
hand, the opposite was seen concerning the MDA-I@B<&I| line: both isomers were more
active than the racemic compound (5.9 uM),derivative being the most potent one with
ICs0 = 2.7 uUM. It is quite difficult to rationalize,raie we expected to have the anti-
proliferative activity of the racemic compound a&sng roughly the mean of the §¢of the

two enantiomers in both cell lines. Without knowgedabout the exact target of this family of
compounds, one may however estimate that concetinehigormone-dependent cell line, both
enantiomers have a synergistic action whereasilmdhmone-independent one, when they
are mixed in the racemic mixture, they somehow uepeach other.

Furthermore, we envisioned to vectorize our leadmaund in order to preferentially target
cancer cells. Due to the famous Warburg effectd2g the rate of the aerobic glycolysis is
higher in cancerous cells than in normal cellsjilegto an overexpression of the glucose
receptors. Thus, we chose a strategy consistitigeiaddition of a glucose unit to our
compound. Numerous examples of this strategy haea beported [28]. As depicted above,
azide analo@8was easily prepared, which was linked to an alkyeeved peracetylated
glucose via a copper-mediated cycloaddition, givBAgFinal deacetylation gave target
compound3l. As depicted in Table 2, the azide intermedii&ept a fair anti-proliferative
activity, but lower than compourid. Grafting the peracetylated glucose unit (giva@)
totally abrogated the anti-proliferative activipmtard MDA-MB-231 hormone-independent
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breast cancer cell line, but some activity was keypard MCF-7 cell line, at the same level as
TSN (6). Finally, the deprotected target compo@didshowed no activity against both cancer
cell lines (Table 2). It seems clear that the reatfrthe substituents located at the end of the
alkyl chain have a strong influence on the antiiferative activity. Replacing the primary
amine of10 by an azide group has a negative effect on theityatvhich could be attributed

to the loss of H-bond donor. Unfortunately, thefiyng of a glucose moiety is even more
detrimental to the activity, in opposition to whweds initially planned. In particular, the total
absence of activity of compoud could find two explanations. First, one could adas

that the high polarity 081 prevents its passive diffusion into the canceils, contrary to
the other compounds. From another point of viee,glucose moiety @1 could lead to a
strong anchorage of the molecule on the cell sarf@ linkage to the glucose receptor, once
again preventing any passive diffusion. This tithe,loss of activity could be attributed to
an unexpected inability of the whole molecular tinee to enter the cell through the glucose
receptor after anchoring to it.

Table 2. Anti-proliferative activity of TGZ derivatives odifferent breast cancer cell lines.

ICs0”
Compound
MCE-7° MDA-MB-231°¢
rac-10 5.8+0.4 5.9+0.1

(R-10 10917 43+03

(9)-10 9.9+0.9 2.7+04
28 18.1+1.7 21.7+3.4
30 33479 > 100

31 > 100 > 100

* Concentration (UM) required to decrease tumorrogthber by 50% + SEM (Standard Error of the Mean).
b

Hormone-dependent breast cancer cell line.
¢ Hormone-independent breast cancer cell line.

The activity of compound0 was further characterized in the triple-negatikeabt cancer cell
line MDA-MB-231. Cell cycle analysis performed blpw cytometry revealed that 23.4 +
5.8% and 43.9 £ 7% of compourdd-treated cells were detected in the sub-G1 fraction
corresponding to the apoptotic cells, after 48 @adh, respectively (figure 4A). By contrast,
in cellsexposed ta@GZ, there was no significant increase in the nundfecells in the sub-
G1 fraction compared to control cells (DMSO) (figutB). These data are in accordance with
our previous results [29] showing that the relatechpoundA2-TGZ induced only a slight
increase (< 5%) in the proportion of MDA-MB-231 Isehumber in the sub-Graction. After

48 h of TGZ treatment, in comparison to controlls;elve observed an increase in the
proportion of cells in the §5G; phase (85.5 + 0.3% versus 62.6 + 0.5%) and a deera the
proportion of cells in the S phase (2.3 = 0.2% wer$5.7 £ 0.4%) and G2/M phase (10.4 +
0.6% versus 20.5 + 0.6%). The situation was smaifter 72 h: 80 £ 3.8% versus 62 + 2.7%

11



in Go/G; phase; 1.9 £ 0.1% versus 13.1 £ 1.2% in S phds2;:.0.8% versus 19.5 + 0.5% in
G2/M phase. This indicates a cell cycle arreshen&/G; phase induced by TGZ that we also
previously reported in MDA-MB-231 cells after expos to the related compou®-TGZ
[29]. In compoundlO-treated cells, we observed a global decreaseeirtéll number in the
three phases of the cell cycle after 48 and 72 krezitment. After a 48 h treatment, this
decrease was significant only for cells in the 8gah(8 + 0.8% versus 14.8 + 0.2%). After 72
h of treatment, the decrease was significant fds ¢e the G/G; phase (35 + 3.9% versus
62.4 + 1%) and for cells in the S phase (6.1 + 0v@¥sus 11.8 + 0.9%). Thus, in contrast to
TGZ andA2-TGZ which are cytostatic agents inducing a cgllle arrest in @G; phase,
compoundLO appears as a potent pro-apoptotic molecule.
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Z 40 Z 40 4 e
= . = 0GO/G1
g30 1 830 1 os
o o
=20 E 20 EG2/M
“ 10 * 10 *
0 = 0 -
DMSO 10 DMSO 10
B
48h 72h
100 - 100 -
Kk .
S 80 - S 80 - o
g 60 g 60 - m Sub-Gl1
kE 3 ©GO0/Gl
S 40 S 40 os
S 20 A . 3 20 - .., EGM
P sk ok ok
0 -l 0 ‘N
DMSO TGZ DMSO TGZ

Fig. 4. Compound10 increases the sub-G1 population of MDA-MB-231 bteeancer cells whereas TGZ
induces cell cycle arrestIDA-MB-231 cells were treated for indicated timeghw6 pM of 10 (A), 45 pM of
TGZ (B) or DMSO for control cells. Cell cycle wasalyzed by flow cytometry. Bar diagrams represéet t
percentage of cells in the different phases ofcllecycle. Data are represented as mean =* stardeod of the
mean of at least three independent experimentssi®tal significances of treated cells compareddatrol cells
are indicated (*, p<0.05; **, p<0.01; ***, p<0.001)

To confirm the pro-apoptotic activity of compoud@, caspase 3/7 activity was measured
after 48 and 72 hours of treatment (figure 5A). @oomd10 induced a 2.7-fold and 1.4-fold
increase of MDA-MB-231 caspase 3/7 activity aft@&h4and 72h treatment respectively,
compared to control cells. The lower, but significancrease in caspase 3/7 activity after 72
hours of treatment could be explained by the 1ol increase in the basal level of caspase
3/7 activity in control cells between 48 h and 72Zdnditions. To comfort these data, we
further determined the percentage of apoptotisdsll propidium iodide (nuclear labelling of
dead cells) and FITC-Annexin V double-stainingdealed by flow cytometry analysis (figure
5B and 5C). Annexin V is an apoptosis marker allebind to phosphatidyl serine, a
membrane component translocated from the cytoptataoe of the plasma membrane to the
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cell surface during apoptosis. Compout@linduced a 2.3-fold and 3.7-fold (23.8 £ 4.3%
versus 10.4 = 1.3% and 37.4 + 4.3% versus 10.2 9%0).significant increase of the
proportion of MDA-MB-231 labelled with FITC-Annexiv after 48h and 72h treatment
respectively, compared to control cells (figure &&Bl 5C). Overall, these convergent results
show that compoundO is not a cytostatic but a pro-apoptotic agenthia TNBC cell line
MDA-MB-231.
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Fig. 5. Compoundl0 induces apoptosis of MDA-MB-231 breast cancerscBIDA-MB-231 cells were treated
for indicated times with 6 uM df0 or DMSO for control cells. (A) Caspase 3/7 actiwitas measured by a
luminescent method. (B) Double-staining intensitthiPropidium lodide and Annexin V was quantifiegd b
flow cytometry and bar graphs show the percentég@optotic cells. (C) Dot-plot graphs represerntatf the
flow cytometry analysis: the annexin V labeled aptip cells are localized in the lower and uppghti
guadrants. Data are represented as mean * stagraref the mean of at least three independergréxents.
Statistical significances of treated cells compacecdontrol cells are indicated (*, p<0.05; **, poQ; ***,

p<0.001).

4. Conclusion
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In this study, numerous desulfured derivatives GZwere prepared and tested for their anti-
proliferative activity against hormone-dependerdt harmone-independent breast cancer cell
lines. A clear synergistic effect on the activitasmobserved between the desulfuration and
our previously reported key structural modificasaf the TGZ template. This led to very
active compounds from which the best ones exhibdtt@dmicromolar activities. Synthetic
efforts were done in order to scale up initial gahares at the multi-gram scale and a kinetic
resolution method was used to prepare and evabagiteisomers of the most promising
compound 10). Flow cytometry, caspase 3/7 activity measureragadtFITC-Annexin V
double staining showed that this compound is gfJeapro-apoptotic agent. Further studies
are ongoing in our team to better understand tlenying mode of action of this compound.

5. Experimental protocols
5.1. Chemistry
5.1.1. General methods

Diethylether and toluene were dried using a MBRI MB-SPS-800 solvent purification
system. Other solvents and liquid reagents weriigaiand dried according to recommended
procedures. Chemical reagents were purchased frerakMFisher Scientific or TCI Europe
and were used as received. Amano lipase PS Barkholderia cepaciand Hyflo Supercél
were purchased from Sigma-Aldrich. Analytical thayer chromatography was performed
with silica gel 60 F254, 0.25 mm pre-coated TLQgdaMerck). Compounds were visualized
using UV light (254 nm) and a solution of ceriunifate tetrahydrate and phosphomolybdic
acid in 10% aqueous sulfuric acid as developingiagdternatively, a 1% ethanolic solution
of ninhydrin or a potassium permanganate aquedu@owere used. Column
chromatographies were performed using a Grace Besfelpparatus using 40 pM silica gel.
NMR spectra were recorded at 303K on a Bruker Agdti200 (200 MHz for'H and 50.3
MHz for **C), DPX250 (250 MHz fotH and 62.9 MHz fof*C) or on a Bruker DRX400
(400 MHz for*H and 100.6 MHz fol°C) spectrometer. The chemical shifts are reported i
ppm @) relative to residual solvent peak [30]. Mass $@e@VIS) were recorded on a
micrOTOFq (Bruker) ESI/QgTOF spectrometer. Meltpaints (M.p.) were determined with
a Kofler bench and are uncorrected. FTIR spectra wexorded on a Perkin-Elmer spectrum
1000 spectrophotometer using a thin film depositinrfNaCl window or KBr pellets, or on a
Shimadzu IRAffinity-1 apparatus equipped with anRAPIKE diamond gladiATR. Optical
rotations were measured on an Anton Paar MCP 3R@0ipeter (sodium D-line: 589 nm)
using a 10 cm cell at 20 °C in CHQIr 10% v/v MeOH in CHG| and the concentration is
expressed in g/100mL. Elemental analyses were ipeeid using a Thermofinnigan Flash EA
1112 apparatus.

5.1.2. (E)-tert-butyl (2-((4-((2,5-dioxopyrrolidig-ylidene)methyl)phenoxy)methyl)-2,5,7,8-
tetramethylchroman-6-yl) carbonat8) (
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To a solution of compounti(2.30 g, 5.22 mmol) in dry MeOH (160 mL) was adtiesl
phosphoranyliden2 (1.88 g, 5.22 mmol). The suspension was stirred@h temperature
under argon for 24 h, filtered, and washed withledd1eOH. The crude compound was
purified by column chromatography (eluent: cyclodwes/EtOAc, 80:20) to give 2.01 g (3.85
mmol, 74% yield) of white crystals. M.p. 206-208.9& (film) v (cm®): 3163, 2918, 1745,
1703, 1601, 1514, 1342, 1234, 1170, 1155, 1093, '888IMR (400 MHz, CD(J): 6 1.42 (s,
3H, CH), 1.55 (s, 9Ht-Bu), 1.89 (m, 1 H, chromanetk3aHb), 2.04 (s, 3H, C§J, 2.06 (s,

3H, CH), 2.08 (s, 3H, Ck), 2.13 (m, 1 H, chromane 3-HA), 2.64 (m, 2 H, chromane 4-
CHy), 3.57 (dJ = 1.9 Hz, 2H, CHCO), 3.94, 4.04 (AB systend,= 9.5 Hz, 2H, OCh), 6.99
(d,J=8.7 Hz, 2H, Hon), 7.42 (dJ = 8.7 Hz, 2H, Bwon), 7.55 (brt, 1 H, CH=C), 8.40 (br s,
1H, NH).*C NMR (100 MHz, CDGJ): § 11.9 (CH), 12.0 (CH), 12.8 (CH), 20.2 (CH),

22.9 (CH), 27.8 (-Bu), 28.4 (CH), 35.2 (CH), 72.8, 74.5, 83.0, 115.6 (Glh), 117.3,

121.6, 123.3, 125.6, 127.0, 127.6, 132.2 {Gh 135.0 (CH=C), 141.5, 148.9, 152.4, 160.9,
171.3 (C=0), 174.2 (C=0). ESI-MS (pos. moda)z= 544.23 ([M+Na]). Anal. Calcd for
CsoH3sNO7, 13 H2O (527.62): C, 68.29; H, 6.81; N, 2.65. Found: &36; H, 6.66; N, 2.64.

5.1.3. (E)-3-(4-((6-hydroxy-2,5,7,8-tetramethylaman-2-yl)methoxy)benzylidene)
pyrrolidine-2,5-dione4)

To a solution of compoun8 (959 mg, 1.84 mmol) in Ci&l, (25 mL) was added
trifluoroacetic acid (8 mL). The mixture was starat room temperature for 1.5 h and the
solvent was evaporated. The residue was dissotvEtQAc (70 mL), the solution was
washed with 5% aqueous NaHgsblution (2 x 50 mL), water (2 x 50 mL), dried (BQx)
and concentrated to dryness. The residue was Bizesthin EtOH to give 565 mg (1.28
mmol, 70% yield) of white crystals. M.p. 174-176.9& (film) v (cm®): 3415, 2975, 1749,
1705, 1651, 125%H NMR (400 MHz, CDCY): § 1.42 (s, 3H, CH), 1.92 (m, 1 H, chromane
3-HaHb), 2.09 (s, 3H, C§J, 2.10 (m, 1 H, chromane 3-Hh), 2.12 (s, 3H, Ck), 2.16 (s, 3H,
CHg), 2.66 (m, 2 H, chromane 4-GK13.58 (dJ = 2.2 Hz, 2H, CHCO), 3.95, 4.04 (AB
systemJ = 9.2 Hz, 2H, OCH), 4.27 (s, 1H, OH), 7.00 (d,= 8.8 Hz, 2H, Hion), 7.42 (dJ =
8.8 Hz, 2H, Hion), 7.55 (brt, 1 H, CH=C), 8.11 (br s, 1H, NHjC NMR (100 MHz, CDGJ):
0 11.4 (CH), 12.0 (CH), 12.4 (CH), 20.4 (CH), 22.7 (CH), 28.9 (CH), 35.3 (CH), 73.0,
74.1, 115.6 (CHon), 117.3, 118.7, 121.4, 121.5, 122.9, 126.9, 182F2;0n), 135.1 (CH=C),
145.1, 145.2, 161.0, 171.1 (C=0), 174.0 (C=0). ESI{pos. mode)m/z= 460.15

(IM+K] ™). Anal. Calcd for GsH,7NOs, H,O (439.51): C, 68.32; H, 6.65; N, 3.19. Found: C,
68.61; H, 6.28; N, 3.30.

5.1.4 tert-butyl (2-((4-((2,5-dioxopyrrolidin-3-yhethyl)phenoxy)methyl)-2,5,7,8-
tetramethylchroman-6-yl) carbonat®)(

In a round bottom flask was first introduced 10%agshum on carbon (10 mg), in order to
avoid any ignition of the solvent. A solution®{100 mg, 0.19 mmol) in EtOAc (10 mL) was
then added. The mixture was stirred under hydregersphere for 18 h at room
temperature, then filtered on cefitand the solvent was removed under reduced presguee
residue was purified by column chromatography (etueyclohexane/EtOAc, 100:0 to 70:30)
to afford5 as a colorless foam (45 mg, 0.09 mmol, 47 % yiditlp. 69-71°C. IR (ATR):v
(cmt) 3169, 2928, 1749, 1714, 1609, 1510, 1456, 136 NMR (400 MHz, CDCJ): § 1.41

(s, 3H, CH), 1.55 (s, 9Ht-Bu), 1.88 (m, 1H, chromanel3;H,), 2.03 (s, 3H, Ck), 2.08 (s,
6H, 2xCH), 2.13 (m, 1H, chromane 3;H;), 2.49 (A part of an ABX systend,= 18.4, 5.0

Hz, 1H, Ph®;Hp), 2.63 (m, 2H, chromane 4-GH 2.72 (B part of an ABX systerd,= 18.4,
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9.0 Hz, 1H, PhCHHp), 2.87 (m, 1H, TZD CHE,Hy), 3.09-3.19 (m, 2H, TZD CHC#t, +
CHCHHy), 3.84, 3.96 (AB systend,= 9.1 Hz, OCH), 6.85 (d,J = 8.7 Hz, 2H, Hon), 7.07
(d,J = 8.7 Hz, 2H, Hom), 7.95 (br s, 1H, NH)}**C NMR (100 MHz, CDGJ): 6 11.9 (CH),
12.0 (CH), 12.8 (CH), 20.3 (CH), 23.1 (CH), 27.8 {-Bu), 28.4 (CH), 34.4 (CH), 35.5
(CHy), 43.0 (CH), 72.7, 74.7, 82.9, 115.2 (G4, 117.4, 123.2, 125.1, 127.4, 129.2, 130.2
(CHarom), 141.4, 149.0, 152.4, 158.3, 176.2 (C=0), 178:3Q). ESI-MS (pos. modejn/z=
446.25 [M+Na]. Anal. Calcd for GsHogNOs, 1, H,0 (432.52): C, 69.43; H, 6.99; N, 3.24.
Found: C, 69.20; H, 7.06; N, 3.05.

5.1.5. 3-(4-((6-hydroxy-2,5,7,8-tetramethylchronfaghmethoxy)benzyl)pyrrolidine-2,5-
dione @)

In a round bottom flask was first introduced 10%agshum on carbon (10 mg), in order to
avoid any ignition of the solvent. A suspensio® @100 mg, 0.24 mmol) in EtOAc (10 mL)
was then added. The mixture was stirred under lygir@tmosphere for 18 h at room
temperature, then filtered on cefitand the solvent was removed under reduced pressure
give a pale yellow foam (91 mg, 0.21 mmol, 89%djeM.p. 75-77 °C. IR (ATR)v (cm?)
3486, 3200, 2922, 1771, 1699, 1608, 1510, 14563,14352.*H NMR (400 MHz, CDCJ) :
1.41 (s, 3H, Ch), 1.89 (m, 1H, chromane{3;H,), 2.10 (s, 3H, Ch), 2.11 (s, 3H, Ch), 2.12
(m, 1H, chromane-3-i), 2.16 (s, 3H, Ch), 2.48 (A part of an ABX systeni,= 18.5, 4.9
Hz, 1H, Ph® Hyp), 2.64 (m, 2H, chromane 4-GK2.71 (B part of an ABX systerd,= 18.5,
9.0 Hz, 1H, PhCEHy), 2.88 (m, 1H, TZD CHE,Hy), 3.07-3.19 (m, 2H, TZD CHC}H, +
CHCHHy), 3.86-3.96 (AB systend,= 9.1 Hz, CHO), 4.33 (br s, 1H, OH), 6.86 (d~= 8.6
Hz, 2H, Hyon), 7.07 (dJ = 8.6 Hz, 2H, Hhom, 8.20 (br s, 1H, NH):*C NMR (100 MHz,
CDCl): 6 11.4 (CH), 12.0 (CH), 12.3 (CH), 20.5 (CH), 22.9 (CH), 28.8 (CH), 34.4
(CHy), 35.4 (CH), 43.0 (CH), 72.8, 74.2, 115.2 (G&l), 117.5, 118.7, 121.4, 122.8, 129.1,
130.1 (CHyom), 145.1, 145.2, 158.4, 176.5 (C=0), 179.5 (C=I-HES (pos. modem/z=
446.19 [M+Na]. Anal Calcd for GsH29NOs, 1/3 H,O (429.52): C, 69.91; H, 6.96; N, 3.26.
Found: C, 70.18; H, 7.02; N, 3.19.

5.1.6 tert-butyl (6-(2-((4-formylphenoxy)methyl%.Z,8-tetramethylchroman-6-yl)hexyl)
carbamate §)

Preparation of the triflate intermediatéo an ice cooled solution of anhydrous pyridinex(44
ML, 5.5 mmol) in dry CKCl, (5 mL) was added dropwise trifluoromethanesulf@mnbydride
(211 pL, 1.3 mmol) under argon. A solution7of385 mg, 0.9 mmol) in C¥Cl, (5 mL) was
added 5 minutes later to the reaction mixture. 3diation was stirred for 20 minutes at 0 °C
and the solvent was evaporated. The residue wasldesl in EtOAc (15 mL), the solution
was washed with water (2 x 10 mL), 5% aqueous NagEo@tion (2 x 10 mL), and brine (2
x 10 mL). The organic phase was then dried (M93@d the solvent was removed under
vacuum to afford a brownish liquid.

Condensation with 4-hydroxybenzaldehytea solution of the above triflaie dry DMF (4
mL) were added 4-hydroxybenzaldehyde (112 mg, Grbthand CgCO; (449 mg, 1.4
mmol). The reaction mixture was stirred under argbroom temperature for 24 h, and then
EtOAc (20 mL) was added. The organic layer was wdstith water (2 x 20 mL), 5%
agueous NaHCgXolution (2 x 20 mL), water (2 x 20 mL), dried (MQ§ and the solvent
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was evaporated under vacuum to give a yellow ligliiee residue was purified by column
chromatography (eluent: cyclohexane/EtOAc, 100:85d5) to afford (328 mg, 0.63

mmol, 68 % yield) as a colorless liqufti NMR (400 MHz, CDCJ): § 1.43 (s, 3H, Ch),
1.35-1.53 (m, 8H, linker C}), 1.44 (s, 9Ht-Bu), 1.90 (m, 1H, chromanelk3;Hy), 2.10 (s,

3H, CH), 2.13 (m, 1H, chromane 3;Hy), 2.15 (s, 3H, Ch), 2.20 (s, 3H, Ch), 2.57-2.71

(m, 4H, chromane 4-CHt linker CH,), 3.12 (m, 2H, E,NHBoc), 3.98, 4.08 (AB systen,

= 9.3 Hz, 2H, CHO), 4.51 (br s, 1H, NHBoc), 7.03 (@~ 8.7 Hz, 2H, Hon), 7.82 (dJ = 8.7
Hz, 2H, Hyom), 9.88 (s, 1H, CHO). Other analytical data weragnordance with the previous
ones [13].

5.1.7. tert-butyl (E)-(6-(2-((4-((2,5-dioxopyrrolid3-ylidene)methyl)phenoxy)methyl)-
2,5,7,8-tetramethylchroman-6-yl)hexyl)carbam&ke (

To a solution of compoun8l (208 mg, 0.40 mmol) in anhydrous MeOH (10 mL) \added
compound (143 mg, 0.40 mmol). The suspension was stirredah temperature under
argon for 12 h. The mixture was filtered and washétd cooled MeOH to give 153 mg (0.25
mmol, 63% yield) of white powder. M.p. 205-207 18.(ATR) v (cm?): 3381, 2924, 1769,
1705, 1688, 1603, 1514, 1308, 1252, 1¥6BNMR (400 MHz, CDCJ) : § 1.43 (s, 3H, Ch),
1.44 (m, 8H, linker CH), 1.45 (s, 9H{-Bu), 1.90 (m, 1H, chromane{3;Hy;), 2.10 (s, 3H,
CH3), 2.12 (m, 1H, chromane-3;Hy), 2.15 (s, 3H, Ch), 2.20 (s, 3H, Ch), 2.59 (m, 2H,
linker CH,), 2.66 (m, 2H, chromane 4-GK3.12 (m, 2H, E;NHBoc), 3.58 (dJ = 2.2 Hz,
2H, CH,CO), 3.95, 4.05 (AB systend,= 9.2 Hz, 2H, OCh), 4.50 (br s, 1H, NBoc), 7.00
(d,J=8.9 Hz, 2H, Hon), 7.42 (dJ = 8.9 Hz, 2H, Hion), 7.55 (br tJ = 2.2 Hz, 1H, CH=C),
8.09 (s, 1H, NH)**C NMR (100 MHz, CDGJ): § 12.2 (CH), 15.1 (CH), 16.0 (CH), 20.8
(CHy), 22.9 (CH), 26.8 (CH), 28.6 {-Bu), 28.8 (CH), 30.0 (CH), 30.1 (CH), 30.2 (CH),
30.3 (ChH), 35.3 (CH), 40.7 (CH), 73.0, 74.2, 115.6 (Cfn), 116.9, 121.4, 122.3, 126.8,
131.1,131.7, 132.2 (GHn), 133.6, 135.1 (CH=C), 149.1, 156.1, 161.0, 17CH0), 174.0
(C=0). ESI-MS (pos. modein/z= 627.34 [M+Na]. Anal. Calcd for GgHsgN20s (604.79):
C, 71.50; H, 8.00; N, 4.63. Found: C, 71.75; HB819, 4.54.

5.1.8. (E)-3-(4-((6-(6-aminohexyl)-2,5,7,8-tetramgthroman-2-yl)methoxy)
benzylidene)pyrrolidine-2,5-dione hydrochlorid®)

To a solution of compoun@ (172 mg, 0.28 mmol) in Ci€I, (5 mL) was added a saturated
solution of HCI in EtOAc (5 mL). The mixture wasreed at room temperature for 1 h and the
resulting suspension was filtered and washed wit® Egiving after drying 89 mg (0.16
mmol, 57% yield) of white powder. M.p. 250-252 18.(KBr) v (cm®): 3422, 3218, 2931,
1774, 1698, 1652, 1602, 1510, 1343, 1249, 1186511617, 1071, 835H NMR (400 MHz,
DMSO-dg): 6 1.31 (s, 3H, Ch), 1.36 (m, 6H, linker Ch), 1.56 (m, 2H, linker Ck), 1.86 (m,
1H, chromane-#,Hy), 1.98 (s, 3H, Ch), 2.03 (m, 1H, chromane-3;Hy), 2.10 (s, 6H, CHl

X 2), 2.59 (m, 2H, Ch), 2.62 (m, 2H, CH), 2.76 (m, 2H, Ch), 3.59 (d,J = 2.0 Hz, 2H,
CH,CO), 4.06 (m, 2H, OC}}, 7.06 (dJ = 8.1 Hz, 2H, Hom), 7.33 (br s, 1H, CH=C), 7.55 (d,
J=8.1Hz, 2H, Hron), 7.85 (br s, 3H, Ngf), 11.34 (br s, 1H, NH)-*C NMR (100 MHz,
DMSO-dg): 6 11.9 (CH), 14.6 (CH), 15.6 (CH), 20.0 (CH), 21.6 (CH), 25.7 (CH), 27.0
(CHy), 28.1 (CH), 29.0 (CH), 29.3 (CH), 29.6 (CH), 34.8 (CH), 38.8 (CH), 72.6, 74.0,
115.3 (CHyom), 116.6, 121.0, 124.1, 127.0, 130.0, 131.0, 18TH=C), 132.0 (Chlon),
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132.5, 148.5, 160.0, 172.1 (C=0), 175.8 (C=0). BSI{pos. mode)m/z= 505.30 [M+H].
Anal. Calcd for GiH4:CIN2O,, ¥2 HO (550.14): C, 67.68; H, 7.70; N, 5.09. Found: T 38,
H, 7.47; N, 5.14.

(S)-10and(R)-10 were prepared in three steps from respecti{@hr and(R)-7. These
compounds showed the same spectral data thanadiacompoundO. Specific data:
(9)-10: [0]*°5 +11.6 € 0.1 in CHCL:MeOH, 9:1). Anal. Calcd for £H41CIN2Os, 213 HO: C,
67.31; H, 7.71; N, 5.06. Found: C, 67.33; H, 71845.04.

(R)-10: [0]*%) -11.6 € 0.1 in CHCk:MeOH, 9:1). Anal. Calcd for §H4:CIN,Os, H,0: C,
66.59; H, 7.75; N, 5.01. Found: C, 66.53; H, 7X94.88.

5.1.9 methyl 2,5,7,8-tetramethylchromane-2-carteatey( 2)

A solution of 2,3,5-trimethylphenol (25.00 g, 188./5mol) in methyl methacrylate (100 mL,
937.87 mmol) was cooled in an ice bath and paradtitemyde (6.00 g, 199.80 mmol) was
added. The mixture was stirred under argon for rfutaes and acetic acid (5.50 mL, 95.99
mmol) and dibutylamine (3.80 mL, 22.55 mmol) wedeled and the reaction medium was
stirred at O °C for further 15 minutes. Ice batlswamoved and the mixture was heated at
reflux for 48 h. The yellow solution was cooled dote room temperature, and then let at 4
°C for 12 h. The resulting suspension was filteaad the crystals were washed with cooled
MeOH and cooled ED to give after drying 19.15 g (77.12 mmol, 42%djef white
crystals. M.p. 105-107C. IR (ATR):v (cm*): 2965, 2920, 1726, 1568, 1447, 1310, 1281,
1206, 1194, 1128, 11084 NMR (400 MHz, CDCY): & 1.63 (s, 3H, Ch), 1.88 (m, 1H,
chromane 3H Hy), 2.13 (s, 3H, Ch), 2.16 (s, 3H, Ch), 2.22 (s, 3H, Ch), 2.40-2.68 (m, 3H,
chromane 3-kH, + chromane 4-Ch), 3.69 (s, 3H, OCH), 6.58 (s, 1H, Hon). **C NMR (100
MHz, CDCk): 6 11.5 (CH), 18.8 (CH), 19.8 (CH), 20.5 (CH), 25.6 (CH), 30.4 (CH),

52.5 (OCH), 77.5, 116.5, 122.0, 123.4 (Gh}), 133.3, 135.0, 151.5, 174.5 (C=0). ESI-MS
(pos. mode)m/z= 271.14 [M+Na]. Anal. Calcd for GsH»03(248.14): C, 72.55; H, 8.12.
Found: C, 72.69; H, 8.16.

5.1.10 methyl 6-(6-bromohexanoyl)-2,5,7,8-tetraiyletiromane-2-carboxylatel )
Preparation of the intermediate acyl chloricesolution of 6-bromohexanoic acid (19.60 g,
100 mmol) and thionyl chloride (21.6 mL, 291 mmioldry CH,CI, (50 mL) was refluxed
under argon for 3 hours. The solvent was removekgiuvacuum for 3 h to remove the excess
of thionyl chloride. The resulting colorless liquids then dissolved in GBI, (15 mL) and
formic acid (0.75 mL, 20.00 mmol) was added to reenthe last traces of thionyl chloride.
The mixture was stirred 2 h at room temperaturd oatbubbling occurred and used without
further purification.

Friedel-Crafts acylationTo the above solution were added AlC10.50 g, 78.00 mmol) and
anhydrous dichloromethane (10 mL). A solutiorl2f(5.00 g, 20.13 mmol) in Ci&l, (35

mL) was then added dropwise in 20 minutes at Ql80ninutes after the end of the addition
were added EtOAc (250 mL) and water (80 mL). Thgaaorc layer was then washed twice
with water (80 mL), and with a 5% aqueous solubbpotassium bicarbonate (10 x 30 mL)
to remove the excess of hydrolyzed acyl chloridel, then with water (50 mL). The organic
layer was dried (MgS§), filtered and concentrated under vacuum to gitaecavnish liquid
which was further purified by column chromatogragéient: cyclohexane/EtOAc, 100/0 to
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88/12) to afford 6.00 g (14.11 mmol, 70% vyield)aofolorless liquid which crystallized upon
storage at 4 °C. M.p. 68-70 °C. IR (ATR)(cm™): 2930, 2864, 1746, 1693, 1460, 1435,
1240, 1138, 111TH NMR (400 MHz, CDCJ): & 1.51 (m, 2H, linker-Ch), 1.61 (s, 3H,

CHg), 1.73 (m, 2H, linker-Ch), 1.79-1.95 (m, 3H, linker-CkH+ chromane 3H,H;), 1.98 (s,
3H, CHg), 2.06 (s, 3H, Ch), 2.14 (s, 3H, Ch), 2.39-2.50 (m, 2H, chromaneHiH; +
chromane 3-EHy), 2.60 (m, 1H, chromane 4;H,), 2.67 (t,J = 7.3 Hz, 2H, CHICO), 3.42 (t,
J=6.6 Hz, 2H, CkBIr), 3.67 (s, 3H, OCH). *C NMR (100 MHz, CDGJ): § 11.5 (CH),

15.7 (CH), 16.7 (CH), 20.6 (CH), 22.7 (CH), 25.5 (CH), 27.9 (CH), 30.4 (CH), 32.8
(CHy), 33.7 (CH), 45.6 (CH), 52.6 (OCH), 77.5 (Guay, 117.1, 122.9, 128.0, 129.7, 135.6,
151.6, 174.1 (ester C=0), 211.5 (ketone C=0). ESI{pbs. mode)n/z= 447.12 [M+Na,
Br]*, 449.12 [M+Na®Br]*. Anal. Calcd for GiH,9BrO, (425.36): C, 59.30; H, 6.87. Found:
C, 59.36; H, 6.87.

5.1.11 (6-(6-bromohexyl)-2,5,7,8-tetramethylchror2ayi)methanol 14)

To a suspension of LiAllH(1.82 g, 48.00 mmol) in dry D (30 mL) under argon was added
AICl3 (4.27 g, 32.02 mmol). Five minutes later, a solf AICk; (2.14 g, 16.05 mmol) and
13(6.82 g, 16.03 mmol) in dry gD (90 mL) was slowly added. The mixture was stirred
under argon at room temperature for 2 h, and thetie was then quenched with cold water
(140 mL) and 6 M aqueous,HO, solution (80 mL). The aqueous layer was extratiecke
with EtOAc (100 mL), and the combined organic |ayerere washed with 2 M MNaO;
aqueous solution (70 mL), dried (Mg®@nd the solvent was removed under vacuum to give
a yellow liquid which was purified by column chrotography (eluent: cyclohexane/EtOAc,
100/0 to 88/12) to afford 4.42 g (11.5 mmol, 72%lg) of colorless liquid*H NMR (200

MHz, CDCk): 6 1.23 (s, 3H, Ch), 1.46 (m, 6H, linker Ch), 1.66-2.08 (m, 5H, linker CHt
chromane 3-Chl+ CH,OH), 2.12 (s, 3H, Ch), 2.17 (s, 3H, Ch), 2.21 (s, 3H, Ch), 2.55-

2.79 (m, 4H, linker Chl+ chromane 4-C}J, 3.43 (t,J = 6.8 Hz, 2H, CHBr), 3.58, 3.68 (AB
systemJ = 11.4 Hz, 2H, E,0OH). Other analyses were in accordance with pubtisiesults
[13].

5.1.12. (6-(6-azidohexyl)-2,5,7,8-tetramethylchrar2ayl)methanol 15)

A solution of14 (4.81 g, 12.55 mmol) and NgKl.63 g, 25.1 mmol) in dry DMF (50 mL)
was heated at 80 °C for 3 h. The mixture was come@dom temperature then diluted with
EtOAc (60 mL), washed with water (5 x 30 mL) andhabrine (2 x 30 mL). The organic
layer was then dried (MgS{) and the solvent was removed under vacuum tach8&6 g
(20.88 mmol, 87% vyield) af5 as a colorless liquid which was used without feirth
purification.'H NMR (200 MHz, CDGJ):  1.23 (s, 3H, chromane GH1.45 (m, 6H, linker
CHy), 1.54-1.82 (m, 4H, linker CH chromane 34,H, + CH,OH), 1.98 (m, 1H, chromane
3-HiHp), 2.12 (s, 3H, CH), 2.17 (s, 3H, Ch), 2.21 (s, 3H, Ch), 2.66 (m, 4H, linker CK+
chromane 4-Ch), 3.28 (t,J = 6.8 Hz, 2H, ChN3), 3.62 (m, 2H, CKHO). Other analyses were
in accordance with published results [13].

5.1.13. (6-(6-aminohexyl)-2,5,7,8-tetramethylchror2ayl)methanol 16)
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In a round bottom flask was first introduced 10%agzhum on carbon (352 mg), in order to
avoid any ignition of the solvent. A solution 1 (3.52 g, 10.19 mmol) in EtOAc (30 mL)
was then added. The mixture was stirred under golggeh atmosphere for 18 h at room
temperature, then filtered on cefitend the resulting solution was concentrated. @alu
chromatography (eluent: GBI, (+1 % EgN)/MeOH, 100/0 to 90/10 in 10 minutes, then 30
minutes in isocratic mode) afforded 2.61 g (8.17ahi80% vyield) of slightly yellow liquid.
IR (ATR): 2920, 2851, 1570, 1449, 1312, 1105, 166BNMR (400 MHz, CDCJ): & 1.23 (s,
3H, CHg), 1.43 (m, 6H, linker Ch), 1.48 (m, 2 H, linker C}j, 1.74 (m, 1H, chromane 3-
HaHp), 2.00 (m, 3H, chromane 3;H, + NH,), 2.12 (s, 3H, Ch), 2.16 (s, 3H, Ch), 2.20 (s,
3H, CH), 2.58-2.75 (m, 6H, chromane 4-¢gH linker CH, + CH,NH>), 3.58, 3.65 (AB
system, 2H,) = 11.3 Hz, E&1,0H). **C NMR (100 MHz, CDGJ): § 12.2 (CH), 15.1 (CH),
16.0 (CH), 20.7 (2 pics: Chl+ CH,), 26.9 (CH), 28.0 (CH), 30.1 (CH), 30.3 (CH), 33.2
(CHy), 40.7 (CH), 42.0 (CH), 69.6, 75.3, 117.0, 122.2, 131.1, 131.8, 1338,Q. ESI-MS
(pos. mode): m/z = 320.26 [M+H]Anal. Calcd for GoH33NO,, ¥4 HO (323.99): C, 74.14;
H, 10.42; N, 4.32. Found: C, 74.42; H, 10.32; M]4.

5.1.14 tert-butyl (6-(2-(hydroxymethyl)-2,5,7,8@bethylchroman-6-yl)hexyl)carbamaf® (
To a solution of compount6 (1.59 g, 4.98 mmol) in dry Ci€l, (15 mL) was added under
stirring at room temperature Bz (773 pL, 5.0 mmol). After 45 minutes, the solvesais
removed under vacuum, and the crude product watediin EtOAc (20 mL), the solution
was washed with an agqueous 5% citric acid soly@on20 mL), water (10 mL), and brine
(10 mL). The organic layer was dried (Mgg@nd the solvent was removed under vacuum to
afford a yellow liquid which was purified by colunchromatography (eluent:
cyclohexane/EtOAc, 100/0 to 80/20 in 20 minutesmth@ minutes in isocratic mode) to
afford 7 (2.08 g, 4.96 mmol, 100% vield) as a colorlessitig"H NMR (400 MHz, CDGJ):
1.23 (s, 3H, Ch), 1.45 (s, 9Ht-Bu), 1.36-1.53 (m, 6 H, linker Gi 1.64 (br s, 3H, linker
CH; + CH,OH), 1.72 (m, 1H, chromaneB;Hy), 2.01 (m, 1H, chromane 3;Hy), 2.12 (s,
3H, CH), 2.16 (s, 3H, CH), 2.20 (s, 3H, Ch), 2.57-2.70 (m, 4H, chromane 4-&H# linker
CH,), 3.12 (t,J = 6.2 Hz, G,NHBoc), 3.59, 3.65 (AB systerd,= 11.2 Hz, 2H, E,0H),
4.48 (br s, 1H, NBoc). Other analyses were in accordance with padtigesults [13].

5.1.15. Deracemization of compound

5.1.15.1. Preparation of the supported Lipase

According to Couladourost al.[17], lipase PS-30 (3 g) and Hyflo Supefc€l0 g) were
added to a buffered solution (10 mL) of N&®O, (117.12 mg) and KHPO, (82.66 mg) in
distilled water (30 mL, pH 7). The suspension waaken vigorously then dried under high
vacuum for 24 h.
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5.1.15.2. (S)-4-((6-(6-((tert-butoxycarbonyl)aminexyl)-2,5,7,8-tetramethylchroman-2-
yl)methoxy)-4-oxobutanoic acid: ((S)-enrichE3), first lipase reaction.

To a stirred solution of (1.00 g, 2.38 mmol) in MTBE (6 mL) were added soaxi
anhydride (346 mg, 3.46 mmol) and supported Amapade PS (720 mg). After 18 h of
stirring at room temperature, the precipitate wissréd, washed with MTBE (5 mL) and the
filtrate was evaporated under reduced pressureréddigue was purified by flash column
chromatography (eluent: cyclohexane/EtOAc 100/80420 in 20 minutes, then 20 minutes
in isocratic mode) to give 415 mg d¥)¢enriched7 (0.98 mmol, 44% vyield) as a white
powder and 600 mg of)-enrichedl9 (1.15 mmol, 52% yield) as a slightly trouble liquiR
(ATR) v (cm™): 3342, 2974, 2924, 2851, 1736, 1711, 1649, 15320, 1448, 1366, 124&
NMR (400 MHz, CDC)): § 1.29 (s, 3H, Ch), 1.43 (s, 9Ht-Bu), 1.33-1.52 (m, 8H, linker
CHy), 1.79 (m, 1H, chromaneB;Hy), 1.93 (m, 1H, chromane 3;H;), 2.09 (s, 3H, Ch),
2.14 (s, 3H, Ch), 2.19 (s, 3H, Ch), 2.56-2.70 (m, 8H, succinate @K 2 + chromane 4-CH
+ linker CH,), 3.11 (m, 2H, G;NHBoc), 4.09, 4.21 (AB systend,= 11.2 Hz, 2H, ChD),
4.52 (br s, 1H, NBoc).**C NMR (100 MHz, CDGJ): § 12.1 (CH), 15.0 (CH), 16.0 (CH),
20.7 (ChH), 22.2 (CH), 26.8 (CH), 27.1 (CH), 28.6 {-Bu), 28.9 (CH), 29.1 (CH), 29.9
(CHy), 30.1 (CH), 30.2 (CH, 2 peaks), 40.8 (Chl 69.3, 73.4, 116.7, 122.4, 131.0, 131.5,
133.4, 149.1, 172.0, 176.6. ESI-MS (pos. mod#)y= 542.31 [M+Na]. Anal. Calcd for
CooH4sNO7 (519.68): C, 67.03; H, 8.73; N, 2.70. Found: C966H, 8.88; N, 2.56.

5.1.15.3. General procedure for the saponificatbdi.

To a stirred solution of3)-enriched19in a 1:1 mixture of THF and MeOH (10 mL per
mmol) was added a 3 M aqueous solution of LIOH &) After 30 minutes of stirring at
room temperature, the reaction mixture was quenulida saturated aqueous solution of
NH4CI (10 mL), and diluted in EtOAc (25 mL per mmalhe solution was washed with
distilled water (3 x 15 mL per mmol), the orgaragér was dried (MgS£), and the solvent
was removed under vacuum to affo8énriched7 which was used without further
purification. The NMR spectrum was in accordancthhe expected data.

5.1.15.4. General procedure for the resolutionhaf tacemic compound(second and third
lipase reactions).

Both (§-enriched compoundand R)-enriched compound weresubjected twice to the
same procedure as before. The final yields aftettliree enzymatic resolutions are given
below, taking into account that the maximum theoattyield for each is 50%. The resolved
compounds exhibited identical spectroscopic dathgaacemic alcohal.

(9)-7: Yield : 22 % p]*p +1.1° € 0.1 in CHC}), ee = 98%

(R)-7: Yield : 23 %, {#1]*°%5 -1.1° € 0.1 in CHCH}), ee = 98%

5.1.15.5. General procedure for the measuremeahahtiomeric excess @f

According to reported procedure [20], in a NMR tutees introduced a solution @f(3-7 mg,
7.15 pmol - 16.68 pmol) ingDsN (0.1 mL) and CDGI(0.1 mL), and R)-Mosher acyl
chloride (5 pL, 26.72 umol) was added. After 3 &cten, GDs (0.5 mL) and CDGI(0.1

mL) were added. The NMR signals of interest arpldiged in the 4.00-4.35 area as two AB
systems for both diastereomers.
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5.1.16. Verification of the conservation of the mim@meric excess in acidic conditions

5.1.16.1. (S)-(6-(6-aminohexyl)-2,5,7,8-tetramathgdman-2-yl)methyl acetate
hydrochloride (S)-21).

To a stirred solution fS)-7 (100 mg, 0.24 mmol) in dry Gi€l, (6 mL) were added A©

(24 pL, 0.26 mmol), pyridine (21 pL, 0.26 mmol) @dMAP (3 mg, 0.024 mmol). The
mixture was stirred under argon for 16 h and theestis were removed under reduced
pressure. The crude product was dissolved in dryGGH4 mL) and a 1.5 M solution of HCI
in EtOAc was added (2 mL, 3.0 mmol). After 3 hratig at room temperature, the solvents
were removed under reduced pressure, and the HCtovavaporated twice with GEI; to
give a pale-yellow powder, which was suspendedHaQ, filtered, washed with ED (2x5
mL) and with CHCI, (2x2 mL) to give 87 mg (0.22 mmol, 92% yield) dfite powder.

M.p.: 130-132 °C. IR (ATR)v (cm®) 2920, 1732, 1658, 1520, 1383, 1248.NMR (400
MHz, CDCk): 6 1.28 (s, 3H, Ch), 1.45 (br s, 6H, linker CH), 1.80 (m, 3H, chromane 3-
HaHp + linker CH), 1.93 (m, 1H, chromane 33H), 2.08 (s, 3H, Ch), 2.09 (s, 3H, Ch),
2.14 (s, 3H, Ch), 2.18 (s, 3H, Ch), 2.55-2.67 (m, 4H, chromane 4-gH linker CH,), 3.00
(m, 2 H, H,NH3"), 4.07, 4.15 (AB systend,= 11.2 Hz, 2H, CkD), 8.28 (br s, 3H, Nki).
13C NMR (100 MHz, CDGJ): § 12.1 (CH), 15.0 (CH), 16.0 (CH), 20.6 (CH), 21.0 (CH),
21.9 (CH), 26.6 (CH), 27.9 (CH), 28.7 (CH), 29.6 (CH), 30.0 (CH), 30.1 (CH), 40.1
(CHy), 69.0, 73.5, 116.6, 122.4, 130.6, 131.5, 13349,11, 171.0 (C=0). ESI-MS (pos.
mode):m/z= 362.27 [M]. Anal. Calcd for GH3sCINO3(397.98): C, 66.40; H, 9.12; N, 3.52.
Found: C, 66.28; H, 9.15; N, 3.48.

5.1.16.2. Recovery of compou8J-7 after acidic treatment: conservation the absolute
configuration.

To a solution ofS)-21 (55 mg, 0.14 mmol) in dry Cil, (2 mL) were added Bl (195 pL,
1.4 mmol) and Bo®© (61 mg, 0.28 mmol) at room temperature. The mexwas stirred for 2
h, and the solvent was removed under reduced peesEue crude product was diluted in a
1:1 mixture of THF and MeOH (4 mL) and an aqueaaatsn of 3 M LiOH (0.23 mL, 0.70
mmol) was added. After 1 h stirring at room tempee the reaction was quenched by
addition of a saturated solution of NE1 (10 mL), diluted with EtOAc (50 mL) and washed
with water (3 x 10 mL). The organic layer was dridthSQ,) and the solvent was removed
under reduce pressure. The residue was purifiembloynn chromatography (eluent:
cyclohexane/EtOAc 100/0 to 30/70 in 20 minutegjite 53 mg of colorless liquid (0.13
mmol, 93% yield). This compound exhibited the sapectral data than the previously
described molecul@é. Furthermore, its optical rotation and the dedusea@fter reaction with
(R)-Mosher acyl chloride were identical to startimypound(S)-7.

5.1.17 4-((6-(6-azidohexyl)-2,5,7,8-tetramethylcheam-2-yl)methoxy)benzaldehy@F)
Preparation of the triflate intermediatéo an ice cooled solution of anhydrous pyridind.$1.
mL, 14.29 mmol) in dry CkCI, (10 mL) was added dropwise trifluoromethanesulfonic
anhydride (560 pL, 3.3 mmol) under argon. A solid15 (822 mg, 2.38 mmol) in Cil,
(10 mL) was added 5 minutes later to the reactiodure. The solution was stirred for 30
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minutes at 0 °C and the solvent was evaporatedrdsidue was dissolved in EtOAc (30
mL), the solution was washed with water (3 x 20 % aqueous NaHC@olution (3 x 20
mL), and brine (3 x 20 mL). The organic phase Vi@ tdried (MgS(@) and the solvent was
removed under vacuum to afford an orange liquid.

Condensation with 4-hydroxybenzaldehytdea solution of the above triflate dry DMF (5
mL) were added 4-hydroxybenzaldehyde (291 mg, &18®Il) and KCOs; (658 mg, 4.76
mmol). The reaction mixture was stirred under argbroom temperature for 5 days, and then
EtOAc (50 mL) was added. The organic layer was wdstith water (5 x 20 mL), 5%
agueous NaHCgXolution (2 x 20 mL), water (2 x 20 mL), dried (MQ§ and the solvent
was evaporated under vacuum to give a yellow ligUiee residue was purified by column
chromatography (eluent: cyclohexane/EtOAc, 100:90d.0) to afford26 (623 mg, 1.39
mmol, 58 % yield) as a colorless liquid. IR (filmYcm?): 3379, 2930, 2094, 1691, 1601,
1574, 1508, 1310, 1248, 1157, 1109, 1G88NMR (250 MHz, CDJ): 6 1.44 (br s, 9H,
CHz+ linker CH,), 1.63 (m, 2H, linker Cb), 1.92 (m, 1H, chromane{3;Hy), 2.10 (s, 3H,
CHg), 2.12 (m, 1H, chromane-3;Hy), 2.16 (s, 3H, Ch), 2.20 (s, 3H, Ch), 2.63 (m, 4H,
chromane 4-CHl. linker CH,), 3.28 (t,J = 6.8 Hz, 2H, CHN3), 3.98, 4.08 (AB systend,=
9.3 Hz, 2H, OCH), 7.03 (dJ = 8.6 Hz, 2H, Hon), 7.82 (d,J = 8.6 Hz, 2H, Hon), 9.89 (s,
1H, CHO).**C NMR (62.9 MHz, DMSQde): 5 12.2 (CH), 15.1 (CH), 16.0 (CH), 20.7
(CHy), 22.9 (CH), 26.8 (CH), 28.8 (CH), 29.0 (CH), 29.8 (CH), 30.1 (CH), 30.2 (CH),
51.6 (CH-N3), 73.1, 74.1, 115.2 (Cfn), 116.9, 122.4, 130.3, 131.0, 131.7, 132.1 L&}
133.6, 149.1, 164.2, 190.9 (CHO). ESI-MS (pos. nroaéz= 472.25 [M+Na]. Anal. Calcd
for C7H3sN303(449.60): C, 72.13; H, 7.85; N, 9.35. Found: C502H, 7.92; N, 9.09.

5.1.18. (E)-3-(4-((6-(6-azidohexyl)-2,5,7,8-tetrdhydchroman-2-yl)methoxy)benzylidene)
pyrrolidine-2,5-dione Z8)

To a solution oR6 (0.52 mmol) in anhydrous MeOH (10 mL) was addechjgound2 (187
mg, 0.52 mmol) and the mixture was stirred undgoarat room temperature for 12 h. The
suspension was filtered and washed with cooled M&®Dgive 189 mg (0.36 mmol, 69%
yield) of white powder. M.p. 130-132 °C. IR (KBr)(cm'): 2927,2853, 2085, 1746, 1699,
1601, 1514, 1456, 1352, 1306, 1244, 1175, 1 M NMR (400 MHz, CD(J): 6 1.43 (s, 3H,
CHg), 1.45 (br s, 6H, linker CH), 1.63 (m, 2H, linker Cb), 1.91 (m, 1H, chromane{3;Hy),
2.10 (s, 3H, Ch), 2.13 (m, 1H, chromane 34Hy), 2.16 (s, 3H, Ch), 2.21 (s, 3H, Ch), 2.61
(m, 2H, linker CH), 2.67 (m, 2H, chromane 4-GH3.28 (t,J = 6.9 Hz, 2H, CHN3), 3.58 (d,
J=2.2 Hz, 2H, CHCO), 3.95, 4.05 (AB systend,= 9.3 Hz, 2H, OCH), 7.00 (dJ = 8.9 Hz,
2H, Haron), 7.42 (d,J = 8.9 Hz, 2H, Hion), 7.56 (M, 1H, CH=C), 8.38 (br s, 1H, NHjC
NMR (100 MHz, CDCY): 6 12.2 (CH), 15.1 (CH), 16.0 (CH), 20.7 (CH), 22.9 (CH), 26.8
(CHy), 28.8 (CH), 29.0 (CH), 29.8 (CH), 30.1 (CH), 30.2 (CH), 35.3 (CH), 51.6
(CH,N3), 73.0, 74.2, 115.6 (Cln), 116.9, 121.4, 122.4, 126.8, 130.9, 131.7, 182K,
133.5, 135.0 (CH=C), 149.1, 161.0, 171.3 (C=0),.27€=0). ESI-MS (pos. modan/z=
531.29 [M+HTJ, 553.28 [M+Na]. Anal. Calcd for GHsgN404(530.67): C, 70.16; H, 7.22; N,
10.56. Found: C, 70.50; H, 7.22; N, 10.20.
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5.1.19. (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(@ryp-1-yloxy)tetrahydro-2H-pyran-
3,4,5-triyl triacetate 29)

Acetylation ofx-D-glucose:procedure reported by Wolfrom and Thompson [23 adapted
as follows: to a suspension@bD-glucose (3.00 g, 16.65 mmol) in acetic anhydri@46
mL, 216.47 mmol) was added sodium acetate (1.98.82 mmol) under argon. The mixture
was refluxed during 2 h and cooled to room tempeedbefore being cooled in an ice bath.
Water (50 mL) was added and the suspension wassefilf washed with water (3 x 20 mL),
and carefully dried to give 3.618 g (9.27 mmol, 56#d) of white powder which was used
in the next step without further purification.

Propargylation at the 1-positionthis step was realized according to the work ofrisly et

al. [24]. Spectral data of the compound agreed thighreported data.

5.1.20. (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-{@«(&4-((E)-(2,5-dioxopyrrolidin-3-
ylidene)methyl)phenoxy)methyl)-2,5,7,8-tetrametirgiman-6-yl)hexyl)-1H-1,2,3-triazol-4-
yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacé¢a30)

To a mixture o8 (138 mg, 0.26 mmol) anzd (100 mg, 0.26 mmol) were adde8uOH

(20 mL) and MeOH (2 mL) and sonication was appliealthe resulting solution was added a
mixture of CuSQ@ (58 mg, 0.36 mmol) and sodium ascorbate (71 n8§ mol) in water
(0.5 mL). The reaction mixture was stirred undgjoarat room temperature for 12 h, and the
solvents were evaporated. The residue was dissoietDAc (30 mL) and the solution was
washed with water (3 x 20 mL), dried (Mg@@nd concentrated under vacuum to give a
yellow residue which was purified by column chroamaiphy (eluent: cyclohexane/EtOAc,
100:0 to 20:80) to afford 171 mg (0.19 mmol, 74 #d) of white powder. M.p. 88-9TC.

IR (ATR): v (cm®) 2928, 2853, 1748, 1713, 1601, 1510, 1217, 1834IMR (400 MHz,
CDCl3): 6 1.42 (m, 9H, chromane GH linker CH,), 1.91 (m, 3H, chromaneBaHb +
triazole-CH-CHy), 1.98 (s, 3H, COC¥), 2.00 (s, 3H, COC¥J, 2.03 (s, 3H, COCH¥J, 2.09 (s,
6H, COCH + chromane C§j, 2.12 (m, 1H, chromane 3-Ha), 2.14 (s, 3H, chromane GH
2.19 (s, 3H, chromane G} 2.59 (m, 2H, linker Ch), 2.66 (m, 2H, chromane 4-H), 3.59 (d,
J=2.3Hz, 2H, CHCO), 3.74 (X part of an ABX system, 1H, glucose (-B95, 4.04 (AB
systemJ = 9.3 Hz, 2H, OCHh), 4.15, 4.27 (AB part of an ABX systeth= 12.3, 4.7, 2.1 Hz,
2H, glucose 6-H + 6’-H), 4.35 (brd,= 7.1 Hz, 2H, linker triazole-CH), 4.69 (d,J = 8.0 Hz,
1H, glucose 1-H), 4.84, 4.95 (AB systedr; 12.6 Hz, 2H, OCh), 5.01 (ddJ = 9.5, 8.0 Hz,
1H, glucose 2-H), 5.10 (§,= 9.6 Hz, 1H, glucose 4-H), 5.20 Jt= 9.5 Hz, 1H, glucose 3-H),
6.99 (d,J = 8.9 Hz, 2H, Hon), 7.42 (dJ = 8.9 Hz, 2H, Hiom), 7.50 (br s, 1H, triazole H),
7.55 (t,J = 2.2 Hz, 1H, C=CH), 7.88 (s, 1H, NHJC NMR (100 MHz, CDGJ): § 12.2

(CHg), 15.1 (CH), 16.0 (CH), 20.7 (2 x COCH), 20.8 (COCH), 20.9 (COCH), 22.9 (CH),
26.6 (CH), 28.8 (CH), 29.6 (CH), 30.0 (CH), 30.1 (CH), 30.5 (CH), 35.3 (CH), 50.7
(CH2N), 62.0, 63.2, 68.5 (glucose CH), 71.4 (glucosg,GH.0 (glucose CH), 72.9 (glucose
CH), 73.0, 74.2, 100.2 (glucose 1-CH), 115.6 (phé&ity) 116.9, 121.4, 122.4, 122.8 (triazole
CH), 126.9, 130.8, 131.7, 132.2 (phenyl CH), 13335.0 (CH=C), 144.2, 149.1, 161.0,
169.5 (C=0), 169.6 (C=0), 170.4 (C=0), 170.8 (C=10%1..0 (C=0), 174.0 (C=0). ESI-MS
(pos. mode)m/z= 917.41 [M+H], 939.40 [M+Na], 955.37 [M+K]. Anal. Calcd for
CasHeoN4014(917.01): C, 62.87; H, 6.59; N, 6.11. Found: C362H, 6.68; N, 6.05.
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5.1.21. 3-((E)-4-((2,5,7,8-tetramethyl-6-(6-(4-%R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methi#-1,2,3-triazol-1-yl)hexyl)chroman-
2-yl)methoxy)benzylidene)pyrrolidine-2,5-dio3&)(

A suspension of compourd® (87 mg, 0.09 mmol) in anhydrous MeOH (5 mL) was
sonicated until dissolution. A solution of MeONaNteOH (2.09 mL, 1.15 mg/mL) was
added at room temperature and stirred under agohti. Amberlit€ IR 120H was added
until neutral pH and the suspension was filteredive after evaporation of the filtrate an
orange liquid which was purified by reverse-phasemn chromatography (eluent>®
(0.1% TFA)/MeOH, 90:10 to 10:90) to afford afteophilisation 71 mg (0.09 mmol, 100 %
yield) of white powder. M.p. 126-12€. IR (ATR):v (cm™) 3387, 2914, 2855, 1717, 1684,
1600, 1340, 1306, 1250, 1165, 1076, 1043, 535MR (400 MHz, DMSOs): 6 1.31 (m,
7H, chromane Ck#+ linker CH), 1.39 (m, 2H, linker Ch), 1.82 (m, 3H, chromaneB;Hy +
triazole-CHCHy,), 1.97 (s, 3H, chromane GK12.00 (m, 1H, chromane 3;Hy), 2.08 (s, 6H,
chromane Ch), 2.50 (2H, linker CH), 2.61 (m, 2H, chromane 4-H), 2.97Jt 8.7 Hz, 1H,
glucose 2-H), 3.01-3.17 (m, 3H, glucose 3-H + 4-B-H), 3.45, 3.70 (AB part of an ABX
systemJ=11.8, 6.2, 1.6 Hz, 2H, glucose 6-H + 6’-H), 3(89J = 2.1 Hz, 2H, CHCO),
4.03, 4.08 (AB systend,= 10.1 Hz , 2H, OCHJ, 4.14 (br s, 4H, 4 x OH), 4.25 (d= 7.8 Hz,
1H, glucose 1-H), 4.34 (8,= 7.0 Hz, 2H, linker triazole-Chj, 4.62, 4.83 (AB systend,=
12.2 Hz, 2H, OCHh), 7.06 (d,J = 8.8 Hz, 2H, Hon), 7.33 (s, 1H, C=CH), 7.55 (d,= 8.8 Hz,
2H, Haon), 8.11 (s, 1H, triazole H), 11.34 (s, 1H, NEC NMR (100 MHz, DMSOdg): &
11.9 (CH), 14.6 (CH), 15.5 (CH), 20.0 (CH), 21.6 (CH), 25.8 (CH), 28.1 (CH), 28.9
(CHy), 29.3 (CH), 29.5 (CH), 29.8 (CH), 34.8 (CHCO) 49.3 (CHN triazole), 61.1
(CH,OH), 61.6 (OCH triazole), 70.1 (glucose CH), 72.6 (OgH73.4 (glucose CH), 73.9
(OCquay, 76.7 (glucose CH), 77.0 (glucose CH), 102.1¢g8e 1-CH), 115.3 (phenyl CH),
116.6, 120.9, 124.1 (triazole CH), 124.1, 127.®.03131.0, 131.4 (CH=C), 132.0 (phenyl
CH), 132.5, 143.7, 148.5, 160.0, 172.1 (C=0), 171680). ESI-MS (pos. moden/z=
771.36 [M+Na]. Anal. Calcd for GoHsoN4O10, 2H,0 (784.39): C, 61.21; H, 7.19; N, 7.14.
Found: C, 61.01; H, 7.32; N, 6.95.

5.2. Biological evaluation on cancerous cell lines
5.2.1. Cell Lines and Reagents

MCF-7, MDA-MB-231, MDA-MB-453 and Hs578T human bst@ancer cell lines, HCT116
colon cancer cell line, and U87 glioblastoma dak were obtained from American Type
Culture Collection (Manassas, VA, USA). These tiels were grown at 37 °C under 5%
CO,in Dulbecco’s Modified Eagle Medium (DMEM, Gib®oThermo Fisher Scientific,
Villebon-sur-Yvette, France) for MCF-7, Hs578T, Y&nd HCT116, and Roswell Park
Memorial Institute (RPMI) 1640 medium (Gib&ofor MDA-MB-231 and MDA-MB-453.
These phenol red containing media were supplemevitad2 mM L-glutamine (Sigma-
Aldrich, Saint-Quentin Fallavier, France) and 108taf calf serum (FCS, Sigma-Aldrich). In
addition, the medium was supplemented with 10 pgimsulin for Hs578T cell line. For U87
cells, the medium was supplemented with 1.25 mMusogyruvate, 50 pM non-essential
amino acid, 10.8 pg/mL L-serine, 20pg/mL L-asparagD.4% vitamins (100X stock
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solution) and 1% essential amino acids (50X statkt®n) (Thermo Fisher Scientific).
Compounds to be tested were dissolved in Dimethijdside (DMSO, Sigma-Aldrich).

5.2.2. Cell Treatments

The different cell lines were seeded at the appatgdensity in their respective medium
supplemented with 10% FCS and incubated for 24alloav for cell attachment. For crystal
violet staining, cells were seeded in 96-well @atea density of 1.5 x @ells/well (MDA-
MB-231, MCF-7, Hs578T, and U87 cells) or 1.2 X t8lls/well (HCT116) or 2 x 10
cells/well (MDA-MB-453 cells). For flow cytometrynalyses, MDA-MB-231 cells were
seeded in 60 mm-diameter culture dishes at xalls/dish. The cells were then treated in
their respective medium for 48 or 72 hours with¢basidered compounds at the indicated
concentrations. Control cells were treated with BD&G090 % or 0.012 % to compare with
cells exposed with 45 uM TGZ or 6 uM compouriii respectively.

5.2.3. Crystal Violet Staining Assay

At the end of the treatment, cells were washed phibsphate-buffered saline (PBS). Cells
were then fixed and stained for 20 min with 0.2%stal violet (Sigma-Aldrich) in 2%

ethanol. This staining solution was filtered ptioruse with a syringe-driven filter unit (0.2

pm pore size, VWR international, Radnor, PA, USAgliminate dye precipitates. Cells were
then washed with distilled water to remove excess @ihe plates were dried and the dye was
dissolved in 10% acetic acid. Cell number was deitezd by absorbance at 595 nm with a
VICTOR™ X3 multilabel plate reader (PerkinElmer,@@boeuf, France). In each

condition, the concentration leading to a decred$®% of the cell number (Kg) was
determined.

5.2.4. Cell Cycle Analysis

At the end of the treatment, culture medium cormginhe non-adherent cells was collected.
Adherent cells were washed with PBS, trypsined5@ @rypsin-EDTA in PBS buffer,

Gibcd®) and resuspended in a medium containing 10% F®8-adherent cells and trypsined
cells were pooled and counted. 1 X t6lls were centrifuged at 500 g for 5 min at room
temperature and the pellet was rinsed with PBSs@adre then resuspended in 600 pL of
PBS and 1,400 pL of cold 100% ethanol were addep by drop while vortexing the
suspension to permeabilize and fix the cells effidy. 5 x 16 cells were then centrifugated
at 800 g for 10 min at room temperature. The p&lkes resuspended in 500 pL of DNA
staining solution containing 200 pg of RNAse A (tragen, Thermo Fisher Scientific) and 2
pg of propidium iodide (PI) (Thermo Fisher Scianjif Samples were incubated for 15 min in
the dark at room temperature. Finally, cellular Dbl#atent was determined with a BD
FACSCalibuf flow cytometer (BD Biosciences) using CellQuestf Boftware (BD
Biosciences). 20,000 events were analyzed anddiweptage of cells in each phase of the
cell cycle was determined.
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5.2.5. Annexin V/propidium iodide (Pl) apoptosisas

At the end of the treatment, culture medium comtgithe non-adherent cells was collected.
Adherent cells were washed with PBS, trypsined5%@rypsin-EDTA in PBS buffer,

Gibcd®) and resuspended in a medium containing 10% F®8-adherent cells and trypsined
cells were pooled and centrifuged at 200 g for 1® ahroom temperature and the pellet was
rinsed with PBS. 1 x facells were centrifuged at 200 g for 10 min at rdemperature and
then added to a binding buffer solution (0.1 M HER#H 7.4, 1.4 M NaCl, 25 mM CabdH
7.4) to facilitate Annexin V binding to phosphatisigrine. 2 pg of Pl (Thermo Fisher
Scientific) and 2.5 pL of FITC Annexin V (BD Biostices) were added to the cell
suspension and incubated for 15 min in the dark@n temperature. Action of Annexin V
was inhibited by addition of binding buffer solutidl0,000 events were analyzed and the
percentage of Annexin V and/or Pl positive celiswletermined with a BD FACSCaliBr
flow cytometer (BD Biosciences) using CellQuest™ Boftware (BD Biosciences).

5.2.6.Statistical Analysis

The results of cell cycle analysis and Annexin \@pbptosis assay were analyzed using a
two-tailed unpaired t test with Welch’s correcti@ntferences in which P-value was less than
0.05 were statistically significant.

5.3. Biological evaluation on non tumoral hepatesyt
5.3.1. Cell culture

The human liver resection was collected in accazdanith Article L.1211-2 of the French
Public Health Code, amended by Law No. 2004-80@umfust 6, 2004. Human hepatocytes
were isolated from macroscopically healthy surgiwa@r waste after tumor resection by a
two-step collagenase perfusion. Single donor (%8syeld Caucasian female)-derived
hepatocytes were seeded onto collagen-coated 9fpiaes (%10* cells/well) in DMEM
medium supplemented with FCS (10%), insulin (4 ly/dexamethasone (1 uM) and
gentamycin (50 pg/ml). Cells were incubated ovdrna 37°C under a humidified 5%
C0O,/95% air atmosphere.

5.3.2. Cell treatment

The medium was replaced by a serum-free mediunsistea of DMEM supplemented with
insulin (4 pg/ml), dexamethasone (1 uM) and gentamy50 pg/ml). The cultures were
exposed to increasing doses of compolicét 9 concentrations ranging from 0 to 200 uM.
After 24 h of treatment, hepatocytes were incubatgd MTT (0.5 mg/ml) for 2 h at 37°C.
The formazan crystals were then dissolved in DM8®@the absorbance was measured at 570
nm.
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Appendix A. Supplementary data

Supplementary data associated with this articlebeafound in the online version, at
http://dx.doi.org/xxxxx. These data incluti¢ and**C NMR spectra of tested compounds,
and synthetic protocols in the frame of the attentptprepare derivatives suitable for X-ray
analysis (preparation of compourtis26). Representative dose-dependent responses of
MDA-MB-231 cells to TGZ and compourid were also included. Representative dose-
dependent responses of U87 and HCT116 cells to congd 0 were also inserted.
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New desulfured troglitazone derivatives were prepared with improved chemical synthesis and
a deracemization strategy

Their pro-apoptotic activity was evaluated against breast cancer cell lines

Further biological studies revealed that the lead compound is a powerful pro-apoptotic agent
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