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1. Introduction

The 3-hydroxyquinolin-2(#)-one (3HQ) core is an important
structural motif present in the natural producke lviridicatin,
viridicatol and 30-methyl viridicatin.[1-8] These metabolites
isolated from penicillium species, have been shawimhibit the
replication of human immunodeficiency virus and t®
promising lead compounds for the development of raei-
inflammatory agents.[9,10] Furthermore, this unidnggerocycle
was recognized to be a valuable bioisoster for #nbaxylic acid
function ofa-amino acids. This has triggered the interest tosvarc
the development of procedures for the synthesithisfclass of
compounds.[11] Although less acidipK of 8.7) than a
carboxylic acid,[12,13] a series of 3HQs were prepaitelfizer
and shown to be potent inhibitors of the D-amina amxidase
activity, eliciting similar binding interactions vitthe enzyme
active site as the carboxylic acid containing intbits.[14] These
discoveries were not left unnoticed, and recentlyis t
pharmacophore was found to bind to metal cofactyrshis way
inhibiting the influenza A endonuclease.[15]

h

Rather surprisingly, and despite the many poss#slioffered
by the 3HQ core to develop new biologically active poomds,
the use of this scaffold in the construction ofi-pnbliferative
agents, remained basically unexplored. However,
developing new inhibitors of the HIV-1 reverse traisase
associated RNase H activity, Bailly and co-workavserved that
a series of 4-substituted 3HQs were significantlyompgic
against non-cancer MT-4 cells, and this precludesr tfurther
use as antiviral agents.[16] Based on this obsermatwe
envisioned that 4-carboxylate and 4-carboxamiddsstiuted
3HQs could be further explored as a valuable platfiriprepare
innovative anticancer agents.

Natural Products “
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Carboxylic acid
H o bioisoster (pKa of 8.7)

Viridicatin (R' and R? = H)

Viridicatol (R = H ; R = OH)
3-O-Methyl viridicatin (R" = Me ; R2=H)
Scheme 1. The 3-hydroxyquinolin-2#)-one (3HQ) core present in the structure
of naturally occurring compounds, as a carboxylid abioisoster and as an
enzyme inhibitor.
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Metal chelator: Inhibitor of
influenza A endonuclease
(ICs9 = 0.5 uM)

2. Results and discussion

Aiming to test this hypothesis, we set out to premamall
library of 4-substituted-3HQs to evaluate their pttdnanti-
proliferative activity. As shown in Scheme 2, expbogriour
previously described Eistert ring-expansion reactal isatins
with diazo acetate (EDA) catalysed by JBDAC),[17] 4-
carboxylate-3HQs1-5 were synthesised in good to excellent
yields. Once prepared, this set of compounds wasuaieal
against a panel of breast cancer cells (MCF-7),amunon-small
lung cancer cells (NCI-H460) and human colorectal
adenocarcinoma cells (HT-29) (Scheme 2, Table 1lis &ksay

revealed that 3HQ-4 were non-active against the three cancer

lines tested, though the &ifluoromethoxy -4-ethylacetate-3HQ
5 was could reduce the viability of the NCI-H460 célis8% at
the concentration of 20 uM (Table 1). This resutirppted us to
explore the derivatization of the 3HQ scaffold begria
trifluoromethoxy  substituent on position 6. Struelu
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modification of this core, by either decarboxylatimr N-
alkylation resulted in the loss of the observedpaoliferative
activity, as indicated by the results of cell vidghiobtained in
the presence of compoun@is7 and8. Hence, we addressed the
influence of the substituent at the position 4 lom activity of the

heterocycle.
O OFEt
1. DBU 15 mol%, EtOH R\d&o"‘
N™ "0

0
R o
8 » Hj])j*oa
N 1 2.1 mol% Rhy(OAC),

X 1
H H

+ 1R =H; Yield = 63%

FsCO % 2R =F; Yield =64%
\Cﬁg:o 3R =ClI; Yield =92%
N 4R =Br, Yield =90%

N 5 R = OCF3; Yield =74%

1. DBU 15 mol%, EtOH

2.1mol% Rhy(OAc), | - - F3CO\©\/\IOH
N" 70
O OFt i
7-F3CO-3HQ
F3CO X -OH
7 R' = Me; Yield =81% 6 Yield = 75%
N 70O 8R'=Bn; Yield = 53%

R'

whileéscheme 2. Synthesis of 4-carboxylate substituted 3HI8 based on an Eistert

ring-expansion reaction of isatins with diazo atetdEDA) catalysed by
Rhp(OAC)s.

Table 1. Anti-proliferative evaluation of compounds3
against MCF-7, NCI-H460 and HT-29 cancer cell lines

COMPOUND MCF-7 NCI-H460 HT-29
1 NA NA 87%
2 NA NA NA
3 NA NA NA
4 86% NA NA
5 95% 52% 74%
6 NA 97% NA
7 NA NA NA
8 NA NA NA

Percentage of cell-viability; NA — Non-active aetboncentration of 20 pM

To study this, a series of diazo compounds weregpegband
used in the Eistert ring-expansion reaction of the
trifluoromethoxy-isatin.[18] As shown in Scheme 3isthimple
protocol afforded 3H(@-13 in yields ranging from 71 to 86%.
Once prepared, the 3HQs were evaluated against
aforementioned panel of cancer cell lines. As shawfable 2,
the operated structural modification had a profoumglact on the
heterocycles activity. Promisingly, introducing enlayl ester on
compoundll resulted in an increased activity against the three
cancer cell lines with an kg as low as 1.8 uM, against NCI-
H460 cells. Analogously, the 3HIB featuring a slightly longer
alkylic chain also showed an d¢of 2.1 uM against the same cell
line. However, the indiscriminate activity observear these
molecules, suggested the possibility of these 3HQsgbalso
significantly toxic against non-cancer cell lines.

the

Table 2. Anti-proliferative evaluation of compound%-13

against MCF-7, NCI-H460 and HT-29 cancer cell lines
COMPOUND MCF-7 NCI-H460 HT-29
9 10.8+1.1 10.4£1.9 NA
10 13.4£2.5 6.0£1.0 NA
11 10.1£2.1 1.8+1.2 11.4+1.1
12 12.1#1.0 7.3+1.2 NA
13 16.0£1.2 2.1+1.1 NA



3

Determined G of the compounds in MCF-7, NCIH460 and HT-29 cance N-benzyl isatin as a model scaffold in order to dvpotential
cell lines after 48 hours of incubation; NA — Noctige at the concentration Cross reactivity of the exposed amide group. Te #md, N-

of 20 uM benzyl isatin was reacted with NHS-diazo acetate udiffierent
& basic conditions (see ESI). This step proved tedsg reversible,
F3CO Oy-R though when using 20 mol% of TEA in EtOH, intermediade
C[;$m+ 1. DBU 15 mol%, EtOH F3CO\(>\J\;IOH p_recipitated from the reaction mixture, anql wasgit_ml _in 88%
4 O 21 mol% Rhy(OAC), yield without the need of chromatographic purifioati Diazo
H\n)LR E o intermediate 14 was then submitted to the ring expansion
N, reaction catalysed by 0.5 mol% of RBAc),. The reaction
"""""""""""""""""""""""""""""""""""""""""""""""" proceeded smoothly in DCM, and compoutidwas isolated by
\l/ ¢ filtration in 84% vyield. Finally, benzylamine wasdstl to 3HQ
Os_Ph 00 Oy0 15 with sodium carbonate, and this afforded the tadet-
FACO l\ OH  FsCO : I\ OH  FiCO : I\ OH carboxamide 3HQL6 in a good yield. Notably, this method
proved to be compatible with more complex aminesd, glgicine
N™ "0 N"T0 N0 methyl ester and L-phenylalanine ethyl ester a#drdthe
H i ; peptidic-like[12] 4-carboxamides-3HQ@ and 18 in 79% and
9 Yield =77% 10 Yield = 86% 11 Yield = 71% 70% y|e|ds respectively_
iRspalil e Once demonstrated the feasibility of this synthstiteme, the
O30 040 same protocol was used to functionalize the 5-titinethoxy -
F3CO&OH Faoo\(ﬁm isatin (Scheme 3, Table 1). As shown in Scheme 5pthgsence
) ) of an unprotected amide group was not detrimental tie
N“SO 12 Yield = 76% 0 13 Yield =73%

preparation of the diazo intermedial® that was obtained in

H H . . .
Scheme 3. Synthesis of 4-carboxylate substituted 3HGX8 based on an Eistert 93%, neither to the ring expansion step, that défdrthe 3HQ
ring-expansion reaction of isatins with diazo aee(&DA) catalysed by di- heterocycle 20 almost quantitatively using 0.5 mol% of
rhodium complexes. Rh,(OAc),. As expected, primary and secondary amines also

reacted smoothly with the 6-trifluoromethoxy -4-NHS-3BQto
To study this, compound2 was evaluated against the non- yield the carboxamide81-26 in yields up to 90%. Similarly,
cancer Chinese hamster ovary cells (CHOK1) and, psoted, it  protected amino acids also afforded the 4-carbostesaBHQs
proved to be quite cytotoxic to this model {J©f 5.6+1.0 uM).  27-32 in good to excellent yields without any chromatqdpia
The incorporation of alkylic esters at position ftloe scaffold  step.
clearly induced a higher anti-proliferative effexgainst cancer

cells but regrettably, also a significant toxicitywards non- 0 ¢
cancer cell lines. Therefore, to improve these coumpls toxicity EI‘(/ g p TEA, EtOH
. . . . . . O + H _N —_— O N O
profile, we studied the anti-proliferative propestieof 6- N \n)LO )
trifluoromethoxy-4-carboxamide-3HQs. This study waitidated Bn N2 o H(;) g
with the synthesis of 4-carboxamides-3HQs followingoréegd : 3>/\\\=EN2
protocols, in which the ethyl ester is typically hgiysed to the 14 yield = 88%
corresponding acid under basic conditions, and teeipled with
primary and secondary amidéis an acid chloride intermediate.
Unfortunately, and despite our many attempts, whatiisty with rPh
6-trifluoromethoxy-4-ethylacetate-3H®, this simple protocol O-_NH 04}0
invariably resulted in a decarboxylation processlding o H.N""Ph . ha OAc)A
compounds (Scheme 2). A Na,COj3, DCM
0y OEt N" "0 SO
F;;CO\@&OH NaOH solution FscO\C&O F3€0 . N~ ~O
o 16 yield = 76% Bn
i & 15 yield = 84% _—
AUSTEIVESYRNEIEROUE, e HNRR ] HLOMe o OEt

o OsNH : OsNH
Faco\©:lg:o s H-Gly-OMe ! H-Phe-OFEt 51
N . R Na,CO,, DCM (f\%\[
. H N“ 0 N“~0
H / F3C0f>j% F300\©\IJ;O én én
Nz 17 yield = 79% 18 yield = 70%

Scheme 4. Possible synthetic routes to prepare 4—carboxasr8ﬁﬂgs.
Scheme 5. Synthesis of 4-carboxamide-3HQs based on Eistertaxpansion

X . . reaction of protected isatins with NHS-diazo aasthillowed by an amidation step.
Interestingly, the reported synthesis of 4-carbddast3HQs P Y P

starting from the corresponding carboxylic acid ivhives
proceeds with poor yields (<40%), indicating thecheeimprove

th theti thodologies t th noisdB
e synthetic methodologies to access these conisqas] Observation of the results shown in Table 3 indicdleg 4-

Based on this, we conceived that a more direct raupeepare 4- X . .
carboxamide-3HQs would be to perform the Eistert ring_carboxam|des-3HQs. were shown to be less toxic agiastdn-

expansion reaction with NHS-diazo acetate,[19,20pfodid by a  cancer cell model (CHOKI) than the 4-carboxylate-3He¥@®s.
simple amidation step (Scheme 4). We tested tiga @Hopting For instance, benzylamid@2 was only slightly less potent

Once established the preparation of 3HXD-32, the anti-
proliferative activity of these compounds was evidda
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towards MCF-7 and NCI-H460 cancer cell lines tharészyl
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result obtained with the 4-carboxylate-3HQ series (@ab).

ester counterparil, while being clearly less toxic to CHOK1Consistently with what observed for the previouslysted

cells at a concentration of 20 uM than compolih@Table 3).

F300\©f1$: 0
o
+ HTHLO

O™N
o &

o
HO
F3CO Na
0
N

\
19yield=93% H

_TEA,DCM

O O
HNRR'

O NRR' N
R S Og0
F3CO) O Na,CO3;, DCM
F3CO A\ OH
[Nigel

H (¢}

Rh,(OAC),
< RN2(OA0), |
DCM

N
H

20 yield = 97%

Ph P
Pn ( T (
O NH O NH O NH O N
FgCO&OH Fgco\dgLOH F3CO\©E[OH FgCo\&[OH
Ne) NS0 N"So N"Yo
H H H H

21 yield = 90% 22 yield = 86% 23 yield = 90% 24 y‘eld 89%

MeoJH o)H

o N
FsCO OH FiCO NH NH
F1CO OH F3CO N
N
H

25 yleld 74% 26 y:eld 90%

27 yleld 88% 28 yield = 57%

OMe K'/U\OEt H)LOME

MeO'
Oy NH H
Fsco\(ﬁOH FsCO&OH FSCO\@aOH cmo@\j;L
NTTo N 0 N
H H

29 yield = 88% 30 yield = 80% 31 yleld 71% 32 yield = 70%
Scheme 6. Synthesis of 4-carboxamide-3HQs based on Eistertaxpansion
reaction of 5- trifluoromethoxy -isatin with NHSadio acetate, followed by an
amidation step.

O

This profile was even more pronounced in the casantfies23
and 26 that showed a good selectivity towards the MCF-%q(i®
4.8 uM) and NCI-H460 (I of 7.3 uM) cancer cell lines
respectively (Table 3), with negligible toxicity towds the CHOK1
cells. The “peptidic-like” 4-carboxamides-3H@8-32 were also
active against the MCF-7 and NCI-H460 cell lines.

Table 3. Anti-proliferative evaluation of compoundal-32
against MCF-7, NCI-H460 and CHOKZ1 cell lines.

COMPOUND MCF-7 NCI-H460 CHOK1
21 NA NA NA
22 12.0+1.0 9.5+1.2 NA
23 4.8+1.2 NA NA
24 17.5+2.4 NA NA
25 NA NA ND
26 NA 7.3+x1.2 NA
27 NA NA ND
28 12.6+1.1 NA NA
29 NA NA ND
30 9.4+7.5 8.4+1.7 NA
31 9.5+1.0 11.4+1.1 NA
32 15.1+1.9 2.7+¥1.4 NA

Determined IG, of the compounds in MCF-7 and NCIH460 cancer loedis and
CHOK1 non-cancer cell model after 48 hours of iratidn; NA — Non-active at
the concentration of 20 uM; ND — Not determined

In particular, compoun@2 elicited an IG, of 2.7 uM against the
NCI-H460 cells (Table 3), which compares well with thest

compounds, also this series of 3HQ derivatives didetioit any
anti-proliferative activity on HT-29 cancer cellRue to their
interesting activity both in NCI-H460 and MCF-7 cet®mpound
13 and32 were further tested for to their ability to indwmdl death
in these cell lines as measured by Lactate dehgtiage (LDH)
release, which is an indicator of plasma membranmade.
Interestingly, exposure to compouf8 or 32, at IG, and 2x 1Gy,

significantly increased general cell death in bathll lines,
confirming the anticancer potential of these conmuisu(Figure 1,
Sl).

3. Conclusion

In this study, we address for the first time theotytic potential
of 3HQs. The Eistert ring-expansion reaction of reatvith diazo
compounds catalysed by RBAc), was shown to be a versatile
methodology to prepare 3HQs. The direct additiontafcturally
diverse diazo compounds to isatins enabled thetrmti®n of a
series of 4-carboxylate-3HQs (in yields up to 86%)chhivere
shown to present anti-proliferative activity agaiagianel of MCF-
7, NCI-H460 and HT-29 cancer cell lines. Regrettatilis series
of compounds also induced severe cytotoxicity eganmodel of
non-cancer cell lines, which motivated us to evautie 4-
carboxamide-3HQ counterparts. The troublesome preparaf
these compounds was simplified by performing a emgansion
reaction of isatin derivatives with NHS-diazo acetaféhis
methodology afforded the targeted 4-carboxamides-3iHQg&lds
up to 90%, and this series of cytotoxic 3HQs were shtmnmave
an improved selectivity towards MCF-7 (3H3, ICs,0f 4.8 uM)
and NCI-H460 (3H@6, ICsy0f 7.3 uM) cancer cell lines.
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