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ARTICLE INFO ABSTRACT

Keywords: Atypical retinoids (AR) or retinoid-related molecules (RRMs) represent a promising class of antitumor com-
Atypical retinoids pounds. Among AR, E-3-(3’-adamantan-1-yl-4’-hydroxybiphenyl-4-ylacrylic acid (adarotene), has been ex-
Adarotene

tensively investigated. In the present work we report the results of our efforts to develop new adarotene-related
atypical retinoids endowed also with POLA1 inhibitory activity. The effects of the synthesized compounds on cell
growth were determined on a panel of human and hematological cancer cell lines. The most promising com-
pounds showed antitumor activity against several tumor histotypes and increased cytotoxic activity against an
adarotene-resistant cell line, compared to the parent molecule.

The antitumor activity of a selected compound was evaluated on HT-29 human colon carcinoma and human
mesothelioma (MM487) xenografts. Particularly significant was the in vivo activity of the compound as a single
agent compared to adarotene and cisplatin, against pleural mesothelioma MM487. No reduction of mice body

DNA polymerase a

Molecular modelling

Antitumor activity

Adamantyl retinoid-related molecules

weight was observed, thus suggesting a higher tolerability with respect to the parent compound adarotene.

1. Introduction

In recent years the so-called atypical retinoids (AR) or retinoid-re-
lated molecules (RRMs) [1] have been developed as a promising class of
antitumor compounds. These agents are attracting growing attention
because of their unique mechanism of antitumor action, which is dif-
ferent from that of classical cytodifferentiating retinoids such as 13-cis-
RA and ATRA (all trans retinoic acid). Indeed, RRMs induce apoptosis in
ATRA-resistant cells. Compounds of this class containing the adamantyl
group, such as CD437 (AHPN, Fig. 1), are known to bind to retinoic acid
receptors (RARs) [2]. Other analogues of CD437, such as adarotene
(AHPC), 5-CI-AHPN and 3-Cl-AHPC, lack RAR transactivation activity,
while preserving the induction of growth arrest and apoptotic activity
in a variety of cancer cell lines [3-5]. This is advantageous in terms of
improved tolerability, because the side effects of classical retinoids are
likely related to their ability to bind the cognate nuclear receptors.
Moreover, 3-Cl-AHPC binds the nuclear hormone receptor small het-
erodimer partner (SHP) and modulates SHP interaction with the Sin3A
repressor [6,7]. Evidences for caspase-dependent and independent
mechanisms and inhibition of IGF-1R and Wnt/p-Catenin pathways
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have also been provided for these compounds [8,9].

Several lines of evidence support the concept that RRMs are S-
phase-specific agents causing DNA double-strand breaks [10,11]. These
DNA lesions could activate apoptotic stimuli that likely integrate other
signals involving mitochondrial response to induce cell death.

Interestingly, in a recent paper Han and co-workers demonstrated
that CD437 acts as a potent DNA polymerase a (POLA1) inhibitor [12].
DNA polymerase a, encoded by gene POLAI, is an ideal enzymatic
target for drugs that block DNA replication, since it acts at the initial
step of DNA synthesis and is involved in the control of cell growth
[13,14]. The interest for this target has increased by the recent finding
that DNA polymerase a regulates the activation of type I interferons,
involved in the immune response [15]. With the development of tumor
immunotherapy, immune regulation activities of small molecules and
biological agents have been gradually becoming a hot research area
[16].

During the last years, extensive SAR studies on RRM have been
performed by our group, focusing on compounds containing the adar-
otene scaffold [17-23].

Remarkably, we have recently found that adarotene itself shows
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Fig. 1. Structures of adamantyl atypical retinoids CD437 (AHPN), adarotene (AHPC) and 3-CI-AHPC.

potent POLA1 inhibition and we have shown that this mechanism is
involved in the activity of adarotene against colorectal cancer [24].
This finding opens a new avenue of investigation. Indeed, despite the
demonstrable clinical utility of anticancer therapies that target essential
components of DNA replication and modulate the immune response,
there are no currently available drugs that directly inhibit DNA poly-
merase a.

In this paper we report our recent synthetic efforts to develop new
adarotene-related atypical retinoids, investigating at the same time
their POLAL1 inhibitory activity. Specifically, attention was focused on
the aromatic ring of the cinnamyl portion, which had been previously
less studied. Indeed, only a few compounds substituted on that ring
have been synthesized so far [4,5,25]. Based on the reported findings
and on the evidence that the retinoid-like adverse effects of adarotene
were mitigated in 3-Cl-AHPC [5], we planned to more thoroughly ex-
plore the chemical space around the carbon 3 of the adarotene scaffold
(Fig. 1). Preliminary SAR studies coupled with computational analysis
led to a preliminary definition of molecular determinants for the POLA
1.inhibitory activity of the new compounds.

2. Results and discussion
2.1. Chemistry

The synthetic pathway to obtain 3-aminomethyl or 3-guanidino-
methyl analogues (4a, 4b, 6) required the synthesis of the intermediate
2, accomplished in five steps starting from 4-bromophenol (Scheme 1).
Palladium-catalyzed cross-coupling of 2 with boronate 1a, on its turn
obtained from 2-adamantan-1-yl-4-bromophenol [5], followed by basic
hydrolysis with LiOH, furnished the acid 3a. This intermediate was
reacted with trifluoroacetic acid in dichloromethane to yield the tri-
fluoroacetate 4a. Treatment of 4a with N,N-di-boc-N“-tri-
fluoromethanesulfonyl-guanidine and TEA afforded compound 5,
which was successively converted into the corresponding tri-
fluoroacetate 6 by treatment with TFA. Following the same procedures,
the analogue 4b with a methoxy group in place of the phenolic OH was
prepared (Scheme 1).

The analogues 9a and 9b with a morpholinomethyl or N-methyl-
piperidinomethyl group on carbon 3, were prepared starting from ap-
propriately substituted triflates 8a and 8b respectively, on their turn
obtained by alkylation of compound 7, followed by treatment with PhN
(SO5CF3)5. Suzuki coupling of 8a and 8b with boronate 1a gave the
desired compounds after hydrolysis of the ester group (Scheme 2).

Scheme 3 reports the synthesis of 3-substituted derivatives 11-17.
Aldehyde 11 was obtained by deprotection of 10 [4]. The same alde-
hyde 10 was used as a key intermediate for the synthesis of oximes
12-15.

The formyl group of 10 was oxidized to obtain the corresponding
acid, which was then used to afford amide 17 with the polar amino
group linked to the biphenyl system by a longer (6 atoms) spacer
(Scheme 3).

Successively, a series of compounds with a methoxy group in place
of the phenolic OH was prepared. Aldehyde 18, obtained by Suzuki
coupling of 3-(3-formyl-4-trifluoromethanesulfonyloxyphenyl)-acrylic

acid methyl ester with boronate 1b was used as an intermediate to
obtain the formyl substituted compound 19, the oxime 20, the a,f3-
unsaturated ketone 21 and oxime 22, which were synthesized to
evaluate the role of the chain length on carbon 3 (Scheme 4).

Oxidation of 18 gave acid 23, which after treatment with oxalyl
chloride, NH,OH and hydrolysis of the ester group, gave the 3-amido
derivative 24. On the contrary, reduction of the formyl group of alde-
hyde 18, followed by hydrolysis, afforded the 3-hydroxymethyl sub-
stituted derivative 25 (Scheme 4).

2.2. Antiproliferative activity

The effects of the selected compounds on cell growth were de-
termined on a panel of human tumor cells, including parental NSCLC
NCI-H460, adarotene-resistant H460 (namely H460-R9A), parental
A2780 and multidrug-resistant A2780-Dx ovarian cancer cell lines (see
Table 1).

The results showed that position 3 has rather strict structural re-
quirements, as no substitution except a very small polar group is tol-
erated in this position. In fact, aldehyde 11 showed a significant activity
against NCI-H460 and A2780 cell lines. The activity was maintained in
the corresponding methoxy substituted analogue 19 and in compound
25, whereas compounds 21 and 22 with longer chains were not active.
In the series of compounds with a nitrogen-containing group in position
3, only compound 4a showed significant activity, which was retained
also in the analogue with a methoxy group in place of the phenolic OH
(4b). Conversely, the introduction of a bigger morpholino or a me-
thylpiperazino group was deleterious (9a, 9b). The introduction of
another polar, but larger, moiety such as the guanidine group, nega-
tively affected the activity (6). Similarly, a Boc (tert-butoxycarbonyl)
group on the nitrogen atom (3a, 5) further diminished the activity.
Elongating the chain connecting the amino group to the aromatic
system gave inactive compounds (16 and 17).

The introduction of a small polar oxime moiety in position 3 (12)
restored the activity, but substitution of the OH group of the oxime with
a methoxy, a t-butoxy or carboxymethoxy group (14, 13, 15) strongly
impacted growth inhibition, giving inactive compounds. The oximes
20, with a methoxy group in place of the phenolic OH, showed a lower
activity than 12.

Compound 24, which differs from compound 4b in that it has an
amide group (—CONH,) in place of the amino group (—CH,NH,), was
inactive. Thus, the basicity of the amino group of 4b could play a role
for the activity.

Overall, the synthetic efforts made to investigate the effect of sub-
stituents in position 3 of the adarotene scaffold evidenced that polar
groups with restricted volumes were necessary to maintain the anti-
proliferative activity. In any case, the introduction of substituents in
position 3 led to compounds with lower activity compared to the parent
compound. However, a relevant result was the activity of some pro-
mising compounds (e.g. 4b, 12, 19) against resistant H460-R9A cell
line.

This finding is worth of note, as H460-R9A cells are > 50 fold re-
sistant to adarotene with respect to parental H460 [26]. On the con-
trary compound 4a, which showed a good activity on NSCLC NCI-H460
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Scheme 1. Reagents and conditions: a) PdCl,(dppf)-CH,Cl,, KOAc, diboro-bis-pinacolate, dioxane, 2 h, 80 °C, 71%; b) N-hydroxymethylchloroacetamide, CH;COOH/
H,S0,4 9/1, 72 h, rt, 36%; c) conc. HCl, EtOH, 6 h, rt, 96%; d) Boc,O, DMF, Et3N, 4 h, rt, 65%; e) methyl acrylate, Pd(OAc),, TEA, tri-(o-tolyl)-phosphine, 4 h, 100 °C,
83%; f) N-phenyl-bis-trifluoromethanesulfonimide, TEA, CH,Cl,, 2.5 h, rt, 95%; g) Pd(PPhs),4, Na,CO3 2 M, DME : EtOH 9:1, N, 80 °C, 59%; h) for 3a: LIOH-H,O
THF/H,0 1:1, rt, 73%; for 3b: i. CH3l, Na,CO3, CH5CN, reflux, 82%; ii. LIOH-H,O THF/H,0 1:1, rt, 98%; i) for 4a: TFA/CH,Cl, 1:1, 0 °C, quant. yield; for 4b: TFA/
CH,Cl, 1:1, 0 °C, 59% j) N,N'-Di-Boc-N“-trifluoromethanesulfonylguanidine, TEA, CH,Cl,, N», rt, 71%; k) TFA/CH,Cl, 1:1, 0 °C, 94%.

cancer cell line (ICso = 1 uM), had a much lower activity on resistant
H460-R9A cell line (IC5o = 40.8 uM, RI 40.8), with a behaviour very
similar to the parent compound adarotene.

Moreover, ovarian cancer cell line A2780 and its clone derivative
A2780 DX (doxorubicin resistant), which overexpresses P-glycoprotein
(P-gp), were used to evaluate the possibility of these new molecules to
be absorbed at intestinal level. In fact, it is well known that the over-
expression of P-gp drastically reduces the possibility of absorption of
several chemotherapeutic agents (e.g. paclitaxel, doxorubicin) after
oral administration,. Since the ICsq of the tested compounds on A2780
and A2780 DX have similar values, we conclude that they are not P-gp
substrates and thus could be administered to the patients via oral route.

The most active compounds (4a, 4b and 12) were also tested against
a panel of hematological cancer cell lines (see Table 2). 4a showed a
significant activity against all the tested cell lines with ICsq in the range
0.4-8.8 uM, whereas compound 4b, the analogue with a methoxy group
in place of the phenolic OH, was endowed with lower antiproliferative
activity. Compound 12 showed a good activity on all the tested cell
lines.

2.3. POLA1 primer extension assay

POLA1 encodes DNA polymerase a, which starts DNA synthesis by
using an RNA primer to synthesize the first 10-20 base pairs of DNA. To
functionally test whether the compounds affect POLA1 polymerase
activity, we performed an in vitro primer extension assay, using a re-
combinant protein. Compounds 4a, 4b and 12, which were selected for
their good antiproliferative activity, were investigated to evaluate the
POLA1 primer extension inhibition. In addition, to verify the correla-
tion between cytotoxicity and POLA1 inhibition, we also used a non-
cytotoxic compound (15). Adarotene, already identified as a POLA1
inhibitor [24], was used as control molecule (Fig. 2).

Briefly, in absence of inhibitors, POLA1 activity determines an al-
most complete shift to the extended product. In the presence of in-
hibitors, the upper bands intensity decreases, while the unextended
primers band accumulates.

The addition of compounds 12, 4a and 4b led to a reduction of the
extended product, indicating them as direct inhibitors of POLA1.
Furthermore, the tests performed indicated that 12 and 4b exerted a
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Scheme 2. Reagents and conditions: a) (CH,0),, toluene, N-methylpiperazine or morpholine, N,, reflux, b) PhN(SO5CF5),, TEA, CH,Cl,, 0 °C, N,, 8a: 94%, 8b:
quant. yield; ¢) Pd(PhsP),, 1a, Na,CO3 2 M, DME/H,0 9:1, Ny, reflux; d) i. LIOH-H,O, THF/H,0 1: 1, rt, ii. 2 N HCl, 9a: 87%, 9b: 84%.
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Scheme 3. Reagents and conditions: a) NH,OH'HCI, py, EtOH, reflux, 94%; b) LiOH-H,O THF/H,O 1:1, 87%; ¢) NH,OCH,COOH'1/2-HCl, py, EtOH, reflux; d)
LiOH'H,0 THF/H0 1:1, 99%; e) NH,OCH3'HCI, py, EtOH, reflux; f) LIOH-H,O, THF/H,0 1:1, 82%; g) t-BuONH,HCI, py, EtOH, reflux; h) LIOH-H,O THF/H,0 1:1,
87%; i) LiOH-H,0, THF/H,0 1:1, rt, 85%); j) NaClO,, 2-methyl-2-butene, t-BuOH, Na,H,PO,H,0, rt, 82%; k) BocNH(CH,)4,NH,, DIPEA, BOP, CH,Cl,, rt, 71%); 1)

NaOH 1 M in CH30H, reflux, quant. yield; m) TFA/CH,Cl,1:1, 0 °C, 84%.
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Scheme 4. Reagents and conditions: a) methyl 3-(3-formyl-4-trifluoromethanesulfonyloxyphenyl)-acrylic acid methyl ester, PdCly(dppf)-CH.Cl,, NayCO3 2 M, di-
oxane, 80 °C, 67%; b) NH,OH-HCI, py, EtOH, 80 °C, 81%; c) MeOH, NaOH, reflux, 80%; d) LiOH-H,O, THF/H,01:1 , rt, 97%; e) LIOH-H,0, THF/acetone/ H,O 1:1:1,
rt, 85%; f) NH,OH-HCI, EtOH, py, reflux, 85%; g) NaClO,, 2-methyl-2-butene, t-BuOH, Na,H,POy, rt, 97%; h) (COCl),, CH,Cl,, DMF, rt; i) NH4OH conc. 0 °C, 86%; j)
LiOH'H,O THF/H,0 1: 1, r.t. 73%; k) MeOH/THF 1: 1, NaBH4, 0 °C, quant. yield; 1) LIOH'-H,O THF/H,0 1:1, quant. yield.

POLA1 inhibitory activity similar to that of adarotene, inducing a
complete primary extension inhibition at concentrations < 10 uM. On
the contrary, 4a showed a reduced potency, since it induced a complete
primary extension inhibition only at 100 pM concentration.

No POLAL inhibition was detected for the non-cytotoxic compound
15 at all tested concentrations.

Taken together, the results confirm the ability of selected AR to
inhibit the enzyme, corroborating the idea that POLA 1 is an important
target of these compounds. In spite of a lower antiproliferative activity,
the new compounds 4b and 12 show an enzymatic inhibition com-
parable to adarotene, whereas the potent antiproliferative compound
4a inhibits POLA1 at higher concentrations. This evidence suggests that

other factors, such as cellular uptake or additional targets, must play a
role in the activity of the molecules.

2.4. Molecular modelling studies

Molecular modelling studies were performed to explore the binding
mode of the adarotene analogues to POLAL.

The binding site for the here simulated inhibitors was selected based
on the pose of the aphidicolin within the resolved POLA1 structure
[14]. While considering the structural differences between aphidicolin
and the atypical retinoids, such a choice was justified by the fact that
the so explored binding pocket perfectly corresponds to the catalytic
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Table 1

Parental NCI-H460 and adarotene-resistant H460-ROA Human NSCLC cells,
A2780 and A2780-Dx multidrug-resistant ovarian cancer cell lines exposed to
RRM.

Cpd NCI-H460 H460-R9A R.I.  A2780 A2780-Dx

ICso * SD (uM)*

Adarotene 0.36 + 0.04 19.1 * 1.1 53.0 0.21 = 0.03 0.15 *= 0.02

3a > 10 n.e. n.e. n.e.
3b > 10 n.e. n.e. n.e.
4a 1.0 = 0.1 40.8 + 109 408 94 + 1.7 51.6 = 9.3
4b 3.8 = 0.2 9.1 = 0.6 2.4 47 = 0.5 12.1 = 2.7
5 > 10 n.e. n.e. n.e.
6 > 10 n.e. n.e. n.e.
9a > 10 n.e. n.e. n.e.
9b > 10 n.e. n.e. n.e.
11 32 *+ 0.2 179 = 0.6 5.6 29 *= 0.6 1.2 = 0.1
12 4.0 = 0.1 94 + 0.3 2.3 1.2 £ 0.1 1.4 = 0.08
13 > 10 n.e. n.e. n.e.
14 > 10 n.e. n.e. n.e.
15 > 10 n.e. n.e. n.e.
16 > 10 n.e. n.e. n.e.
17 > 10 n.e. n.e. n.e.
19 7.9 = 0.04 13.5 = 05 1.7 9.6 = 0.2 55 *+ 0.2
20 9.7 = 0.03 n.e. n.e. n.e.
21 > 10 n.e. n.e. n.e.
22 > 10 n.e. n.e. n.e.
24 >10 n.e. n.e. n.e.
25 33 =04 413 £ 1.4 125 54 = 0.7 25 £ 0.2

2 Tumor cells were exposed for 24 h to RRM and the anti-proliferative ac-
tivity assessed upon 48 h recovery in drug-free medium with the SRB assay.
n.e.: not evaluated. RI : resistance index

Table 2
Human hematological cancer cell lines exposed to RRM.

Adarotene 4a 4b 12

ICso + SD (uM)°

U937 0.48 = 0.1 1.8 = 0.01 > 10 3.2 + 0.2
RAJI 1.0 = 0.2 3.4 = 07 n.e. n.e.

DG-75 0.13 += 0.01 0.55 + 0.1 > 10 0.71 = 0.2
RAMOS 0.62 = 0.2 25 * 0.7 n.e. n.e.

KM-H2 0.23 = 0.07 21 = 0.6 n.e. n.e.

U-2932 0.29 + 0.08 1.26 = 0.3 n.e. n.e.
OCI-LY3 0.23 = 0.06 1.5 = 0.6 4.4 + 0.3 1.0 = 0.2
JECO-1 0.47 = 0.1 8.8 = 0.6 4.4 = 0.8 1.0 = 0.2
MAVER 0.22 = 0.02 43 = 0.2 n.e. n.e.

MINO 0.15 = 0.01 1.1 = 0.1 n.e. n.e.

7138 0.061 + 0.01 0.47 += 0.08 n.e. 0.25 + 0.02
REC-1 0.3 = 0.07 1.2 = 0.2 1.99 = 0.2 n.e.

NB4 0.13 + 0.03 n.e. 6.4 = 0.6 0.37 + 0.08

@ Tumor cells were exposed for 24 h to RRM and the anti-proliferative ac-
tivity assessed upon 48 h recovery in drug-free medium with the MTT assay.
n.e.: not evaluated.

site of the enzyme. Indeed, the available in silico studies investigating
various inhibitors of POLA1 always focus on this pocket, as recently
reviewed [27].

Fig. 3A shows the major contacts stabilizing the putative complex
between POLA1 and the markedly active compound 4b and emphasizes
the key role of the ion-pair that the ligand carboxylate moiety elicits
with both Arg922 and Lys950. The significant activity of 4b can be
rationalized by considering that the protonated amino group in position
3 adds a second ionic interaction contacting Asp1004. The computed
complex is then stabilized by a set of n—m stacking interactions, which
involve the ligand aromatic rings with both nucleotide bases such as

Bioorganic Chemistry 104 (2020) 104253

C211 and G311 and protein residues such as Tyr865. The G311 base is
also engaged in a H-bond with the ligand methoxy substituent. Finally,
the adamantyl moiety elicits hydrophobic contacts with either protein
residues or nucleotide bases. Even though the phenol analogue 4a
shows a very similar complex (result not shown), its modest activity
might be ascribed to the strong intramolecular H-bond between the
ammonium head and the phenol group, which prevents a suitable ar-
rangement of the former and increases the acidity of the latter, thus
rendering the phenate form no longer negligible.

Such an interaction pattern is shown by all active compounds: the
reduced steric hindrance of the polar substituents in 3 allows them to
properly approach Asp1004 or Asn954 as in the case of 12 (see Fig. 3B),
where the oxime function stabilizes H-bonds with Asp1004 and the
backbone NH group of Leu527, or in the case of 11 (see Fig. 3C), whose
formyl group is involved in a clear reciprocal carbonyl-carbonyl in-
teraction with Asn954 [28]. The relevance of the contact with Asp1004
and the limited available space can explain why even only a methyl
group can completely abolish the bioactivity (as seen for 14). Indeed,
compounds endowed with bulkier groups in 3 are unable to assume the
same binding mode and are constrained to adopt reverted poses in
which they retain the salt bridge with Arg922 and Lys950, while the
substituent in 3 is no longer able to conveniently contact Asp1004 or
Asn954. Fig. 3C compares the poses for 11 and 15 (taken as re-
presentatives of good and inactive compound, respectively) and reveals
that the two ligands comparably accommodate both adamantyl group
and the phenol ring and thus the activity difference can be substantially
ascribed to the bulky substituent in 3 of 15 which clashes against the
ribose ring of C211 without interacting with Asp1004 or Asn954.

2.5. In vivo studies

Taken together, the previously reported results prompted us to
identify 12 as the most promising compound of the series, worth of
further investigation. Indeed, the compound showed a good profile of
activity not only on NSCLC NCI-H460 and adarotene-resistant H460 cell
lines, but also on parental A2780 and multidrug-resistant A2780-Dx
ovarian cancer cell lines and on a panel of hematological cancer cell
lines, with ICsq in the range 0,25-3.2 uM. Additionally, the compound
exerted a POLA1 inhibitory activity similar to that of adarotene, indu-
cing a complete primary extension inhibition at concentrations
< 10 pM.

Compound 12 was thus selected for antitumor activity evaluation.
Particularly significant was the in vivo activity as a single agent com-
pared to adarotene and cisplatin, against pleural mesothelioma MM487
cell line (Table 3, Fig. 4) intrapleurally engrafted. Indeed, the antitumor
activity of 12 administered orally at 50 mg/Kg (qdx5x3weeks) was
comparable to cisplatin administered at 5 mg/Kg (q5dx3w), both
reaching a TGI > 90% vs vehicle evaluated at day 36 (Table 3,
Fig. 4A). Adarotene, administered orally at 25 mg/Kg using the same
schedule of 12, had no effect on TGI and after 2 weeks it induced a
strong body weight reduction (body weight loss > 15%) leading to
sacrifice of 2/5 mice for ethical reasons at Day 26 (Fig. 4B, C). More-
over, the administration of 12 did not induce any reduction on mice
body weight, thus suggesting a higher tolerability with respect to the
parent compound adarotene.

The antitumor activity of 12 was also evaluated on HT-29 human
colon carcinoma xenografts using a qdx5x4w schedule starting 3 days
from tumor cells injection (Table 4, Fig. 5). Although in this experiment
the compound was administered at a dose of 15 mg/Kg, > 3 times
lower than the dose used in the mesothelioma experiment, it displayed
a significantly antitumor effect (47% of TGI vs Vehicle)
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Fig. 2. POLA1 Primer extension inhibition. Primer extension assay was performed in the presence of increasing concentrations of 12 and adarotene (panel A:
10-150 pM; panel B: 0.2-10 uM), 4a, 4b (panel C: 10-150 puM; panel D: 0.2-10 uM), and 15 (panel E: 0.2-150 uM) as indicated. The 25 nucleotide extended product
(+10 nt) is indicated by the solid line. The not extended primer (15 nt) is indicated by the dashed line.

Fig. 3. Main interaction stabilizing the putative complex computed for 4b (A) and 12 (B) as well as comparison of the computed poses for 11 (pink) and 15 (blue) (C),
chosen as representatives of good and inactive compounds, respectively). In all panels, nucleic acids are depicted in lime for clarity. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 3

In vivo activity of compound 12 against MM487. Summary of schedules, doses
and analytical data. Tumor growth was determined by evaluating BLI (biolu-
minescence image units) in MM487. The days the measures refer to are in-
dicated in brackets. *TGI (tumor growth inhibition) was calculated using the
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Table 4

Antitumor activity of compound 12 on HT-29 human colon carcinoma xeno-
grafts. TGI (tumor growth inhibition) is calculated using the following formula:
TGI = [Vehicle-Treated]/Vehicle X100.

. N° of Dose/route Schedule TV TGI%
. 0, = - - .
followmg. formu.la. A?TGI . a {:l“t/TO / Ct/C0} / 1-{CO/Ct}) X 100; mice administration (tumor volume
BLI = units of Bioluminescent imaging. at day 32)
Tumor growth j
Vehicle 8 5 mL/kg; OS qdx5dx3w 766.90 *+ 167.53
Tumor cell line N°of Drug & Route & BLI (p/s/  TGI* (%) 12 8 15 mg/kg/5mL; OS  qdx5dx3w  400.74 + 69.67  47%
mice  Schedule dose cm?sr)
Average
(Day)
3. Conclusions
MM487-Luc 5 Vehicle oS 8.72x10° -
(Mesothelioma) qdx5dx3w (+36) . . .
5 12 05;50mg/ 7.27x10° > 90 11.1 concl}mc.)n, we h.ave 1nve.st1gated.a new cl.ass of a.darote.n.e based
qdx5dx3w Kg (+36) atypical retinoids obtained by introducing substituents in position 3 of
5 Cisplatin IP; 5 mg/Kg 7,37 x10* > 90 the parent molecule. All the newly synthesized compounds showed
q5dx3w (+36) . antiproliferative activity lower than adarotene on a panel of human
5 Adarotene 05,25 mg/  3.32x10°  ne. tumor cells. However, the most promising compounds of the series were
qdx5dx3w Kg (+36) s g . . .
significantly active against an adarotene-resistant H460 (namely H460-
R9A) cell line. Particularly significant was the in vivo activity of a se-
lected compound as a single agent compared to adarotene and cisplatin,
against pleural mesothelioma MM487. Moreover, the compounds were
also endowed with inhibitory activity against DNA polymerase a. The
3,006406 C
—< Vehicle -=12 A Day 13 Day 36
—+— Cisplatin —+—Adarotene
°
- .
g
g TGI >90%
S
i cisplatin
m 3,00E+04
S
=
i
3,00E+03
ar 3 s s = 6
Treatment start Days from injection I Treatment end
30
—><Vehicle -#12 B
—A-cisplatin ——adarotene

2

BW (2)

7 41 13 15 18 420 421 422 423 24 425 26 427 428 429 432 33 34

I Treatment start Days from injection t Treatment end

Fig. 4. In vivo efficacy of 12 compared to adarotene and cisplatin on Human Malignant Pleural Mesothelioma (MM487) (A) Mean tumor biolumimescence variation
throughout the experimental period. (B) Mean body weight variation. (C) IVIS bioluminescences of 5 mice/group at Day 11 after tumor inoculation (first treatment)

and at Day 36. *p < 0,05 ; 12 vs control.
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v +~ Vehicle

- - 12

Tumor Volume (mm3)
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-

days after injection

Fig. 5. HT29 tumor growth in untreated (vehicle) and treated mice with the compound 12. Arrows indicate the start and the end of treatments. *p < 0.05,

Statistical analysis was performed by using U-Test (GraphPad Prism 6).

interest toward multivalent agents able to inhibit simultaneously mul-
tiple cellular targets relevant to tumor growth/survival is becoming an
emerging paradigm for drug discovery [29]. The findings reported here
suggest that retinoid related molecules targeting DNA polymerase o
could be considered a promising new class of molecules with un-
explored potentiality in cancer therapy. Taken together, the results
provide novel insights into the target of RRM and provide some pre-
liminary information about the structural requirements for POLA 1
inhibition. Work is in progress to optimize the RRM scaffold via the
synthesis of improved analogues.

4. Experimental section
4.1. Chemistry

4.1.1. General information

All reagents and solvents were reagent grade or were purified by
standard methods before use. Melting points were determined in open
capillaries and are uncorrected. Solvents were routinely distilled prior
to use; dry methylene chloride was obtained by distillation from
phosphorus pentoxide. All reactions requiring anhydrous conditions
were performed under a positive nitrogen flow, and all glassware were
oven dried. Isolation and purification of the compounds were per-
formed by flash column chromatography on silica gel 60 (230-400
mesh). Analytical and preparative thin-layer chromatography (TLC)
were conducted on TLC plates (silica gel 60 F254, aluminium foil) and
spots were visualized by UV light and / or by means of dyeing reagents.

'H spectra were recorded on Bruker AMX 300 MHz spectrometer.
Chemical shifts (8 values) and coupling constants (J values) are given in
ppm and Hz, respectively. The '>C NMR spectra were recorded on
Bruker AMX 300 MHz spectrometer. Analyses indicated by the symbols
of the elements or functions were within = 0.4% of the theoretical
values.

Compounds 10[4], 11 [4], 2-adamantanyl-4-bromophenol [5] and
4-bromo-1-methoxy-2-(adamantan-1-yl)-benzene [30] were prepared
according to literature procedures.

4.1.1.1. 2-Adamantan-1-yl-4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-
yDphenol (1a). To a solution of 2-adamantanyl-4-bromophenol [5]
(3.69 g, 12.10 mmol) in dioxane (90 mlL), diboro-bis-pinacolate
(3.42 g, 13.20 mmol), potassium acetate (3.53 g, 36.00 mmol) and
Pd(dppf)Cl>"CH,Cl, (0.27 g, 0.36 mmol) were added under nitrogen
atmosphere. The mixture was heated 2 h at 80 °C in the dark. The
solvent was removed under reduced pressure, and after addition of
ethyl acetate, the organic phase was washed with water, brine, dried
over Na,SO, and filtered. The crude was purified by flash
chromatography with hexane:ethyl acetate 9:1 to give compound 1a
(3.02 g, 71% yield) as a yellowish solid, m.p. 218 °C. 'H NMR
(300 MHz, CDCl,) 8: 7.70 (d, J = 1.5 Hz, 1H), 7.55 (dd, J = 7.9 Hz,
1.5 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 2.20-2.04 (m, 9H), 1.79 (s, 6H),
1.39 (s, 12H).

4.1.1.2. Methyl 3-[3-(tert-butoxycarbonylaminomethyl)-4-trifluoromethane-
sulfonyloxyphenyl]acrylate (2). To a solution of 4-bromophenol (1.00 g,
5.78 mmol) in a mixture of acetic acid : sulfuric acid 9:1 (6 mL), N-
hydroxymethylchloroacetamide (0.73 g, 5.78 mmol) was added and the
mixture was stirred 72 h at rt. Subsequently, an additional amount of N-
hydroxymethylchloroacetamide (290 mg, 2.35 mmol) was added and the
reaction was stirred for further 24 h. The solution was poured in iced
water, neutralized with Na,COs, and extracted with dichloromethane. The
organic extracts were dried over anhydrous Na,SO, and concentrated. The
resulting crude was purified by flash chromatography on silica gel with
hexane/ethyl acetate 3 : 1 to give 585 mg (36%) of N-(5-bromo-2-
hydroxybenzyl)-2-chloroacetamide. m.p. 159 °C, 'H NMR (300 MHz,
DMSO-dg) 8: 9.99 (brs, 1H), 8.60 (t, J = 5.7 Hz, 1H), 7.25-7.15 (m,
2H), 6.74 8d, J = 8.7 Hz, 1H), 4.18 (d, J = 5.7 Hz, 2H), 4.11 (s, 2H).
A mixture of N-(5-bromo-2-hydroxybenzyl)-2-chloroacetamide
(1.68 g, 6.01 mmol) in conc. HCl (33 mL) and ethanol (133 mL) was
stirred 6 h at rt. Ethanol and water were removed from the mixture by
evaporation under vacuum, the residue was triturated in diethyl ether
to give 1.38 g of 2-aminomethyl-4-bromophenol hydrochloride as a
white solid (96%), m.p. 242 °C. 'H NMR (300 MHz, DMSO-dg) 8: 10.52
(brs, 1H), 8.16 (brs, 3H), 7.50 (d, J = 3.36 Hz, 1H), 7.37 (dd,
J = 3.4 Hz,J = 8.8 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 3.92 (brs, 2H);
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13C NMR (75 MHz, DMSO-ds) 8: 155.5, 133.0, 132.6, 123.2, 117.9,
110.1, 37.5.

To a solution of 2-aminomethyl-4-bromophenol hydrochloride
(1.38 g, 5.79 mmol) in anhydrous DMF (15 mL), di-tert-butyldicarbo-
nate (1.30 g, 5.79 mmol) and triethylamine (1.60 mL, 11.60 mmol)
were added under nitrogen. The resulting solution was stirred 4 h at rt.
The solvent was evaporated, the residue was dissolved in di-
chloromethane and washed twice with brine. The organic extracts were
dried over anhydrous Na,SO, and concentrated. The crude was purified
by flash chromatography in hexane:ethyl acetate 9:1 to give 1.14 g
(65%) of 5-bromo-4-hydroxybenzylcarbamic acid tert-butylester as a
white product, m.p. 127 °C. 'H NMR (300 MHz, CDCl;) 8: 9.12 (brs,
1H), 7.30 (dd, J = 8.8 Hz, J = 2.4 Hz, 1H), 7.19 (d, J = 2.4 Hz, 1H),
6.84 (d, J = 8.8 Hz, 1H), 5.25 (brs, 1H), 4.19 (d, J = 6.4 Hz, 2H), 1.46
(s, 9H).

A mixture of the above ester (1.14 g, 3.77 mmol), methyl acrylate
(0,52 g, 6.00 mmol), palladium acetate (17 mg, 0.07 mmol) and of tri
(o-tolyl)phosphine (95 mg, 0.30 mmol) in triethylamine (1.5 mL) was
heated 4 h at 100 °C. The reaction was poured in ice, acidified with 2 N
HCI and extracted with ethyl acetate. The organic phase was then dried
over anhydrous Na,SOy, filtered, and evaporated. The residue was
purified by flash chromatography in hexane : ethyl acetate 4:2 to give
968 mg (83%) of methyl 3-[3-(tert-butoxycarbonylaminomethyl)-4-hy-
droxyphenyl]acrylate as a white product, m.p. 120 °C. 'H NMR
(300 MHz, CDCl3) 8: 9.48 (brs, 1H), 7.62 (d, J = 15.9 Hz, 1H), 7.42
(dd, J = 8.5 Hz, 2.44 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 6.96 (d,
J = 8.5 Hz, 1H), 6.29 (d, J = 15.9 Hz, 1H), 5.33 (brs, 1H), 4.25 (d,
J = 6.7 Hz, 2H), 3.81 (s, 3H); *C NMR (75 MHz, CDCl) &: 167.9,
158.6, 158.2, 144.5, 131.0, 129.7, 126.2, 125.3, 118.3, 114.8, 81.6,
51.7, 41.2, 28.3 (x 3C).

To a solution of methyl 3-[3-(tert-butoxycarbonylaminomethyl)-4-
hydroxyphenyl]lacrylate (960 mg, 3.12 mmol) and triethylamine
(1.30 mL, 9.36 mmol) in dry dichloromethane (18 mL) at 0 °C, N-
phenyl-bis-trifluoromethanesulfonimide (1.45 g, 4.06 mmol) was added
and the solution was stirred 2.5 h at rt. The solvent was evaporated and
the residue was purified by flash chromatography (hexane : ethyl
acetate 4 :1 to give 1.30 g (95%) of the title compound, m.p. 82 °C. H
NMR (300 MHz, CDCl3) &: 7.69-7.61 (2H, m), 7.49 (1H, dd, J = 8.7,
2.3Hz),7.29 (1H, d, J = 8.7 Hz), 6.43 (1H, d, J = 15.9 Hz), 5.05-4.96
(1H, m), 4.42 (2H, d, J = 6.6 Hz), 3.82 (3H, s), 1.45 (9H, s); *C NMR
(75 MHz, CDCl3) &: 166.8, 155.8, 147.9, 142.2, 134.9, 132.9, 129.5,
128.4, 121.9, 120.6, 120.0, 80.2, 51.8, 39.1, 28.3 (x 3C). Anal. caled
for C,7H0F3NO,S: C, 46.47; H, 4.59; N, 3.19. Found: C, 46.53; H, 4.58;
N, 3.18.

4.1.1.3. 3-[3’-adamantan-1-yl-2-(3-tertbutoxyaminomethyl)-4’-
hydroxybiphenyl-4-yDacrylic acid (3a). To a solution of 1la (1.46 g,
4.11 mmol) in dimethoxyethane : ethanol 9:1 (48 mL), compound 2
(1.43 g, 3.26 mmol), Pd-tetrakis-triphenylphosphine (0.56 g,
0.49 mmol), and 2 M sodium carbonate (3.26 mL) were added under
nitrogen atmosphere. The mixture was heated 5 h at 80 °C, then the
solvent was removed under reduced pressure. After addition of ethyl
acetate, the organic phase was washed with water, brine, dried over
Na,SO4 and filtered. The crude was purified by flash chromatography
with hexane:ethyl acetate 4:1 to give 1.0 g (59%) of methyl 3-[3’-
adamantan-1-yl-2-(3-tertbutoxyaminomethyl)-4’-hydroxybiphenyl-4-
yDacrylate, m.p. 102 °C, 'H NMR (300 MHz, CDCls) §: 7.74 (d,
J = 15.6 Hz, 1H), 7.58 (d, J = 1.5 Hz, 1H), 7.47 (dd, J = 7.9 Hz,
J = 1.5 Hz, 1H), 7.31-7.23 (m, 2H), 7.13 (d, J = 1.8 Hz, 1H), 7.00 (dd,
J = 8.2 Hz, J = 1.8 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H), 6.48 (d,
J = 15.6 Hz, 1H), 5.36 (brs, 1H), 4.70 (brs, 1H), 4.31 (d, J = 5.2 Hz,
2H), 3.84 (s, 3H), 2.19-2.08 (m, 9H), 1.79 (s, 6H), 1.47 (s, 9H). '*C
NMR (75 MHz, CDCl3) 8: 167.6, 156.0, 154.5, 144.6, 144.1, 136.8,
136.5, 132.2, 131.8, 131.0, 128.0, 127.8, 127.0, 126.7, 117.6, 116.7,
one signal missing due to the overlap with solvent, 51.7, 40.5 (x2Q),
37.0 (x30), 36.8 (x2Q), 36.6, 29.0 (x 3C), 28.4 (x 30C).
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To a solution of methyl 3-[3’-adamantan-1-yl-2-(3-tertbutox-
yaminomethyl)-4’-hydroxybiphenyl-4-yl)acrylate (966 mg, 1.87 mmol),
LiOH-H,0 (392 mg, 9.35 mmol) in 60 mL of a mixture 1:1 of tetra-
hydrofuran : water 1:1 (60 mL) was added. The reaction was stirred
20 h at room temperature in the dark. Concentration in vacuo, followed
by addition of ethyl ether, then 2 N HCI to pH 2, separation of the
phases, drying and evaporation gave 828 mg of a grey solid. The crude
was triturated in dichloromethane to give compound 3a (686 mg (73%
yield) as a white solid. m.p. 184 °C (dec). 'H NMR (300 MHz, DMSOye)
8: 12.4 (brs, 1H), 9.48 (s, 1H), 7.65-7.52 (m, 3H), 7.34 (t, J = 5.2 Hz,
1H), 7.22 (d, J = 7.9 Hz, 1H), 7.05-6.96 (m, 2H), 6.84 (d, J = 7.9 Hz,
1H), 6.47 (d, J = 16.5 Hz, 1H), 4.11 (d, J = 5.2 Hz, 2H), 2.17-1.96 (m,
9H), 1.39 (s, 9H). '*C NMR (150 MHz) &: 167.8, 155.8, 155.7, 143.3,
142.9, 137.2, 135.3, 132.6, 132.0, 130.3, 129.9, 127.1, 126.8, 126.5,
116.2 (x2QC), 77.9, 41.4, 36.6 (x3C), 36.2 (x3C), 28.4 (x4C), 28.
Anal. caled for C3;H3,NOs: C, 73.93; H, 7.41; N, 2.78. Found: C, 73.86;
H, 7.39; N, 2.77.

4.1.1.4. 3-[3’-Adamantan-1-yl-2-(3-tertbutoxyaminomethyl)-4’-methoxy-
biphenyl-4-yDacrylic acid. (3b). To a solution of 3-[3’-adamantan-1-yl-2-(3-
tertbutoxyaminomethyl)-4’-hydroxybiphenyl-4-yDacrylate (140 mg,
0.26 mmol) (see synthesis of 3a) in acetonitrile (10 mL), potassium
carbonate (210 mg, 1.50 mmol) and methyl iodide (60 pL, 0.96 mmol)
were added and the mixture was refluxed for 3 h. Filtration, evaporation,
and chromatography with hexane : ethyl acetate 3:1 gave methyl 3-[3"-
adamantan-1-yl-2-(3-tertbutoxyaminomethyl)-4’-methoxy-biphenyl-4-yl)-
acrylate (122 mg, 82% yield) as a white solid, m.p. 144 °C. 'H NMR
(300 MHz, CDCl3) é: 7.74 (1H, d, J = 16.2 Hz); 7.59 (1H, d, J = 1.8 Hz),
7.48 (1H, dd, J = 8,5; 1.8 Hz); 7.32-7.26 (1H, m); 7.17-7.09 (2H, m);
6.93 (1H, d, J = 8.5 Hz); 6.43 (1H, d, J = 16.2 Hz); 4.68 (1H, brs); 4.31
(2H, d, J = 5.2 Hz); 3.89 (3H, s); 3.84 (3H, s), 2.16-2.07 (3H, m); 1.78
(6H, s); 1.46 (9H, s); 13C NMR (75 MHz, CDCls) 8: 167.4, 158.4, 155.7,
144.5, 144.1, 138.5, 137.0, 133.3, 131.9, 130.9, 128.0, 127.4, 127.0,
126.6, 117.7, 111.5, one carbon missing due to the overlap with solvent,
55.0, 51.6, 40.6 (x4C), 37.1 (x4C), 29.1 (x3C), 28.4 (x3C).

A solution of the above compound (100 mg, 0.19 mmol) in THF
(3 mL) was added with 3 mL of water and LiOH'H,O (39.4 mg,
0.94 mmol) and left at room temperature and in the dark for 48 h.
Concentration in vacuo, addition of HCl 1 N to pH 2 and filtration gave
compound 3b (97 mg, 98% yield) as a white solid, m.p. 159 °C. '"H NMR
(300 MHz, DMSO-dg) 8: 7.58 (1H, s); 7.52 (1H, dd, J = 8.2, 1.5 Hz);
7.44 (1H, d, J = 16.2 Hz); 7.36 (1H, t, J = 5.2 Hz); 7.25-7.15 (2H, m);
7.09 (1H, d, J = 1.5 Hz); 7.04 (1H, d, J = 8.2 Hz); 6.47 (1H, d,
J = 16.2 Hz); 4.09 (2H, d, J = 5.2 Hz); 3.84 (3H, s); 2.11-1.97 (9H, m);
1.73 (6H, s); 1.39 (9H, s); '*C NMR (75 MHz, DMSO-d) 8: 171.8, 168.3,
155.7, 142.0, 141.8, 141.2, 137.2, 133.5, 131.6, 130.3, 127.5, 127.0,
126.6, 126.3, 122.1, 112.0, 77.9, 55.3, 41.5, 5C signals missing due to
the overlap with solvent signal, 36.6 ( x 2C), 28.4 (x 3C), 28.3 (x 3Q).
Anal. caled for C3,H39NOs: C, 74.25; H, 7.59; N, 2.71. Found: C, 74.32;
H, 7.60; N, 2.72.

4.1.1.5. 3-(3’-Adamantan-1-yl-2-aminomethyl-4’-hydroxybiphenyl-4-yl)
acrylic acid trifluoroacetate (4a). To an ice-cooled solution of compound
3a (680 mg, 1.35 mmol) in dry dichloromethane (13.5 mL)
trifluoroacetic acid (13.5 mL) was added dropwise. After 1 h at 0 °C,
evaporation and drying in vacuo gave 600 mg (quant. yield) of product,
m.p. 213 °C, 'H NMR (300 MHz, DMSOy) 8: 12.45 (1H, brs), 9.61 (brs,
1H), 8.16 (brs, 3H), 7.93 (s, 1H), 7.68 (d, J = 8.2 Hz, 1H), 7.62 (d,
J = 15.9 Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.07-6.98 (m, 2H), 6.88 (d,
J = 8.2 Hz, 1H), 6.59 (d, J = 15.9 Hz, 1H), 4.11-4.00 (m, 2H),
2.24-1.95 (m, 9H), 1.73 (s, 6H). 1°C NMR (75 MHz) 8: 167.9, 156.5,
144.2, 143.5, 136.1, 133.4, 132.4, 131.2, 129.6, 128.8, 127.8, 127.6,
127.5, 120.1, 116.9, 4C missing due to the overlap with solvent signal,
40.2, 37.1, 36.8 (x2C), 28.9 (x 3C).

4.1.1.6. 3-[3’-Adamantan-1-yl-2-(3-aminomethyl)-4’-methoxybiphenyl-4-
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yllacrylic acid trifluoroacetate (4b). To a suspension of 3b (77 mg,
0.15 mmol) in dry CH,Cl, (1.49 mL) cooled at 0 °C, trifluoroacetic acid
(1.49 mL) was added, and the solution was stirred at 0 °C for 2 h.
Evaporation and crystallization from diethyl ether gave compound 4b
(47 mg, 59% yield), m.p. 152 °C. '"H NMR (300 MHz, MeOD) §: 7.75
(1H, s); 7.71 (1H, d, J = 16.2 Hz); 7.67 (1H, dd, J = 8.2, 1.5 Hz); 7.37
(1H, d, J = 8.2 Hz); 7.18-7.11 (2H, m); 7.04 (1H, d, J = 8.2 Hz); 6.56
(1H, d,J = 16.2 Hz); 4.14 (2H, s); 3.87 (3H, s); 2.15-2.00 (9H, m); 1.79
(6H, s); 13C NMR (75 MHz, MeOD) 8: 168.6, 158.8, 144.5, 143.6, 138.5,
134.0, 131.3, 131.2, 130.9, 128.0, 127.7, 127.3, 127.0, 118.9, 111.7,
54.2, 2C missing due to the overlap with solvent, 40.3 (x 2C), 40.0,
36.8, 36.7 (x20), 29.1 (x30C).

4.1.1.7. 3-(3’-Adamantan-1-yl-2-(ditertbutoxycarbonylguanidino)
methyl)-4’-hydroxybiphenyl-4-yDacrylic acid (5). To a suspension of 4a
(113 mg, 0.22 mmol) in dichloromethane (2.2 mL), triethylamine
(60 pL, 0.44 mmol) was added. After 5 min.,, N,N-di-Boc-N“-
trifluoromethanesulfonylguanidine (94 mg, 0.24 mmol) and
triethylamine (30 pL, 0.22 mmol) were added under nitrogen
atmosphere. The reaction was stirred in the dark for 12 h. Taking up
with 15 mL of dichloromethane, washing with a solution of 2 M
NaHSO,, washing with water, drying over Na,SO,4, and evaporation
gave 133 mg of a crude product. Crystallization from dichloromethane/
methanol (5 mL:0.25 mL) gave 30 mg of pure product, whereas
chromatography of the mother liquid with dichloromethane/
methanol 90:10 gave further 70 mg of the title compound, (71%
yield). m.p. 280 °C. 'H NMR (300 MHz, MeOD) 8: 7.73-7.64 (m, 2H),
7.58 (dd, J = 8.2 Hz; J = 1.8 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.04
(d, J = 2.1 Hz, 1H), 6.96 (dd, J = 8.2; J = 2.1 Hz, 1H), 6.76 (d,
J = 8.2 Hz, 1H), 6.50 (d, J = 16.2 Hz, 1H), 4.31 (s, 2H), 2.15-1.94 (m,
9H), 1.77 (s, 6H), 1.46 (s, 9H), 1.42 (s, 9H); '>C NMR (75 MHz, MeOD)
8:167.0, 163.9, 157.0, 156.5, 153.8, 146.3, 145.2, 136.8, 135.7, 134.3,
131.9, 131.4, 130.5, 128.4, 127.8, 127.5, 119.1, 117.0, 84.2, 80.1,
44.4, 41.0 (x 2C), 37.8 (x 3C), 37.5 (x2C), 30.2 (x3C), 28.1 (x30C),
27.8 (x3C). Anal. caled. for C3;H4;N307: C, 68.81; H, 7.34; N, 6.51.
Found: C, 68.96; H, 7.33; N, 6.52.

4.1.1.8. 3-(3’-Adamantan-1-yl-2-guanidinomethyl-4’-hydroxybiphenyl-4-
yDacrylic acid trifluoroacetate. (6). A solution of compound 5 (70 mg,
0.11 mmol) in dichloromethane (1.1 mL) was slowly added under
nitrogen atmosphere, with trifluoroacetic acid (1.1. mL) and stirred
12 h in the dark. The solvent was removed and the crude was purified
by flash chromatography in CH,Cl,/MeOH/TFA 18:2:0.2 to give a
hygroscopic product, (67 mg, 94%) m.p. 163 °C. 'H NMR (300 MHz,
MeOD) & 7.69 (d, J = 16.2 Hz, 1H), 7.64-7.58 (m, 2H), 7.32 (d,
J = 8.2 Hz, 1H), 7.08 (d, J = 1.5 Hz, 1H), 6.97 (dd, J = 8.2, 1.5 Hz,
1H), 6.78 (d, J = 8.2 Hz, 1H), 6.50 (d, J = 16.2 Hz, 1H), 4.27 (s, 2H),
2.20-1.96 (m, 9H), 1.78 (s, 6H). *3C NMR (75 MHz, DMSO-d) 8: 167.9,
157.3, 156.5, 144.5, 143.7, 135.9, 134.2, 133.4, 129.9, 129.3, 128.6,
128.2, 127.4, 127.3, 119.8, 116.9, 43.8, 3 carbon missing due to the
overlap with solvent signal, 37.1 (X 2C), 36.7 (x2C), 28.89 (x 3C).

4.1.1.9. Methyl 3-[4-trifluoromethanesulfonyloxy-3-(4-methylpiperazin-1-
ylmethyl)phenyl]acrylate (8a). To a suspension of paraformaldehyde
(151 mg, 1.68 mmol) in toluene (6.7 mL), N-methylpiperazine (168 mg,
1.68 mmol) was added and the mixture was refluxed 10 min. Then,
methyl 4-hydroxycinnamate 7 (200 mg, 1.12 mmol) was added and the
reaction was refluxed for 5 h. Dilution with ethyl acetate, washing with
a saturated solution of NaCl, then with water, drying, evaporation and
chromatography with hexane:ethyl acetate 7:3 gave 234 mg (72%) of
methyl 3-[4-hydroxy-3-(4-methylpiperazin-1-ylmethyl)phenyl]acrylate
as a white solid, m.p. 93 °C, 'H NMR (300 MHz, CDCl;) &: 7.61 (d,
J = 16.2 Hz, 1H), 7.38 (dd, J = 8.5 Hz, J = 1.8 Hz, 1H), 7.19 (d,
J = 1.8 Hz, 1H), 6.83 (d, J = 8.5 Hz, 1H), 6.27 (d, J = 16.2 Hz, 1H),
3.80 (s, 3H), 3.75 (s, 2H), 2.90-2.38 (m, 8H), 2.32 (s, 3H); '*C NMR
(75 MHz, CDCl3) &: 167.8, 160.3, 144.7, 129.2, 128.8, 125.7, 121.5,
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116.7, 114.5, 61.1, 54.8 (x 2C), 52.5 (x 2C), 51.5, 45.9.

To a solution of the above compound (205 mg, 0.71 mmol) in dry
dichloromethane (5 mL) dimethylaminopyridine (10 mg, 0.081 mmol)
and triethylamine (0.4 mL, 2.93 mmol) were added. The solution was
cooled at O °C, then N-phenyl-bis-trifluoromethanesulfonimide
(328 mg, 0.91 mmol) was added and the reaction was stirred at room
temperature for 3 h. Evaporation and purification by column chroma-
tography in dichloromethane:methanol 85:15 gave 281 mg (94% yield)
of the title compound as a white solid, m.p. 93 °C. 'H NMR (300 MHz,
CDCly) 8: 7.68 (d, J = 16.2 Hz, 1H), 7.62 (d, J = 2.1 Hz, 1H), 7.52 (dd,
J = 8.5Hz,J = 2.14 Hz, 1H), 7.31-7.26 (m, 1H), 6.47 (d, J = 16.2 Hz,
1H), 3.84 (s, 3H), 3.58 (s, 2H), 2.64-2.47 (m, 4H), 2.11-1.92 (m, 4H).
13C NMR (75 MHz, CDCls) &: 166.7, 149.6, 142.4, 134.5, 132.3, 131.2,
128.6, 122.2, 120.6, 120.0, 57.1 (X 2C), 54.5 (x 2C), 52.0, 51.8, 45.4.
Anal. calced. for C;7H5,F3N,OsS: C, 48.34; H, 5.01; N, 6.63. Found: C,
48.39; H, 5.02; N, 6.65.

4.1.1.10. Methyl 3-(4-trifluoromethanesulfontyloxy-3-morpholin-4-yl-methy-
IphenyDacrylate (8b). A suspension of 151 mg of paraformaldehyde
(1.68 mmol) in 6.7 mL of toluene was added with 146 mg (1.68 mmol)
of morpholine and refluxed for 15 min. 200 mg (1.12 mmol) of methyl 4-
hydroxycinnamate 7 were added and the mixture was refluxed 5 h.
Dilution with ethyl acetate, washing with a saturated NaCl solution and
water, drying, evaporation and chromatography with hexane:ethyl acetate
7:3 gave 250 mg (80%) of methyl 3-(4-hydroxy-3-morpholin-4-yl-
methylphenyl)acrylate as a white solid, m.p. 118 °C, 'H NMR
(300 MHz, CDCl3) &: 7.61(d, J = 16.2 Hz, 1H), 7.40 (dd, J = 8.5 Hz;
J = 2.1 Hz, 1H), 7.20 (d, J = 2.1 Hz, 1H), 6.84 (d, J = 8.5 Hz, 1H), 6.28
(d, J = 16.2 Hz, 1H), 3.83-3.72 (m, 7H), 2.68-2.54 (m, 4H). '*C NMR
(75 MHz, CDCly) & 167.7, 159.9, 144.6, 129.3, 128.9, 125.9, 121.0,
116.8, 114.7, 66.7 (x2Q), 61.6, 52.9 (% 2C), 51.5.

To a solution of the above compound (226 mg, 0.81 mmol) in dry
dichloromethane (5 mL) dimethylaminopyridine (10 mg, 0.08 mmol),
triethylamine (0.4 mL, 2.93 mmol) were added and the solution was
cooled at 0 °C. N-phenyl-bis-trifluoromethanesulfonimide (436 mg,
1.22 mmol) was added and the mixture was stirred 2.5 h at 0 °C.
Evaporation and chromatography with hexane: ethyl acetate 1:1 gave
compound 8b (330 mg, quant. yield). m.p. 108 °C, H NMR (300 MHz,
CDCly) 8: 7.66 (d, J = 16.2 Hz, 1H), 7.62 (d, J = 2.4 Hz, 1H), 7.51 (dd,
J = 8.2 Hz; J = 2.4 Hz, 1H), 7.31-7.24 (m,1H), 6.45 (d, J = 16.2 Hz,
1H), 3.82 (s, 3H), 3.74-3.68 (m, 4H), 3.55 (s, 2H), 2.50-2.43 (m, 4H).
13C NMR (75 MHz, CDCls) 8: 166.8, 149.7, 142.6, 134.4, 132.2, 131.2,
128.5, 122.2, 120.6, 119.9, 66.7 (X 2C), 57.6, 53.4 (X 2C), 51.9. Anal.
calced. for C;6H15F3NOgS: C, 46.94; H, 4.43; N, 3.42. Found: C, 46.88; H,
4.43; N, 3.41.

4.1.1.11. 3-(3’-Adamantan-1-yl-4’-hydroxy-3-(4-methylpiperazin-1-
ylmethyDbiphenyl-4-yDacrylic acid hydrochloride (9a). A mixture of 8a
(260 mg, 0.62 mmol), 2-adamantan-1-yl-4-(4,4,5,5-tetramethyl-[1,3,2]
dioxaborolan-2-yl)phenol 1a (275 mg, 0.78 mmol), Na,CO; 2 M
(0.62 mL, 1.23 mmol) and Pd(PPh3), (107 mg, 0.09 mmol) in
dimethoxyethane:ethanol 9:1 (9 mL) was heated at 80 °C, under
nitrogen and in the dark, for 12 h. Evaporation, taking up with ethyl
acetate, washing with water, drying, evaporation and chromatography
with ethyl acetate : methanol 7:1 gave 84 mg (27%) of methyl 3-(3’-
adamantan-1-yl-4’-hydroxy-3-(4-methyl-piperazin-1-ylmethyl)-
biphenyl-4-yl)-acrylate as a white solid, m.p. 240 °C. 'H NMR
(300 MHz, DMSO-dg) 8: 9.42 (s, 1H), 7.73-7.62 (m, 3H), 7.26 (d,
J = 8.2 Hz, 1H), 7.22 (d, J = 1.2 Hz, 1H), 7.06 (dd, J = 8.2 Hz,
J = 1.2 Hz, 1H), 6.81 (d, J = 8.2 Hz, 1H), 6.62 (d, J = 15.6 Hz, 1H),
3.73 (s, 3H), 3.30 (s, 2H), 2.40-2.21 (m, 8H), 2.16-2.00 (m, 12H), 1.72
(s, 6H); '*C NMR (75 MHz, DMSO-dg) 8: 167.0, 156.0, 145.8, 144.6,
135.9, 135.4, 132.2, 131.3, 131.1, 131.0, 128.0, 127.6, 127.1, 117.7,
116.4, 60.1, 55.1 (x 2C), 52.8 (x 2C), 51.8, 46.2, 3C missing due to the
overlap with solvent signal, 37.1 (x2C), 36.7 (x2C), 28.9 (x 3C).

To a suspension of methyl 3-(3’-adamantan-1-yl-4’-hydroxy-3-(4-
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methylpiperazin-1-ylmethyl)biphenyl-4-yD)-acrylate (60 mg , 0.12 mmol)
in tetrahydrofuran:water 1.5:1 (4.9 mL), LIOHH,0 (25 mg, 0.60 mmol)
was added. The reaction was stirred 20 h at room temperature in the dark.
The solution was concentrated in vacuo to obtain a residue which was
cooled with ice and added with HCl 2 N to pH 2. Filtration gave 55 mg
(87%) of a white solid, m.p. 250 °C. 1H NMR (300 MHz, MeOD) &: 7.91(s,
1H), 7.75-7.61 (m, 2H), 7.38 (d, J = 7.6 Hz, 1H), 7.04-6.90 (m, 2H), 6.82
(d,J = 7.6 Hz, 1H), 6.56 (d, J = 15.9 Hz, 1H), 4.42 (s, 2H), 3.85-3.52 (m,
4H), 3.15-2.60 (m, 4H), 2.21-1.93 (m, 9H), 1.76 (s, 6H); *C NMR
(75 MHz, MeOD) &: 170.0, 157.9, 147.9, 144.9, 138.4, 135.5, 133.1,
133.0, 132.4, 130.9, 130.5, 128.8 (x 2C), 120.8, 117.8, 58.4, 51.5 (x 2C),
2C missing due to the overlap with solvent signal, 43.4, 41.4 (x 3C), 38.2
(x30), 38.1, 30.55 (x3Q).

4.1.1.12. 3-(3’-Adamantan-1-yl-4’-hydroxy-2-morpholin-4-
ylmethylbiphenyl-4-yDacrylic acid hydrochloride (9b). A mixture of 8b
(323 mg, 0.79 mmol), 1a (352 mg, 0.99 mmol), Na,CO3 2 M (0.79 mL,
1.58 mmol) and Pd (PPhj3), in dimethoxyethane:ethanol 9:1 (12 mL)
was heated at 80 °C, under nitrogen in the dark, for 10 h. Evaporation,
taking up with ethyl acetate, washing with water, drying, evaporation
and purification by column chromatography with ethyl ether:hexane
70:30 gave 93 mg (19%) of methyl 3-(3’-adamantan-1-yl-4’-hydroxy-2-
morpholin-4-ylmethylbiphenyl-4-ylacrylate as a white solid, m.p.
104 °C, 'H NMR (300 MHz, CDCl,) &: 7.74 (d, J = 16.2 Hz, 1H),
7.65 (s, 1H), 7.46 (d, J = 8.5 Hz, 1H), 7.32-7.24 (m, 2H), 7.22 (d,
J = 1.5 Hz, 1H), 7.09 (dd, J = 7.9 Hz, J = 1.5 Hz, 1H), 6.69 (d,
J = 8.5Hz, 1H), 6.48 (d, J = 16.2 Hz, 1H), 4.92 (brs, 1H), 3.82 (s, 3H),
3.71-3.64 (m,4H), 3.41(brs, 2H), 2.44-2.34 (m, 4H), 2.17-2.06 (m,
9H), 1.78 (s, 6H). 13C NMR (75 MHz, CDCls) & : 167.6, 154.0, 145.4,
144.8, 136.0, 135.6, 132.8, 132.7, 131.0, 130.2, 128.3, 127.4, 126.3,
117.4, 116.3, 67.0 (x20C), 60.2, 53.3 (x2C), 51.7, 40.7 (x 3C), 37.0
(x30), 36.8, 29.0 (x30).

A solution of 26 mg (0.62 mmol) of Li-OH-H,0 in 4 mL of a mixture
1:1 of tetrahydrofuran and water was added with 60 mg (0.12 mmol) of
the above compound and left 20 h at room temperature in the dark.
Concentration in vacuo, addition of HCl 2 N to pH 2 and filtration gave
53 mg (84%) of 9b as a white solid, m.p. 195 °C, 'H NMR (300 MHz,
MeOD) &: 7.91(s, 1H), 7.75-7.61 (m, 2H), 7.38 (d, J = 7.6 Hz, 1H),
7.04-6.90 (m, 2H), 6.82 (d, J = 7.6 Hz, 1H), 6.56 (d, J = 15.9 Hz, 1H),
4.42 (s, 2H), 3.85-3.52 (m, 4H), 3.15-2.60 (m, 4H), 2.21-1.93 (m, 9H),
1.76 (s, 6H). 'H NMR (150 MHz, MeOD) &: 170.0. 158.0, 148.2, 144.8,
138.4, 135.6, 133.1, 132.3, 131.1, 130.7, 129.0, 128.8, 128.4, 120.9,
117.8. 64.5 (x2C), 58.5, 53.0 (x2C), 41.6 (x3C), 38.2 (x30C), 30.1,
30.6 (x3C).

4.1.1.13. 3-[3’-Adamantan-1-yl-4’-hydroxy-2-
hydroxyiminomethylbiphenyl-4-yl]acrylic acid (12). To a solution of
compound 10 (2 g, 3.77 mmol) [4] in ethanol (35 mL), pyridine
(6.15 mL, 75.40 mmol) and hydroxylamine hydrochloride (841 mg,
12.10 mmol) were added and the reaction was refluxed 1 h.
Evaporation and purification by column chromatography with
hexane/ethyl acetate 4:1 gave 3.69 g (94%) of methyl 3-
[3’adamantan-1-yl-4’-(tert-butyldimethylsilanyloxy)-2-
hydroxyiminomethylbiphenyl-4-yl]acrylate. "H NMR (300 MHz, CDCl;)
8: 8.18 (s,1H), 8.06 (s, 1H), 7.74 (d, J = 16.2 Hz, 1H), 7.58 (dd,
J = 8.2 Hz,J = 1.8 Hz, 1H), 7.50 (brs, 1H), 7.40 (d, J = 8.2 Hz, 1H),
7.19 (d, J = 1.8 Hz, 1H), 7.03 (dd, J = 8.2 Hz, J = 1.8 Hz, 1H), 6.87
(d, J = 8.2 Hz, 1H), 6.53 (d, J = 16.2 Hz, 1H), 3.84 (s, 3H), 2.20-2.07
(m, 2H), 1.79 (s, 6H), 1.09 (s, 9H), 0.40 (s, 6H); **C NMR (75 MHz,
CDCl3) 8: 167.4,154.7, 149.7, 144.3, 144.1, 139.6, 133.1, 130.8, 130.5,
130.1,128.8,128.7,127.5,126.1,118.8,118.2, 51.7, 40.4 ( x 3C), 37.0
(x4C), 29.0 (x3C), 26.4 (x3C), 18.9, 13.40 (x 2C).

The above compound (100 mg, 0.18 mmol) was dissolved in THF :
H>0 (5.8 mL), LiOH H,O (38.4 mg, 0.31 mmol) was added and the
mixture was stirred overnight at room temperature. Evaporation, taking
up with water, cooling with ice, slow addition of 1 N HCl to acid pH,
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filtration, and drying gave 68 mg (87%) of the product, m.p. 230 °C. 'H
NMR (300 MHz, DMSO-dg) 8: 12.4 (brs, 1H), 11.3 (s, 1H), 9.62 (s, 1H),
7.96 (d, J = 1.8 Hz, 1H), 7.94 (s, 1H), 7.77 (dd, J = 8.2, 1.8 Hz, 1H),
7.64 (d,J = 16.2 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.04-6.96 (m, 2H),
6.87 (d, J = 8.2 Hz, 1H), 6.52 (d, J = 16.2 Hz, 1H), 2.16-1.97 (s, 9H),
1.72 (s, 6H); *C NMR (75 MHz, DMSO-ds) 8: 167.8,156.6, 147.3,
143.7, 143.7, 135.9, 133.1, 131.1, 130.9, 129.1, 128.6, 128.0, 127.9,
126.3, 119.9, 116.9, 4C missing due to the overlap with solvent, 37.0,
36.7 (% 2C), 28.8 (x 3C). Anal. calcd. for Co6H2,NO4: C, 74.80; H, 6.52;
N, 3.35. Found: C, 74.75; H, 6.50; N, 3.36.

4.1.1.14. 3-[3’-Adamant-1-yl-4’-hydroxy-2-
carboxymethoxyiminomethylbiphenyl-4-yl]acrylic acid. (13). To a
solution of compound 10 [4] (120 mg, 0.23 mmol) in ethanol
(2.2 mL), pyridine (184 pL, 2.26 mmol) and aminoxyacetic acid
hydrochloride (74 mg, 0.68 mmol) were subsequently added and the
mixture was heated at 80 °C for 2 h. The solvent was removed under
vacuum, the crude was dissolved in ethyl acetate and washed with 1 N
HCI, brine and dried over Na,;SO,4. Evaporation gave 127 mg of [3’-
adamantan-1-yl-4’-(tert-butyldimethylsilanyloxy)-4-(3-methoxybuta-
1,3-dienyl)-biphenyl-2-ylmethyleneaminooxy]acetic acid that was used
for the next step without further purification.

To a solution of above compound (121 mg, 0.20 mmol) in tetra-
hydrofuran:water 1:1 (6.34 mL), LiOH'H,O (42 mg, 1 mmol) was
added. The reaction was stirred overnight at room temperature in the
dark. Concentration in vacuo, addition of 2 N HCI to pH 2 and filtration
gave 94 mg (99%) of compound 13. m.p. 108-110 °C (dec). 1H NMR
(300 MHz, DMSO-dg) &: 9.68 (1H,s); 8.07 (1H, s); 7.93 (1H, d,
J = 1.5 Hz); 7.82 (1H, dd, J = 8.4 Hz, 1.5 Hz); 7.64 (1H, d,
J = 16.2Hz); 7.43 (1H, d, J = 8.2 Hz); 7.06-6.99 (2H, m); 6.88 (1H, d,
J = 8.2Hz); 6.54 (1H, d, J = 16.2 Hz); 4.66 (2H, s); 2.14-1.99 (9H, m);
1.72 (6H, s); °C NMR (75 MHz, DMSO-ds) 8: 171.3, 167.8, 156.8,
149.0, 143.4, 142.2, 136.1, 133.3, 131.2, 129.6, 129.4, 128.8, 128.2,
128.1, 126.6, 120.2, 116.9, 70.8, 2C missing due to the overlap with
solvent, 37.1 (Xx3C), 36.7 (x2C), 28.8 (x3C). Anal. calcd for
CogHooNOg: C, 70.72; H, 6.15; N, 2.95. Found: C, 70.95; H, 6.12; N,
2.93.

4.1.1.15. 3-[3’-Adamantan-1-yl-4’-hydroxy-2-
methoxyiminomethylbiphenyl-4-yl]acrylic acid. (14). To a suspension of
compound 10 [4] (100 mg , 0.19 mmol) in ethanol (1.73 mL) O-
methylhydroxylamine hydrochloride (40 mg, 0.56 mmol) and pyridine
(306 pL, 3.80 mmol) were added, and the mixture was refluxed 1 h.
Evaporation and purification by column chromatography in hexane :
ethyl acetate 9:1 gave 64 mg of methyl 3-[3’-adamantan-1-yl-4'-(tert-
butyldimethylsilanyloxy)-2-methoxyiminomethylbiphenyl-4-yl]-
acrylate that was used for the next step without further purification.

To a solution of above compound (58 mg, 0.10 mmol) in tetra-
hydrofuran:water 1:1 (3.3 mL), LiOH-H,O (22 mg, 0.52 mmol) was
added. The reaction was stirred overnight at room temperature in the
dark. Concentration in vacuo, addition of 1 N HCI to pH 2 and filtration
gave 37 mg (82%) of compound 14. m.p. 224 °C. *H NMR (300 MHz,
DMSO-dg) &: 12.4 (1H, br s), 9.64 (1H, s); 7.96 (1H, s); 7.94 (1H, d,
J = 1.9 Hz); 7.78 (1H, dd, J = 8.5, 1.9 Hz); 7.64 (1H, d, J = 15.2 Hz);
7.39 (1H, d, J = 8.2 Hz); 7.05 (2H, m) 6.88 (1H, d, J = 8.5 Hz); 6.54
(1H, d, J = 15.2 Hz); 3.90 (3H, s); 2.16-1.96 (9H, m), 1.80 (6H, s); 1°C
NMR (75 MHz, DMSO-dg) &: 167.9, 156.7, 148.0, 144.0, 143.5, 134.0,
133.3, 131.1, 129.7, 129.3, 128.9, 128.2, 128.0, 126.5, 120.2, 116.9,
62.1, 2C missing due to the overlap with solvent, 37.1 (x3C), 36.7
(%x2C), 28.8 (%X 3C). Anal. calcd. for Co7H2oNOy4: C, 75.15; H, 6.77; N,
3.25. Found: C, 75.24; H, 6.80; N, 3.26.

4.1.1.16. 3-[3’-Adamantan-1-yl-4’hydroxy-2-tert-

butoxyiminomethylbiphenyl-4-yl]acrylic acid. (15). To a suspension of
compound 10 [4] (100 mg, 0.19 mmol) in ethanol (1.73 mL) O-
tertbutylhydroxylamine hydrochloride (71 mg, 0.56 mmol) and
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pyridine (306 pL, 3.80 mmol) were added, and the mixture was
refluxed 1 h. Evaporation gave 54 mg of methyl 3-[3’-adamantan-1-
yl-4’-(tert-butyldimethylsilanyloxy)-2-tert-butoxyiminomethylbiphenyl-
4-yl]acrylate that was used for the next step without further
purification.

To a solution of the above compound (54 mg, 0.09 mmol) in tet-
rahydrofuran:water 1:1 (3 mL), LiOH-H,O (19 mg, 0.45 mmol) was
added. The reaction was stirred overnight at room temperature in the
dark. Concentration in vacuo, addition of water, 1 N HCl to pH 2 and
filtration gave 37 mg (87%) of compound 15, m.p. 239 °C. '"H NMR
(300 MHz, CDCl3) 8: 9.75 (1H, br s); 7.93-7.89 (2H, m); 7.73 (1H, dd,
J = 8.0 Hz, 1.7 Hz); 7.57 (1H, d, J = 16.2 Hz); 7.37 (1H, d,
J = 8.2 Hz); 7.02 (1H, dd, J = 8.2 Hz); 6.96 (1H, d, J = 2.3 Hz); 6.87
(1H,d,J = 8.0 Hz); 6.54 (1H, d, J = 16.2 Hz); 2.11-1.96 (9H, m), 1.70
(6H, s); 1.45 (9H, s); 1°C NMR (75 MHz, DMSO-ds) 8: 168.4, 156.7,
147.1, 143.4, 142.3, 135.7, 133.5, 130.8, 130.7, 129.0, 128.8, 128.5,
127.7, 126.6, 121.7, 117.0, 79.0, 2C missing due to the overlap with
solvent, 37.1 (X 3C), 36.7 (x 2C), 28.8 (x 3C), 27.8 (x 3C). Anal. calcd
for C3oH35NOy4: C, 76.08; H, 7.45; N, 2.96. Found C, 75.86; H, 7.47; N,
2.96.

4.1.1.17. 3-[3’-Adamantan-1-yl-2-(4-tert-
butoxycarbonylaminobutylcarbamoyl)-4’-hydroxybiphenyl-4-yl]acrylic

acid (16). A solution of 390 mg (0.73 mmol) of 10 [4] in 5 mL of tert-
butanol was added with 0.32 mL (3.00 mmol) of 2-methyl-2-butene,
200 mg (2.21 mmol) of NaClO, and a solution of 202 mg (1.41 mmol)
of Na,H,PO, in 2 mL of water. Stirring 1.5 h at room temperature,
extraction with ethyl acetate, drying and evaporation gave a residue
that was crystallized from methylene chloride/hexane to give 330 mg
(82%) of 3’-adamantan-1-yl-4’-(tert-butyldimethylsilanyloxy)-4-(2-
methoxycarbonylvinyl)biphenyl-2-carboxylic acid as a white solid,
mp. 193 °C. 'H NMR (300 MHz, DMSO-de) 8: 7.92 (d, J = 1.5 Hz, d),
7.87 (dd, J = 7.9, 1.5 Hz, dd), 7.72 (d, J = 16.1 Hz, 1H), 7.45 (d,
J = 7.9 Hz, d), 7.20-7.13 (m, 2H), 6.88 (d, J = 8.2 Hz, 1H), 6.72 (d,
J = 16.1 Hz, 1H), 3.74 (s, 3H), 2.07 (s, 9H), 1.74 (s, 6H), 1.03 (s, 9H),
0.35 (s, 6H), '*C NMR (75 MHz, DMSO-ds) 8: 171.2, 167.1, 156.5,
144.1, 142.4, 135.5 (x 20C), 132.2, 130.7, 130.6, 129.2, 128.7, 127.0,
126.8, 118.2, 116.7, 51.9, 3C missing due to the overlap with solvent
signal, 36.7 (x 2C), 37.1 (x 2C), 28.9 (x 3C), 26.2 (x 3C), 18.2, —2.77
(x20).

To a suspension of the above compound (150 mg, 0.27 mmol) in dry
dichloromethane (3.2 mL) under nitrogen atmosphere, diisopropylethy-
lamine (177 mg, 1.37 mmol), (4-aminobutyl)-carbamic acid tert-butyl
ester (57 mg, 0.30 mmol) and benzotriazol-1-yloxy)tris(dimethylaminol)
phosphonium hexafluorophosphate (159 mg, 0.35 mmol) were added. The
reaction was stirred 48 h. at room temperature. Evaporation and chro-
matography by hexane/ethyl acetate 3:1 gave 140 mg (71%) of methyl 3-
[3’-adamantan-1-yl-2-(4-tert-butoxycarbonylaminobutylcarbamoyl)-4’-
(tert-butyldimethylsilanyloxy)biphenyl-4-yl]acrylate as a white solid, m.p.
93 °C. 'H NMR (300 MHz, CDCl5) &: 7.86 (d, J = 1.8 Hz, 1H), 7.72 (d,
J =16.2Hz,1H), 7.59 (dd, J = 7.9, 1.8 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H),
7.29-7.26 (m, 2H), 7.14 (dd, J = 8.2, 2.4 Hz, 1H), 6.86 (d, J = 8.2 Hz,
1H), 6.51 (d, J = 16.2 Hz, 1H), 5.39 (brs, 1H), 4.50 (brs, 1H), 3.83 (3H, s),
3.24-3.15 (m, 2H), 3.04-2.95 (m, 2H), 2.11 (s, 9H), 1.78 (s, 6H), 1.64 (s,
6H), 1.42 (s, 9H), 1.32-1.24 (m, 4H), 1.07 (s, 9H).

A solution of 119 mg (0.17 mmol) of the above compound in 6.7 mL
of NaOH 1 N in methanol was refluxed for 5 h. Evaporation, taking up
with water, cooling in ice, and slow addition of HCl 2 N to acid pH,
followed by filtration and drying gave a yellowish solid, 98 mg (quant.
yield), m.p. 147 °C. 'H NMR (300 MHz, MeOD) &: 7.96 (brs, 1H),
7.71-7.56 (m, 3H), 7.39 (d, J = 7.9 Hz, 1H), 7.20 (d, J = 1.8 Hz, 1H),
7.08 (dd, J = 8.2, 2.1 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H), 6.50 (d,
J = 16.2 Hz, 1H), 3.18-3.08 (m, 2H), 2.90 (t, J = 6.7 Hz, 2H),
2.19-1.96 (m, 9H), 1.77 (s, 6H), 1.33 (s, 9H, 1.35-1.13 (m, 4H); *3C
NMR (75 MHz, MeOD) &: 171.9, 171.5, 169.3, 156.3, 143.1, 142.2,
136.8, 136.1, 132.8, 130.3, 130.2, 128.6, 127.2, 127.0, 126.4, 119.3,
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116.3, 78.5, 2C missing due to the overlap with solvent, 40.2 (X 2C),
39.6, 36.9 (x2C), 36.6, 29.2 (x3C), 27.4 (x30C), 26.8, 25.8. Anal.
caled. for C35H44N>Og: C, 71.40; H, 7.53; N, 4.76. Found: C, 71.66; H,
7.51; N, 4.75.

4.1.1.18. 3-[3’-Adamantan-1-yl-2-(4-aminobutylcarbamoyD)-4’-
hydroxybiphenyl-4-yl]acrylic acid trifluoroacetate (17). A solution of
68 mg (0.12 mmol) of 16 in 1.2 mL of dichloromethane, was cooled to
0 °C, then added with 1.2 mL of trifluoroacetic acid, and left for 4 h.
Evaporation, trituration in diethyl ether, and filtration gave 59 mg (84%)
of the title compound, m.p. 134 °C. 'H NMR (300 MHz, MeOD) §&: 7.60 (s,
1H), 7.43(d, J = 8.2 Hz, 1H), 7.20 (d, J = 1.5 Hz, 1H), 7.11 (dd, J = 8.2,
1.5 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 6.51 (d, J = 16.2 Hz, 1H),
3.21-3.14 (m, 2H), 2.90-2.80 (m, 2H), 2.20-1.97 (m, 9H), 1.79 (s, 6H),
1.53-1.39 (m, 4H). 13C NMR (75 MHz, MeOD) &: 171.7, 168.7, 156.4,
143.6, 142.3, 136.6, 136.0, 132.6, 130.3, 130.2, 128.7, 127.2, 127.0,
126.4, 118.5, 116.0, one signal missing due to the overlap with solvent,
40.2 (x 3C), 38.9, 38.6, 36.8 (x2C), 36.6, 29.2 (x 3C), 25.7, 24.5.

4.1.1.19. 2-(3-Adamantan-1-yl-4-methoxyphenyl)-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane (1b).. To a solution of 4-bromo-1-methoxy-2-
(adamantan-1-yl)benzene [29] (875 mg, 2.72 mmol) in dioxane
(20.4 mL), diborobispinacolate (846 mg, 3.26 mmol), potassium
acetate (800 mg, 8.16 mmol) and PdCly(dppf)-CH,Cl, (61 mg,
0.03 mmol) were added under nitrogen atmosphere. The mixture was
heated 5 h at 80 °C in the dark. The solvent was removed under reduced
pressure, and after addition of ethyl acetate, the organic phase was
washed with water, brine, dried over Na,SO,4 and filtered. The crude
was purified by flash chromatography with hexane:ethyl acetate 95:5 to
give 812 mg (81%) of a white solid, m.p. 174 °C. 'H NMR (300 MHz,
CDCl5) &: 7.76-7.58 (m, 2H), 6.84 (d, J = 7.8 Hz, 1H), 3.84 (s, 3H),
2.05 (9H, m), 1.75 (6H, m), 1.28 (m, 12H).

4.1.1.20. Methyl 3-[3’-adamantan-1-yl-4’-methoxy-2-(formyDbiphenyl-4-
yl]acrylate (18). To a solution of 200 mg (0.54 mmol) of compound 1b
in dry 1,4-dioxane (4 mL) were added 367 mg (1.08 mmol) of methyl 3-
(3-formyl-4-trifluoromethanesulfonyloxyphenyDacrylic acid methyl
ester [4], 0,68 mL (1.36 mmol) of 2 M aq. NayCO3, and 12.2 mg
(0.016 mmol) of PACl,(dppf)-CH,Cl,. The mixture was heated 3 h in the
dark and under a nitrogen atmosphere at 80-90 °C, then added with
water and extracted with EtOAc. The extracted layer was dried,
evaporated and crystallized from AcOEt to give 156 mg (67%) of the
title compound, m.p. 189 °C, 'H NMR (300 MHz, CDCl3) 8: 10.0 (s, 1H),
8.16 (1H, d, J = 1.8 Hz), 7.72-7.83 (2H, m), 7.52 (1H, d, J = 8.2 Hz),
7.20-7.25 (2H, m), 6.99 (1H, d, J = 8.2 Hz), 6,57 (1H, d, J = 16.2 Hz),
3.92 (3H, s), 3.85 (3H, s), 2.05-2.16 (9H, m), 1.79 (6H, s); '*C NMR
(75 MHz, CDCl) 8: 192.3, 167.1, 159.3, 147.8, 143.4, 138.9, 134.0,
133.3, 132.3, 131.5, 128.8, 128.7, 128.4, 127.2, 119.1, 111.7, 55.2,
51.8, 40.5 (x3C), 37.1(x2C), 37.0 (x2C), 29.0 (x 3C). Anal. calcd.
for CogH3004: C, 78.11; H, 7.02. Found: C, 78.36; H, 7.02.

4.1.1.21. 3-[3’-adamantan-1-yl-4’-methoxy-2-(formyl)biphenyl-4-yl]
acrylic acid (19). Compound 18 (70 mg, 0.16 mmol) was added to a
solution of LiOH-H50 (34 mg, 0.80 mmol) in 5 mL of THF/H,0 1:1, and
the mixture was left overnight at room temperature in the dark.
Evaporation, addition of 2 N HCl, and filtration gave 67 mg (97%) of
the product as a white solid, m.p. 240 °C, '"H NMR (300 MHz, CDCl) &:
12.5 (1H, br s), 9.89 (1H, s), 8.01-8.11 (2H, m), 7.70 (1H, d,
J = 16.2 Hz), 7.58 (1H, d, J = 8.2 Hz), 7.31 (1H, dd, J = 1.83 Hz,
J = 8.2Hz),7.16 (1H, d, J = 1.8 Hz), 7.13 (1H, d, J = 8.2 Hz), 6.64
(1H, d, J = 16.2 Hz), 3.87 (3H, s), 1.93-2.12 (9H, m), 1.73 (6H, s); 13C
NMR (75 MHz, DMSO-dy) 8: 192.1, 167.8, 159.3, 146.9, 142.8, 138.1,
134.0, 133.8, 132.8, 131.9, 129.2, 128.9, 128.5, 127.9, 121.2, 112.8,
55.8, 3C missing due to the overlap with solvent signal, 37.0 (x2C),
36.9 (X 2C), 28.8 (x 3C). Anal. calcd. for C,;H,504: C, 77.86; H, 6.78.
Found: C, 78.05; H, 6.76.
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4.1.1.22. 3-[3’-Adamantan-1-yl-4’-methoxy-2-(hydroxyiminomethyl)
biphenyl-4-ylJacrylic acid (20). Compound 18 (87 mg, 0.20 mmol) was
suspended in ethanol (1.9 mL), then hydroxylamine hydrochloride
(42 mg, 0.61 mmol) and pyridine (0.33 mL, 4 mmol) were added. The
mixture was heated 1 h at 80 °C, then evaporated, and the residue
purified by chromatography with hexane/EtOAc 4:1 to obtain 73 mg
(81%) of methyl 3-[3-adamantan-1-yl-4-methoxy-2-(hydroxyimino-
methyl)biphenyl-4-yl]acrylate, m.p. 176 °C, '"H NMR (300 MHz, CDCl;)
§:8.15 (1H, s), 8.06 (1H, d, J = 1.8 Hz), 7.75 (1H, d, J = 16.2 Hz), 7.59
(1H,dd,J = 1.8 Hz,J = 8.2 Hz), 7.41 (1H, d,J = 7.9 Hz), 7.31 (1H, br
s), 7.12-7.20 (2H, m), 6.96 (1H, d, J = 8.2 Hz), 6.53 (1H, d,
J = 16.2 Hz), 3.91 (3H, s), 3.84 (3H, s), 2.07-2.16 (9H, m), 1.79 (6H,
s);, 3¢ NMR (75 MHz, CDCls) 8:167.4, 158.8, 149.6, 144.3, 144.1,
138.7, 133.1, 130.8, 130.6, 130.2, 128.7, 128.1, 127.9, 126.1, 118.2,
111.5, 55.1, 51.7, 40.6 (x 3C), 37.1 (x2C), 37.0 (x2C), 29.1 (x 3QC).

The above compound (66 mg, 0.15 mmol) was dissolved in 5.3 mL
of 1 N NaOH in MeOH, and the mixture was refluxed 1 h. The solvent
was evaporated, and the residue taken up with water, then added with
1 M HCl and filtered, to give 51 mg (80%) of the title compound, m.p.
259 °C, H NMR (300 MHz, CDCl5) 8. 12.4 (1H, s), 11.3 (1H, s), 11.2
(1H,s), 7.97 (1H, s), 7.93 (1H, s), 7.79 (1H, d, J = 8.5 Hz), 7.64 (1H, d,
J = 15.9Hz),7.40 (1H, d, J = 7.6 Hz), 7.02-7.22 (3H, m), 6.54 (1H, d,
J = 15.9 Hz), 3.86 (3H, s), 2.06 (9H, s), 1.72 (6H, s); '*C NMR
(75 MHz, DMSO-dg) 8: 167.9, 158.7, 147.1, 143.5, 143.2, 137.9, 133.5,
131.2,131.0,130.7, 128.6,128.3,127.9,126.3, 120.2, 112.6, 55.7, one
carbon missing due to the overlap with solvent, 37.0 (x3C), 36.9
(x30C), 28.8 (x3C). Anal. caled for Co;H29NO4: C, 75.15; H, 6.77; N,
3.25. Found: C, 75.38; H, 6.79; N, 3.26.

4.1.1.23. 3-[3’-Adamantan-1-yl-4’-methoxy-2-(3-oxo-but-1-enyl)
biphenyl-4-yl]acrylic acid (21). A solution of 18 (70 mg, 0.16 mmol) in
5 mL of THF/acetone 1:1 was added with LiOHH,O (34 mg,
0.82 mmol) and stirred overnight in the dark at room temperature.
Evaporation, taking up with 2 N HCl and filtration gave 63 mg (85%) of
the product, as a yellow solid, m.p. 151-153 °C, 'H NMR (300 MHz,
DMSO) & 12.4 (1H, br s), 8.19 (1H, s), 7.79 (1H, dd, J = 7.9 and
J =1.8Hz),7.66 (1H,d,J = 16.2 Hz), 7.47 (1H, d, J = 16.2 Hz), 7.46
(1H,d,J = 7.9Hz),7.25(1H,dd,J = 8.2and J = 2.1 Hz), 7.11 (1H, d,
J = 8.2 Hz), 7.07 (1H, d, J = 2.1 Hz), 6.98 (1H, d, J = 16.2 Hz), 6.72
(1H, d, J = 16.2 Hz), 3.87 (3H, s), 2.23 (3H, s), 2.04 (9H, m), 1.71 (6H,
s), 13C NMR (75 MHz, DMSO-dg) 8: 198.1, 168.1, 158.8, 149.5, 143.5,
141.7, 137.6, 133.8, 132.9, 131.1, 131.0, 130.0, 128.9, 128.5, 128.4,
127.5, 120.4, 112.7, 57.8, 3C missing due to the overlap with signal
solvent, 37.0, 36.9 (x 2C), 28.8 (X 4C), 28.1. Anal. calcd for C3oH3,04:
C, 78.92; H, 7.06. Found: C, 79.09; H, 7.07.

4.1.1.24. Adamantan-1-yl-2-(3-hydroxyiminobut-1-enyl)-4’-
methoxybiphenyl-4-yljacrylic acid (22). Compound 21 (38 mg,
0.08 mmol) was dissolved in ethanol (0.8 mL) then hydroxylamine
hydrochloride (17.3 mg, 0.25 mmol) and pyridine (0.135 mlL,
1.66 mmol) were added. The reaction was heated 2 h at 80 °C. The
mixture was added with water, cooled in ice, added with 2 N HCI to pH
2. Filtration gave 33 mg (85%) of the product, m.p. 215 °C, 'H NMR
(300 MHz, DMSO-dg) &: 12.4 (1H, br s), 11.2 (1H, s), 8.06 (1H, s),
7.62-7.71 (2H, m), 7.37 (1H, d, J = 8.2 Hz), 7.25 (1H, dd, J = 8.2 and
J = 2.1 Hz), 7.06-7.13 (2H, m), 6.97 (1H, d, J = 16.5 Hz), 6.80 (1H, d,
J = 16.5 Hz), 6.67 (1H, d, J = 16.2 Hz), 3.86 (3H, s), 2.04 (9H, m),
1.83 (3H, s), 1.71 (6H, s); '>*C NMR (75 MHz, DMSO-d) 8: 168.1, 158.5,
154.6, 144.0, 142.8, 137.3, 134.9, 133.7, 131.5, 130.9, 130.3, 128.6,
128.5, 128.2, 127.9, 126.7, 119.9, 112.7, 55.7, 4C missing due to the
overlap with solvent signal, 37.0 (x 3C), 28.8 (x 3C), 9.87. Anal. calcd.
for C3oH3304: C, 76.41; H, 7.05; N, 2.97. Found: C, 76.62; H, 7.07; N,
2.97.

4.1.1.25. 3’-Adamantan-1-yl-4’-methoxy-4-(2-methoxycarbonylvinyl)
biphenyl-2-carboxylic acid (23). A suspension of 18 (70 mg, 0.16 mmol)
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in tert-butanol (3.6 mL), was added with 2-methylbut-2-ene (50 mg,
0.72 mmol), a solution of NaH,PO4H,0 (45 mg, 0.33 mmol) in 0.5 mL
of water, and sodium chlorite (44 mg, 0.49 mmol). The mixture was left
overnight at room temperature, added with sodium chlorite (30 mg),
then heated 5 h at 60 °C. The mixture was treated with saturated
aqueous NH4Cl, and filtered, to give the product (71 mg, 97%). H NMR
(300 MHz, DMSO-dg) 8: 7.90 (1H, d, J = 1.8 Hz), 7.85 (1H, dd, J = 8.1
and 1.8 Hz), 7.70 (1H, d, J = 16.1 Hz), 7.42 (1H, d, J = 8.1 Hz), 7.22
(1H, dd, J = 8.6 and 2.15 Hz), 7.15 (1H, d, J = 2.1 Hz), 7.00 (1H, d,
J = 8.6 Hz), 6.70 (1H, d, J = 16.1 Hz), 3.82 (3H, s), 3.72 (3H, s),
2.08-1.97 (9H, m), 1.75-1.67 (6H, m); 1*C NMR (75 MHz, DMSO-ds) §:
170.5, 167.1, 158.7, 143.9, 142.5, 137.5, 134.0, 132.8, 132.0, 131.1,
130.2,129.1, 127.1 (x 2C), 118.9, 112.5, 55.7, 52.0, 4C missing due to
the overlap with solvent signal, 37.0 (x 3C), 28.8 (x 3C). Anal. calcd.
for CogH300s: C,75.31; H, 6.77. Found: C, 75.63; H, 6.78.

4.1.1.26. 3-(3’-Adamantan-1-yl-2-carbamoyl-4’-methoxy-biphenyl-4-yD
acrylic acid (24).. A solution of 23 (70 mg, 0.16 mmol) in dry
dichloromethane (3.77 mL) was added with oxalyl chloride (15 uL,
0.17 mmol), and three drops of DMF. After 2 h at room temperature, the
mixture was poured into 10 mL of conc. ice-cooled ammonia. The white
precipitate was filtered and purified by chromatography with
CH,Cl,:CH30H 195:55 to give 60 mg (86%) of methyl 3-(3-
adamantan-1-yl-2-carbamoyl-4’-methoxy-biphenyl-4-yl)-acrylate, m.p.
254 °C. 'H NMR (300 MHz, DMSO-dg) 8: 7.79 (1H, dd, J = 1.5 Hz,
7.9 Hz), 7.75-7.66 (3H, m), 7.46-7.36 (2H, m), 7.34-7.25 (m, 2H)
7.06-6.97 (1H, m), 6.70 (1H, d, J = 16.2 Hz), 3.83 (3H, s), 3.74 (3H, s),
2.14-1.97 (m, 9H), 1.82-1.68 (m, 6H).

A suspension of the above ester (45 mg, 0.10 mmol) was suspended
in 50% aq‘THF (3.2 mL), added with LiOH-H,O (21 mg, 0.50 mmol),
and stirred 72 h at room temperature in the dark. Evaporation of THF,
ice-cooling, addition of 1 N HCI, and filtration gave 32 mg (73%) of the
title compound, m.p. 265 °C (dec). H NMR (300 MHz, DMSO-d,) 8:
12.4 (1H, brs), 7.82-7.52 (4H, m), 7.47-7.33 (2H, m), 7.33-7.18 (2H,
m), 7.00-6.93 (1H, m), 6.57 (1H, d, J = 16.8 Hz), 3.83 (3H, s),
2.13-1.93 (9H, m), 1.81-1.60 (6H, m),"*C NMR (150 MHz, DMSO-dp) 8:
172.9, 169.5, 160.0, 144.8, 142.5, 139.5, 138.9, 134.2, 133.4, 132.1,
130.4, 129.2, 128.6 (x 2C), 121.6, 113.9, 56.8, 2C missing due to the
overlap with solvent, 38.4 (x4C), 30.3 (x3C). Anal. caled. for
Co7H2904: C, 75.15; H, 6.77; N, 3.25. Found: C, 75.39; H, 6.79; N, 3.24.

4.1.1.27. 3-[3’-Adamantan-1-yl-4’-methoxy-2-(hydroxymethyl)biphenyl-
4-ylJacrylic acid (25). A suspension of 18 (70 mg, 0.16 mmol) in THF/
MeOH 1:1 (4 mL) was cooled in an ice bath and treated with NaBH,
(6.4 mg, 0.16 mmol). After 30 min. at room temperature, 0.5 M HCl was
added (1 mL), and the mixture extracted with AcOEt. Evaporation of
the solvent gave 70 mg (quant. yield) of methyl 3-[3’-adamantan-1-yl-
4’-methoxy-2-(hydroxymethyl)biphenyl-4-yl]acrylate as a white solid,
m.p. 139 °C, H NMR (300 MHz, CDCl,) 8: 7.77 (1H, d, J = 16.2 Hz),
7.76 (1H, d, J = 1.8 Hz), 7.51 (1H, dd, J = 8.2 and J = 1.8 Hz), 7.33
(1H, d, J = 8.2 Hz), 7.18-7.23 (2H, m), 6.95 (1H, d, J = 8.5 Hz), 6.52
(1H, d, J = 16.2 Hz), 4.69 (2H, s), 3.90 (3H, s), 3.84 (3H, s), 2.07-2.16
(9H, m), 1.75 (6H, s); *C NMR (75 MHz, CDCl;) 8: 167.5, 158.5, 144.5,
143.6, 138.8, 138.5, 133.3, 131.7, 130.7, 128.0, 127.5, 127.1, 127.0,
117.7, 111.5, 63.1, 55.0, 51.6, 40.6 (x 3C), 37.1 (x4C), 29.1 (x 3C).
A suspension of the above compound (53 mg, 0.12 mmol) in a so-
lution of 26 mg (0.61 mmol) of LiOH-H,0 in 4 mL of THF/water 1:1 was
stirred overnight at room temperature. Evaporation of THF, followed by
addition of water (2 mL), cooling, addition of 2 M HCI, filtration and
drying gave 50 mg (quant. yield) of the product, m.p. 226 °C, 'H NMR
(300 MHz, DMSO-dg) &: 12.4 (1H, br s), 7.80 (1H, s), 7.62 (1H, d,
J = 16.2 Hz), 7.61 (1H, dd, J = 8.2 and J = 1.8 Hz), 7.27 (1H, d,
J = 8.2 Hz), 7.23 (1H, dd, J = 8.2 and J = 2.1 Hz), 7.17 (1H, d,
J = 2.1 Hz), 7.04 (1H, d, J = 8.2 Hz), 6.51 (1H, d, J = 16.2 Hz), 5.21
(1H, br s), 4.42 (2H, s), 3.84 (3H, s), 1.98-2.14 (9H, m), 1.73 (6H, s);
13C NMR (75 MHz, DMSO-dg) 8: 168.0, 158.4, 144.3, 142.8, 140.2,
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137.6, 133.0, 132.0, 130.5, 128.5, 127.8, 127.5, 127.1, 119.2, 112.4,
61.3, 55.7, 3C missing due to the overlap with solvent signal, 37.0
(x4C), 28.8 (x3C). Anal. calcd. for Cy;H3004: C, 77.48; H, 7.22.
Found: C, 77.75; H, 7.23.

4.2. Cell lines

Human NCI-H460 NSCLC, H460-R9A (Adarotene-resistant NCI-
H460) NSCLC, A2780 and A2780-Dx (multidrug-resistant) ovarian
carcinoma, MM487-Luc (luciferase-expressing) biphasic mesothelioma,
HT-29, U937 histiocytic lymphoma, RAJI, DG-75, and RAMOS Burkitt
lymphoma, JECO-1, MAVER-2, MINO, REC-1, and Z-138 mantle cell
lymphoma, KM-H2 Hodgkin lymphoma, OCI-LY3 and U-2932 diffuse
large B-cell lymphoma, NB4 promyelocytic leukemia (APL) were used
within study.

4.2.1. Cell cultures

NCI-H460, H460-R9A, A2780, A2780-Dx, NB4, U937, RAJI, REC-1,
DG-75, U-2932, KM-H2 and HT-29 cells were cultured in RPMI-1640
medium supplemented with 10% FBS, 2 mM L-glutamine and genta-
micin sulphate. MM487Luc cells were cultured in Ham’s F-10 Nutrient
Mixture supplemented with 10% FBS, 2 mM 1-glutamine, and G418
antibiotic. U87MG-Luc cells were cultured in EMEM medium supple-
mented with 10% FBS, 2 mM ti-glutamine and gentamicin sulfate.
RAMOS, OCI-LY3, JECO-1, MAVER-2, MINO cells were cultured in
RPMI-1640 medium supplemented with 20% FBS, 2 mM L-glutamine
and gentamicin sulfate. Z-138 cells were cultured in IMDM medium
supplemented with 10% FBS, 1-glutamine and gentamicin sulfate.

Cells were maintained in a 37 °C incubator with saturated humidity
and an atmosphere of 95% air and 5% CO,, and were sub-cultured
every 2-3 days.

4.2.2. Antiproliferative activity

The antiproliferative activity of new atypical retinoids was assessed
in vitro on various human cell lines from solid and hematological can-
cers. Cells in logarithmic phase of growth were seeded in 96-wells
plastic plates, incubated overnight in culture medium, and exposed for
24 h to 10 scalar concentrations of the test compounds (2-fold serial
dilution series in culture medium). Upon a further 48 h growth in drug-
free medium, cell survival was assessed by either sulphorhodamine B
(SRB) (solid cancers) or tetrazolium-based (MTT) (hematological can-
cers) colorimetric assay and the ICso value (drug concentration in-
hibiting 50% of cell growth) calculated by ALLFIT program.

4.3. POLA1 primer extension assay

To determine if the compound were able to directly act on POLA1
and inhibit its activity, an in vitro primer extension assay was performed
as described in the paper from Han and colleagues with minor mod-
ifications [12]. Briefly, the primer extension substrate was generated by
mixing 100 pL of a 5 M fluorescein labeled 15 nt RNA oligo (5-Fluor-
escein- rGrGrArArArGrGrArCrGrArArArCrA-3), 100 1 of a 7.5 M 25nt
DNA oligo (5-(A)6CCGGTGTTTCGTCCTTTCC-3), and 100 pL of
10 X reaction buffer (200 mM Tris-HCl, pH7.8, 100 mM MgCl,, 20 mM
DTT, and 500 mM NaCl). The mixture was heated to 75 °C for 2 min.
and gradually cooled to room temperature. Serial dilutions of the
compounds were prepared in DMSO, and further diluted in H,O. One pL
of diluted compounds was added to 1U of POLA1 recombinant protein
(Creative Biomart), 2 puL of 10 mg/ml BSA, and 0.4 pL of 2.5 mM dNTP
and pre-incubated at 25 °C for 15 min. The final concentrations of in-
hibitors used in the reactions were 0.2 pM, 1 pM, 2 pM, 10 uM, 50 uM,
100 uM and 150 pM. Afterwards, 3 pL of the primer extension substrate
were added to the mixture. The primer extension reaction was in-
cubated at 25 °C for 15 min, and then terminated via addition of 1 vol of
2X TBE-UREA sample buffer (Life Technologies). The reaction products
were boiled for 2 min. at 90 °C, resolved on a 15% TBE UREA gel and
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visualized using the Fluorescein acquisition program on the ChemiDoc
XRS (Biorad).

4.4. Animals

CD-1 nude and NOG mice, females, 4-5 weeks-old, were housed
under specific-pathogen-free conditions in individually ventilated cages

All animal experiments were performed in accordance with the
European guidelines for the care and use of laboratory animals and
approved by the Ethics committee for Animal Welfare (OPBA, Biogem)
and by the Italian Ministry of Health.

4.4.1. In vivo experiments

4.4.1.1. Animal husbandry. 4-6 weeks old female CD-1 Nude mice were
used. Food and water were supplied ad libitum, and mice were housed
under a light-dark cycle, at a temperature of 22 + 2 °C and with
55 + 10% relative humidity under a 12 h circadian cycle of artificial
light (7 a.m., 7p.m.).

4.4.1.2. Drugs and chemicals. 12 was dissolved to a concentration of
3.3 mg/mL in 10% DMSO, 5% ethanol, 20% Kolliphor® EL and 65%
Na,CO3; 10 mM pH 11 and administered by gavage; adarotene was
dissolved to a concentration of 2 mg/mL inl0% ethanol, 20%
Kolliphor® EL, 70% saline solution and administered by gavage;
cisplatin was dissolved to a concentration of 0.8 mg/mL in sterile
saline solution and administered intravenously.

4.4.1.3. Cell cultures and tumor implants. Generation of Mesothelioma
Luciferase expressing cells - MM487 mesothelioma cells are derived from
a patient affected by biphasic pleural mesothelioma. These cells were
stably transfected with pGL4.17 pWHERE CMV luc vector. The clones
presenting the highest expression (in terms of photons emitted per
second) were selected, and named MM487:Luc. For in vivo studies,
MM487:Luc were cultured in Ham’s F-10 Nutrient Mixture medium
supplemented with 10% FBS and 400 pg/ml neomycin and expanded in
a 37 °C incubator with saturated humidity and 5% CO,.

Before the injection in mice, cells were checked with MycoAlert®
Mycoplasma Detection Kit (Lonza) to exclude mycoplasma con-
tamination, counted by trypan blue dye exclusion, evaluated for cell
viability (> 95%).

Orthotopic mesothelioma model (MMA487-Luc) 1x10° mesothelioma
MM487 cells were orthotopically injected intrapleurally (i.pl.) in
4-5 weeks-old female CD-1 nude mice, under deep isoflurane an-
esthesia. Cell engraftment was followed since the treatment started
through the IVIS Spectrum (PerkinElmer, USA) in vivo imaging tech-
nology, for the evaluation of the bioluminescence signal radiance (p/s/
cmz/sr), 30 min after i.p. administration of p-Luciferin (150 mg/kg).
Once tumors reached adequate size, animals were randomly allocated
to treatment groups. TGI was calculated as : TGI (%) = 100 - (mean
Average Radiance (eated / Average Radiancecontuor X 100). Mice were
weighed twice a week.

All experiments were in accordance with the European guidelines
for the care and use of laboratory animals (2010/63/EU directive) and
Italian Ministry of Health guideline.

HT29 colon carcinoma tumor model

Human HT-29 colon carcinoma cells were resuspended at a con-
centration of 5 X 10° cells in 0.2 mL of M199 medium, then inoculated
subcutaneously on the right flank of each animal. 12 was administered
at 15 mg/Kg kg (qdx5x4w) starting 3 days from cells injection.

Subcutaneous tumor masses were measured biweekly by Caliper
and tumor volume was calculated using the following formula: TV
(mm?®) = [length (mm) x width (mm)?3]/2. The tumor growth in-
hibition was calculated by using the following formula: TGI = [Vehicle-
Treated]/Vehicle X100

For murine orthotopic xenograft model, tumor growth was eval-
uated weekly by using the IVIS Spectrum (PerkinElmer) in vivo
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technology system, through intraperitoneal injection of p-Luciferin
(100 uL/10gr, PerkinElmer). For each animal was evaluated the specific
average radiance signal.

4.5. Statistical analysis

Statistical analysis was performed by using U-Test (GraphPad Prism
6). Outliers were removed by using the Rout test (Q = 10%, GraphPad
Prism 6).

5. Molecular modelling studies
5.1. Computational details

The performed simulations involved the resolved structure of
POLA1 co-crystallized with Aphidicolin and DNA-RNA duplex (PDB Id
4Q5V) [14]. In detail, the study involved the chain E since it is resolved
with better quality compared to chain A. The protein comprises three
unresolved segments: residues 674-677, 807-833 and 883-895. The
first was added manually, while the others were built by homology
modelling using Fugue [31] The protonation of the protein residues at
physiologic pH, the tautomer of the histidine residues and the Ans/Gln
flipping were defined using the H+ + server [32] The structure was
then solvated in a cubic box of TIP3P water model, and counter ions
(Na + and Cl-) were added to neutralize the system and to reach an
ionic concentration of 0.15 M. The system was optimized using a three
steps minimization involving first the hydrogen atoms, then the water
molecules and finally the whole system, keeping harmonic restraints in
the Ca of the protein and on the DNA/RNA backbone. The ligand was
parameterized using antechamber with AM1-bcc charges and GAFF, the
protein using ff14SB and the DNA/RNA using both DNA.OL15 and
RNA.OLS3 force fields [33] The optimized structure without the water
molecules, the counter ions and Aphidicolin was used for the docking
studies. The structures of the inhibitors were prepared as previously
described. Firstly, the docking settings were tuned by redocking Aphi-
dicolin within the binding site. The binding pocket was chosen by se-
lecting a radius of 10 A around the center of mass of Asp1004 and
Guanosine310. The GOLD program [34] was used by generating 100
poses. Two scoring functions were tested: ChemPLP and GoldScore. The
former gave an RMSD of 0.65 A, while the latter of 0.95 A, therefore for
the docking studies ChemPLP was used. The docking poses were in turn
minimized using the procedure described above. Then, we rescored the
optimized binding poses using GOLD and the ChemPLP scoring func-
tion.
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