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A B S T R A C T   

Fibroblast growth factors (FGFs) act as proangiogenic and mitogenic cytokines in several cancers, including 
multiple myeloma (MM). Indeed, corrupted FGF autocrine and paracrine secretion induces an aberrant activation 
of the FGF receptor (FGFR) signaling sustaining cancer cell spreading and resistance to pharmacological treat-
ments. Thus, FGF traps may represent a promising anti-cancer strategy to hamper the ligand-dependent acti-
vation of the FGF/FGFR system. We previously identified NSC12 as the first orally available small molecule FGF 
trap able to inhibit the growth and progression of several FGF-dependent tumor models. NSC12 is a pregnenolone 
derivative carrying a 1,1-bis-trifluoromethyl-1,3-propanediol chain in position 17 of the steroid nucleus. 
Investigation of structure-activity relationships (SARs) provided more potent and specific NSC12 steroid de-
rivatives and highlighted that the C17-side chain is pivotal for the FGF trap activity. Here, a scaffold hopping 
approach allowed to obtain two FGF trap compounds (22 and 57) devoid of the steroid nucleus and able to 
efficiently bind FGF2 and to inhibit FGFR activation in MM cells. Accordingly, these compounds exert a potent 
anti-tumor activity on MM cell lines both in vitro and in vivo and on MM patient-derived primary cells, strongly 
affecting the survival of both proteasome-inhibitor sensitive and resistant MM cells. These results propose a new 
therapeutic option for relapsed/refractory MM patients and set the bases for the development of novel FGF traps 
prone to chemical diversification to be used in the clinic for the treatment of those tumors in which the FGF/ 
FGFR system plays a pivotal role, including MM.   

1. Introduction 

The system composed of fibroblast growth factors (FGFs) and their 
receptors plays a fundamental role in several developmental and phys-
iological processes spanning from embryonal development and angio-
genesis to tissue repair, would healing and endocrine signaling [1]. The 
FGF family includes 18 secreted members and 4 intracellular FGF 

homologous factors. The secreted members are grouped into six sub-
families based on phylogenetic analysis and sequence homology. 
FGF1/2, FGF4/5/6, FGF3/7/10/22, FGF8/17/18, and FGF9/16/20 
subfamilies act as “canonical” FGFs. Canonical FGFs bind and activate 
tyrosine kinase (TK) FGF receptors (FGFRs), triggering intracellular 
signaling cascades that mediate their biological activity [2]. On the cell 
surface, the interaction between FGF and FGFR is stabilized by heparan 
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sulfate proteoglycans (HSPGs), leading to the formation of 
HSPG/FGF/FGFR ternary complexes that are essential for signal trans-
duction [2]. 

Dysregulation of FGF/FGFR axis has been found to affect human 
health, sustaining the onset and progression of different pathologies. In 
particular, FGFR signaling has been involved in the onset and progres-
sion of cancer, sustaining cell proliferation, angiogenesis and anti- 
apoptotic effects [3]. Several dysfunctions have been shown to pro-
mote the hyperactivation of the FGF/FGFR system and abnormal cell 
signaling. These alterations are mainly related to FGFR aberrations due 
to chromosomal rearrangements and oncogenic fusions, gene amplifi-
cation, and activating mutations that lead to ligand-independent re-
ceptor activation [4]. On the other hand, other mechanisms, such as 
corrupted FGF autocrine and paracrine signaling and FGFR interaction 
with noncanonical signaling partners, can affect receptor activity and 
sustain cancer cell invasiveness, metastatic potential, and resistance to 
pharmacological treatments [5]. 

The pharmacological approach based on FGF/FGFR inhibitors has 
emerged as a successful strategy for the effective treatment of cancer 
[6]. Inhibitors with different composition and mechanism are currently 
available. They comprise proteins, e.g., monoclonal antibodies and 
soluble decoy receptors, oligo- and polysaccharides, and small mole-
cules. Within the latter group, FGFR TK inhibitors are the most advanced 
compounds, with drugs already approved for cancer treatment and 
others in advanced clinical trials [7]. Unfortunately, treatment with 
FGFR TK inhibitors has been associated with side effects, including 
hyperphosphatemia, and with occurrence of resistance that can be 
driven by several mechanisms comprising mutation of FGFR amino acid 
residues that abolishes drug activity and activation of other TK re-
ceptors. In this context, the development of agents that can avoid or 
overcome these limitations is currently actively pursued. 

FGF traps represent an alternative strategy to hamper the ligand- 
dependent activation of the FGF/FGFR system by binding FGFs, thus 
preventing interaction with receptors expressed on plasma membranes 
[8]. Different types of FGF traps have been developed. They mimic 
heparan sulfate chains of HSPGs, involved in the formation of the 
functional heterotrimeric structure with FGF and FGFR, or act as decoy 
receptors built from truncated FGFR variants. FP-1039, consisting of the 
extracellular domain of FGFR1 fused with the Fc region of IgG1, was 
evaluated in a phase I clinical trial and patients showed no alteration of 
calcium and phosphate serum levels [9]. Another effective class of FGF 
traps was developed starting from the observation that pentraxin-3 
(PTX3) is able to bind FGFs through its terminal amino portion [10]. 
A screening campaign based on a pharmacophore model built on the 
FGF-binding portion of PTX3 led to the identification of NSC12, a 
pregnenolone derivative carrying a 1,1-bis-trifluoromethyl-1,3-pro-
panediol chain in position 17 of the steroid nucleus (1 in Fig. 1). 
NSC12 (1) was characterized as a multi-FGF trap able to inhibit the 
formation of the bioactive HSPG/FGF/FGFR ternary complex [11,12]. 
This compound inhibited the proliferation of several FGF-dependent 
cancer cell lines in vitro, and in vivo resulted to be orally available and 
able to reduce tumor growth, angiogenesis, and metastasis in various 
murine and human tumor models [11,12]. 

Investigation of structure-activity relationships (SARs) provided 
more potent NSC12 (1) derivatives through modulation of the 

substituent in position 3, while attempts to replace the C17-side chain 
led to a decrease of activity. Structural optimization afforded compound 
2 (Fig. 1), the pregnane 3-keto analog of compound 1, which exerted 
antiproliferative activity on several multiple myeloma (MM) cell lines 
and antitumor activity in a KMS-11 cell xenograft murine model of 
multiple myeloma (MM), producing a greater reduction of tumor growth 
than compound 1 [13]. 

The intrinsic difficulties in the modification and functionalization of 
the steroid nucleus of FGF traps 1 and 2 allowed a limited exploration of 
SARs. Therefore, to prospectively allow a wider investigation of the 
structural requirements for FGF binding and FGF/FGFR system signaling 
inactivation, a scaffold hopping approach was applied to obtain com-
pounds devoid of the steroid nucleus. To this aim, various bioisosteric 
replacements were evaluated, to identify new scaffolds that could 
maintain the biological activity of parent steroid derivatives, while 
being more easily synthesized and more prone to chemical 
diversification. 

We report here the first non-steroidal NSC12 derivatives able to 
efficiently bind FGF2 and to inhibit FGFR phosphorylation and endowed 
with antitumor activity on MM cell lines both in vitro and in vivo and on 
MM patient-derived primary cells. 

2. Chemistry 

The replacement of the steroidal portion of NSC12 (1) and 2, while 
retaining the bis-trifluoromethyl-1,3-propanediol chain, featured a 
common synthetic strategy centered around the aldol-type condensation 
of an aryl-methyl ketone with hexafluoroacetone (HFA), followed by 
reduction of the β-hydroxy ketone thus obtained (Scheme 1) [12,13]. 

The para-biphenyl functionalized compounds were prepared as 
depicted in Scheme 2. Suzuki-Miyaura cross coupling between ethyl-4- 
iodobenzoate and either 4- or 3-acetylphenylboronic acid furnished 
para-biphenyl methyl ketones 3 and 8, respectively [14,15]. These were 
subjected to condensation with HFA at low temperatures to give ketones 
4 and 9 which, following reduction with sodium borohydride, yielded 
products 5 and 10. The ethyl ester group was removed with sodium 
hydroxide in water, to furnish the free carboxylic acids 6 and 11, while 
the primary benzylic alcohol of 7 and 12 was obtained by exhaustive 
reduction with lithium aluminum hydride from 4 and 9. 

To evaluate the role of stereochemistry of the bis-trifluoromethyl- 
1,3-propanediol chain, we attempted separation of the two enantiomers 
of 5 by means of esterification of the secondary alcohol with a chiral, 
enantiopure carboxylic acid and then separation of the two diastereo-
meric products thus obtained [16]. To this end, direct functionalization 
by esterification of the secondary alcohol with a chiral carboxylic acid 
(N-Boc-L-alanine, as a readily available enantiopure carboxylic acid) of 
the final product 5 proved unsuccessful. We therefore planned to sepa-
rate two precursors of the final products, and the successful separation of 
the enantiomers was accomplished as depicted in Scheme 3. 

Condensation/reduction of 4-bromo acetophenone and HFA fur-
nished racemic diol 13. This was condensed with N-Boc-L-alanine to 
furnish diastereomeric 14a and 14b, which could be separated by col-
umn chromatography [17]. Following saponification, enantiopure diols 
15a and 15b were reacted with 4-carboxyethyl-phenyl boronic acid 18, 
to give the optical antipodes 16 and 17. 

Extending on the biphenyl structural motif, naphthol-derived com-
pounds 22 and 24 were prepared in an analogous manner as depicted in  
Scheme 4. 6-Bromo-2-naphthol 19 was protected at first as tert-butyl- 
dimethyl silyl ether (20) [18], followed by Suzuki-Miyaura coupling 
with 4-acetyl bis(pinacolato)-phenyl boronate or 3-acetyl bis 
(pinacolato)-phenyl boronate to give isomeric compounds 21 and 23, 
respectively [19]. These were subjected to the standard con-
densation/reduction sequence to furnish (after deprotection with TBAF 
of the silyl ether) compound 22 and compound 24. 

The series of open-chain, flexible derivatives comprising two aro-
matic nuclei required few distinct synthetic operations, depending on Fig. 1. Chemical structure of FGF trap compounds with steroid scaffold.  
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the specific substitution pattern designed. 
As depicted in Scheme 5, compounds 26 and 28 were prepared with 

a unified, straightforward synthesis comprising the alkylation of 4-fluo-
rophenol with either 3-bromomethyl- or 4-bromomethyl acetophenone 
to give the corresponding meta- or para- substituted ketones 25 and 27, 
respectively, that gave, after condensation/reduction with HFA, 26 and 
28 [20]. 

Compounds bearing a methoxy group installed in the para position 
with respect to the propanediol chain were prepared with different 

approaches, dictated by the junction between the two aromatic nuclei. 
For the preparation of compound 31, we devised a straightforward 

synthesis that profited of the nucleophilic addition of a lithiated specie 
directly onto an aldehyde (Scheme 6) [21]. Easily derived adduct 30 
(from the alkylation of 4-fluorophenol with 3-chloromethyl-4-methoxy 
benzaldehyde 29) [22] was treated with a slight excess of the meta-
lated halohydrin derived from the action of n-butyllithium on the 
commercially available 2-(bromomethyl)-1,1,1,3,3,3-hexa-
fluoropropan-2-ol. This reaction gave compound 31 in modest, yet 

Scheme 1. Retrosynthetic strategy.  

Scheme 2. Synthesis of compounds 5-7 and 10-12. Reagents and conditions: a) 1,4-dioxane, water, Pd(PPh3)2Cl2, K2CO3, 100 ◦C, 3 h. b) THF, LiHMDS, HFA, − 60 ◦C 
to rt, 3 h. c) THF, MeOH, NaBH4, 0 ◦C, 30 min. d) H2O, THF, NaOH, rt, 18 h. e) THF, LiAlH4, 0 ◦C, 1 h. 
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useful yield. This protocol, however, proved to be of extremely narrow 
applicability, due to a very low functional group tolerance. Attempted 
reaction with the chlorine-functionalized counterpart of 30 (compound 
32, Scheme 7) resulted in a complex mixture of products, from which no 
desired compound could be isolated. 

We therefore performed the synthesis of 34, the chlorinated analog 
of 31, by a different approach depicted in Scheme 7, analogously to 28 
and 34 (Scheme 5). 

Alkylation of 4-chloro-phenol with 3-chloromethyl-4-methoxy 
benzaldehyde 29 gave intermediate 32 that was transformed in the 
corresponding ketone 33 by means of a two-step procedure. At first, 
methylmagnesium bromide addition to the carbonyl group produced an 
intermediate secondary alcohol, which was oxidized to the corre-
sponding methyl ketone 33 by a modified Oppenauer oxidation 
employing an in situ generated aluminum-alkoxide (secondary alcohol 
reacted with 0.33 eq. of trimethylaluminum and cyclohexanone as the 
terminal oxidant in refluxing toluene [23,24]). Compound 33 could then 
be condensed with HFA and reduced to the corresponding diol 34. 

The carbon-chain tethered compound 39 (Scheme 8) required a 
different synthetic approach. 2-Chloromethyl anisole 35 was trans-
formed in the corresponding Grignard reagent and reacted with 4-fluoro 
benzaldehyde to give intermediate carbinol 36 [25]. This was reduced 
employing a two-step reaction sequence comprising at first the con-
version of the hydroxyl functionality into the corresponding chloride by 

treatment with concentrated hydrochloric acid, followed by reduction 
with zinc, to furnish compound 37 [26,27]. Regioselective Friedel-Crafts 
acylation gave methyl-ketone 38, and standard condensation/reduction 
finally gave 39 [28,29]. 

Compounds bearing an amide group to act as the hinge motif were 
prepared starting from 3-nitro-4-methoxy acetophenone 40 (Scheme 9) 
[30]. This was directly condensed with HFA to furnish compound 41, 
that was subjected to two distinct reduction steps to obtain intermediate 
42, condensed with 4-fluorobenzoyl chloride to furnish 43. N-methyl 
functionalized compound 47 could by no mean be obtained by either 42 
or 43 and was prepared separately from 3-amino-4-methoxy acetophe-
none 44, that was condensed with 4-fluorobenzoyl chloride to give 45, 
alkylated with iodomethane to give 46, which was condensed with HFA 
and reduced to diol 47. 

Conformationally constrained compounds 50 and 51 were prepared 
as depicted in Scheme 10. Alkylation of 4-fluorophenol with ketone 48 
[31] furnished compound 49 that was subjected to condensation with 
HFA to give 50 and, following reduction, 51, obtained as a racemic 
mixture of trans-configured isomers. 

The merging of the pharmacophores of 22 and 26 was accomplished 
by synthesizing 57, as depicted in Scheme 11. Compound 20 was con-
verted into boronate ester 52 [32], which was subjected to 
Suzuki-Miyaura cross coupling reaction with methyl-ketone 53. 
Following reaction of 54 with 4-fluoro phenol, compound 56 was 

Scheme 3. Synthesis of enantiomers 16 and 17. Reagents and conditions: a) THF, LiHMDS, HFA, − 60 ◦C to rt, 3 h. b) THF, MeOH, NaBH4, 0 ◦C, 2 h. c) DCM, N-Boc- 
L-alanine, DMAP, EDCI, 0 ◦C to rt, 18 h. d) MeOH, Na0, 0 ◦C to rt 24 h. e) 18, 1,4-dioxane, water, Pd(PPh3)2Cl2, K2CO3, reflux, 5 h. 

Scheme 4. Synthesis of compounds 22 and 24. Reagents and conditions: a) DMF, TBDMSCl, NEt3, 0 ◦C, 24 h. b) 1,4-dioxane, water, 4-acetyl bis(pinacolato)-phenyl 
boronate, Pd(PPh3)2Cl2, K2CO3, reflux, 5 h. c) THF, LiHMDS, HFA, − 60 ◦C to rt, 3 h. d) THF, MeOH, NaBH4, 0 ◦C, 2 h. e) THF, TBAF, 3 h. f) 1,4-dioxane, water, 3- 
acetyl bis(pinacolato)-phenyl boronate, Pd(PPh3)2Cl2, K2CO3, reflux, 5 h. 
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obtained by condensation of 55 with HFA, followed by removal of the 
silyl ether protecting group. Reduction with sodium borohydride in 
methanol furnished compounds 57. 

Finally, control compound 59 was prepared employing 2-nonanone 

58 as the starting material, which reacted with HFA and the interme-
diate β-hydroxy-ketone was reduced with sodium borohydride (Scheme 
12). 

Scheme 5. Synthesis of compounds 26 and 28. Reagents and conditions: a) DMF, 4-fluorophenol, K2CO3, rt 15 h. b) THF, LiHMDS, HFA, − 60 ◦C to rt. c) THF, MeOH, 
NaBH4, 0 ◦C, 30 min. 

Scheme 6. Synthesis of compound 31. Reagents and conditions: a) DMF, 4-fluorophenol, K2CO3, rt, 18 h. b) i) 2-(bromomethyl)-1,1,1,3,3,3-hexafluoropropan-2-ol, 
THF, n-BuLi, − 78 ◦C; ii) 30, − 78 ◦C to − 30 ◦C. 

Scheme 7. Synthesis of compound 34. Reagents and conditions: a) DMF, 4-chlorophenol, K2CO3, rt, 18 h. b) THF, MeMgBr, 0 ◦C, 20 min. c) i) Toluene, Al(CH3)3, 
0 ◦C, 20 min; ii) Toluene, cyclohexanone, reflux, 2 h. d) THF, LiHMDS, HFA, − 60 ◦C to rt, 4 h. e) THF, MeOH, NaBH4, 0 ◦C, 1 h. 
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3. Results 

3.1. Structure-activity relationships 

Non-steroidal NSC12 derivatives were evaluated by Western blot 
analysis (Fig. 2 and Figure S1) for their ability to hamper the autocrine 

activity exerted by FGFs secreted by MM KMS-11 cells in which a t(4;14) 
chromosomal translocation leads to FGFR3 overexpression and FGF- 
dependent signaling hyperactivation [33]. Inhibition of FGFR3 phos-
phorylation was used as an index of this inhibitory activity when 
KMS-11 cells were incubated with the compound under test at the fixed 
concentration of 6 μM (Table 1). This concentration was considered 

Scheme 8. Synthesis of compound 39. Reagents and conditions: a) i) THF, Mg0, reflux, 30 min; ii) THF, 4-fluorobenzaldehyde, 0 ◦C, 30 min. b) i) HCl 37 %, 30 min, 
rt; ii) Et2O, AcOH, Zn0, reflux, 60 min. c) DCM, AlCl3, Ac2O, 0 ◦C, 20 min. d) THF, LiHMDS, HFA, − 60 ◦C to rt, 4 h. e) THF, MeOH, NaBH4, 0 ◦C, 30 min. 

Scheme 9. Synthesis of compounds 43 and 47. Reagents and conditions: a) THF, LiHMDS, HFA, − 60 ◦C to rt, 1 h. b) MeOH, NaBH4, 0 ◦C, 30 min. c) EtOH, water, 
AcOH, Fe0, rt, 3 h. d) 4-fluorobenzoyl chloride, pyridine, 30 min, rt. e) THF, NaH, MeI, 0 ◦C, 2.5 h. 

Scheme 10. Synthesis of compounds 50 and 51. Reagents and conditions: a) DMF, 4-fluorophenol, K2CO3, rt, 18 h. b) THF, LiHMDS, HFA, − 60 ◦C to rt, 3 h. c) 
MeOH, NaBH4, 0 ◦C, 30 min. 
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suitable for compound screening based on dose-response curves previ-
ously obtained for NSC12 (1) showing about 80 % inhibition of FGFR3 
activation at 6 μM [13]. 

A biphenyl scaffold carrying a hydroxymethyl substituent in para 
position was initially evaluated as a possible alternative to the steroid 
portion of NSC12. Unfortunately, insertion of the 1,1-bis-trifluoro-
methyl-1,3-propanediol side chain in either para (7) or meta (12) po-
sition did not provide active compounds. Replacement of the 

hydroxymethyl with a hydrophilic carboxylic group led to the inactive 
compound 6 and to compound 11 that showed a limited ability to inhibit 
FGFR3 phosphorylation (41 %). Introduction of a lipophilic ethox-
ycarbonyl group was more successful, with the para-substituted deriv-
ative 5 and the meta-substituted 10 showing 51 % and 31 % inhibition 
of FGFR3 phosphorylation, respectively. The enantiomers of the most 
potent compound 5, 16 and 17, were tested separately, showing no 
improvement over the racemic mixture, nor relevance of stereochem-
istry on compound efficacy. 

Based on the results obtained for biphenyl derivatives, we speculated 
that an increase of lipophilicity would be favorable for interaction with 
FGF. Thus, we extended the aromatic scaffold by preparing β-(phenyl)- 
naphthyl derivatives. These compounds carry a hydroxyl group in po-
sition 6 of the naphthyl ring mimicking that of NSC12 (1) and were 
substituted with the 1,1-bis-trifluoromethyl-1,3-propanediol chain in 
para (22) or meta (24) position of the phenyl ring. Modification of the 

Scheme 11. Synthesis of compound 56. Reagents and conditions: a) 1,4-dioxane, B2Pin2, Pd(Dppf)Cl2, AcOK, 90 ◦C, 6 h. b) 1,4-dioxane, water, Pd(PPh3)2Cl2, K2CO3, 
reflux, 7 h. c) DMF, 4-fluorophenol, K2CO3, rt 18 h. d) (i) THF, LiHMDS, HFA, − 60 ◦C to rt, 3 h. (ii) THF, TBAF, 3 h. e) THF, MeOH, NaBH4, 0 ◦C, 1 h. 

Scheme 12. Synthesis of compound 59. Reagents and conditions: a) THF, 
LiHMDS, HFA, − 60 ◦C to rt, 3 h. b) MeOH, NaBH4, 0 ◦C, 30 min. 

Fig. 2. Western blot analysis of FGFR3 phosphorylation (pFGFR3) after treatment of KMS-11 cells with NSC12 (1) or non-steroidal derivatives for 6 hours at 6 μM 
concentration. β-Actin was used as loading control. 
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Table 1 
Percentage of inhibition of FGFR3 phosphorylation in KMS-11 cells after treatment of KMS-11 cells with NSC12 (1) or non-steroidal derivatives for 6 hours at 6 μM 
concentration.  

Compd.a  pFGFR3%inhib. Compd.a  pFGFR3% inhib. 

NSC12 (1) 75  26 65 

5 51  28 40 

6 inactivec  31 20 

7 inactivec  34 45 

10 31  39 39 

11 41  43 16 

12 10  47 25 

(continued on next page) 
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lipophilic portion gave the desired result, as the para derivative 22 
showed the same % of inhibition of FGFR3 phosphorylation as NSC12 
(1). The different spatial arrangement of substituents in compound 24 
was not favorable and led to an inactive compound. 

Next, we looked for more flexible open-ring derivatives, in which the 
benzene carrying the 1,1-bis-trifluoromethyl-1,3-propanediol chain was 
connected through a methyleneoxy linker to another phenyl ring which 
replaces the naphthyl core of compounds 22 and 24. The fluorine atom 
on the terminal phenyl ring could interact with target FGFs while being 
less prone to metabolic transformation than the hydroxyl group of 
NSC12 (1). Both the para- (28) and meta-substituted (26) compounds 
gave an appreciable inhibition of FGFR phosphorylation (40 and 65 %, 
respectively). We therefore set up a SAR exploration of the more potent 
compound 26. A methoxy group was inserted ortho to the methyleneoxy 
linker to increase lipophilicity (31), a chlorine replaced the fluorine 
atom (34), and different linkers were evaluated, i.e., a dimethylene 
chain in compound 39, or an amide and N-methylamide in analogs 43 
and 47, respectively. These derivatives did not reach the inhibitory 
potency of the parent 26, with worse results recorded for the more hy-
drophilic amide derivatives. 

Compounds 50 and 51 are conformationally constrained derivatives 
of the potent inhibitor 26 in which the 1,1-bis-trifluoromethyl-1,3-pro-
panediol side chain was partially included in a tetralin ring. These 
compounds were designed to provide information on the spatial rela-
tionship between the side chain and the aromatic portion of the flexible 
non-steroidal FGF traps. Unfortunately, the reduction in conformational 

flexibility did not allow to maintain an effective inhibition of FGFR3 
phosphorylation and both derivatives were inactive. 

Finally, given the highest potencies observed for the β-(phenyl)- 
naphthyl compound 22 and the open-ring derivative 26, we combined 
the two structures in compound 57 in which the central phenyl ring 
carries both the naphth-6-ol portion and the p-F-phenoxymethyl chain. 
The compound showed the same activity as the parent 22 and proved 
that the two pharmacophore portions are mutually tolerated, even 
though they do not exhibit an additive effect. The simplified structure of 
non-steroidal FGF trap inhibitors, in which different aromatic scaffolds 
can be coupled with the 1,1-bis-trifluoromethyl-1,3-propanediol side 
chain, poses the question if the lipophilic portion has a specific role in 
the interaction with FGF or merely confers a suitable lipophilic char-
acter. We prepared compound 59, in which the 1,1-bis-trifluoromethyl- 
1,3-propanediol chain was conjugated with a simplified linear lipophilic 
alkyl tail. The lack of inhibitory activity of this compound confirms the 
importance of structural complementarity with target FGF to affect 
FGFR phosphorylation. 

On these bases, compounds 22 and 57, together with compound 59 
as a negative control, were further investigated for their FGF trap feature 
and anti-myeloma activity. 

3.2. Compounds 22 and 57 act as FGF traps 

The FGF trap activity of compounds 22 and 57 was evaluated by 
assessing their capacity to interact with FGF2 that represents the 

Table 1 (continued ) 

Compd.a  pFGFR3%inhib. Compd.a  pFGFR3% inhib. 

(-)-16b 22  50 inactivec 

(þ)-17b 35  51 inactivec 

22 75  57 74 

24 inactivec  59 inactivec  

a Compounds were tested as racemic mixtures. 
b Single enantiomer. 
c Inactive: < 10 %. 
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prototype member of the FGF family [34]. First, in silico and surface 
plasmon resonance (SPR) analyses were performed. Previous molecular 
modeling studies had shown that NSC12 (1) may interact with a region 
of the FGF2 molecule involved in FGFR binding, thus explaining its FGF 
inhibitory activity [11]. Accordingly, blind docking based on AutoDock 
Vina [35] identifying putative binding sites on the surface of FGF2 (PDB 
ID 1FQ9) highlighted a binding cluster for the screened compounds 
similar, but not identical, to NSC12 (1). This cluster was related to an 
“internal” portion of FGF2 involved in the interaction with FGFR1, as 
can be deduced by the analysis of crystallographic structures (e.g., 1FQ9, 
1CVS, 1EV2, 5W59, 4J23, 1EVT) (Fig. 3A). It can be noted that the 
trifluoromethyl groups of all ligands are superimposed, thus sustaining 
the relevant role for this portion of the molecules in the interaction with 
the target [13]. This docking analysis identified also a second binding 
cluster placed in an “external” site of the FGF2 molecule which is not 
involved in the interaction of the growth factor with neither its receptors 
nor HSPGs (Figure S2). 

Further, molecular dynamics simulations were carried out using 
PlayMolecule [36] starting from the best scoring docking pose of each 
compound on both sites (3 replicates of 25 ns). These simulations 
showed a higher dynamic stability for the “internal” poses (Fig. 3B). 
Thus, “external” poses were not analyzed further. 

Finally, the behavior of the compounds under test in the “internal” 
pose was investigated more in depth by means of binding pose 

metadynamics (BPMD) of the Schrödinger suite [37]. This protocol, 
which relies on the well-tempered metadynamics approach, allows to 
assess the stability of a small molecule in its binding pose by adding a 
time-dependent bias as function of a collective variable (CV) able to 
sample the movements of the ligand around its binding pose. The CV was 
defined as the root mean square deviation (RMSD) from the equilibrated 
starting pose. BPMD provides a result termed PoseScore, which is 
indicative of the average RMSD from the equilibrated starting pose. The 
BPMD protocol should favor the displacement from the equilibrated 
pose of ligands with a low binding affinity, thus scoring a high Pose-
Score, while more potent compounds, characterized by a higher binding 
affinity and by more stable protein-ligand interactions, would feature a 
lower PoseScore. Analysis of the PoseScore values obtained from BPMD 
simulations on FGF traps showed that the interaction of compound 57 
with FGF2 was the most stable, followed by compound 22, and NSC12 
(1). The inactive compound 59 showed the less stable interaction 
(Fig. 3C). 

The FGF trap affinity of compounds 22 and 57 was further confirmed 
experimentally by assessing their capacity to bind FGF2 immobilized to 
a BIAcore sensor chip (Fig. 3D), as already shown for the reference 
compound NSC12 (1) [11]. Indeed, the SPR binding isotherms revealed 
a dissociation constant (Kd) of about 51 μM for compound 22, similar to 
that measured for NSC12 (1) [11], while a higher FGF2 binding affinity 
was observed for the branched compound 57 (Kd ~ 24 μM), suggesting 
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Fig. 3. Computational and experimental studies investigating the interaction of NSC12 (1), compounds 22, 57 and 59 with FGF2. (A) Molecular docking studies. The 
best scoring poses in the “internal” site are shown for all the compounds, color code: NSC12 (1) (in blue), 57 (in green), 22 (in magenta), 59 (in yellow); detailed 
views of docking poses are depicted in Fig. S3. (B) MD simulations carried out for the compounds docked on the “internal” and “external” FGF2 sites. RMSD are 
reported in green (external pose) and in blue (internal pose). Simulations were performed in triplicate. (C) BPMD simulations starting from the internal poses; 
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magenta), 59 (in yellow). 

S. Taranto et al.                                                                                                                                                                                                                                 



Pharmacological Research 206 (2024) 107291

11

that the two pharmacophore portions both concur to binding in-
teractions. The inactive compound 59 was unable to efficiently bind 
FGF2 (Kd > 150 μM), confirming the specificity of the interaction of 
compounds 22 and 57. 

To further confirm these findings, NSC12 derivatives 22 and 57 were 
assessed for their capacity to prevent the formation of HSPG/FGF/FGFR 
ternary complexes, essential for FGF-mediated receptor activation and 
signal transduction [2]. To this aim, a cell-cell adhesion assay was used 
based on the capacity of FGF2 to interact simultaneously in trans with 
HSPGs and FGFR1 expressed on neighboring HSPG- and 
FGFR1-overexpressing CHO cells, thus causing FGF-mediated cell-cell 
adhesion [38]. As shown in Fig. 4A, compounds 22 and 57 significantly 
inhibited the formation of HSPG/FGF2/FGFR1 ternary complexes with a 
potency higher than NSC12 (1), whereas compound 59 was devoid of 
significant activity. Accordingly, compounds 22 and 57 were able to 
hamper FGFR activation in FGFR1-overexpressing CHO cells stimulated 
with FGF2. Indeed, Western blot analysis performed using a 
pan-phosphoFGFR (pFGFR) antibody demonstrated that both com-
pounds significantly inhibited FGFR1 phosphorylation (Fig. 4B). Again, 
in keeping with its inability to hamper the formation of 
HSPG/FGF2/FGFR1 ternary complexes, compound 59 was not able to 
prevent FGFR activation. 

Altogether, the results demonstrate that, like NSC12 (1), non- 
steroidal derivatives 22 and 57 exert their FGF trap activity by bind-
ing the FGF domain involved in the interaction with FGFR, thus pre-
venting the formation of HSPG/FGF/FGFR ternary complexes, FGFR 
phosphorylation, and activity. 

3.3. Compounds 22 and 57 block the growth and survival of MM cell lines 

We have previously demonstrated that NSC12 (1) inhibits the growth 
and survival of several cancer cell lines, including MM cells [11,39–41]. 
In order to test the antitumor activity of compounds 22 and 57, inhi-
bition of FGFR activation and viable cell counting was assessed on three 
different MM cell lines, harboring (KMS-11 and OPM-2) or not (U-266) 
the t(4;14) translocation [41]. Like NSC12 (1), both compounds 22 and 
57 strongly reduced the levels of FGFR phosphorylation in all cell lines 
tested, as revealed in Western blot analysis using a pan-pFGFR antibody 
(Fig. 5A). The inhibition of FGFR activation was paralleled by a signif-
icant reduction of cell proliferation (Fig. 5B) and survival (Figure S4). 

Previous observations had shown that NSC12 (1) exerts a potent 
oncosuppressive effect also on MM cells resistant to bortezomib, an FDA- 
approved drug for MM treatment [41]. Importantly, compounds 22 and 
57 exerted an inhibitory effect on bortezomib-resistant KMS-11 cells 

(KMS-11/BTZ) similar to that observed for bortezomib sensitive MM cell 
lines tested (Fig. 5 and Figure S4), suggesting that non-steroidal NSC12 
derivatives may exerts their antitumor activity also in MM cells from 
those patients relapsed/refractory to proteasome inhibitors. Again, in 
keeping with all previous experiments, the control compound 59 was 
devoid of any antitumor activity. 

In a previous work [41] we characterized the molecular mechanism 
by which NSC12 exerts antitumor activity in MM. Indeed, we showed 
that FGF/FGFR inhibition induces the rapid proteasomal degradation of 
the oncoprotein c-Myc that is paralleled by mitochondrial oxidative 
stress, DNA damage and eventually apoptotic tumor cell death. As 
shown in Fig. 6, the same antitumor molecular mechanism is shared by 
compounds 22 and 57. Indeed, treatment with NSC12, compound 22 or 
57 strongly reduced the protein levels of c-Myc (Fig. 6A) and induced 
mitochondrial ROS production (Fig. 6B). These effects were paralleled 
by DNA damage and apoptotic cell death as shown by significant 
increased levels of the DNA marker γH2AX and the cleavage of caspase 
3, respectively (Fig. 6A). Again, these effects were not observed after 
treatment with the control compound 59 (Fig. 6). 

3.4. Compounds 22 and 57 strongly reduce the growth of MM tumor 
xenografts in vivo 

Based on in vitro results, we further assessed the anti-myeloma ac-
tivity of compounds 22 and 57 in vivo. To this aim, NOD/SCID mice 
were injected subcutaneously with KMS-11 cells and when tumors were 
palpable, mice were randomly assigned to receive intraperitoneal 
treatment with NSC12 (7.5 mg/kg), compound 22 (7.5 mg/kg), com-
pound 57 (7.5 mg/kg) or control/vehicle DMSO. As shown in Fig. 7A, 
the tumor growth resulted significantly slowed down in mice treated 
with NSC12 derivatives 22 or 57 compared to the growth of tumors in 
control mice (vehicle). Accordingly, a strong reduction of the weight of 
treated tumors was observed after harvesting (Figure 7B, C). Interest-
ingly, compound 57 significantly exerted a stronger antitumor activity 
compared to NSC12 and compound 22. Indeed, treatment with com-
pound 57 reduced tumor growth of about 60 %, whereas tumor growth 
was reduced of about 40 % after treatment with NSC12 or compound 22 
(Fig. 7A). 

Next, immunohistochemical analyses were performed on tumor 
specimens to confirm in vivo the mechanism of action of compounds 22 
and 57. In keeping with previous observations about the antitumor 
mechanism of NSC12 [41] and here confirmed in vitro in KMS-11 cells 
(see Fig. 6), treatments with NSC12, compound 22 or 57 strongly 
reduced tumor FGFR phosphorylation also in vivo (Fig. 7D). As observed 
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in vitro, in vivo FGF trapping significantly reduced the levels of c-Myc and 
this was paralleled by a strong increase of tissue oxidative stress and 
DNA damage as revealed by nitrotyrosine and γH2AX staining, respec-
tively (Fig. 7D). These effects caused a significant reduction of tumor 
cell proliferation and survival as assessed by the proliferative marker 
pHH3 and the apoptotic marker cleaved caspase 3, respectively 
(Fig. 7D). 

Importantly, the anti-myeloma activity of both NSC12 derivatives 
occurred in the absence of any sign of toxicity. Indeed, no significant 
changes in the body weight of treated animals was observed 
(Figure S5A). Also, treatments with compounds 22 and 57 did not 
significantly affect blood cell composition and biochemical parameters 
(Figure S5B). Interestingly, in contrast to the hyperphosphatemic effect 
observed after treatment with FGFR TK inhibitors both in preclinical 

Fig. 5. NSC12 derivatives exert an oncosuppressive effect on different MM cell lines. (A) Western blot analysis of the indicated MM cell lines after 6-hour treatment 
with NSC12 (1) or non-steroidal derivatives 22, 57 and 59 at 6 μM concentration. (B) Viable cell counting after 48-hour treatment with increasing doses of NSC12 (1) 
or non-steroidal derivatives 22, 57 and 59. Data are mean ± SEM (n = at least 3 replicates). 

Fig. 6. NSC12 derivatives induce c-Myc degradation, mitochondrial oxidative stress, DNA damage and apoptotic cell death. KM-11 cells were treated for 6 hours 
with NSC12, compound 22, compound 57 or compound 59 at 6 μM concentration. (A) Western blot analysis. GAPDH was used as loading control. (B) Mitochondrial 
ROS detection by Mitosox staining and cytofluorimetric analysis of positive cells (n = at least 3 replicates). 
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models and cancer patients, administration of NSC12 derivatives did not 
affect the blood levels of phosphorus and calcium (Figure S5B). This is 
in keeping with data previously obtained after in vivo treatment with 
NSC12 [11] or other FGF traps like FP-1039 [9]. 

Data are mean ± SEM (n = at least 5 mice/group). In box and 
whiskers graphs, boxes extend from the 25th to the 75th percentiles, 

lines indicate the median values, + indicates the mean values and 
whiskers indicate the range of values. * p<0.05, ** p<0.01, *** 
p<0.001. 

Fig. 7. NSC12 derivatives significantly reduced the growth of MM tumor xenografts in vivo. (A) Tumor growth in mice treated with vehicle (DMSO), NSC12, 
compound 22 or compound 57. Blue arrows indicate the day of treatment. (B) Weight of tumors from mice treated with vehicle, NSC12, compound 22 or compound 
57. (C) Representative pictures of tumors reported in (B). (D) Immunohistochemical analysis of tumors shown in (C). Scale bar 50 μm. 
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3.5. Compounds 22 and 57 induce cell death in both newly diagnosed and 
relapsed/refractory patient-derived MM cells 

To investigate the therapeutic potential of the identified non- 
steroidal NSC12 derivatives, the antitumor activity of compounds 22 
and 57 was assessed on MM cells purified from both naïve and relapsed/ 
refractory patients (Table S1). As shown in Table 2 and Fig. 8A, treat-
ment with compounds 22 and 57 significantly induced cell death in 
primary MM cell cultures in a manner similar to that observed for NSC12 
(1), whereas compound 59 was ineffective. Importantly, in keeping with 
the data obtained with bortezomib-sensitive and -resistant KMS-11 cells 
(see Fig. 5), similar antitumor effects were exerted by the two NSC12 
derivatives on cells derived from both newly diagnosed and relapsed/ 
refractory MM patients (Table 2 and Fig. 8A). In addition, Western blot 
analysis performed on MM cells purified from patient 2 confirmed the 
capacity of compounds 22 and 57 to efficiently inhibit FGFR phos-
phorylation and the lack of FGF trap activity for compound 59 (Fig. 8B). 
To note, as previously reported [41], treatment of peripheral blood 
mononuclear cells (PBMCs) from healthy donors with NSC12, com-
pounds 22 or 57 did not exert a significant cytotoxic effect as shown by 
the absence of caspase 3 activation assessed by Western blot analysis 
(Figure S6). 

Taken together these results indicate that non-steroidal NSC12 de-
rivatives 22 and 57 might set the bases for the development of new 
therapeutic strategies for the treatment of naïve MM patients as well as 
for those patients that are not responsive or develop resistance to pro-
teasome inhibitor regimens. 

4. Discussion 

We previously identified NSC12 (1) as the first orally available small 
molecule FGF trap able to inhibit the growth and progression of several 
FGF-dependent tumor models, including MM. NSC12 is a pregnenolone 
derivative carrying a 1,1-bis-trifluoromethyl-1,3-propanediol chain in 
position 17 of the steroid nucleus. SAR investigation highlighted that the 
C17-side chain, but not the steroid portion, is pivotal for the FGF trap 
activity [13]. Based on this evidence, here we applied a scaffold hopping 
approach to obtain NSC12-derived FGF trap compounds devoid of the 
steroid nucleus. The design of new compounds was based on the 
replacement of the tetracyclic scaffold of NSC12 (1) with simplified 
structures that could guarantee binding to FGFs and inhibition of FGFR 
activation while providing more opportunities for structural diversifi-
cation and optimization given their higher synthetic accessibility. The 1, 
1-bis-trifluoromethyl-1,3-propanediol side chain of the lead NSC12 (1) 
was maintained since it is necessary for FGF binding [13]. 

Previous observations had shown that the FGF/FGFR signaling sys-
tem is essential for survival and proliferation of MM cells [42] and that 

the FGF trap NSC12 (1) is able to efficiently inhibit FGFR activation and 
to produce an oncosuppressive effect on MM cell lines and primary cells 
obtained from MM patients [41]. New compounds were therefore 
initially screened by evaluating their ability to inhibit FGFR3 phos-
phorylation in the MM KMS-11 cell line in which a t(4;14) chromosomal 
translocation leads to FGFR3 overexpression and autocrine 
FGF-dependent signaling hyperactivation [33]. The biphenyl and the 
β-(phenyl)-naphthyl scaffolds were selected as potential replacement for 
the steroid nucleus, given the successful reports in the field of estrogen 
receptor ligands [43,44]. Additionally, more flexible open-ring de-
rivatives and conformationally constrained analogs were investigated. 
In fact, while flexible compounds can in principle allow a better fitting to 
the FGF surface, constrained analogs can provide higher potency due to 
enrichment of the biologically relevant conformation. Suitable scaffold 
decoration led to the most potent β-(phenyl)-naphthyl derivative 22, 
showing the same inhibitory activity as NSC12 (1), and to the phenox-
ymethyl derivative 26, also endowed with significant potency. Based on 
the mechanism of FGF traps as protein-protein interaction (PPI) in-
hibitors, which bind to the surface of FGF hampering the formation of 
the active HSPG/FGF/FGFR ternary complex, a further potency 
improvement was pursued by merging the structural features of the two 
most potent inhibitors (compounds 22 and 26) into one molecule 
(compound 57). In fact, PPI inhibitors are generally characterized by 
higher molecular weight than classical receptor- or enzyme-targeting 
drugs, allowing interactions with a larger surface of the host protein 
[45]. As assessed in SPR binding assay, compound 57 binds to FGF2 
more tightly than parent compound 22, likely due to additional in-
teractions brought by the second pharmacophore portion. The relevance 
of specific interactions undertaken by the lipophilic portion of FGF traps 
with the FGF counterpart was confirmed by the loss of affinity and ef-
ficacy shown by compound 59, in which the alkyl tail provides similar 
lipophilicity but no recognition elements. 

From the translational point of view, our results demonstrate that 
compounds 22 and 57 are able to block FGFR activation in MM cells, 
thus inhibiting tumor cell growth and survival both in vitro and in vivo. 
Mechanistically, as previously described for NSC12 [41], compounds 22 
and 57 induces the rapid proteasomal degradation of the oncoprotein 
c-Myc that is paralleled by mitochondrial oxidative stress, DNA damage 
and eventually apoptotic tumor cell death. 

In vitro, a significant reduction of FGFR phosphorylation levels and 
antitumor effect were observed not only on several MM cell lines, but 
also in patient-derived MM cells. Of note, compounds 22 and 57 strongly 
affected the survival of both proteasome inhibitor-sensitive and -resis-
tant MM cells, representing a potential therapeutic option for relapsed/ 
refractory MM patients. In this context, in future studies it will be 
important to assess the therapeutic potential of the newly identified FGF 
traps in combination with first-line MM drugs, such as immunomodu-
latory drugs (IMiDs), daratumumab, melfalan or Proteasome Inhibitors 
(PIs). However, it is worth to mention that in previous studies we 
demonstrated that proteasome inhibition can substantially abrogate the 
effect exerted by FGF blockade on c-Myc degradation, which, in turn, is 
essential to induce MM cell death [41]. Thus, therapies based on the 
combination of FGF traps and PIs may show a limited therapeutic win-
dow. Rather than representing a possible supportive therapy in combi-
nation with PIs, FGF/FGFR blockade may set the basis for the 
development of promising second-/third line approaches to eradicate 
proteasome inhibitor-relapsed/refractory MM cells. 

In vivo, both NSC12 derivatives exerted significant antitumor activity 
without any sign of toxicity and compound 57 exerted a better anti- 
tumor activity compared to compound 22 and NSC12. These in vivo 
experiments were performed by intraperitoneal treatments and by using 
subcutaneous MM models. Future studies will be required to assess the 
oral bioavailability and the effect of the novel FGF traps in systemic 
models of MM in mice and zebrafish embryos, as previously reported for 
NSC12 [41]. 

In conclusion, based on the findings here reported, we propose 

Table 2 
Percentage of cell death of primary MM cells purified from newly diagnosed 
(ND) and relapsed/refractory (R/R) patients and treated with NSC12 (1) or 
compounds 22, 57, and 59 for 12 hours at 10 μM concentration. Data are mean 
± SEM (n = 3 replicates).  

Pt. DIAGNOSIS CELL DEATH (%) 

DMSO NSC12 57 22 59  

1 ND 16.2 ±
0.3 

43.8 ±
3.9 

50.8 ±
4.1 

48.5 ±
2.5 

21.8 ±
0.6  

2 ND 29.8 ±
3.8 

90.3 ±
3.1 

65.8 ±
6.6 

81.6 ±
8.1 

28.7 ±
0.5  

3 ND 33.5 ±
1.1 

57.1 ±
1.2 

71.1 ±
4.4 

68.8 ±
0.2 

43.4 ±
1.0  

4 R/R 43.9 ±
1.4 

83.3 ±
1.6 

80.3 ±
0.8 

75.4 ±
5.8 

47.7 ±
2.8  

5 R/R 28.2 ±
0.6 

73.2 ±
0.3 

69.5 ±
0.8 

73.4 ±
0.3 

40.3 ±
1.0  

6 R/R 34.1 ±
0.8 

81.4 ±
2.7 

57.8 ±
1.2 

68.4 ±
1.6 

34.8 ±
0.9  
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compounds 22 and 57 as new non-steroidal NSC12 derivatives to set the 
bases for the development of novel FGF traps to be used in the clinic for 
the treatment of those tumors in which the FGF/FGFR system plays a 
pivotal role, including MM. 

5. Methods 

5.1. Chemistry 

5.1.1. General methods 
All chemicals were obtained from commercial suppliers and used 

without further purification. Solvents were purified and stored accord-
ing to standard procedures. Anhydrous reactions were conducted under 
a positive pressure of anhydrous N2. Reactions were monitored by TLC, 
on Merck silica gel 60 F254 plates. Final compounds and intermediates 
were purified by column chromatography under “flash” conditions using 
Merck 230− 400 mesh silica gel. Melting points were determined on a 
Buchi B-540 capillary melting point apparatus or on a Gallenkamp 
melting point apparatus and are uncorrected. 1H NMR and 13C NMR 
spectra were recorded on a Bruker AVANCE 300 MHz or 400 MHz in-
strument. Chemical shifts (δ scale) are reported in parts per million 
(ppm) relative to the central peak of the solvent. ESI-MS spectra of the 
final products were acquired on a Thermo TSQ Quantum Access Max 
triple quadrupole mass spectrometer (Thermo, San Jose, CA, USA) 
equipped with a heated electrospray ionization (H-ESI) source. The 
purity of tested compounds, determined by high performance liquid 
chromatography – mass spectrometry (HPLC-MS), was greater than 
95 %. 

5.1.2. Compound synthesis and characterization 

5.1.2.1. General Procedure A. Suzuki-Miyaura coupling between an aryl 
boronic acid/boronate ester and an aryl halide. To a stirred solution of 
aryl halide (1 molar equivalent) and the aryl boronic acid/boronate 
ester (1.1 molar equivalent) in 1,4 dioxane (0.1 M), potassium carbonate 
(4.0 molar equivalent) and bis(triphenylphosphine) palladium dichlor-
ide (0.5 % mol) are added. The mixture is heated to reflux under ni-
trogen atmosphere for 3 h, then cooled to room temperature. The 
mixture is diluted with ethyl acetate and washed with water, HCl 1 M 
and brine. The organic layer is collected and dried over sodium sulfate, 
filtered and the solvent is removed under reduced pressure. The mixture 
is purified by silica gel column chromatography with the appropriate 

solvent mixture. 

5.1.2.2. General Procedure B: aldol condensation with hexafluoroacetone 
and reduction with sodium borohydride. Part i. To a stirred solution of 
methyl ketone at − 60 ◦C in anhydrous THF under nitrogen atmosphere, 
LiHMDS (1.0 M solution in THF, 1.3 molar equivalent) is added drop-
wise and stirred for 30 min. In a separate two neck flask, concentrated 
H2SO4 (15 ml) is warmed to 50 ◦C and connected through a cannula 
with the flask containing the ketone-enolate. An argon overpressure is 
applied to the flask containing sulfuric acid, while the flask at − 60 ◦C is 
vented. HFA trihydrate (4 molar equivalent) is added dropwise to the 
warm sulfuric acid and the gaseous HFA thus formed is delivered by the 
stream of argon to the cold enolate solution. When all the HFA has been 
delivered, the reaction is allowed to warm to room temperature. The 
reaction is quenched with glacial acetic acid (1.3 molar equivalent). The 
mixture is diluted with ethyl acetate and washed with water and brine. 
The organic layer is collected and dried over sodium sulfate, filtered and 
the solvents removed under reduced pressure. The crude product is 
checked by 1H-NMR spectroscopy. 

Part ii. The crude material is dissolved in methanol (0.1 M), cooled to 
0 ◦C and NaBH4 (2 molar equivalent) is then added. When the reaction is 
judged to be complete by TLC analysis, the reaction is quenched with 
glacial acetic acid, poured over water and extracted three times with 
ethyl acetate. The combined organic layers are dried over sodium sul-
fate, the solvent is removed under reduced pressure and the product is 
purified by silica gel column chromatography with the specified solvent 
mixture. 

5.1.2.3. Ethyl 4′-formyl-[1,1′-biphenyl]-4-carboxylate (3). Following 
general procedure A, employing ethyl-4-iodo benzoate (1.00 g, 
3.6 mmol) and 4-acetylphenyl boronic acid (605 mg, 4.0 mmol), prod-
uct 3 (810 mg, 87 %) is obtained after silica gel column chromatography 
(petroleum ether/Ethyl acetate = 10/1) as a white solid. 1H NMR 
(300 MHz, CDCl3) δ 8.18 – 8.10 (m, 2 H), 8.10 – 8.01 (m, 2 H), 7.70 (dd, 
J = 9.0, 7.4 Hz, 4 H), 4.41 (q, J = 7.1 Hz, 2 H), 2.65 (s, 3 H), 1.42 (t, J =
7.1 Hz, 3 H). 

5.1.2.4. Ethyl 4′-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl)butanoyl)- 
[1,1′-biphenyl]-4-carboxylate (4). Following general procedure B, part i, 
starting from methyl ketone 3 (300 mg, 1.1 mmol), β-hydroxy ketone 4 
(462 mg, 95 %) is obtained as a white solid. 1H NMR (300 MHz, CDCl3) 
δ 8.21 – 8.12 (m, 2 H), 8.11 – 7.99 (m, 2 H), 7.83 – 7.74 (m, 2 H), 7.74 – 

Fig. 8. NSC12 derivatives exert an oncosuppressive effect on patient-derived primary MM cells. (A) Quantification of cell death percentage by cytofluorimetric 
analysis after staining with propidium iodide. MM cells purified from newly diagnosed and relapsed/refractory patients (N = 3 / group) were treated with NSC12 (1) 
or compounds 22, 57, and 59 for 12 hours at 10 μM concentration. In box and whiskers graphs, boxes extend from the 25th to the 75th percentiles, lines indicate the 
median values, and whiskers indicate the range of values. # p<0.001, ns = not significant. (B) Western blot analysis of MM cells purified from patient 2 after 6-hour 
treatment with non-steroidal derivatives 22, 57 or 59 at 10 μM concentration. GAPDH was used as loading control. 
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7.66 (m, 2 H), 7.12 (s, 1 H), 4.42 (q, J = 7.1 Hz, 2 H), 3.50 (s, 2 H), 1.43 
(t, J = 7.1 Hz, 3 H). 

5.1.2.5. Ethyl 4′-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)- 
[1,1′-biphenyl]-4-carboxylate (5). Following general procedure B, part ii, 
crude 4 (0.45 g, 1.1 mmol) is reduced and purified (petroleum ether/ 
Ethyl acetate 10/1) to obtain 5 (340 mg, 75 %) as a white solid. 1H NMR 
(400 MHz, CDCl3) δ 8.01 – 7.97 (m, 2 H), 7.61 – 7.53 (m, 4 H), 7.46 – 
7.42 (m, 2 H), 6.39 (bs, 1 H), 5.36 (d, J = 11.4 Hz, 1 H), 4.38 (q, J =
7.1 Hz, 2 H), 2.40 – 2.32 (m, 1 H), 2.27 – 2.12 (m, 1 H), 1.41 (t, J =
7.1 Hz, 3 H). 13C NMR (100 MHz, CDCl3) δ 167.0, 144.7, 142.3, 140.6, 
130.2, 129.5, 128.0, 127.1, 126.2, 123.7 (q, J = 286 Hz), 122.8 (q, J =
284 Hz) 76.6 (m), 71.7, 61.4, 36.4, 14.4. HPLC-MS (ESI): calcd for 
C20H18F6O4: 436.11; found m/z: 435.28 [M-H]-. 

5.1.2.6. 4’-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1′- 
biphenyl]-4-carboxylic acid (6). Compound 5 (0.3 g, 0.7 mmol) is dis-
solved in THF (5 ml) and a solution of NaOH (90 mg, 2.1 mmol) in water 
(50 ml) is added. The reaction is stirred at room temperature for 16 h. 
The mixture is diluted with HCl 1 M and washed with ethyl acetate. The 
organic layer is collected and dried over sodium sulfate. After filtration, 
the solvents are removed under reduced pressure. Purification by silica 
gel column chromatography (DCM + 1 %AcOH) affords 6 (200 mg, 
70 %) as a white solid. 1H NMR (300 MHz, DMSO-d6) δ 12.94 (s, 1 H), 
8.02 (d, J = 8.3 Hz, 2 H), 7.83 – 7.69 (m, 4 H), 7.51 (d, J = 8.1 Hz, 2 H), 
6.41 (d, J = 5.1 Hz, 1 H), 5.09 (d, J = 9.3 Hz, 1 H), 2.37 – 2.10 (m, 2 H). 
13C NMR (100 MHz, DMSO-d6) δ 167.2, 144.9, 144.0, 138.3, 131.6, 
129.6, 127.0, 126.8, 126.5, 123.6 (q, J = 286 Hz), 123.1 (q, J = 284 Hz), 
75.7 (m), 67.8, 37.8. HPLC-MS (ESI): calcd for C18H14F6O4: 408.08; 
found m/z: 407.37 [M-H]-. 

5.1.2.7. 4,4,4-trifluoro-1-(4′-(hydroxymethyl)-[1,1′-biphenyl]-4-yl)-3-(tri-
fluoromethyl)butane-1,3-diol (7). Compound 4 (0.45 g, 1.1 mmol) is 
dissolved in THF (15 ml) at 0 ◦C under nitrogen atmosphere. Lithium 
aluminium hydride (1.0 M in THF, 2.1 ml, 2.1 mmol) is added dropwise. 
When the reaction is complete as judged by TLC analysis, the reaction is 
quenched by the addition of Ethyl acetate (50 ml). The mixture is 
poured over an aqueous solution of sodium potassium tartrate and the 
the organic layer is separated, washed with an aqueous saturated solu-
tion of NaHCO3 and brine. The organic layer is collected and dried over 
sodium sulfate. After filtration, the solvents are removed under reduced 
pressure. Purification by silica gel column chromatography (petroleum 
ether/ Ethyl acetate = 10/1) affords 7 (248 mg, 58 %) as a white solid. 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.54 (m, 4 H), 7.44 (d, J = 7.8 Hz, 
4 H), 6.19 (s, 1 H), 5.35 (d, J = 11.5 Hz, 1 H), 4.75 (s, 2 H), 2.48 – 2.37 
(m, 1 H), 2.25 (d, J = 15.5 Hz, 1 H). 13C NMR (100 MHz, CD3OD/CDCl3) 
δ 142.4, 140.9, 140.5, 139.8, 127.6, 127.4, 127.2, 126.0, 123.9 (q, J =
286 Hz), 123.0 (q, J = 284 Hz), 76.7 (m), 70.4, 64.3, 36.3. HPLC-MS 
(ESI): calcd for C18H16F6O3: 394.10; found m/z: 393.41 [M-H]-. 

5.1.2.8. Ethyl 3′-acetyl-[1,1′-biphenyl]-4-carboxylate (8). Following 
general procedure A, employing ethyl-4-iodo benzoate (500 mg, 
1.8 mmol) and 3-acetylphenyl boronic acid (320 mg 2.0 mmol), product 
8 (403 mg, 83 %) is obtained after silica gel column chromatography 
(petroleum ether/Ethyl acetate 10/1) as a white solid. 1H NMR 
(400 MHz, CDCl3) δ 8.21 (t, J = 1.8 Hz, 1 H), 8.17 – 8.11 (m, 2 H), 7.98 
(dt, J = 7.8, 1.4 Hz, 1 H), 7.82 (ddd, J = 7.7, 1.9, 1.1 Hz, 1 H), 7.72 – 
7.66 (m, 2 H), 7.58 (t, J = 7.7 Hz, 1 H), 4.42 (q, J = 7.1 Hz, 2 H), 2.67 (s, 
3 H), 1.43 (t, J = 7.1 Hz, 3 H). 

5.1.2.9. Ethyl 3′-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl) butanoyl)- 
[1,1′-biphenyl]-4-carboxylate (9). Following general procedure B, part i, 
starting from methyl ketone 8 (380 mg, 1.4 mmol), β-hydroxy ketone 9 
(350 mg 58 %) is obtained as a white solid. 1H NMR (300 MHz, CDCl3) δ 
8.22 – 8.12 (m, 3 H), 7.95 (tdd, J = 7.8, 2.3, 1.2 Hz, 2 H), 7.72 – 7.56 (m, 

3 H), 7.04 (s, 1 H), 4.42 (q, J = 7.1 Hz, 2 H), 3.52 (s, 2 H), 1.43 (t, J =
7.1 Hz, 3 H). 

5.1.2.10. Ethyl 3′-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl) 
butyl)-[1,1′-biphenyl]-4-carboxylate (10). Following general procedure 
B, part ii, crude 9 (170 mg g, 0.4 mmol) is reduced and purified (pe-
troleum ether/Ethyl acetate = 10/1) to obtain 10 (157 mg, quant.) as a 
white solid. 1H NMR (400 MHz, CDCl3) δ 8.14 – 8.06 (m, 2 H), 7.68 – 
7.56 (m, 4 H), 7.51 (dd, J = 8.8, 7.1 Hz, 1 H), 7.40 (dt, J = 7.7, 1.6 Hz, 
1 H), 6.20 (s, 1 H), 5.39 (d, J = 11.4 Hz, 1 H), 4.40 (q, J = 7.1 Hz, 2 H), 
2.91 (s, 1 H), 2.43 (ddd, J = 15.6, 11.5, 2.1 Hz, 1 H), 2.26 (d, J =
15.4 Hz, 1 H), 1.41 (t, J = 7.1 Hz, 3 H). 13C NMR (100 MHz, CDCl3) δ 
166.8, 144.9, 143.1, 141.0, 130.3, 129.8, 127.9, 127.2, 125.3, 123.7 (q, 
J = 286 Hz), 122.8 (q, J = 284 Hz), 76.6 (m), 72.0, 61.4, 36.6, 14.4. 
HPLC-MS (ESI): calcd for C20H18F6O4: 436.11; found m/z: 435.11 [M- 
H]-. 

5.1.2.11. 3’-(4,4,4-Trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)- 
[1,1′-biphenyl]-4-carboxylic acid (11). Compound 10 (111 mg g, 
0.2 mmol) is dissolved in THF (3 ml) and a solution of NaOH (70 mg, 
1.7 mmol) in water (20 ml) is added. The reaction is stirred at room 
temperature for 16 h. The mixture is diluted with HCl 1 M and washed 
with ethyl acetate. The organic layer is collected and dried over sodium 
sulfate. After filtration, the solvents are removed under reduced pres-
sure. Purification by silica gel column chromatography (DCM + 1 % 
AcOH) affords 11 (62 mg, 73 %) as a white solid. 1H NMR (400 MHz, 
CD3OD) δ 8.14 – 8.08 (m, 2 H), 7.78 – 7.72 (m, 2 H), 7.69 (d, J = 1.9 Hz, 
1 H), 7.64 (dt, J = 7.6, 1.5 Hz, 1 H), 7.50 (t, J = 7.7 Hz, 1 H), 7.42 (dt, J 
= 7.7, 1.5 Hz, 1 H), 5.30 – 5.23 (m, 1 H), 2.39 – 2.19 (m, 2 H). 13C NMR 
(100 MHz, CD3OD) δ 169.7, 146.6, 146.1, 141.8, 131.4, 130.5, 128.1, 
128.0, 126.4, 125.3 (q, J = 287 Hz), 124.4 (q, J = 284 Hz), 77.8 (m), 
71.3, 38.0. HPLC-MS (ESI): calcd for C18H14F6O4: 408.08; found m/z: 
407.07 [M-H]-. 

5.1.2.12. 4,4,4-Trifluoro-1-(4′-(hydroxymethyl)-[1,1′-biphenyl]-3-yl)-3- 
(trifluoromethyl)butane-1,3-diol (12). Compound 9 (173 mg, 0.4 mmol) 
is dissolved in THF (15 ml) at 0 ◦C under nitrogen atmosphere. Lithium 
aluminium hydride (1.0 M in THF, 0.8 ml, 0.8 mmol) is added dropwise. 
When the reaction is complete as judged by TLC analysis, the reaction is 
quenched by the addition of ethyl acetate (50 ml). The mixture is poured 
over an aqueous solution of sodium potassium tartrate and the organic 
layer is separated, washed with an aqueous saturated solution of 
NaHCO3 and brine. The organic layer is dried over sodium sulfate. After 
filtration, the solvents are removed under reduced pressure. Purification 
by silica gel column chromatography (petroleum ether/ethyl acetate =
10/1) affords compound 12 (110 mg, 70 %) as a white solid. 1H NMR 
(300 MHz, CD3OD) δ 7.65 – 7.52 (m, 4 H), 7.45 (t, J = 7.6 Hz, 3 H), 7.35 
(dt, J = 7.6, 1.5 Hz, 1 H), 5.29 – 5.20 (m, 1 H), 4.65 (s, 2 H), 2.33 (ddd, J 
= 15.1, 10.6, 1.9 Hz, 1 H), 2.22 (dd, J = 15.3, 2.8 Hz, 1 H). 13C NMR 
(100 MHz, CD3OD) δ 145.8, 142.7, 142.1, 141.2, 130.3, 128.6, 128.0, 
127.7, 125.5, 125.2 (q, J = 286 Hz), 125.0, 124.4 (q, J = 284 Hz), 77.8 
(m), 71.4, 64.9, 38.0. HPLC-MS (ESI): calcd for C18H16F6O3: 394.10; 
found m/z: 393.12 [M-H]-. 

5.1.2.13. 1-(4-Bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane- 
1,3-diol (13). Following general procedure B, starting from 4-bromo 
acetophenone (1.51 g, 7.5 mmol), 13 (1.61 g, quant.) is obtained after 
silica gel column chromatography (petroleum ether/ethyl acetate = 10/ 
1) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.52 (m, 2 H), 
7.29 – 7.24 (m, 2 H), 6.29 (s, 1 H), 5.27 (d, J = 11.5 Hz, 1 H), 3.38 (t, J =
2.4 Hz, 1 H), 2.33 (ddq, J = 15.7, 11.6, 2.1 Hz, 1 H), 2.18 (d, J =
15.4 Hz, 1 H). 

5.1.2.14. 1-(4-Bromophenyl)-4,4,4-trifluoro-3-hydroxy-3-(tri-
fluoromethyl)butyl (tert-butoxycarbonyl)-L-alaninate (14a,b). Compound 
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13 (463 mg, 1.3 mmol), N-(t-butoxycarbonyl)- L-alanine (811 mg, 
1.6 mmol) and DMAP (40 mg, 0.35 mmol) are dissolved in DCM (20 ml) 
and cooled to 0 ◦C. EDCI (378 mg, 2.0 mmol) is added, and the mixture 
is stirred under nitrogen atmosphere at room temperature for 18 h. The 
mixture is diluted with DCM and washed with water, NaHCO3 and brine. 
The organic layer is separated and dried over sodium sulfate, filtered 
and the solvent is removed under reduced pressure. The mixture is pu-
rified by silica gel column chromatography (toluene/ethyl acetate 10/1) 
to afford 14a (250 mg, 36 %) and 14b (80 mg, 11 %) as white foams. 
14a: 1H NMR (300 MHz, CDCl3) δ 7.56 – 7.47 (m, 2 H), 7.31 – 7.10 (m, 
2 H), 6.08 (d, J = 10.1 Hz, 1 H), 5.32 (s, 1 H), 4.91 (d, J = 6.0 Hz, 1 H), 
4.19 (p, J = 7.1 Hz, 1 H), 2.71 – 2.56 (m, 1 H), 2.32 (d, J = 17.0 Hz, 
1 H), 1.43 (s, 9 H), 1.29 (d, J = 7.1 Hz, 3 H). 14b: 1H NMR (400 MHz, 
CDCl3) δ 7.58 – 7.51 (m, 2 H), 7.33 – 7.15 (m, 2 H), 6.17 (d, J = 10.3 Hz, 
1 H), 5.46 (s, 1 H), 4.93 (d, J = 7.1 Hz, 1 H), 4.31 (t, J = 7.2 Hz, 1 H), 
2.66 – 2.53 (m, 1 H), 2.35 (d, J = 16.1 Hz, 1 H), 1.49 (s, 9 H), 1.41 (d, J 
= 7.2 Hz, 3 H). 

5.1.2.15. 1-(4-Bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane- 
1,3-diol (15a). Compound 14a (248 mg, 0.5 mmol) is dissolved in 
methanol (10 ml). The solution is cooled at 0 ◦C under nitrogen atmo-
sphere and freshly cut sodium (35 mg, 1.5 mmol) is added. The reaction 
is stirred and allowed to warm to room temperature over the course of 
24 h, then is quenched with glacial acetic acid, diluted with dichloro-
methane and washed with HCl 1 M and brine. The organic layer is 
collected and dried over sodium sulfate, filtered and the solvent was 
evaporated under reduced pressure. The product is purified with silica 
gel column chromatography (petroleum ether/Et2O = 10/1) to afford 
15a (153 mg, 82 %) as a colorless oil. See compound 13 for 1H NMR. 

5.1.2.16. 1-(4-Bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane- 
1,3-diol (15b). Following the same procedure for 15a, starting from 14b 
(85 mg, 0.2 mmol), 15b (petroleum ether/Et2O = 10/1) is obtained as 
colourless oil (50 mg, 91 %). See compound 13 for 1H NMR. 

5.1.2.17. Ethyl 4′-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl) 
butyl)-[1,1′-biphenyl]-4-carboxylate (16 -). Following general procedure 
A, starting from (15a) (100 mg, 0.3 mmol) and 4-(ethoxycarbonyl)- 
phenylboronic acid (18, 62 mg, 0.3 mmol) 16 (90 mg, 69 %) is obtained 
after silica gel column chromatography (petroleum ether/Et2O = 10/1) 
as a white solid. [α]D

20 = − 41.8 (c = 4.35 mg/ml, CHCl3). See compound 
5 for 1H NMR and 13C NMR. HPLC-MS (ESI): calcd for C20H18F6O4: 
436.11; found m/z: 435.15 [M-H]-. 

5.1.2.18. Ethyl 4′-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl) 
butyl)-[1,1′-biphenyl]-4-carboxylate (17 +). Following general proced-
ure A, starting from (15b) (50 mg, 0.1 mmol) and 4-(ethoxycarbonyl)- 
phenylboronic acid (18, 30 mg, 0.2 mmol), 17 (20 mg, 35 %) is ob-
tained after silica gel column chromatography (petroleum ether/Et2O =
10/1) as a white solid. See compound 5 for 1H NMR and 13C NMR. 
HPLC-MS (ESI): calcd for C20H18F6O4: 436.11; found m/z: 435.14 [M- 
H]-. 

5.1.2.19. ((6-Bromonaphthalen-2-yl)oxy)(tert-butyl)dimethylsilane 
(20). 6-Bromonaphthol 19 (1.0 g, 4.5 mmol) and (tert-butyl)dime-
thylsilyl chloride (802 mg, 5.5 mmol) are placed in degassed DMF at 
0 ◦C and triethyl amine (1.0 ml, 6.5 mmol) is added. The reaction is 
stirred 24 h, then is diluted with ethyl acetate and washed with water 
and brine. The organic layer is collected and dried over sodium sulfate, 
filtered and the solvent is removed under reduced pressure. The residue 
is purified by silica gel column chromatography (petroleum ether) to 
afford 20 (1.0 g, 66 %) as a white solid. 1H NMR (300 MHz, CDCl3) δ 
7.96 – 7.86 (m, 1 H), 7.68 – 7.43 (m, 3 H), 7.19 – 7.04 (m, 2 H), 1.02 (s, 
9 H), 0.25 (s, 6 H). 

5.1.2.20. 1-(4-(6-((Tert-butyldimethylsilyl)oxy) naphthalen-2-yl) phenyl) 
ethan-1-one (21). Following general procedure A, starting from 20 
(398 mg, 1.2 mmol) and 4-acetyl-phenylboronic acid pinacol ester 
(352 mg, 1.4 mmol), 21 (300 mg, 66 %) is obtained after silica gel 
column chromatography (toluene/hexane = 10/3) as a white solid. 1H 
NMR (300 MHz, CDCl3) δ 8.15 – 7.97 (m, 3 H), 7.80 (dd, J = 8.6, 3.2 Hz, 
4 H), 7.71 (dd, J = 8.6, 1.8 Hz, 1 H), 7.24 – 7.08 (m, 2 H), 2.66 (s, 3 H), 
1.03 (s, 9 H), 0.27 (s, 6 H). 

5.1.2.21. 4,4,4-Trifluoro-1-(4-(6-hydroxynaphthalen-2-yl)phenyl)-3-(tri-
fluoromethyl)butane-1,3-diol (22). Following general procedure B, part i, 
starting from compound 21 (250 mg, 0.7 mmol) the product 22 
(241 mg, 96 %) is obtained as a white solid. The intermediate β-hydroxy 
ketone is checked by 1H NMR (300 MHz, CDCl3) δ 7.95 (d, J = 1.9 Hz, 
1 H), 7.83 – 7.62 (m, 5 H), 7.47 (d, J = 8.3 Hz, 2 H), 7.22 (d, J = 2.3 Hz, 
1 H), 7.12 (dd, J = 8.8, 2.4 Hz, 1 H), 6.26 (s, 1 H), 5.41 – 5.31 (m, 1 H), 
2.44 (ddd, J = 15.5, 11.5, 2.1 Hz, 1 H), 2.32 – 2.21 (m, 1 H), 1.04 (s, 
9 H), 0.27 (s, 6 H). This material (205 mg, 0.33 mmol) and TBAF (1.0 M 
solution in THF, 400 μl, 0.40 mmol) are dissolved in THF (10 ml) and 
stirred at room temperature for 3 h. The mixture is then diluted with 
ethyl acetate and washed with HCl 1 M and brine. The organic layer is 
collected and dried over sodium sulfate, filtered and the solvent is 
removed under reduced pressure. The crude product is purified by silica 
gel column chromatography (hexane/ethyl acetate = 1/1) to afford 22 
(122 mg, 85 %) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 9.81 
(s, 1 H), 8.07 (s, 1 H), 7.93 – 7.64 (m, 5 H), 7.49 (d, J = 8.1 Hz, 2 H), 
7.17 – 7.06 (m, 2 H), 6.44 (bs, 1 H), 5.09 (d, J = 9.9 Hz, 1 H), 2.38 – 2.24 
(m, 1 H), 2.19 (d, J = 15.1 Hz, 1 H). 13C NMR (100 MHz, DMSO-d6) δ 
143.5, 139.6, 134.0, 133.9, 129.9, 128.0, 126.8, 126.6, 126.4, 125.2, 
125.1, 124.8 (q, J = 286 Hz), 123.1 (q, J = 284 Hz), 119.1, 108.5, 75.7 
(m), 68.1, 37.7. HPLC-MS (ESI): calcd for C21H16F6O3: 429.09; found m/ 
z: 429.25 [M-H]-. 

5.1.2.22. 1-(3-(6-((Tert-butyldimethylsilyl) oxy) naphthalen-2-yl) phenyl) 
ethan-1-one (23). Following general procedure A, starting from 20 
(498 mg, 1.5 mmol), 3-acetylphenyl boronic acid (311 mg, 1.8 mmol), 
23 (350 mg, 62 %) is obtained as a white solid. 1H NMR (400 MHz, 
CDCl3) δ 8.29 (t, J = 1.8 Hz, 1 H), 8.03 – 7.99 (m, 1 H), 7.92 (dddd, J =
17.9, 7.8, 2.3, 1.2 Hz, 2 H), 7.80 (dd, J = 8.7, 3.5 Hz, 2 H), 7.71 (dd, J =
8.6, 1.9 Hz, 1 H), 7.57 (t, J = 7.7 Hz, 1 H), 7.23 (d, J = 2.4 Hz, 1 H), 
7.13 (dd, J = 8.8, 2.4 Hz, 1 H), 2.69 (s, 3 H), 1.04 (s, 9 H), 0.27 (s, 6 H). 

5.1.2.23. 4,4,4-trifluoro-1-(3-(6-hydroxynaphthalen-2-yl) phenyl)-3- 
(trifluoromethyl) butane-1,3-diol (24). Following general procedure B, 
starting from 23 (347 mg, 0.9 mmol), the intermediate product is ob-
tained as a white solid (70 mg, 26 %). 1H NMR (400 MHz, CDCl3) δ 7.97 
– 7.92 (m, 1 H), 7.79 (dd, J = 8.7, 4.5 Hz, 2 H), 7.71 – 7.62 (m, 3 H), 
7.50 (t, J = 7.7 Hz, 1 H), 7.35 (dt, J = 7.6, 1.5 Hz, 1 H), 7.23 (d, J =
2.4 Hz, 1 H), 7.12 (dd, J = 8.8, 2.4 Hz, 1 H), 6.39 – 6.35 (m, 1 H), 3.03 
(s, 1 H), 2.45 (dddd, J = 13.7, 11.5, 4.1, 2.0 Hz, 1 H), 2.32 – 2.22 (m, 
1 H), 1.05 (s, 9 H), 0.28 (s, 6 H). The crude material (65 mg, 0.12 mmol) 
and TBAF (1.0 M solution in THF, 200 μl 0.2 mmol) are dissolved in THF 
and stirred at room temperature for 3 h. The mixture is then diluted with 
ethyl acetate and washed with HCl 1 M and brine. The organic layer is 
collected and dried over sodium sulfate, filtered and the solvent is 
removed under reduced pressure. The crude product is purified by silica 
gel column chromatography (toluene/Et2O = 10/1) to afford 24 (50 mg, 
97 %) as a white solid. 1H NMR (400 MHz, CDCl3) δ 7.96 (bs, 1 H), 7.79 
(dd, J = 15.9, 8.7 Hz, 2 H), 7.73 – 7.64 (m, 3 H), 7.57 – 7.45 (m, 1 H), 
7.36 (dt, J = 7.7, 1.5 Hz, 1 H), 7.21 – 7.09 (m, 2 H), 6.28 (s, 1 H), 5.39 
(d, J = 11.4 Hz, 1 H), 2.91 (s, 1 H), 2.46 (m, 1 H), 2.29 (m, 1 H). 13C 
NMR (100 MHz, CDCl3) δ 153.9, 142.8, 142.3, 135.7, 134.1, 130.4, 
129.8, 129.2, 127.9, 127.3, 126.1, 126.0, 124.4, 124.3, 123.7 (q, J =
286 Hz), 122.8 (q, J = 284 Hz), 118.6, 109.5, 76.6 (m), 72.3, 36.6. 
HPLC-MS (ESI): calcd for C21H16F6O3: 430.10; found m/z: 429.16 [M- 
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H]-. 

5.1.2.24. 1-(3-((4-Fluorophenoxy)methyl)phenyl)ethan-1-one (25). To a 
solution of 3-(bromomethyl)-acetophenone (788 mg, 3.7 mmol) and 4- 
fluorophenol (471 mg, 4.2 mmol) in degassed DMF (40 ml), potassium 
carbonate (1.0 g, 7.2 mmol) is added. The mixture is stirred at room 
temperature for 15 h, then poured over water and the mixture is 
extracted three times with ethyl acetate. The combined organic layers 
are washed with water, brine, collected and dried over sodium sulfate. 
The solvents are removed under reduced pressure and the residue is 
purified by silica gel column chromatography (DCM/petroleum ether =
1/1) to afford the product 25 (748 mg, 83 %) as a yellowish solid. 1H 
NMR (400 MHz, CDCl3) δ 8.02 (t, J = 2.1 Hz, 1 H), 7.92 (dt, J = 7.7, 
1.5 Hz, 1 H), 7.67 – 7.60 (m, 1 H), 7.49 (t, J = 7.7 Hz, 1 H), 7.04 – 6.86 
(m, 4 H), 5.08 (s, 2 H), 2.62 (s, 3 H). 

5.1.2.25. 4,4,4-Trifluoro-1-(3-((4-fluorophenoxy) methyl) phenyl)-3- 
(trifluoromethyl)butane-1,3-diol (26). Following general procedure B, 
starting from 25 (748 mg, 3.01 mmol) the product is purified by column 
chromatography (DCM/petroleum ether = 1/1) to give 26 (707 mg, 
61 %) as a white solid. 1H NMR (400 MHz, CDCl3) δ 7.54 – 7.32 (m, 
4 H), 7.08 – 6.88 (m, 4 H), 6.13 (s, 1 H), 5.34 (d, J = 11.4 Hz, 1 H), 5.06 
(s, 2 H), 2.41 (ddq, J = 15.6, 11.5, 2.1 Hz, 1 H), 2.24 (dd, J = 15.6, 
2.2 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 157.7 (d, J = 235 Hz), 154.8, 
142.7, 138.0, 129.5, 128.2, 125.4, 124.7123.6 (q, J = 284 Hz), 122.7 (q, 
J = 284 Hz), 116.1 (d, J = 12 Hz), 116.0 (d, J = 3 Hz), 76.6 (m), 72.0, 
70.5, 36.5; HPLC-MS (ESI): calcd for C18H15F7O3: 412.09; found m/z: 
411.00 [M-H]-. 

5.1.2.26. 1-(4-((4-Fluorophenoxy)methyl)phenyl)ethan-1-one (27). To a 
solution of 4-(bromomethyl)-acetophenone (780 mg, 3.7 mmol) and 4- 
fluorophenol (469 mg, 4.2 mmol) in degassed DMF (40 ml), potassium 
carbonate (1.1 g, 7.2 mmol) is added. The mixture is stirred at room 
temperature for 15 h, then poured over water and the mixture is 
extracted three times with ethyl acetate. The combined organic layers 
are washed with water, brine, collected and dried over sodium sulfate. 
The solvents are removed under reduced pressure and the residue is 
purified by silica gel column chromatography (DCM/petroleum ether =
1/1) to afford the product 27 (723 mg, 80 %) as a yellowish solid. 1H 
NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.1 Hz, 2 H), 7.52 (d, J = 8.0 Hz, 
2 H), 6.98 (t, J = 8.6 Hz, 2 H), 6.90 (dd, J = 9.2, 4.3 Hz, 2 H), 5.10 (s, 
2 H), 2.61 (s, 3 H). 

5.1.2.27. 4,4,4-Trifluoro-1-(4-((4-fluorophenoxy) methyl) phenyl)-3- 
(trifluoromethyl) butane-1,3-diol (28). Following general procedure B, 
starting from 27 (723 mg, 3.01 mmol) the product is purified by column 
chromatography (DCM/petroleum ether = 1/1) to give 28 (806 mg, 
65 %) as a white solid. 1H NMR (400 MHz, CDCl3) δ 7.47 (d, J = 7.9 Hz, 
2 H), 7.40 (d, J = 8.0 Hz, 2 H), 6.98 (t, J = 8.6 Hz, 2 H), 6.89 (dd, J =
9.2, 4.2 Hz, 2 H), 6.10 (s, 1 H), 5.32 (d, J = 11.5 Hz, 1 H), 5.04 (s, 2 H), 
2.56 (s, 1 H), 2.44 – 2.32 (m, 1 H), 2.21 (d, J = 15.5 Hz, 1 H). 13C NMR 
(100 MHz, CDCl3) δ 157.7 (d, J = 235 Hz), 154.7, 142.1, 137.8, 128.3, 
125.9, 123.7 (q, J = 286 Hz),122.7 (q, J = 284 Hz), 116.1 (d, J = 15 Hz), 
116.0 (d, J = 4 Hz), 76.6 (m), 71.8, 70.3, 36.4. HPLC-MS (ESI): calcd for 
C18H15F7O3: 412.09; found m/z: 411.34 [M-H]-. 

5.1.2.28. 3-((4-Fluorophenoxy)methyl)-4-methoxybenzaldehyde (30). 3- 
(Chloromethyl)-4-methoxybenzaldehyde 29 (500 mg, 2.71 mmol) and 
4-fluoro phenol (0.32 g, 2.85 mmol) are dissolved in degassed DMF 
(30 ml) and potassium carbonate (0.70 g, 5.07 mmol) and potassium 
iodide (110 mg, 0.66 mmol) are added. The solution is stirred at room 
temperature for18 h. The solution is diluted with water and extracted 
with DCM. The organic layer is collected and dried over sodium sulfate, 
filtered and the solvent is removed under reduced pressure. The crude 
product is purified with silica gel column chromatography (hexane/ 

ethyl acetate = 10/2) to afford 30 (362 mg, 65 %) as colorless oil. 1H 
NMR (300 MHz, CDCl3) δ 10.93 (s, 1 H), 9.06 (d, J = 2.2 Hz, 1 H), 8.88 
(dd, J = 8.5, 2.2 Hz, 1 H), 8.15 – 7.86 (m, 5 H), 6.10 (s, 2 H), 4.98 (s, 
3 H). 

5.1.2.29. 4,4,4-Trifluoro-1-(3-((4-fluorophenoxy)methyl)-4-methox-
yphenyl)-3-(trifluoromethyl)butane-1,3-diol (31). A solution of 2-(bro-
momethyl)-1,1,1,3,3,3-hexafluoropropan-2-ol (460 ml, 2.88 mmol) in 
anhydrous THF (10 ml) is cooled at − 78◦C under argon. n-Butyllithium 
(1.6 M in THF, 3.8 ml, 6.05 mmol) is added dropwise at − 78◦C under 
nitrogen atmosphere. The solution is stirred for 30 min, then a solution 
of 30 (250 mg, 0.96 mmol) in THF (5 ml) is added dropwise. The re-
action is stirred at − 78◦C under nitrogen atmosphere for additional 
30 min, warmed to − 30 ◦C and then quenched by the addition of acetic 
acid. The crude product is dissolved in DCM and washed with sodium 
bicarbonate solution. The organic layer is dried over sodium sulfate, 
filtered and the solvent is removed under reduced pressure. The crude 
product is purified with silica gel column chromatography (hexane/ 
ethyl acetate = 5/1) to afford 31 (150 mg, 35 %) as a colorless oil.1H 
NMR (400 MHz, CDCl3) δ 7.46 (d, J = 2.3 Hz, 1 H), 7.35 – 7.26 (m, 2 H), 
7.07 – 6.88 (m, 4 H), 5.06 (s, 2 H), 3.88 (s, 3 H), 2.55 (q, J = 2.1 Hz, 
1 H), 2.37 (ddd, J = 15.5, 11.4, 2.1 Hz, 1 H), 2.16 (d, J = 15.4 Hz, 1 H). 
13C NMR (100 MHz, CDCl3) δ 157.6 (d, J = 237 Hz), 157.3, 154.9, 
134.4, 126.5, 126.1, 125.9, 123.7 (q, J = 286 Hz), 122.8 (q, J = 284 Hz), 
116.1 (d, J = 2 Hz), 116.0 (d, J = 32 Hz), 115.9, 110.8, 76.5 (m), 71.5, 
65.8, 55.8, 36.3. HPLC-MS (ESI): calcd for C19H17F7O4: 441.09; found 
m/z: 441.01 [M-H]-. 

5.1.2.30. 3-((4-Chlorophenoxy)methyl)-4-methoxybenzaldehyde (32). 3- 
(Chloromethyl)-4-methoxybenzaldehyde (29) (1.63 g, 8.8 mmol), 4- 
clorophenol (1.23 ml, 12.5 mmol) and potassium carbonate (1.66 g, 
12.0 mmol) are dissolved in DMF (40 ml) and stirred for 18 h. The re-
action is diluted with ethyl acetate and washed with HCl 1 M and brine. 
The organic layer is dried over sodium sulfate, filtered and the solvent is 
removed under reduced pressure. The crude residue is purified by silica 
gel column chromatography (hexane/ethyl acetate = 8/1) to give the 
desired product 32 (1.98 g, 82 %) as a white solid. 1H NMR (400 MHz, 
CDCl3) δ 9.91 (s, 1 H), 8.01 (dd, J = 2.1, 1.0 Hz, 1 H), 7.87 (dd, J = 8.5, 
2.2 Hz, 1 H), 7.25 (d, J = 7.7 Hz, 2 H), 7.03 (d, J = 8.5 Hz, 1 H), 6.98 – 
6.90 (m, 2 H), 5.09 (s, 2 H), 3.96 (s, 3 H). 

5.1.2.31. 1-(3-((4-Chlorophenoxy) methyl)-4-methoxyphenyl) ethan-1- 
one (33). Compound 32 (320 mg, 1.2 mmol) is dissolved in anhydrous 
THF (20 ml) and placed at 0 ◦C under nitrogen, then methyl magnesium 
bromide (3.0 M Et2O, 600 μl, 1.8 mmol) is added dropwise. The reaction 
is stirred 20 min, then it is quenched with few drops of glacial acetic 
acid. The mixture is diluted with ethyl acetate and washed with HCl 1 M 
and brine. The organic layer is collected and dried over sodium sulfate, 
filtered and the solvent is removed under reduced pressure to give the 
intermediate secondary alcohol that is used without further purification. 
The crude material (341 mg, 1.2 mmol) is dissolved in toluene (20 ml) 
and cooled at 0 ◦C under nitrogen. A solution of trimethyl aluminium 
(2.0 M toluene, 200 ml, 0.4 mmol) is added dropwise. The mixture is 
allowed to warm to room temperature then cyclohexanone (700 μl, 
6.8 mmol) is added and the reaction is stirred at reflux under nitrogen 
for 2 h. The reaction is quenched with NaHCO3 saturated water solution 
and extracted with ethyl acetate. The organic layer is washed with HCl 
1 M and brine then it is dried over sodium sulfate, filtered and the sol-
vent is removed under reduced pressure. The crude residue is purified by 
silica gel column chromatography (petroleum ether/ethyl acetate = 10/ 
3) to afford 32 (243 mg, 72 %) as a white solid. 1H NMR (300 MHz, 
CDCl3) δ 8.08 (d, J = 2.4 Hz, 1 H), 7.97 (dd, J = 8.7, 2.4 Hz, 1 H), 7.25 – 
7.20 (m, 2 H), 7.00 – 6.89 (m, 3 H), 5.08 (s, 2 H), 3.93 (d, J = 1.7 Hz, 
3 H), 2.56 (d, J = 1.7 Hz, 3 H). 
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5.1.2.32. 1-(3-((4-Chlorophenoxy)methyl)-4-methoxyphenyl)-4,4,4-tri-
fluoro-3-(trifluoromethyl)butane-1,3-diol (34). Following general pro-
cedure B, starting from 33 (222 mg, 0.8 mmol) the product (petroleum 
ether/ethyl acetate = 8:1) 34 (268 mg, 73 %) is obtained as a white 
solid. 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 2.3 Hz, 1 H), 7.37 – 7.21 
(m, 3 H), 6.99 – 6.90 (m, 3 H), 6.29 (s, 1 H), 5.24 (d, J = 11.5 Hz, 1 H), 
5.07 (s, 2 H), 3.89 (s, 3 H), 2.74 (t, J = 2.3 Hz, 1 H), 2.45 – 2.30 (m, 
1 H), 2.17 (d, J = 15.4 Hz, 1 H). 13C NMR (100 MHz, CDCl3) δ 157.4, 
157.3, 134.4, 129.5, 126.5, 126.1, 126.0, 125.9, 123.7 (q, J = 286 Hz), 
122.8 (d, J = 284 Hz) 116.3, 110.8, 76.5 (m), 71.7, 65.2, 55.8, 36.5. 
HPLC-MS (ESI): calcd for C19H17ClF6O4: 458,07; found m/z: 457.16 [M- 
H]-. 

5.1.2.33. 1-(Chloromethyl)-2-methoxybenzene (35). 1-(Hydroxymeth 
yl)-2-methoxybenzene (1.52 g, 11.0 mmol) is added to stirred aqueous 
HCl (12 M, 10 ml) at room temperature. The mixture is stirred for 
30 min, then diethyl ether is added. The layers are separated, and the 
organic layer is washed with aqueous NaHCO3. After drying over sodium 
sulfate, the solvent is removed under reduced pressure to furnish 35 
(1.7 g, quant.) as a viscous oil that is used without further purification. 
Analytical data agree with those reported [46]. 

5.1.2.34. 1-(4-Fluorophenyl)-2-(2-methoxyphenyl)ethan-1-ol (36). Com-
pound 35 (1.59 g, 10.1 mmol) is stirred with activated magnesium 
(450 mg, 18.5 mmol) in anhydrous THF (100 ml) at reflux under ni-
trogen atmosphere for 30 min. It is then cooled to room temperature and 
the solution is added via a cannula to a solution of 4-fluoro-benzalde-
hyde (3.30 g, 26.6 mmol) in THF (20 ml). The reaction is allowed to 
proceed for 30 min at 0 ◦C, then it is quenched with ammonium chloride 
and water. Following extraction with ethyl acetate, the organic layer is 
washed with NaHCO3, brine, dried over sodium sulfate and filtered. The 
solvent is removed under reduced pressure and the crude product is 
purified with silica gel column chromatography (hexane/DCM =1/1) to 
afford 36 (340 mg, 14 %) as a white solid. 1H NMR (400 MHz, CDCl3) δ 
7.37 – 7.28 (m, 2 H), 7.25 – 7.19 (m, 1 H), 7.02 (dtd, J = 8.8, 6.5, 1.9 Hz, 
3 H), 6.89 (t, J = 7.1 Hz, 2 H), 4.95 (dd, J = 8.5, 4.1 Hz, 1 H), 3.85 (s, 
3 H), 3.09 (dd, J = 13.6, 4.2 Hz, 1 H), 2.95 (dd, J = 13.6, 8.5 Hz, 1 H). 

5.1.2.35. 1-(4-Fluorophenethyl)-2-methoxybenzene (37). Compound 36 
(230 mg, 0.92 mmol) is stirred 30 min with aqueous HCl (12 M, 5 ml) 
The mixture is then extracted with diethyl ether and washed with brine. 
After removal of the solvent, the crude material is dissolved in acetic 
acid (20 ml) and zinc powder is added (265 mg, 4 mmol). The mixture is 
heated to reflux for 60 min, then cooled to room temperature and 
filtered over a pad of celite. After removal of the solvent under reduced 
pressure, the product is purified with silica gel column chromatography 
(hexane) to afford 37 (129 mg, 60 %) as colorless oil. 1H NMR 
(300 MHz, CDCl3) δ 7.13 (dddd, J = 24.0, 18.4, 7.7, 1.7 Hz, 4 H), 7.00 – 
6.82 (m, 4 H), 3.82 (s, 3 H), 2.86 (m, 4 H). 

5.1.2.36. 1-(3-(4-Fluorophenethyl)-4-methoxyphenyl)ethan-1-one (38). 
Compound 30 (129 mg, 0.57 mmol) is dissolved in DCM (8 ml) and 
cooled to 0 ◦C. Aluminium trichloride (150 mg, 1.14 mmol) and acetic 
anhydride (100 μl, 1.1 mmol) are added under nitrogen atmosphere and 
the reaction is stirred for 20 min, when it is quenched with water. The 
mixture is extracted with DCM, the organic layer washed with NaHCO3 
and brine. The solvent is removed under reduced pressure and the crude 
residue is purified with silica gel column chromatography (petroleum 
ether/DCM = 1/1) to afford compound 38 (105 mg, 68 %) as a white 
solid. 1H NMR (300 MHz, CDCl3) δ 7.84 (dd, J = 8.6, 2.3 Hz, 1 H), 7.70 
(d, J = 2.3 Hz, 1 H), 7.17 – 7.07 (m, 2 H), 7.02 – 6.82 (m, 3 H), 3.88 (s, 
3 H), 2.88 (dd, J = 8.5, 5.0 Hz, 4 H), 2.52 (s, 3 H). 

5.1.2.37. 4,4,4-trifluoro-1-(3-(4-fluorophenethyl)-4-methoxyphenyl)-3- 
(trifluoromethyl)butane-1,3-diol (39). Following general procedure B, 

starting from 38 (105 mg, 0.4 mmol) the product (petroleum ether/ 
DCM = 4/1) 39 (143 mg, 81 %) is obtained as a white solid. 1H NMR 
(300 MHz, CDCl3) δ 7.22 – 7.03 (m, 3 H), 7.00 – 6.81 (m, 4 H), 6.21 (s, 
1 H), 5.17 (d, J = 11.6 Hz, 1 H), 3.84 (s, 3 H), 2.96 – 2.77 (m, 4 H), 2.29 
(ddd, J = 15.5, 11.5, 2.0 Hz, 1 H), 2.14 – 2.03 (m, 1 H). 13C NMR 
(100 MHz, CDCl3) δ 161.4 (d, J = 242 Hz), 158.0, 137.7, 133.9, 130.8, 
130.0 (d, J = 8 Hz), 127.5, 124.7, 123.7 (q, J = 286 Hz), 122.8 (q, J =
284 Hz), 115.0 (d, J = 21 Hz), 110.6, 76.5 (m), 71.7, 55.6, 36.4, 35.3, 
32.8. HPLC-MS (ESI): calcd for C20H19F7O3: 440.12; found m/z: 439.25 
[M-H]-. 

5.1.2.38. 4,4,4-Trifluoro-3-hydroxy-1-(4-methoxy-3-nitrophenyl)-3-(tri-
fluoromethyl)butan-1-one (41). To a stirred solution of ketone 40 
(547 mg, 2.8 mmol) at − 60 ◦C in anhydrous THF (30 ml) under nitrogen 
atmosphere, LiHMDS (1.0 M solution in THF, 3.7 ml, 3.7 mmol) is 
added dropwise and stirred for 30 min. In a separate two neck flask, 
concentrated H2SO4 (15 ml) is warmed to 50 ◦C and connected through 
a cannula with the flask containing the ketone-enolate. An argon over-
pressure is applied to the flask containing sulfuric acid, while the flask at 
− 60 ◦C is vented. HFA trihydrate (780 ml, 5.6 mmol) is added dropwise 
to the warm sulfuric acid and the gaseous HFA thus formed is delivered 
by the stream of argon to the cold enolate solution. When all the HFA has 
been delivered, the reaction is allowed to warm to room temperature. 
The reaction is quenched with glacial acetic acid (1.3 molar equivalent). 
The mixture is diluted with ethyl acetate and washed with water and 
brine. The organic layer is collected and dried over sodium sulfate, 
filtered and the solvent removed under reduced pressure. The crude 
product is purified by silica gel column chromatography (petroleum 
ether/ethyl acetate = 4/1) to afford the desired product 41 (320 mg, 
31 %) as a white solid. 1H NMR (300 MHz, CDCl3) δ 8.47 (d, J = 2.3 Hz, 
1 H), 8.20 (dd, J = 8.9, 2.3 Hz, 1 H), 7.30 – 7.20 (m, 1 H), 6.87 (s, 1 H), 
4.11 (s, 3 H), 3.45 (s, 2 H). 

5.1.2.39. 1-(3-Amino-4-methoxyphenyl)-4,4,4-trifluoro-3-(trifluorometh 
yl)butane-1,3-diol (42). Compound 41 (320 mg, 0.9 mmol) is dissolved 
in methanol (10 ml) and chilled at 0 ◦C. Sodium borohydride 
(50 mg,1.33 mmol) is added. The reaction is stirred for 20 min then it is 
quenched with sodium bicarbonate. The mixture is diluted with water 
and extracted with ethyl acetate, The organic layer dried over sodium 
sulfate, filtered and the solvent is removed under reduced pressure. The 
crude residue is dissolved in a mixture of ethanol, water and acetic acid 
(7/1.5/1.5, 10 ml) and iron powder (430 mg, 7.7 mmol) is added. The 
reaction is stirred at room temperature for 3 h and then filtered on a pad 
of celite. The filtrate is evaporated to dryness and directly purified by 
silica gel column chromatography (petroleum ether/ethyl acetate = 1/ 
1) to afford 42 (232 mg, 70 %) as a white solid. 1H NMR (300 MHz, 
CD3OD) δ 6.87 – 6.76 (m, 2 H), 6.69 (dd, J = 8.2, 2.1 Hz, 1 H), 5.03 (d, J 
= 11.0 Hz, 1 H), 3.84 (s, 3 H), 2.32 – 2.17 (m, 1 H), 2.08 (dd, J = 15.3, 
2.4 Hz, 1 H). 

5.1.2.40. 4-fluoro-N-(2-methoxy-5-(4,4,4-trifluoro-1,3-dihydroxy-3-(tri-
fluoromethyl)butyl)phenyl)benzamide (43). Compound 36 (52 mg, 
0.2 mmol is dissolved in pyridine and cooled to 0 ◦C. 4-fluoro benzoyl 
chloride (30 μl, 0.25 mmol) is added and the mixture is stirred and 
allowed to room temperature over the course of 4 h. The mixture is 
poured over water and extracted three times with ethyl acetate, washed 
with HCl 1 M, water and brine. The organic layer is collected and dried 
over sodium sulfate. After removal of the solvent under reduced pres-
sure, the crude product is purified by silica gel column chromatography 
(petroleum ether/ethyl acetate = 3/1) to afford 43 (30 mg, 82 %) as a 
white solid. 1H NMR (400 MHz, DMSO-d6) δ 9.53 (s, 1 H), 8.07 – 7.99 
(m, 2 H), 7.77 (d, J = 2.2 Hz, 1 H), 7.40 – 7.31 (m, 2 H), 7.20 (dd, J =
8.5, 2.2 Hz, 1 H), 7.08 (d, J = 8.5 Hz, 1 H), 5.00 (d, J = 9.9 Hz, 1 H), 
3.83 (s, 3 H), 2.23 (dd, J = 15.2, 10.1 Hz, 1 H), 2.15 – 2.07 (m, 1 H). 13C 
NMR (100 MHz, DMSO-d6) δ 164.1 (d, J = 247 Hz), 164.1, 151.1, 
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136.6, 131.0, 130.2 (d, J = 9 Hz), 126.6, 123.6 (q, J = 289 Hz), 123.1, 
123.0 (q, J = 286 Hz) 122.0, 115.6, 115.4, 111.3, 75.7 (m), 67.9, 55.9, 
37.7. HPLC-MS (ESI): calcd for C19H16F7NO4: 455.10; found m/z: 
454.23 [M-H]-. 

5.1.2.41. 1-(3-Amino-4-methoxyphenyl)ethan-1-one (44). Compound 33 
(2.07 g, 10.6 mmol) is dissolved in ethanol (35 ml) and acetic acid 
(7 ml) then iron powder (5.91 g, 106.0 mmol) is added. The reaction is 
stirred at room temperature for 3 h then filtered over a pad of celite. The 
solvents are removed under reduced pressure and the crude product is 
directly subjected to silica gel column chromatography (petroleum 
ether/ethyl acetate = 4/1) to afford the product 44 (1.08 g, 62 %) as a 
brown solid. 1H NMR (300 MHz, DMSO-d6) δ 7.25 – 7.19 (m, 2 H), 6.92 
– 6.83 (m, 1 H), 4.93 (s, 2 H), 3.84 (s, 3 H), 2.44 (s, 3 H). 

5.1.2.42. N-(5-acetyl-2-methoxyphenyl)-4-fluorobenzamide (45). Com-
pound 44 (1.08 g, 6.51 mmol) is dissolved in pyridine and cooled to 
0 ◦C. 4-Fluoro benzoyl chloride (920 ml, 7.78 mmol) is added and the 
mixture is stirred and allowed to warm to room temperature over the 
course of 4 h. The mixture is poured over water and extracted three 
times with ethyl acetate, washed with HCl 1 M, water and brine. The 
organic layer is collected and dried over sodium sulfate. After removal of 
the solvent under reduced pressure, the crude product is purified by 
silica gel column chromatography (petroleum ether/ethyl acetate = 3/ 
1) to afford 45 (1.23 g, 66 %) as a white solid. 1H NMR (300 MHz, 
CDCl3) δ 9.16 (d, J = 2.2 Hz, 1 H), 8.46 (s, 1 H), 7.98 – 7.87 (m, 2 H), 
7.82 (dd, J = 8.6, 2.2 Hz, 1 H), 7.20 (t, J = 8.6 Hz, 2 H), 7.00 (d, J =
8.7 Hz, 1 H), 4.02 (s, 3 H), 2.63 (s, 3 H). 

5.1.2.43. N-(5-acetyl-2-methoxyphenyl)-4-fluoro-N-methylbenzamide 
(46). Compound 38 (585 mg, 2.0 mmol) is dissolved in anhydrous THF 
(20 ml) at 0 ◦C and sodium hydride (60 mg, 2.4 mmol) and imidazole 
(15 mg, 0.2 mmol) are added. The reaction is stirred at 0 ◦C under ni-
trogen 20 min then methyl iodide (400 μl, 6.1 mmol) is added dropwise. 
The reaction is stirred 2.5 h then it is quenched with few drops of glacial 
acetic acid. The mixture is diluted with Ethyl acetate and washed with 
brine. the organic layer is collected, and the solvent is removed under 
reduced pressure. The crude residue is purified by silica gel column 
chromatography (petroleum ether/ethyl acetate = 3/1) to afford the 
compound 46 (579 mg, 95 %) as a white solid. 1H NMR (300 MHz, 
CDCl3) δ 7.80 (dd, J = 8.6, 2.2 Hz, 1 H), 7.72 (d, J = 2.2 Hz, 1 H), 7.30 
(t, J = 7.1 Hz, 2 H), 6.82 (dt, J = 8.6, 4.3 Hz, 3 H), 3.78 (s, 3 H), 3.36 (s, 
3 H), 2.49 (s, 3 H). 

5.1.2.44. 4-Fluoro-N-(2-methoxy-5-(4,4,4-trifluoro-1,3-dihydroxy-3-(tri-
fluoromethyl) butyl) phenyl)-N-methyl benzamide (47). Following general 
procedure B, starting from compound 46 (579 mg, 1.9 mmol), the 
product is purified by column chromatography (petroleum ether/ethyl 
acetate = 3:1) to give 47 (490 mg, 55 %) as a white solid. 1H NMR 
(300 MHz, CDCl3) δ 7.14 (d, J = 8.5 Hz, 2 H), 6.93 (s, 1 H), 6.82 (d, J =
8.3 Hz, 2 H), 6.12 (s, 1 H), 5.08 (d, J = 11.1 Hz, 1 H), 3.80 (s, 3 H), 3.33 
(s, 3 H), 2.22–1.75 (m, 2 H). 13C NMR (100 MHz, CD3OD/CDCl3) δ 
171.3, 163.2 (d, J = 248 Hz), 154.0, 136.1, 133.1, 132.0, 129.9, 129.8, 
126.4, 126.3, 126.0, 125.6, 123.5 (q, J = 286 Hz), 122.6 (q, J = 285 Hz), 
114.7, 114.4, 111.9, 76.2 (m), 69.4, 55.5, 36.8, 36.2. HPLC-MS (ESI): 
calcd for C20H18F7NO4: 469.11; found m/z: 468.17 [M-H]-. 

5.1.2.45. 5-(Chloromethyl)-6-methoxy-3,4-dihydronaphthalen-1(2 H)- 
one (48). 6-Methoxy-3,4-dihydronaphthalen-1(2 H)-one (1.50 g, 
8.5 mmol) and formaldehyde (0.34 g, 11.01 mmol) are dissolved in 
aqueous HCl (12 M, 8 ml). The mixture is stirred at room temperature 
for 2 h then diluted with water and washed with DCM. The organic layer 
is collected and dried over sodium sulfate, filtered and the solvent is 
removed under reduced pressure. The crude residue is purified by silica 
gel column chromatography (petroleum ether/ethyl acetate = 7/3) to 

give the product 48 as a white solid (598 mg, 32 %). 1H NMR (300 MHz, 
CDCl3) δ 8.06 (d, J = 8.9 Hz, 1 H), 6.88 – 6.73 (m, 1 H), 4.70 (s, 2 H), 
3.89 (s, 3 H), 2.99 (t, J = 6.1 Hz, 2 H), 2.57 (t, J = 6.5 Hz, 2 H), 2.10 (d, 
J = 6.5 Hz, 2 H). 

5.1.2.46. 5-((4-Fluorophenoxy)methyl)-6-methoxy-3,4-dihydronaph-
thalen-1(2 H)-one (49). Compound 48 (598 mg, 2.7 mmol), 4-fluoro 
phenol (431 mg, 3.5 mmol) and potassium carbonate (902 mg, 
7.0 mmol) are dissolved in degassed DMF (30 ml). The mixture is stirred 
for 18 h, then is diluted with ethyl acetate and washed water and brine. 
The organic layer is collected and dried over sodium sulfate, filtered and 
the solvent is removed under reduced pressure. The crude residue is 
purified by silica gel column chromatography (petroleum ether/Et2O =
10/3) to give product 49 (298 mg, 37 %) as a white solid. 1H NMR 
(300 MHz, CDCl3) δ 8.15 (d, J = 8.8 Hz, 1 H), 7.06 – 6.87 (m, 5 H), 5.11 
(s, 2 H), 3.91 (s, 3 H), 3.01 (t, J = 6.1 Hz, 2 H), 2.61 (dd, J = 7.4, 5.7 Hz, 
2 H), 2.12 (d, J = 6.4 Hz, 2 H). 

5.1.2.47. 5-((4-Fluorophenoxy)methyl)-2-(1,1,1,3,3,3-hexafluoro-2- 
hydroxypropan-2-yl)-6-methoxy-1,2,3,4-tetrahydro naphthalen-1-ol (50). 
According to general procedure B, part i, starting from ketone 49 
(147 mg, 0.5 mmol), product (petroleum ether/Et2O = 10/2) 50 
(102 mg, 43 %) is obtained as a white solid. 1H NMR (300 MHz, CDCl3) 
δ 8.19 (d, J = 8.9 Hz, 1 H), 7.08 – 6.89 (m, 5 H), 5.19 (d, J = 10.5 Hz, 
1 H), 5.06 (d, J = 10.5 Hz, 1 H), 3.97 (s, 3 H), 3.29 (dt, J = 17.1, 3.6 Hz, 
1 H), 3.20 – 3.08 (m, 1 H), 2.92 (ddd, J = 17.2, 13.2, 4.0 Hz, 1 H), 2.54 
(dd, J = 13.5, 3.9 Hz, 1 H), 2.27 – 2.08 (m, 1 H). 13C NMR (100 MHz, 
CDCl3) δ 199.0, 163.2, 157.7 (d, J = 238 Hz), 154.9, 146.5, 131.9, 
125.5, 123.5 (d, J = 288 Hz), 122.5 (d J = 285 Hz) 122.0, 116.0 (d, J =
23 Hz), 115.9 (d, J = 8 Hz), 110.1, 79.21 (m), 61.1, 56.2, 45.0, 26.3, 
24.3. HPLC-MS (ESI): calcd for C21H17F7O4: 466.10; found m/z: 465.12 
[M-H]-. 

5.1.2.48. Trans-5-((4-fluorophenoxy)methyl)-2-(1,1,1,3,3,3-hexafluoro- 
2-hydroxypropan-2-yl)-6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol 
(51). According to general procedure B, part ii, starting from 50 
(82 mg, 0.17 mmol), product (petroleum ether/Et2O = 10/3) 51 
(80 mg, quant.) is obtained as a white solid. 1H NMR (300 MHz, CDCl3) 
δ 7.34 – 7.25 (m, 1 H), 7.12 – 6.81 (m, 5 H), 6.20 (s, 1 H), 5.09 (s, 2 H), 
3.88 (s, 3 H), 3.20 (dt, J = 17.9, 4.4 Hz, 1 H), 2.87 (ddd, J = 18.1, 11.1, 
7.3 Hz, 1 H), 2.40 (dd, J = 19.2, 6.9 Hz, 2 H), 2.32 – 2.13 (m, J = 5.7 Hz, 
2 H). 13C NMR (100 MHz, CDCl3) δ 158.8, 157.5 (d, J = 238 Hz), 155.2, 
155.1, 138.1, 131.8, 129.2, 124.0 (q, J = 286 Hz), 123.1 (q, J = 287 Hz), 
122.5, 116.0 (d, J = 14 Hz), 115.8 (d, J = 2 Hz), 109.8, 79.9 (m), 70.1, 
61.5, 56.0, 38.8, 26.1, 17.2. HPLC-MS (ESI): calcd for C21H19F7O4 [M- 
H]-: 468.12; found m/z: 467.14 [M-H]-. 

5.1.2.49. Tert-butyl dimethyl((6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl) naphthalen-2-yl) oxy) silane (52). A mixture of compound 20 
(340 mg, 1.0 mmol), bis(pinacolato)diboron (430 mg 1.7 mmol), Pd 
(Dppf)Cl2 (37 mg, 0.05 mmol) and potassium acetate (1.0 g, 
10.1 mmol) in 1,4-dioxane is heated at reflux for 6 h. After removal of 
the solvent under reduced pressure, the crude material is purified by 
silica gel column chromatography (petroleum ether/ Et2O = 10/2), to 
obtain 52 (131 mg, 34 %) as a white solid. 1H NMR (400 MHz, CDCl3) δ 
8.29 (s, 1 H), 7.81 – 7.73 (m, 2 H), 7.67 (d, J = 8.2 Hz, 1 H), 7.17 (d, J =
2.4 Hz, 1 H), 7.06 (dd, J = 8.8, 2.4 Hz, 1 H), 1.38 (s, 12 H), 1.02 (s, 9 H), 
0.25 (s, 6 H). 

5.1.2.50. 1-(4-(6-((Tert-butyldimethylsilyl) oxy) naphthalen-2-yl)-3- 
(chloromethyl) phenyl) ethan-1-one (54). According to general proced-
ure A, starting from compound 52 (247 mg, 0.6 mmol) and 53 (151 mg, 
0.6 mmol), the product (hexane/ethyl acetate = 100/5) 54 (203 mg, 
73 %) is obtained as a white solid. 1H NMR (400 MHz, CDCl3) δ 8.18 (d, 
J = 1.9 Hz, 1 H), 7.98 (dd, J = 8.1, 1.8 Hz, 1 H), 7.85 – 7.67 (m, 4 H), 
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7.48 (dd, J = 7.4, 2.1 Hz, 2 H), 7.15 (dd, J = 8.8, 2.4 Hz, 1 H), 4.62 (s, 
2 H), 2.68 (s, 3 H), 1.04 (s, 9 H), 0.28 (s, 6 H). 

5.1.2.51. 1-(4-(6-((Tert-butyldimethylsilyl) oxy) naphthalen-2-yl)-3-((4- 
fluorophenoxy) methyl) phenyl) ethan-1-one (55). Compound 54 
(198 mg, 0.5 mmol), 4-fluorophenol (158 mg, 1.4 mmol) and potassium 
carbonate (500 mg, 3.5 mmol) are dissolved in DMF and stirred for 16 h 
at room temperature. The mixture is diluted with diethyl ether and 
washed with water and brine. The solvent is removed under reduced 
pressure and the crude residue is purified by silica gel column chro-
matography (toluene/Et2O = 10/1) to give product 54 (60 mg, 25 %) as 
a white solid. 1H NMR (300 MHz, CDCl3) δ 8.24 (d, J = 1.8 Hz, 1 H), 
8.00 (d, J = 1.9 Hz, 1 H), 7.80 – 7.64 (m, 3 H), 7.53 (d, J = 8.0 Hz, 1 H), 
7.49 – 7.40 (m, 1 H), 7.24 – 7.11 (m, 2 H), 6.99 – 6.85 (m, 2 H), 6.85 – 
6.75 (m, 2 H), 4.97 (s, 2 H), 2.67 (s, 3 H), 0.91 (s, 9 H), 0.10 (s, 6 H). 

5.1.2.52. 4,4,4-Trifluoro-1-(3-((4-fluorophenoxy) methyl)-4-(6-hydroxy 
naphthalen-2-yl) phenyl)-3-hydroxy-3-(trifluoromethyl) butan-1-one 
(56). To a solution of compound 55 (55 mg, 0.1 mmol) at − 60 ◦C in 
anhydrous THF (10 ml) under nitrogen atmosphere, LiHMDS (1.0 M 
solution in THF, 130 ml) is added dropwise and stirred for 30 min. In a 
separate two neck flask, concentrated H2SO4 (15 ml) is warmed to 50 ◦C 
and connected through a cannula with the flask containing the ketone- 
enolate. An argon overpressure is applied to the flask containing sulfu-
ric acid, while the flask at − 60 ◦C is vented. HFA trihydrate (500 μl, 
3.6 mmol) is added dropwise to the warm sulfuric acid and the gaseous 
HFA thus formed is delivered by the stream of argon to the cold enolate 
solution. When all the HFA has been delivered, the reaction is allowed to 
warm to room temperature. Tetrabutylammonium fluoride (TBAF, 
1.0 M solution in THF, 200 μl, 0.2 mmol) is added to the reaction and the 
mixture is stirred at room temperature for 3 h. The mixture is diluted 
with ethyl acetate and washed with water and brine. The organic layer is 
collected and dried over sodium sulfate, filtered and the solvent is 
removed under reduced pressure. The crude product is purified by silica 
gel column chromatography (hexane/Et2O = 10/5) to afford product 56 
(35 mg, 58 %) as a white solid. 1H NMR (300 MHz, CDCl3) δ 8.26 (d, J =
2.0 Hz, 1 H), 8.02 (dd, J = 8.1, 2.0 Hz, 1 H), 7.82 – 7.68 (m, 3 H), 7.60 
(d, J = 8.1 Hz, 1 H), 7.45 (dd, J = 8.4, 1.8 Hz, 1 H), 7.22 – 7.11 (m, 2 H), 
7.01 – 6.87 (m, 2 H), 6.87 – 6.75 (m, 2 H), 5.00 (s, 2 H), 3.52 (s, 2 H). 

5.1.2.53. 4,4,4-Trifluoro-1-(3-((4-fluorophenoxy) methyl)-4-(6-hydroxy 
naphthalen-2-yl) phenyl)-3-(trifluoromethyl) butane-1,3-diol (57). Com-
pound 56 (35 mg, 0.1 mmol) is dissolved in methanol (5 ml) at 0 ◦C and 
sodium borohydride (10 mg, 0.2 mmol) is added. The mixture is stirred 
for 1 h, then the reaction is quenched with aqueous NaHCO3. The 
mixture is diluted with ethyl acetate and washed with water and brine. 
The organic layer is collected and dried over sodium sulfate, filtered and 
the solvent is removed under reduced pressure. The crude product is 
purified by silica gel column chromatography (toluene/ethyl acetate =
10/1) to afford 57 (30 mg, 90 %) as a white solid. 1H NMR (400 MHz, 
CDCl3) δ 7.55 – 7.42 (m, 4 H), 7.30 – 7.19 (m, 2 H), 7.11 – 7.02 (m, 1 H), 
6.95 (ddd, J = 24.0, 9.1, 2.9 Hz, 2 H), 6.72 (t, J = 8.6 Hz, 2 H), 6.59 (dd, 
J = 9.1, 4.3 Hz, 2 H), 6.13 (s, 1 H), 5.16 (d, J = 11.4 Hz, 1 H), 4.72 (s, 
2 H), 2.30 – 2.19 (m, 1 H), 2.16 (s, 1 H), 2.08 (d, J = 15.4 Hz, 1 H). 13C 
NMR (100 MHz, CDCl3) δ 157.6 (d, J = 238 Hz), 154.5, 154.5, 154.0, 
142.8, 141.6, 135.1, 134.9, 134.0, 131.3, 130.2, 128.7, 128.1, 127.9, 
126.7, 125.5, 123.7 (q, J = 287 Hz), 122.8 (q, J = 282 Hz), 118.6, 116.1 
(d, J = 1 Hz), 116.0 (d, J = 16 Hz), 76.8 (m), 71.9, 68.8, 36.5. HPLC-MS 
(ESI): calcd for C281H21F7O4: 554.13; found m/z: 553.02 [M-H]-. 

5.1.2.54. 1,1,1-Trifluoro-2-hydroxy-2-(trifluoromethyl)undecan-4-one 
(58). According to general procedure B, starting from nonan-2-one (57, 
500 mg g, 3.5 mmol) 58 (180 mg, 58 %) is obtained as a colorless oil. 1H 
NMR (400 MHz, CDCl3) δ 6.27 (s, 1 H), 4.24 (dd, J = 10.1, 5.4 Hz, 1 H), 
2.28 – 1.84 (m, 4 H), 1.60 (d, J = 1.0 Hz, 1 H), 1.53 (dd, J = 7.0, 6.2 Hz, 

2 H), 1.33 – 1.26 (m, 8 H), 0.97 – 0.85 (m, 3 H). 13C NMR (100 MHz, 
CDCl3) δ 123.6 (q, J = 286 Hz), 122.9 (q, J = 286 Hz), 76.7 (m), 70.0, 
38.8, 34.0, 31.8, 29.4, 29.2, 24.9, 22.7, 14.2. HPLC-MS (ESI): calcd for 
C12H20F6O2: 310.14; found m/z: 309.18 [M-H]. 

5.2. Molecular modeling 

5.2.1. Docking studies 
The structure of the macromolecular target was retrieved from the 

RCSB Protein Data Bank (www.rcsb.org, PDB ID 1FQ9). The PDB file 
was selected in agreement with a previous work [12]. 3D models of li-
gands were built using Avogadro 1.2.0, and geometry was optimized 
using the same software [47]. Target was prepared for the blind docking 
experiments, performed using AutoDock Vina (Molecular Graphics 
Laboratory, Department of Integrative Structural and Computational 
Biology, The Scripps Research Institute, CA, USA), using default pa-
rameters [35]. Prior to docking studies, FGF2 was isolated from the 
structure (chain A) and all the other molecules were removed. Receptor 
search volume was set according to the grid parameters reported in the 
following. Grid center: x = 67.897, y = 25.5412, z = 120.184, size: 35 
×35 x 35 Å. The number of docking poses was set to 10, with other Vina 
parameters set as default. Residue numbering used in the PDB file was 
adopted. Output data, such as calculated binding energies and interac-
tion patterns, were analyzed and scored using UCSF Chimera molecular 
viewer [48]. This software was also used to produce the artworks. 
Calculated binding energy values are expressed in kcal/mol and refer to 
the most favored predicted pose. 

5.2.2. Molecular dynamics simulations 
MD simulations were carried out using PlayMolecule (Acellera, 

Middlesex, UK) [49] starting from the output models of docking ex-
periments. Ligands were prepared by running Parametrize function 
based on GAFF2 force field. Each complex was prepared for the simu-
lation using ProteinPrepare and SystemBuilder functions, setting pH =
7.4, AMBER 14SB force field and default experiment parameters [50]. 
Consequently, N terminus of the protein (His16) was capped with an 
acetyl group and the side chain of Lys18 was reconstructed, while C 
terminus was modified to obtain the methyl amide of Ala144. MD 
simulations of 25 ns were carried out using SimpleRun, with default 
settings [36]. Each simulation run was performed in triplicate. Plotting 
of root mean-square deviation (RMSD) values of ligand heavy atoms 
over time was performed using Excel 15.31 (Microsoft, WA, USA). 

5.2.3. Binding pose metadynamics 
Enhanced sampling simulations were carried out using the binding 

pose metadynamics program, version 1.0, within the Schrödinger suite 
2019–4. Protein-ligand complexes were energy-minimized using Mac-
roModel 12.6 [51] by applying the OPLS3e force field [52]. During the 
minimization, the position of the heavy atoms of the protein backbone 
was restrained by applying a harmonic restraint of 100 kcal·mol− 1·Å− 2, 
and the convergence threshold was set to 0.05 kJ·mol− 1·Å− 1. The 
minimized complexes were then submitted to the binding pose meta-
dynamics protocol. Each complex was solvated using the SPC water 
model, setting the system box dimensions to 10 Å x 10 Å x 10 Å. All the 
systems were neutralized by adding 11 Cl- counter ions. Following a 
default short equilibration molecular dynamics, 10 well-tempered 
metadynamics simulations were performed for each protein-ligand 
complex. The RMSD of the ligand heavy atoms from the equilibrated 
starting pose was used as biasing collective variable. A gaussian bias 
with an initial height of 0.05 kcal·mol− 1and a width of 0.02 Å was added 
every 1.0 ps, while the scaling factor of the bias height was set to 4. Each 
simulation lasted for 10 ns and the last 2 ns of each simulation were used 
to calculate the PoseScore, which accounts for the thermodynamically 
favored RMSD averaged over the 10 independent runs [37]. 
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5.3. Surface plasmon resonance (SPR) 

A BIAcore X-100 apparatus (BIAcore Inc., Piscataway, NJ, USA) was 
used to perform surface plasmon resonance analyses as previously re-
ported [12]. The equilibrium (plateau) values of the SPR sensorgrams 
were used to build the binding isotherms (dose-response curves). 
Binding isotherm points were fitted with the Langmuir equation for 
monovalent binding to evaluate the mass surface dissociation constant, 
Kd, and the scaling parameter that relates the SPR signal with the extent 
of binding, as the free parameters of the fitting. The errors on these 
parameters were assigned as a result of the fitting algorithm (95 % 
confidence bounds). The best-fitting procedure was performed with the 
SigmaPlot 11.0 software package (Systat Software Inc.). 

5.4. HSPG/FGF2/FGFR1 mediated cell-cell adhesion assay 

Wild-type CHO-K1 cells were seeded in a 48-well plate at 1,3×105 

cells/cm2 and grown till a monolayer was formed. After 24 hours, CHO- 
K1 monolayers were washed with PBS. Then, A745-CHO-flg-1A-luc cells 
were resuspended in a solution prepared with 0.1 % gelatin from 
porcine skin (Sigma-Aldrich, Saint Louis, MO), 0.1 mg/ml CaCl2, 
0.1 mg/ml MgCl2 in PBS and 5×104 cells were added in each well with 
or without 30 ng/ml of FGF2 in absence and presence of increasing 
concentration of the compounds under test dissolved in 0.5 % DMSO. 
After 2 hours of incubation at 37◦C, during which CHO-K1 cells bound 
the ligand FGF2 that in turn bound the expressed surface FGFR1 in 
A745-CHO-flg-1A-luc cells, the plate was washed with PBS to remove 
unattached cells. The remaining attached cells were lysed with 50 µL of 
luciferase buffer/well (80 mM Na2HPO4, 9.3 mM NaH2PO4, 2 % Triton) 
for 30 minutes. After that, luciferase activity was quantified. All ex-
periments were performed in triplicate. 

5.5. Cell cultures 

KMS-11 and KMS-11/BTZ cells were obtained from the Japanese 
Collection of Research Bioresources (JCRB, Osaka, Japan) cell bank, and 
U266 and OPM2 cells from the German Collection of Microorganisms 
and Cell Cultures (DSMZ, Braunschweig, Germany). All MM cell lines 
were maintained at low passage in RPMI1640 medium supplemented 
with 10 % heat inactivated FBS and 2.0 mM glutamine. CHO-K1, CHO- 
R1 and A745-CHO-flg-1A-luc cells were generated as previously 
described [53] and cultured in F-12 Nut Mix (Gibco) with 10 % FBS. 

All cell lines were tested regularly for Mycoplasma negativity, and 
authenticated by PowerPlex Fusion System (Promega, Madison, USA). 

5.6. Patient-derived multiple myeloma cells 

Approval for these studies was obtained from the local Ethics Com-
mittee (protocol n. NP2694). Informed consent was obtained from all 
patients in accordance with the Declaration of Helsinki protocol. Pri-
mary CD138+ cells were obtained from freshly isolated multiple 
myeloma patients’ BM using CD138+ microbeads selection, as reported 
in Roccaro et al. [54]. 

5.7. Western blot analysis 

Cells were washed in cold PBS and homogenized in NP-40 lysis buffer 
(1 % NP-40, 20 mM Tris-HCl pH 8, 137 mM NaCl, 10 % glycerol, 2 mM 
EDTA, 1 mM sodium orthovanadate, 10 mg/ml aprotinin, 10 mg/ml 
leupeptin). Protein concentration in the supernatants was determined 
using the Bradford protein assay (Bio-Rad Laboratories). Phosphory-
lated FGFR3 was detected using rabbit anti- FGFR3 (phospho Y724) 
antibody (Abcam) and the Phospho-FGF receptor (Tyr653/654) anti-
body (Cell Signaling Technology, Danvers, MA, USA) was used to detect 
the phosphorylated forms of all four FGF receptors. Also, rabbit anti- 
human c-Myc (Cell Signaling Technology), rabbit anti-pH2AX (Cell 

Signaling Technology) and rabbit anti-human cleaved caspase 3 (Cell 
Signaling Technology) antibodies was used to detect the level of c-Myc 
protein, DNA damage and apoptotic cell death, respectively. β-actin or 
GAPDH were used as loading controls (antibodies from Sigma-Aldrich, 
Saint Louis, MO). Chemiluminescent signal was acquired by Chem-
iDocTM Imaging System (BioRad) and analyzed using the ImageJ soft-
ware (http://rsb.info.nih.gov/ij/). 

5.8. Viable cell counting 

MM cell lines and patient-derived MM cells were cultured under 
appropriate conditions for 48 or 12 hours, respectively. Propidium io-
dide staining (Immunostep, Salamanca, SP, EU) was used to detect PI 
negative viable cells by flow cytometry. Absolute cell counts were ob-
tained by the counting function of the MACSQuant® Analyzer (Miltenyi 
Biotec). IC50 values are the mean of at least 2 experiments performed in 
triplicate. 

5.9. Mitochondrial ROS detection 

Mitochondrial (mt)ROS production was determined using the fluo-
rescent probe Mitosox according to manufacturer’s instructions. Mito-
sox positive cells were detected by cytofluorimetric analysis with 
MACSQuant® Analyzer (Miltenyi Biotec). 

5.10. Subcutaneous MM human xenografts 

Experiments were performed according to the Italian laws (D.L. 116/ 
92 and following additions) that enforce the EU 86/109 Directive and 
were approved by the local animal ethics committee (OPBA, Organismo 
Preposto al Benessere degli Animali, Università degli Studi di Brescia, 
Italy, protocol n. PR389/2017). 

Six- to eight-week-old female NOD/SCID mice (Envigo, Udine, Italy) 
were injected subcutaneously (s.c.) with KMS-11 cells (5×106 cells/ 
mouse) in 200 µl of PBS. When tumors were palpable, mice were 
randomly assigned to receive treatment with NSC12 (7.5 mg/kg), 
compound 22 (7.5 mg/kg), compound 57 (7.5 mg/kg) or control/ 
vehicle DMSO. Treatments were performed IP every other day. Tumor 
volumes were measured with calliper and calculated according to the 
formula V = (D x d2)/2, where D and d are the major and minor 
perpendicular tumor diameters, respectively. At the end of the experi-
mental procedure, tumor nodules were excised, weighed, photographed 
and processed for histological analyses. 

5.11. Histological analyses 

Formalin-fixed, paraffin-embedded samples were sectioned at a 
thickness of 3 µm, dewaxed, hydrated, and processed for immunohis-
tochemistry with rabbit anti-human phospho-FGF receptor (Tyr653/ 
654) (Cell Signaling Technology), rabbit anti-human c-Myc (Cell 
Signaling Technology), rabbit anti-nitrotyrosine (Millipore), rabbit anti- 
γH2AX (Cell Signaling Technology), rabbit anti-human phospho-His-
tone H3 (Chemicon) or rabbit anti-human cleaved caspase 3 (Cell 
Signaling Technology) antibodies. 

Sections were finally counterstained with Carazzi’s hematoxylin 
before analysis by light microscopy. 

5.12. In vivo toxicity 

To assess the absence of in vivo toxicity of compound 29 and 57, 
whole blood and serum from treated animals were collected and ana-
lysed in terms of blood cell composition and biochemical parameters, 
respectively. Also, mice body weight was monitored during treatment. 
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5.13. Statistical analyses 

Statistical analyses were performed using Prism 8 (GraphPad Soft-
ware). Student t test for unpaired data (two-tailed) was used to test the 
probability of significant differences between two groups of samples. For 
more than two groups of samples, data were analyzed with a one-way 
ANOVA and corrected by the Bonferroni multiple comparison test. 
Tumor volume data were analyzed with a two-way analysis of variance 
and corrected by the Bonferroni test. Differences were considered sig-
nificant when P < 0.05. 
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