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An improved green synthesis of the E2F inhibitor HLM0066474 is described, using solvent-free and microwave
irradiation conditions. The two enantiomers are separated using semi-preparative separation on Chiralpak ID
and their absolute configuration is determined by vibrational circular dichroism (VCD) analysis. Biological
evaluation of both enantiomers on E2F1 transcriptional activity reveals that the {(+)-R, but not the (—)-S en-
antiomer is biologically active in repressing E2F1 transcriptional activity.

HLMO06474 1 is a small molecule pan-inhibitor of E2F-DNA
binding (Fig. 1) and is a potent inhibitor of melanocytes proliferation. :
Moreover, HLM006474 1 synergizes with paclitaxel whlch suggests that
this small molecule may have efficacy in lung cancer.”

Although it is a commercially available compound, HLM006474 1 is
rather expensive. The synthesis of this compound has been described in
2008 using a two-step sequence. First step is a Williamson reaction
starting from 4-hydroxy-3-methyl benzaldehyde 2 and bromoethane in
dimethylformamide. Second step is a three-component Betti reaction
between the obtained 4-ethoxy-3-methyl benzaldehyde 3, 2-amino-
pyridine 4 and 2-methyl-3-quinolinol 5 in ethanol (Fig. 2).! This pro-
cedure suffers from low yield and long reaction time.

Moreover, HLM006474 1 presents one carbon stereocenter and to
the best of our knowledge, it has only been tested on biological systems
in racemic form although a difference in biological activity would be
expected between the two enantiomers due to the inherent chirality of
biological systems. We decided to improve the synthetic access to this
eompound, perform the resolution and the determination of the abso-
lute configuration of the two enantiomers and evaluate their biological
activities as inhibitors of E2F1 transcriptional activity.

The first step of the synthesis is performed using the same condi-
tions as the literature. ! [n our hands, product 3 is obtained in 77% yield
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on 64 mmol scale after work up (litt. 1. 65% on 6.6 mmol scale) and is
used without further purification in the next step (Fig. 3). The second
step is a Betti reaction™”. Betti reaction is a Mannich-type aminoalk-
ylation multicomponent reaction between ammonia or amines, for-
maldehyde or aldehydes and enolisable carbonyl compnunds or
phenol/naphtols. It was originally performed in ethanol as solvent® but
these conditions for compound 1 result in low yield and long reaction
time.! In order to optimize the synthesis of this compound we tried
different and/or greener reaction conditions also used for Betti re-
action:water,®” acetonitrile,” PEG-400° as solvent or solvent-free con-
ditions? as well as microwave irradiation (MW)'%12 at different tem-
peratures (Fig. 3).

The results are reported in Table 1 (thermal conditions) and Table 2
(microwave irradiation).

Experimental conditions close to the literature® led to analogous
results (Table 1, entry 1). Using acetonitrile at rt or 85 °C, or PEG-400 as
solvent were unsuccessful (Table 1, entries 4-6). Water as solvent at rt
increased notably the yield to 29% although a decreased yield was
observed with water at reflux (Table 1, entries 2 and 3). Best results
(66%) were obtained in solvent-free conditions at 55 °C in only one day
reaction time (Table 1, entry 7) but we noticed that a slight excess of
amine 4 at 95°C could have an interesting effect on reaction time



O
NH OH

S

Fig. 1. Structure of HLM006474 1.
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Fig. 2. Synthesis of HLM006474 according to Ma et al.’.
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Fig. 3. Improved synthesis of HLM006474.
Table 1

Synthesis of 1 using Betti reaction in different thermal reaction conditions
(Fig. 3).

Entry Temperature Solvent Reaction time Yield® in 1
1° rt EtOH 10d 15%

2 It H,0 8d 29%

3 100°C 1,0 2d 9%

4 it CHLCN ad 3%

5 85°C CH;CN 3d 5%

6 It PEG-400 36d 5%

7 55°C - 1d 66%

8° 95°C - 6,5h 45%

? Yield after purification on 6 mmol scale unless otherwise noted.
b Experimental conditions close to Ma et al.!
¢ Reaction performed on 1 mmol scale, 1.2 eq. of amine 4 is used.

Table 2
Synthesis of 1 using Betti reaction and MW irradiation® (Fig. 3).

Entry Temperature Solvent Reaction time Yield” in 1
1 60°C - 1z2h 33%
) 95°C - 65h 57%°
3 95°C = 65h 55%¢
4" 95°C - 65h 70%°
5¢ 95°C - 65h 67%"
6 110°C - 3h 58%°
78 110°C = 3h 58%"
8 60°C = 24h 71%°
9 60°C - 24h 71%*
2 MW : 300 W.

b Yield after purification on 1 mmol scale unless otherwise noted.
© Reactions were run in triplicate — the mean yield is given.

4 Reaction was performed on 6 mmol scale.

¢ 1.2 eq. of amine 4 is used.

(decreased to 6,5h) and yield (45%) (Table 1, entry 8). Reaction con-
ditions using microwaves are known to possibly facilitate this reaction.
Therefore we decided to study microwave (MW) reaction conditions
(Table 2).

Using microwave reaction conditions, a 55-57% yield is obtained in
only 6,5h at 95 °C (entries 2 and 3 compared to entry 1) and the yield is
increased to 67-70% using 1.2 eq. excess of amine 4 (entries 4 and 5).
At 110°C and in 3 h reaction time, however, yields decreased to 58%
(entries 6 and 7). Good results (71%) are also obtained at 60°C in 24 h
(entries 8 and 9). The reactions were at first performed on 1 mmol scale
in triplicate (entries 2, 4, 6, 8) to ascertain reproducibility and yields
were confirmed on 6 mmol scale (entries 3, 5, 7, 9).

Enantiomers of HLM006474 were separated by HPLC over chiral
stationary phase. Chiralpak ID, amylose tris(3-chloro-phenylcarbamate)
allowed an excellent baseline separation with a heptane/2-PrOH/TEA
(50/50/0.1) mixture as mobile phase at analytical scale. Enantiomeric
excesses can be easily determined by this developed method, which
exhibits an enantioselectivity of 1.7 and a resolution of 3.5. The method
was extrapolated at preparative on the same chiral column to obtain
190 mg of each enantiomer with an enantiomeric ratio higher than
99.5/0.5 (See Supplementary data).

Infrared (IR) and vibrational circular dichroism (VCD) spectra were
recorded for both enantiomers. Calculations were performed on the (R)
enantiomer of HLM006474 (see Supplementary data for details): the
conformational studies using SMD(CD,Cl,)/CAM-B3LYP/DGTZVP level
have shown that 10 conformations A;-A;c must be used to build the
average calculated spectra in IR/VCD. A satisfying agreement between
the measured and the average calculated spectra has allowed estab-
lishing the absolute configuration (R) of the first eluted enantiomer of
HLM006474. The assignment of the absolute configuration was con-
firmed by comparison of experimental and calculated electronic cir-
cular dichroism spectra (see Supplementary data)

E2F1 is a transcription factor that regulates gene expression through
DNA binding. HLM006474 is a molecule that blocks E2F transcriptional
activity by disrupting E2F-DNA binding." To evaluate whether the
HLMO006474 enantiomers have different E2F inhibitory activities, we
probed E2F1 transcriptional activity after treatment of a human cell
line with these molecules. The human embryonic kidney cell line
HEK293 was treated for 48 h with DMSO (as a control), 10 pM (R + S)-
HLMO006474, 10 uM (R)-HLMO006474 or 10 pM ($)-HLMO006474 (Fig. 4).
Luciferase-based reporter studies using a plasmid construct containing
canonical E2F DNA-responsive element fused to the luciferase gene
confirmed that the E2F1/DP-1 complex potentiates the promoter ac-
tivity of this heterologous construct upon DMSO treatment. This effect
was blunted upon 10uM (R + S)-HLMO006474 and 10uM (R)-
HLM006474, suggesting that these molecules inhibit E2F1/DP-1 tran-
scriptional activity in these conditions. Interestingly, treatment of
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Fig. 4. HEK293 cells were treated for 48 h with DMSO (as a control), 10 uM
(R + §)-HLMO006474, 10 uM (R)-HLMO006474 or 10uM ($)-HLM006474 and
were transiently co-transfected with the E2F-RE-Tk promoter luciferase con-
struct in the absence (pCDNA3) or presence of E2F1/DP1 heterodimer (E2F1/
DP1). Results were normalized to B-galactosidase activity. Data are shown as

mean + SEM. ~"p < 0.001;ns = not significant.

HEK293 cells with 10 pM (S)-HLM006474 maintained significant E2F1
transcriptional activity, supporting that this enantiomer has lower in-
hibitory properties on E2F1 DNA binding activity when compared to
the (R) enantiomer. These data suggest that the inhibitory effect of
HLMO006474 is mainly exerted by the (R) enantiomer.

In conclusion, we have disclosed an efficient green synthesis of the
E2F-DNA binding pan-inhibitor HLM006474 1. The key step in the
synthesis is the three-component Betti reaction in solvent-free condi-
tions allowing the yield, in thermal reaction conditions (66%), to be
multiplied by four and the reaction time (24h) divided by ten com-
pared to the precedent literature (12%, 14 days)."! Using microwave
reaction conditions, reaction time is even more decreased and 60-70%
yields can also be obtained in few hours depending on the temperature
and stoichiometry of the reactants.
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The two enantiomers were separated using preparative chiral HPLC.
This concise synthesis and preparative enantiomers separation offer
opportunities to study the biological activities of the separated two
enantiomers and observe an enhanced biological activity (inhibition
activity) of the (R)-enantiomer that may lead to interesting clinical
application in cancer therapy.
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