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Abstract: Dihydrochalcones are polyphenols that exhibit a diversity of bioactivities, namely anti-inflam-
matory, antimicrobial and antiviral. We have explored the synthetic access to such molecular entities, and
describe now an easy and scalable approach based on reduction of the olefinic double bond of chalcone
precursors via in situ hydrogenation with the system Et,SiH-Pd/C in very high yield. The intermediate chal-
cones were synthesized also by a simple and efficient microwave-assisted Claisen—-Schmidt condensation of
aromatic aldehydes with acetophenones, conveniently protected with ethoxymethyl ether, if required. Chal-
cones were obtained as single reaction product in high yield in 2-3 h, while under conventional conditions
at room temperature the reaction was carried out with completion only after 24 h. In addition, microwave
irradiation has proven very efficient for deprotection of ethoxymethyl ether with iron chloride in only 10 min
and very high yield.
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Introduction

Dihydrochalcones are open chain flavonoids, named systematically as propanone derivatives, structurally
related to 1,3-diphenylpropenones (chalcones), biosynthesized in plants and exhibiting a wide spectrum of
biological activities [1, 2], namely anti-inflammatory [3, 4], anti-infective [5-7], antioxidant [6, 8], and anti-
carcinogenic [9, 10]. Chalcones are key intermediates for the synthesis of a number of biologically relevant
compounds, such as coumarinyl heterocycles with antioxidant actitivity [11], chalcone phthalimidoesters
with anti-inflammatory and antimicrobial activities [12] or 5,7-disubstituted-1,2,4-triazolo[1,5-a|pyrimidines,
which are privileged structures with in vitro cytotoxicity higher than the anticancer drug doxorubicin [13].
A diversity of biological activities has also been reported for dihydrochalcones, namely anti-inflammatory
[14], antimicrobial [15], antioxidant [16], and antiviral [17], among others. Therefore, synthetic methodologies
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for an easy access to chalcone and dihydrochalcone structures, whose chemical and biological properties
change according to the substitution pattern of their aromatic rings, remains a challenge for the organic
chemistry community.

The presence of the double bond conjugated with the carbonyl group in chalcones predicts the isomeric
(2)- and (E)-chalcones, of which the (E)-isomer is the one found in nature. When synthetic procedures are
applied to access chalcones, the (E)-isomer is also the major product formed [18], although stereoselective
synthesis of (Z)-chalcones is also possible, as reported by Yoshizawa and Shioiri [19]. Starting from 1,3-diaryl-
propyn-2-yl silyl ethers, chalcones with (Z)/(E) ratios ranging from 70:30 to 97:3 were prepared in good yields
under mild conditions.

Synthesis of chalcones can be achieved by Claisen—Schmidt condensation of an aldehyde and a ketone
in basic conditions in yields ranging from 40 % to 80 % [20, 21], while in acidic conditions yields from 70 % to
80 % have been reported [22, 23]. Also Suzuki coupling [24, 25], Heck reactions [26, 27], ruthenium-catalyzed
cross aldol condensation [28] or alternatively using silica-supported reagents [29] have been described for the
preparation of chalcones.

Regarding the synthesis of dihydrochalcones, there are only few reports in the literature. Beyond the acyla-
tion and alkylation of arenes with alk-2-enoyl chloride [30], also the treatment of chalcones with the systems
Zn/AcOH [31] or with Zn/NH,Cl/C,H,0H/H,0 under ultrasound radiation [32] should be cited. Functionaliza-
tion as glycosides by chemical [33] or enzymatic [34] procedures has proven relevant to afford molecular
entities with a broad range of biological properties, namely antidiabetic [35] and anti-inflammatory activities
[36]. Hence, new approaches for dihydrochalcone synthesis are mandatory, in particular for substrates pro-
tected with functionalities unstable under acid conditions. Also the preparation of fluorinated dihydrochal-
cones has been encouraged as well as that of fluorochalcones, some of them previously described as highly
active against human melanoma cell line A375 [37]. Some related structures have also proven efficient for the
treatment of arthritis in rats [38], while others are known as anti-inflammatory agents [39].

In this paper we present a simple, efficient and scalable methodology for the synthesis of substituted
dihydrochalcones, namely 2’,4’-dihydroxy- and 4’-fluoro-2"-hydroxydihydrochalcones, by in situ catalytic
hydrogenation of the intermediate chalcone double bond conjugated with a carbonyl group, that is not
reduced under these reaction conditions. Chalcone precursors were synthesized by Claisen—-Schmidt con-
densation under microwave irradiation or by the conventional procedure for comparison of reaction time,
yield and side product formation.

Results and discussion

Chalcone synthesis started with acetophenone derivatives 1 and 3. Compound 1 was selectively protected
with the ethoxymethyl group, easily introduced, stable under the reaction conditions used, and rapidly and
efficiently removed. This monoprotected derivative 2 was easily accessed and in very good yield (93.8 % iso-
lated yield) (Scheme 1). Aldol condensation of 2 and 3 was carried out in ethanol with p-substituted aromatic
aldehydes bearing a halogen, methyl or benzyloxy groups as well as with 5-methylfuran-2-carbaldehyde, in
order to confirm the usefulness of this methodology. The reaction was carried out under conventional con-
ditions, at room temperature for 24 h affording chalcones in high yield (Table 1, Scheme 1). Alternatively,
microwave irradiation under reaction temperature of 40 °C afforded slightly higher yields and a considerable
decrease of reaction time from 24 h to 2-3 h. The major advantage of the applied microwave-assisted reac-
tion conditions, when compared to those previously reported using home-conventional microwave ovens or
solvent-free reactions [40, 41], is that no side products were formed. The expected stereoselectivity for the
(E)-isomer, the single chalcone detected, has been confirmed by NMR through the coupling constant of the
olefinic protons (J = 14-15 Hz), while for (Z)-chalcone coupling constants of ca. J = 11-12 Hz would be expected.

The present reaction conditions seem to be the best choice for chalcones’ synthesis, affording cleaner
reactions and generating products in high yield and in much lower reaction time than under conventional
conditions (Table 1).
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Scheme 1: Synthesis of 2’,4’-dihydroxy- and 4’-fluoro-2"-hydroxychalcones. Reagents and conditions: i) 1. DIPEA, CH,CL,, 0°C,
15 min; 2. CICH,0CH,CH,, 0°C, then r.t.; ii) EtOH, ag. NaOH 50 % (w/Vv), r.t, 24 h; iii) EtOH, ag. NaOH 50 % (w/v), 40 °C, 2-3 h, 250
W; iv) FeCl,-6H,0, MeOH, reflux, 2-3 h; V) FeCl,-6H,0, MeOH, reflux, 10 or 7 min, 250 W.

Table 1: Claisen-Schmidt condensation of acetophenones with aromatic aldehydes under conventional conditions and micro-
wave irradiation (MW), carried out in ethanol.

Compound Nr. R Ar ArCHO Yield (%)
OH O

R Conv. rt mMw
4 OCH,OCH,CH, 4-methylbenzaldehyde 89.2 92.8
5 OCH,0CH,CH, 4-fluorobenzaldehyde 91.2 86.3
6 OCH,0CH,CH, 4-bromobenzaldehyde 85.0 86.0
7 OCH,OCH,CH, 4-benzyloxybenzaldehyde 92.3 93.8
8 OCH,OCH,CH, 5-methylfuran-2-carbaldehyde 68.9 74.6
9 F 4-methylbenzaldehyde 83.0 95.1
10 F 4-fluorobenzaldehyde 72.6 87.5
11 F 4-bromobenzaldehyde 87.3 93.4
12 F 4-benzyloxybenzaldehyde 89.9 90.5
13 F 5-methylfuran-2-carbaldehyde 84.6 89.9

Removal of the ethoxymethyl group was first tried under the described classical conditions, with 2.5 N
HCl in methanol [42], but flavanones were formed either as major or as single reaction products. Alterna-
tively, treatment with FeCl,-6H,0 in methanol (Scheme 1), afforded only the dihydroxychalcones in high yield
within 2-3 h. When the reaction was carried out under microwave irradiation, reaction time was considerably
reduced to 7-10 min with a low increase of reaction yield (Table 2).

In situ generation of molecular hydrogen [43] by addition of triethylsilane to palladium-charcoal catalyst
is here applied for the first time to afford dihydrochalcones by chalcone hydrogenation (Scheme 2), resulting
in rapid and efficient reduction of chalcone olefinic bond. The reaction was carried out at room temperature
for 10 min and the yields were, in general, almost quantitative (98.2-99.7 %) (Table 3). Reaction completion
was also easily detected by discoloration of the yellow-reddish chalcone solution.

All reactions afforded the dihydrochalcone product, but the 4-bromophenyl group was reduced to the
phenyl group as shown in compounds 21 and 26. This result could be expected since reductive dehalogenation
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Table 2: Deprotection of chalcones by reaction with FeCl-6H,0.

Compound Nr. HO Ar Yield (%)
OH O
Ar Conventional procedure MW irradiation

14 4-methylphenyl 96.8 97.2
15 4-fluorophenyl 84.6 94.5
16 4-bromophenyl 93.7 98.1
17 4-benzyloxyphenyl 96.7 97.8
18 5-methylfuranyl 90.9 97.6

Et,SiH, Pd/C
R Ar MeOH, EtOAc R Ar

rt, 10 min

OH O OH O
R=OH, F R=OH, F

Scheme 2: Synthesis of 2,4’-dihydroxy- and 4’-fluoro-2’-hydroxydihydrochalcones.

Table 3: Synthesis of dihydrochalcones by in situ generation of molecular hydrogen.

Compound Nr. Ar R Ar Yield (%)
OH O
R
19 4-methylphenyl OH 99.1
20 4-fluorophenyl OH 99.7
21 phenyl OH 98.7
22 4-benzyloxyphenyl OH 99.0
23 5-methylfuranyl OH 98.2
24 4-methylphenyl F 99.0
25 4-fluorophenyl F 99.3
26 phenyl F 99.4
27 4-benzyloxyphenyl F 98.2
28 5-methylfuranyl F 58.4
292 5-methyltetrahydrofuranyl® F 40.8

2Compound 29 is a secondary product bearing a tetrahydrofuranyl group resulting from double bond hydrogenation of the
furanyl moiety.

of aryl halides by triethylsilane catalyzed by palladium chloride under microwave irradiation has been previ-
ously reported [44].

Although Kursanov et al. [45] have reported the reduction of substituted furans to tetrahydrofuran deriva-
tives in the presence of triethylsilane, only the fluorochalcone 13 afforded a dihydrochalcone bearing a tet-
rahydrofuranyl group as a secondary product, as confirmed by NMR. The signals corresponding to furanyl
double bonds of compound 28 were easily identified as doublets with small coupling constants (~1.5-2.0 Hz)
while those corresponding to the H-2, H-3, H-4 and H-5 protons of compound 29 appear at considerably lower
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chemical shifts and coupling constants, resulting from furanyl double bond reduction. HMRS also confirmed
the molecular mass of this compound.

Conclusion

In this work an efficient and simple synthetic method to afford dihydrochalcones has been developed using
for the first time the in situ production of molecular hydrogen by Et,SiH/Pd-C system to selectively reduce the
olefinic bond of chalcones. Chalcone starting materials were synthesized in high yield via conventional or
microwave-assisted methodologies, the latter reducing significantly the reaction time, without formation of
side products. In addition, it should be highlighted the usefulness the Lewis acid FeCl, in promoting chalcone
deprotection without flavanone formation. This short synthetic pathway is easily carried out, and has proven
scalable and very efficient to afford dihydrochalcones in high overall yield.

Experimental section

General information

Reagents were obtained from Sigma-Aldrich, TCI or Acros with a purity >99 %. All the solvents used in flash
chromatography were purchased from VWR or LaborSpirit and used without further purification. The solvents
used in the reactions were purchased from Sigma-Aldrich with HPLC quality. Qualitative thin layer chromatogra-
phy (TLC) was performed on pre-coated 0.50-m silica gel 60 plates with a UV indicator; compounds were detected
by UV light (254 nm) and spraying with a 5% ethanolic solution of FeCl,-6H,0 followed by heating for phenol
containing molecules. Column chromatography was carried out on silica gel (40—-60 um). Microwave assisted
synthesis was performed with a CEM Discover and Explorer SP at 250 W. NMR spectra were obtained on a Bruker
400 (399.96 MHz for 'H and 100.57 MHz for 2C) spectrometer. '"H NMR chemical shifts are reported in parts per
million (ppm) relative to tetramethylsilane, with the residual solvent peak used as an internal reference. Multi-
plicities are reported as follows: singlet (s), doublet (d), doublet of doublets (dd), and multiplet (m). Protons and
carbons in ring A are assigned as H’, C’, in ring B as H”, C”, while those belonging to the propanone or propenone
moiety are assigned as C, H in order to facilitate the description of the corresponding chemical shifts. Melting
points were obtained on a Stuart SMP 30 apparatus. HRMS spectra were acquired in an FTICR mass spectrometer
equipped with a dual ESI/MALDI ion source and a 7T actively shielded magnet.

Experimental synthetic procedures and compounds’ characterization
1-[4-(Ethoxymethoxy)-2-hydroxyphenyl]ethan-1-one (2)

To a solution of 2',4’-dihydroxyacetophenone (1) (65.7 mmol) in dichloromethane (55.0 mL) was added N,N-
diisopropylethylamine (DIPEA) (2.2 equiv.) at 0°C and the solution was stirred for 15 min. Ethoxymethyl
chloride (2.2 equiv.) was added and the reaction mixture was kept for 15 min at 0°C and then temperature
allowed to increase to room temperature. The reaction was monitored by TLC and after 2 h the mixture was
poured into water and extracted with dichloromethane. The organic layers were combined, washed with
brine, dried over MgSO, and concentrated in vacuum. The product was purified by column chromatography
(60:1 hexane/ethyl acetate) and obtained as an oil in 93.8 % yield. R, (6:1 hexane/ethyl acetate) = 0.60; 'H RMN
(CDCL), 6 (ppm) 12.63 (s, 1H, OH2); 762 (d, 1H, J, ,=8.87 Hz, H-6); 6.59 (d, 1H, J,,=1.66 Hz, H3"); 6.55 (dd,
1H, H-5); 5.25 (s, 2H, OCH,0); 3.72 (q, 2H, J o, oy = 7:11 Hz, CH,-Et); 256 (s, 3H, H-2); 1.22 (t, 3H, CH,-Et); C RMN
(CDC13), 0 (ppm) 202.7 (C-1); 164.8 (C2); 163.8 (C-4"); 132.4 (C-6'); 114.6 (C-1); 108.2 (C-5"); 103.7 (C3"); 92.7 (OQHZC);
64.8 @Hz-Et); 26.3(C2); 151 (QH3-Et); HRMS-ESI (m/z): [M+H]* calcd for C_H .0, 211.09649; found 211.09656.

171574
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General procedure for the synthesis of 4’-(ethoxymethoxy)-2’-hydroxychalcones (conventional reaction
conditions)

To a solution of 1-[4-(ethoxymethoxy)-2-hydroxyphenyl]ethan-1-one (2) (200 mg, 0.703 mmol) and the aryl alde-
hyde (2.0 equiv.) in 1,4-dioxane (4.1 mL) was added, at room temperature, sodium hydroxide aqueous solution
50 % (w/v) (4.1 mL). The reaction was stirred for 24 h at room temperature. The solution was neutralized using
10 % HCl aqueous solution. The organic layers were combined, washed with brine, dried over MgSO ’ and con-
centrated in vacuum. Chalcones were purified by column chromatography (30:1 hexane/ethyl acetate).

General microwave assisted procedure for the synthesis of 4’-(ethoxymethoxy)-2’-hydroxychalcones

To solution of 1-[4-(ethoxymethoxy)-2-hydroxyphenyl]ethan-1-one (2) (200 mg, 0.703 mmol) and the aryl aldehyde
(2.0 equiv.) in 1,4-dioxane (4.1 mL) was added, at room temperature, sodium hydroxide aqueous solution 50 % (w/v)
(41 mL). The reaction proceeded in a microwave oven at 250 W and 40 °C for 3 h. The solution was neutralized using
10% HCl aqueous solution. The organic layers were combined, washed with brine, dried over MgSO, and concen-
trated in vacuum. The organic layers were combined, washed with brine, dried over MgSO, and concentrated in
vacuum. The chalcones derivatives were purified by column chromatography (30:1 hexane/ethyl acetate).

(E)-1-[4-(Ethoxymethoxy)-2-hydroxyphenyl]-3-(4-methylphenyl)prop-2-en-1-one (4)

Yield 89.2%; MW 92.8%; orange solid; m.p.=91.7-92.1°C; R (8:1 hexane/ethyl acetate)=0.24; 'H RMN
(CDCIB) 0 (ppm)13.34 (s, 1H, OH-2); 7.88 (d, 1H, ]2,3= 15.04 Hz, H-3); 7.84 (d, 1H, ]5,‘6,= 8.11, H-6"); 7.55 (d, 2H,
Jyy =)y =773 Hz, H2", H-6"); 754 (d, 1H, H-2); 723 (d, 2H, H:3", H-5"); 6.65 (d, 1H, J,,, = 1.52 Hz, H3); 6.59
(dd, 1H, H-5'); 5.27 (s, 2H, OCH,0); 3.73 (q, 2H, ] ., ., = 7.03 Hz, CH,-Et); 2.40 (s, 3H, CH,-4"); 1.23 (t, 3H, CH,-Et);
3C RMN (CDCla) 0 (ppm) 192.1 (C1); 166.2 (C-2); 163.8 (C-4"); 144.7 (C-3); 141.3 (C-4"); 132.0 (C-17); 131.3 (C-6");
129.8 (C3”, C-5”); 128.6 (C-2”, C-6"); 119.3 (C-2); 114.9 (C-1"); 108.2 (C-5’); 103.9 (C-3"); 92.8 (OQHZO); 64.8 (QHZ-Et);
21.6 (CH.-4"); 15.1 (CH,-Et); HRMS-ESI (m/z): [M+Na]* calcd for C, ;H, NaO, 335.12538; found 335.12582.

197720

(E)-1-[4-(Ethoxymethoxy)-2-hydroxyphenyl]-3-(4-fluorophenyl)prop-2-en-1-one (5)

Yield 91.2%; MW 86.3%; orange solid; m.p.=96.3-96.8°C; R, (8:1 hexane/ethyl acetate) = 0.44; 'H RMN
(CDC13) o (ppm) 13.27 (s, 1H, OH-2); 7.88 (d, 1H, ]2’3 =15.43 Hz, H3); 7.86 (d, 1H, ]5,’6, =8.82 Hz, H-6"); 7.67 (dd,
M, ], =], =540 Hz, ],,., =], =872 Hz, H2", H-6"); 753 (d, 1H, H-2); 715 (t, 2H, J,, .= ], , =], =] =
8.72Hz, H3", H-5"); 6.68 (d, 1H, J,,, = 2.32Hz, H:3); 6.62 (dd, 1H, H-5); 5.30 (s, 2H, OCH,0); 3.76 J 4, o, = 713 Hz,
CHZ, Et); 1.28 (t, 3H, CHB, Et); ®CRMN (CDC13) 0 (ppm) 191.8 (C-1); 166.3 (C-2); 163.9 (C-4"); 163.9 (d,]C’F =252.5Hz,
C-4"); 143.2 (C3); 131.0 (d, ]C,F:3'4 Hz, C-17); 131.3 (C-6"); 130.5 (d, ]C’Fz 8.4 Hz, C-2”, C-6”); 120.0 (C-2); 116.2
(d, ]C,F:21.7 Hz, C-3”, C-5”); 114.8 (C-1’); 108.3 (C-5’); 103.9 (C-3"); 92.8 (OQZO); 64.9 @Hz, Et); 15.1 (QH3‘ Et);
HRMS-ESI (m/z): [M+Na]* calcd for C H_FNaO, 339.10031; found 339.10069

187717

(E)-3-(4-Bromophenyl)-1-[4-(ethoxymethoxy)-2-hydroxyphenyl]prop-2-en-1-one (6)

Yield 85.0%; MW 86.0%; orange solid; m.p.=78.7-79.2°C; R, (8:1 hexane/ethyl acetate) =0.36; 'H RMN
(acetone-d®) ¢ (ppm) 13.35 (s, 1H, OH-2); 8.23 (d, 1H, J; ¢ =8.57 Hz, H-6'); 8.03 (d, 1H, J,,=1521 Hz, H-2); 7.86
(d, 2H, H3); 784 (dd, 2H, J,,, =], = 8.97 Hz, H-?", H-6"); 7.66 (d, 2H, H3", H-5"); 6.64 (dd, 1H, J,, = 2.39 Hz,
H-5); 6.61 (d, 1H, H:3"); 5.36 (s, 2H, OCH,0); 3.74 (q, 2H, J ., ,,, = 7.07 Hz, CH,, Et); 1.20 (t, 3H, CH,, Et); °C RMN

(acetone-d®) 0 (ppm) 192.1 (C-1); 166.3 (C-2"); 164.2 (C-4"); 142.9 (C-3); 134.2 (C-17); 132.2 (C-6"); 132.1 (C-2”, C-6");
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130.6 (C-3”, C-5”); 124.3 (C-4"); 121.6 (C-2); 114.6 (C-1"); 108.3 (C-5"); 103.3 (C-3"); 92.8 (OQHZO); 64.4 (QHZ, Et); 14.6
(QH3, Et); HRMS-ESI (m/z): [M+ Na]* calcd for C_H _BrNaO , 399.02024; found 399.02084

187717

(E)-3-[4-(Benzyloxy)phenyl]-1-[4-(ethoxymethoxy)-2-hydroxyphenyl]prop-2-en-1-one (7)

Yield 92.3 %; MW 93.8 %; orange solid; m.p. =101.5-102.0 °C; R, (8:1 hexane/ethyl acetate) = 0.56; 'H RMN
(CDCL) 6 (ppm) 13.40 (s, 1H, OH-2); 7.86 (d, 1H, J,, = 14.14 Hz, H3); 7.83 (d, 1H, J,,, = 8.45 Hz, H-6"); 761 (d, 2H,
Jyy =, =845Hz, H2", H-6"); 748-7.32 (m, 6H, H-2, ArH); 702 (d, 2H, H3", H-5"); 6.65 (d, 1H, J,,, = 2.26 Hz,
H-3"); 6.58 (dd, 1H, H-5"); 5.27 (s, 2H,0CH,0); 5.12 (s, 2H, -OCH,Ph);3.73 (q, 2H, J, c.cis = 720 Hz, CH,, Et); 1.23 (t,
3H, CH,, Et); ®CRMN (CDCL) 6 (ppm) 192.0 (C-1); 166.1 (C-2); 163.7 (C-4'); 160.9 (C-4"); 144.3 (C-3); 136.4 (Qq, Ph);
131.2 (C-6'); 130.4 (C-2”, C-6"); 128.7, 128.2, 127.5 (CH, Ph); 127.7 (C-1”); 1179 (C-2); 115.3 (C-3”, C-5”); 114.9 (C-1);
108.2 (C-5"); 103.9 (C3); 92.8 (OQHZO); 70.1 (-OQHZPh); 64.8 (QHZ, Et); 15.1 (QH3, Et); HRMS-ESI (im/z): [M+Na]*
calcd for C,.H, NaO, 427.15159; 427.15250.

257724

(E)-1-[4-(Ethoxymethoxy)-2-hydroxyphenyl]-3-(5-methylfuran-2-yl)prop-2-en-1-one (8)

Yield 68.9 %; MW 74.6 %; reddish solid; m.p. =1274-127.7 °C; R, (8:1 hexane/ethyl acetate) = 0.52; 'H RMN
(acetone-d®) 6 (ppm) 13.52 (s, 1H, OH-2); 8.06 (d, 1H, ]5,’6, =8.95, H-6"); 7.66 (d, 1H, ]2’3 =15.14 Hz, H-2); 7.53 (d,
1H, H3); 6.94 (d, 1H, ], = 3.60 Hz, H:3"); 6.65 (d, 1H, ], , = 2.20 Hz, H-5"); 6.59 (dd, 1H, H3); 6.31(d, 1H, H-4");
536 (s, 2H, OCH,0); 3.75 (q, 2H, J,, o, = 710 Hz, CH,, Et); 2.42 (s, 3H, CH,5"); 1.20 (t, 3H,CH,, Et); °C RMN
(acetone-d®) & (ppm) 191.7 (C-1); 166.1 (C-2); 163.9 (C-4"); 156.7 (C-5"); 150.4 (C-2"); 131.7 (C-6"); 130.6 (C-2); 119.0
(C37); 115.8 (C-3); 114.6 (C-1"); 109.7 (C-4"); 108.3 (C-5); 103.3 (C-3"); 92.7 (OCH,0); 64.4 (CH,, Et); 14.5 (CH,, Et);
13.0 (CH,-4”); HRMS-ESI (m/z): [M+Na]* calcd for C_H, NaO, 325.10464; 325.10494.

177718

General procedure for the synthesis of 4’-fluoro-2’-hydroxychalcones (conventional reaction conditions)

To solution of 1-(4-fluoro-2-hydroxyphenyl)ethan-1-one (3) (200 mg, 1.30 mmol) and the aryl aldehyde (2.0
equiv.) in ethanol (2.5 mL), sodium hydroxide aqueous solution 50 % (w/v) (2.5 mL) was added at room
temperature. The reaction mixture was stirred for 24 h at room temperature. The solution was neutralized
with 10 % HCl aqueous solution. The organic layers were combined, washed with brine, dried over MgSO,
and concentrated in vacuum. Chalcones were purified by column chromatography (40:1 hexane/ethyl
acetate).

General microwave assisted procedure for the synthesis of 4’-fluoro-2’- hydroxychalcones

To solution of 1-(4-fluoro-2-hydroxyphenyl)ethan-1-one (4) (200 mg, 1.300 mmol) and the aryl aldehyde (2.0
equiv.) in ethanol (2.5 mL) sodium hydroxide aqueous solution 50 % (w/v) (2.5 mL) was added at room tem-
perature. The reaction proceeded in a microwave oven at 250 W and 40 °C for 2 h. The solution was neutralized
with 10 % HCl aqueous solution. The organic layers were combined, washed with brine, dried over MgSO, and
concentrated in vacuum. Chalcones were purified by column chromatography (30:1 hexane/ethyl acetate).

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(4-methylphenyl)prop-2-en-1-one (9)

Yield 83.0 %; MW 95.1%; redish solid; m.p. = 87.9-88.3 °C; R, (10:1 hexane/ethyl acetate) = 0.54; 'H RMN (ace-
tone-d¢) 6 13.43 (s, 1H, OH-2); 8.42 (dd, 1H, ]6,,F= 6.50, ]5,,6, =8.83, H-6"); 8.02 (d, 1H, ]2’3 =15.38 Hz, H-2); 7.95
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(d, 1H, H3); 781 (d, 2H, J,,,, = J,, , = 8.73 Hz, H2", H-6"); 732 (d, 2H, H:3", H'5"); 6.82-6.74 (m, 2H, H3', H-5);
2.40 (s, 1H, CH,-4"); ®C RMN (acetone-d°) 193.0 (C-1); 1670 (d, ], = 249.9 Hz, C-&); 1671 (C2); 146.6 (C3); 142.6
(C-4"); 134.2(d, ], = 11.7 Hz, C-6"); 132.9 (C1); 130.6 (C3”, C-5”); 130.1 (C-2”, C-6"); 120.2 (C-2); 118.2 (C1); 107.7
(d, ], =237 Hz, C-5); 105.2 (d, J,.,= 23.9 Hz, C3"); 21.5 (CH,-4"); HRMS-ESI (m/2): [M+Nal* calcd for C, H,,FO,
257.09723; found 257.09759.

(E)-1-(4-Fluoro-2-hydroxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one (10)

Yield 72.6 %; MW 87.5 %; orange solid; m.p. = 90.9-91.4 °C; R; (10:1 hexane/ethyl acetate) = 0.63; '"H RMN (ace-
tone-d®) 6 (ppm) 13.33 (s, 1H, OH2); 8.42 (dd, 1H, J,, , = 6.82, ], , = 8.93, H-6"); 8.04-7.93 (m, 4H, H-2, H3, H-?,
H-6"); 7.27 (t, 2H, ], =], . =], =) .., = 8.66 Hz, H3", H-5"); 6.80-6.74 (m, 2H, H3', H-5"); "C RMN (acetone-
d) 6 (ppm) 192.9 (C1); 166.2 (d, J = 254.3 Hz, C-4); 166.2 (d, J ., = 7.8 Hz, C2); 167.2 (d, ], = 254.1 Hz, C-4");
144.3 (C-3); 133.4 (d, ]C’F= 12.4 Hz, C-6"); 131.4 (d, ]C’F= 8.4 Hz, C1”7, C-2”, C-6”); 120.4 (C-2); 117.2 (C-1"); 115.9 (d,
]C,F: 21.8 Hz, C-3”, C-5"); 106.9 (d, ]C,F: 21.8 Hz, C-5"); 104.3 (d, ]C,F: 24.4 Hz, C-3’); HRMS-ESI (m/z): [M+Na]*
calcd for C_H _F.O, 261.07216; 261.07361.

1577117 272

(E)-3-(4-Bromophenyl)-1-(4-fluoro-2-hydroxyphenyl)prop-2-en-1-one (11)

Yield 87.3 %; MW 93.1%; yellow solid; m.p. = 89.4-89.9 °C; R, (10:1 hexane/ethyl acetate) = 0.59; '"H RMN (ace-
tone-d®) 0 (ppm) 13.29 (s, 1H, OH-2); 8.43 (dd, 1H, ], ,=7.04, J,, , = 8.71, H-6"); 8.1 (d, 1H, J,, = 15.68 Hz, H-2);
793 (d, 1H, H-3); 7.88 (d, 2H, ]2,,‘3,, =]5,,’6,, =8.28 Hz, H-2”, H-6"); 7.69 (d, 2H, H-3”, H-5"); 6.83-6.75 (m, 2H, H-3’,
H-5"); C RMN (acetone-d®) 6 (ppm) 193.9 (C-1); 169.6 (d, J ., =250.9 Hz, C-4); 167.1 (d, J = 13.9 Hz, C2); 144.9
(C3); 125.6 (C-47); 134.4 (d, ]C’F =11.9 Hz, C-6"); 134.8 (C-1"); 133.0 (C-3”, C-5”); 131.7 (C-2”, C-6"); 122.2 (C-2); 118.1
(C1);107.8 (d, ], = 23.6 Hz, C-5); 105.2 (d, J .= 23.5 Hz, C-3"); HRMS-ESI (m/2): [M + Na]* calcd for C H, BrFO,
320.99210; found 320.99422.

(E)-3-[4-(Benzyloxy)phenyl]-1-(4-fluoro-2-hydroxyphenyl)prop-2-en-1-one (12)

Yield 89.9 %; MW 90.5 %; reddish solid; m.p. = 95.4-95.7.0 °C; R, (10:1 hexane/ethyl acetate) = 0.60; 'H RMN
(acetone-d®) 6 (ppm) 13.50 (s, 1H, OH-2"); 8.40 (dd, 1H, Jo»=6.60, ], =897, H-6"); 796 (d, 1H, J,,=15.32
Hz, H-2); 790 (d, 1H, H3); 7.88 (d, 2H, J,,,, =], . = 8.66 Hz, H-2", H-6"); 7.53-7.35 (m, 5H, CH, Ph); 715 (t, 2H,
H-3”, H-5”); 6.81-6.72 (m, 2H, H-3’, H-5'); 5.24 (s, 2H, CHZPh); BC RMN (Acetone-d®) ¢ (ppm) 192.9 (C-1); 168.5
(d, J,= 2519 Hz, C-4); 165.6 (C-2); 1615 (C-4"); 145.6 (C3); 136.9 (C,, Ph); 133.2(d, ], = 11.6 Hz, C-6); 131.1
(C-2”, C-6”); 128.5 (CH, Ph); 1279 (CH, Ph); 127.6 (CH, Ph); 1275 (C-1”); 1179 (C-2); 117.3 (C-1"); 115.4 (C3”, C-5");
106.7 (d, ]C’F= 22.4 Hz, C-5"); 104.2 (d, ]C’F= 23.8 Hz, C-3'); 69.8 (QHZPh); HRMS-ESI (m/z): [M+Na]* calcd for
C,H, BrFO, 320.99210; found 320.99422.

1571

(E)-1-(4-Fluoro-2-hydroxyphenyl)-3-(5-methylfuran-2-yl)prop-2-en-1-one (13)

Yield 84.6 %; MW 89.9 %; reddish oil; R, (10:1 hexane/ethyl acetate) = 0.63; '"H RMN (acetone-d°) ¢ (ppm) 13.33
(s, 1H, OH2); 8.10 (dd, 1H, J, , =712, J, ,=8.57, H-6"); 756 (d, 1H, J,, =14.84 Hz, H-2); 742 (d, 1H, H3); 6.87
(d, 1H, J,,, =270 Hz, H3"); 6,59 (dd, ], ,=1.89 Hz, J,,,=10.75 Hz, H3"); 6.68-6.63 (m, 1H, H-5); 6.19 (d, 1H,
H-47); 2.28 (s, 3H, CH,-5"); “C RMN (acetone-d®) o (ppm) 192.4 (C-1); 167.5 (d, J.»=260.1 Hz, C-4"); 166.0 (C-2);
157.2 (C-5”); 150.3 (C-2"); 132.9 (d, ]C,Fz 11.9 Hz, C-6'); 131.5 (C-2); 119.9 (C-3”); 117.2 (C-1"); 115.3 (C-3); 109.9 (C-4”);
106.8 (d, J=22.9 Hz, C-5'); 104.3 (d, J=23.4 Hz, C3"); 13.1 (QH3-4’); HRMS-ESI (m/z): [M+H]* caled for C14H12FO3
247.07650; found 247.07688.
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General procedure for the synthesis of 2’,4’-dihydroxychalcones (conventional reaction conditions)

The protected chalcones (4-8) (0.5 mmol) were dissolved in methanol (6.4 mL) and FeCl,-6H,0 (2.5 equiv.)
was added. After 2 h-3 h under reflux, the reaction mixture was concentrated and purified by column chro-
matography (3:1 hexane/ ethyl acetate) to give the 2’,4’-dihydroxychalcones.

General microwave-assisted procedure for the synthesis of 2”,4’-dihydroxychalcones

The protected chalcones (4-8) (0.5 mmol) were dissolved in methanol (6.4 mL) and FeClL-6H0 (2.5
equiv.) was added. The reaction proceeded in the microwave oven at 250 W and 65 °C for 7 min. The res-
idues were concentrated and purified by column chromatography (3:1 hexane/ethyl acetate) to afford the
2’ #’-dihydroxychalcones.

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-methylphenyl)prop-2-en-1-one (14)

Yield 96.8 %; MW 97.2%; yellow solid; m.p. =132.1-1334 °C; R, (3:1 hexane/ethyl acetate) = 0.12; '"H RMN (ace-
tone-d®) & (ppm) 13.55 (s, 1H, OH-2); 9.56 (s, 1H, OH-4"); 8.18 (d, 1H, ]5,’6,= 7.19, H-6"); 793 (d, 1H, ]2,3= 15.53 Hz,
H-2); 7.86 (d, 1H, H3); 777 (d, 2H, ]2,/,3/,=]5,/,6,, =786 Hz, H2”, H-6”); 731 (d, 2H, H-3”, H-5"); 6.50 (dd, 1H, ]3,,5, =1.97
Hz, H-5); 6.39 (dd, 1H, H-3"); 240 (s, 1H, CH,-4"); C RMN (acetone-d®) 6 (ppm) 191.9 (C-1); 166.8 (C2); 164.9
(C-4"); 144.0 (C3); 141.1 (C-4"); 132.6 (C-6"); 132.3 (C-17); 119.7 (C-2); 129.6 (C-3”, C-57);128.9 (C-2”, C-6"); 113.6 (C1");
107.9 (C-5"); 102.8 (C-3"); 20.6 (CH,-4"); HRMS-ESI (m/z): [M+Na]* calcd for C H,,NaO, 277.08352; found 277.08370.

16”714

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one (15)

Yield 84.6 %; MW 94.5%; yellow solid; m.p. =129.1-129.8 °C; R (3:1 hexane/ethyl acetate) = 0.30; 'H RMN
(acetone-d®) 6 (ppm) 13.49 (s, 1H, OH-2); 9.52 (s, 1H, OH-4"); 8.17 (d, 1H, J5 =893, H-6"); 7.98-7.93 (m, 3H, H-2,
H2",H-6"); 7.87 (d, 1H, ], = 15.53 Hz, H3); 7.26 (t, 2H, ], ,, = J,, . =], , =, , = 8.84 Hz, H3", H-5"); 6.50 (dd, 1H,
]3,’5, =144 Hz, H-5); 6.40 (dd, 1H, H-3"); 2C RMN (acetone-d®) é (ppm) 191.8 (C-1); 166.8 (C-2); 165.0 (C-4"); 164.0
(d, ]C,F= 248.7 Hz, C-4"); 142.6 (C-3); 132.7 (C-6"); 131.6 (d, ]C’F= 2.9 Hz, C17); 1311 (d, ]C’F= 8.8 Hz, C2”, C-6");
120.7 (C-2); 115.9 (d, ]C’Fz 22.1 Hz, C-3”, C-5”); 113.6 (C-1"); 108.0 (C-5’); 102.9 (C-3); HRMS-ESI (m/z): [M+H]*
calcd for C H FO, 259.07650; found 259.07678.

157712

(E)-3-(4-Bromophenyl)-1-(2,4-dihydroxyphenyl)prop-2-en-1-one (16)

Yield 93.7 %; MW 98.1%; yellow solid; m.p. = 134.6-135.0 °C; R, (3:1 hexane/ethyl acetate) = 0.45; 'H RMN (ace-
tone-d®) 6 (ppm) 13.42 (s, 1H, OH-2); 9.64 (s, 1H, OH-4); 8.7 (d, 1H, J,, , = 8.86, H-6"); 8.02(d, 1H, ], = 15.28 Hz,
H-2); 7.86-7.83 (m, 3H, H3, H2", H-6"); 7.67 (d, 2H, J,,,, = ], ., = 8.39 Hz, H3", H:5"); 6.50 (dd, 1H, ], = 1.92 Hz,
H-5"); 6.40 (d, 1H, H-3); BC RMN (acetone-d®) ¢ (ppm) 191.7 (C-1); 166.8 (C-2"); 165.1 (C-4"); 142.4 (C3); 134.3
(C17); 132.7 (C-6"); 132.1 (C3”, C-5"); 130.5 (C-2”, C-6"); 124.2 (C-47); 121.7 (C-2); 113.6 (C-1"); 108.1 (C-5"); 102.9
(C3); HRMS-ESI (m/z): [M+H]* calcd for C H, BrO, 318.99643; found 318.99680.

157712

(E)-3-[4-(Benzyloxy)phenyl]-1-(2,4-dihydroxyphenyl)prop-2-en-1-one (17)

Yield 96.7 %; MW 97.8 %; yellow solid; m.p.=1275-128.1°C; R, (3:1 hexane/ethyl acetate) = 0.21; '"H RMN
(acetone-d®) 6 (ppm) 13.62 (s, 1H, OH-2); 9.68 (s, 1H, OH-4"); 8.15 (d, lH,]%, =8.88, H-6"); 7.89-7.80 (m, 4H, H-2,

Unauthenticated
Download Date | 8/28/19 2:18 AM



358 —— A.R.Jesus etal.: An easy approach to dihydrochalcones via chalcone in situ hydrogenation DE GRUYTER

H-3, H2", H-6"); 752736 (m, 5H, ArH, Ph); 712 (d, 2H, J,,,, =J,, .. = 8.71 Hz, H3", H:5"); 6.49 (dd, 1H, J,,,, = 2.19
Hz, H-5); 6.40 (d, 1H, H-3"); 5.22 (s, 2H, CH,Ph); “C RMN (acetone-d®) 6 (ppm) 191.9 (C-1); 166.7 (C-2"); 164.8
(C-4"); 161.1 (C-4"); 143.9 (C-3); 137.0 (Qq, Ph); 132.5 (C-6"); 130.7 (C-2”, C-6"); 128.8 (CH, Ph); 128.2 (CH, Ph); 127.9
(CH, Ph); 127.8 (C-1"); 118.4 (C-2); 115.3 (C-3”, C-57); 113.6 (C-1); 107.8 (C-5"); 102.9 (C-3"); 69.7 (QHZPh); HRMS-ESI
(m/z): [M+Na]* calcd for C H,,NaO, 369.10973; found 369.10992.

227718

(E)-1-(2,4-Dihydroxyphenyl)-3-(5-methylfuran-2-yl)prop-2-en-1-one (18)

Yield 90.9 %; MW 97.6 %; yellow solid; m.p. = 125.6-125.9 °C; R, (3:1 hexane/ethyl acetate) = 0.35; '"H RMN (ace-
tone-d®) 6 (ppm) 13.43 (s, 1H, OH-2); 9.41 (s, 1H, OH-4"); 7.85 (d, 1H, Js ¢ = 8.65, H-6"); 748 (d, 1H, J,,=14.92 Hz,
H-2); 737 (d, 1H, H:3); 6.78 (d, J,, ,, = 2.84 Hz, H:3"); 6.36 (dd, 1H, J,,, = 1.98 Hz, H-5"); 6.23 (d, 1H, H3"); 6.16 (d,
1H, H-4"); 2.27 (s, 3H, CH3-5”); BC RMN (acetone-d®) 6 (ppm) 191.3 (C-1); 166.6 (C-2"); 164.8 (C-4'); 156.4 (C-57);
150.4 (C-27); 132.2 (C-6"); 130.2 (C-2); 118.7 (C-3"); 115.9 (C-3); 113.5 (C-1"); 109.6 (C-4”); 108.0 (C-5"); 102.9 (C-3");
13.0 (CH,-5"); HRMS-ESI (m/z): [M+H]* calcd for C H,,0, 245.08084; found 245.08115.

14771374

General procedure for the synthesis of dihydrochalcones

To a solution of chalcone (2.0 mmol) in ethyl acetate (5 mL), methanol was added (2-3 mL). Pd/C (10 % mmol)
was added to this solution in N, atmosphere. Triethylsilane (Et,SiH) (5-10 equiv.) was slowly added until
hydrogen is being formed in situ. After complete addition of Et,SiH, the reaction mixture was kept at room
temperature for 10-30 min until reaction mixture color change (orange/yellow to clear). TLC confirmed
reaction completion. Catalyst was filtered off through celite. Solvent was removed in vacuo and the residue
extraction with acetonitrile/hexane removed most of the Et SiH from the mixture. The final product was puri-
fied by column chromatography (10:1 or 7:1 hexane/ethyl acetate).

1-(2,4-Dihydroxyphenyl)-3-(4-methylphenyl)propan-1-one (19)

Yield 99.1%; white solid; m.p. =190.0-190.7 °C; R, (3:1 hexane/ethyl acetate) = 0.25; 'H NMR (acetone-d®),
6 (ppm) 12.80 (s, 2H, OH-2); 9.62 (s, 1H, OH-4"); 784 (d, 1H, J,, , = 8.78 Hz, H-6'); 719 (d, 2H, J,,., = J,, , = 790
Hz, H-2”, H-6"); 7.10 (d, 2H, H-3”, H-5"); 6.43 (dd, 1H, ]3,,5,: 2.34 Hz, H-5"); 6.33 (d, 1H, H-3"); 3.30 (t, 1H,
J,,=741Hz, H-2); 2.99 (t, 1H, H-3); 2.89 (s, 3H, CH,-4"); °C NMR (acetone-d®), 6 (ppm) 204.8 (C-1); 165.3 (C-2,
C-4");138.2 (C-4”); 135.7 (C-17); 128.9 (C-2”, C-6"); 128.3 (C-3”, C-57); 132.7 (C-6"); 112.9 (C-1"); 107.9 (C-5'); 102.7
(C-3"; 39.2 (C-2); 29.5 (C-3); 20.1 (CH3-4”); HRMS-ESI (m/z): [M + Na]* calcd for C16H16NaO3 279.09917; found
279.09922.

1-(2,4-Dihydroxyphenyl)-3-(4-fluorophenyl)propan-1-one (20)

Yield 99.7 %; white solid; m.p. = 187.6-1879 °C; R, (3:1 hexane/ethyl acetate) = 0.29; 'H NMR (acetone-d°®), ¢
(ppm) 12.61 (s, 2H, OH-2); 952 (s, 1H, OH-4); 7.68 (d, 1H, J,,, = 8.78 Hz, H-6); 720 (dd, 2H, J,,,,=J,, , =799
Hz,J,, = 6.03 Hz, H2", H-6"); 6.90 (t, 2H, H3", H-5"); 6.28 (dd, 1H, J,,, = 2.48 Hz, H-5); 6.19 (d, 1H, H3); 3.18
(t, 1H, J,,=737 Hz, H-2); 2.88 (t, 1H, H-3); *C NMR (acetone-d®), 6 (ppm) 203.7 (C-1); 165.3 (C-2); 164.7 (C-4');
1614 (d, J,,=243.7 Hz, C-4"); 1373 (d, ], = 3.3 Hz, C1"); 132.7 (C-6)); 130.2 (d, ], = 8.1 Hz, C2, C-6"); 114.8
(d, ]C’Fz 21.0 Hz, C-3”, C-57); 112.9 (C-1); 107.9 (C-5"); 102.7 (C-3'); 39.0 (C-2); 29.1 (C-3); HRMS-ESI (m/z): [M+H]*
calcd for C H,, FO, 261.09215; found 261.09245.

157714
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1-(2,4-Dihydroxyphenyl)-3-phenylpropan-1-one (21)

Yield 98.7 %; white solid; m.p. =190.9-191.4 °C; R, (3:1 hexane/ethyl acetate) = 0.50; 'H NMR (acetone-d°),
0 (ppm) 12.80 (s, 2H, OH-2"); 9.47 (s, 1H, OH-4"); 7.87 (d, 1H, ]5,,6, =990 Hz, H-6"); 7.33-7.28 (m, 4H, H-2”, H-3”,
H-5", H-6"); 7.20 (t, 1H, J,,,, =], = 7.56 Hz, H-4"); 6.44 (dd, 1H, J,, = 2.42 Hz, H-5); 6.34 (d, 1H, H3); 3.34
(t, 1H, J,,=723 Hz, H-2); 3.03 (t, 1H, H-3); ®C NMR (acetone-d®), 6 (ppm) 203.9 (C-1); 165.4 (C-2'); 164.6 (C-4");
141.3 (C17); 132.7 (C-6"); 128.4 (C-2”, C-6"); 128.3 (C-3”, C-5"); 125.0 (C-4"); 112.9 (C-1"); 107.9 (C-5"); 102.7 (C-3");
39.0 (C-2); 30.0 (C-3); HRMS-ESI (m/z): [M + Na]* calcd for C _H NaO3 265.08532; found 265.08366.

157714

1-(2,4-Dihydroxyphenyl)-3-(4-hydroxyphenyl)propan-1-one (22)

Yield 99.0 %; white solid; m.p. = 205.9-206.4 °C; R, (3:1 hexane/ethyl acetate) = 0.25; '"H RMN (acetone-d¢) ¢
(ppm) 12.84 (s, 1H, OH-2"); 8.64 (brs, 1H, OH-4"); 7.81 (d, 1H, ]5,,6, =9.13, H-6); 712 (d, 2H, ]2,,,3,,=]5,/,6,,= 8.91 Hz,
H-2”, H-6"); 6.78 (d, 2H, H-3”, H-5"); 6.44 (dd, 1H, ]3,’5, =240 Hz H-5); 6.35 (d, 1H, H-3"); 3.24 (t, 2H, ]2‘3 =786
Hz, H-2); 2.93 (t, 2H, H-3); 2C RMN (acetone-d®) 6 (ppm) 204.2 (C-1); 165.4 (C-2); 164.6 (C-4"); 155.6 (C-4"); 132.7
(C-6'); 131.9 (C-17); 129.4 (C-27, C-6”); 115.2 (C-3”, C-5”); 113.0 (C-1"); 107.9 (C-5"); 102.7 (C-3"); 39.5 (C-2); 29.4 (C-3);
HRMS-ESI (m/z): [M+Na]* calcd for C H, NaO, 281.07843; found 281.07850.

157714

1-(2,4-Dihydroxyphenyl)-3-(5-methylfuran-2-yl)propan-1-one (23)

Yield 98.2%; white solid; m.p. =198.3-198.5 °C; R, (3:1 hexane/ethyl acetate) = 0.40; 'H RMN (acetone-d®) 6
(ppm) 12.73 (s, 1H, OH-2"); 9.57 (s, 1H, OH-4"); 7.84 (d, 1H,]5,’6, =8.84, H-6"); 5.97 (d, 1H,]3,,,4,, =2.25Hz, H3"); 5.86
(d, 1H, H-4"); 6.46 (dd, 1H, ]3,,5, =1.86 Hz H-5"); 6.35 (d, 1H, H-3"); 3.31 (t, 2H, ]2,3 =756 Hz, H-2); 2.98 (t, 2H, H-3);
2.21(s, 3H, CH,-5"); "C RMN (acetone-d®) d (ppm) 203.9 (C-1); 165.3 (C-2"); 164.7 (C-4); 152.8 (C-2"); 150.2 (C-5");
132.7 (C-6"); 112.9 (C-1"); 1079 (C-3"); 106.0 (C-4"); 105.9 (C-5); 102.7 (C-3); 35.7 (C-2); 22.4 (C-3); 12.6 (QH3-5”);
HRMS-ESI (m/z): [M+Na]* calcd for C H,,NaO, 269.07843; found 269.07860.

147714

1-(4-Fluoro-2-hydroxyphenyl)-3-(4-methylphenyl)propan-1-one (24)

Yield 99.0 %; white solid; m.p. = 210.9-211.4 °C; R, (3:1 hexane/ethyl acetate) = 0.53; 'H RMN (acetone-d°®) 6
(ppm) 12.72 (s, 1H, OH2'); 8.04 (dd, 1H, ], = 6.85, ], , = 8.62, H-6); 719 (d, 2H, J,, , = J,,.,, = 775 Hz, H2", H-6");
7.10 (d, 2H, H-3”, H-5"); 6.74-6.67 (m, 2H, H-3’, H-5"); 3.37 (t, 2H, ]2’3= 7.55 Hz, H-2); 3.00 (t, 2H, H-3); 2.29 (s,
3H, CH,-4"); ®C RMN (acetone-d) 6 (ppm) 205.2 (C-1); 167.1 (d, J.»=220.3 Hz, C-4"); 164.8 (d, J.r=175 Hz,
C-2); 1379 (C17); 135.3 (C-4"); 133.6 (d, ]C’Fz 11.5 Hz, C-6"); 129.0 (C3”, C-5”); 128.3 (C-2”, C-6"); 116.7 (C1);
106.9 (d, J,., = 22.6 Hz, C-5); 104.2 (d, J,., = 23.7 Hz, C3"); 39.8 (C-2); 29.2 (C3); 20.2 (CH,-4"); HRMS-ESI (m/2):
[M+Na]* calcd for C H,FNaO, 281.09483; found 281.09501.

167715

1-(4-Fluoro-2-hydroxyphenyl)-3-(4-fluorophenyl)propan-1-one (25)

Yield 99.3 %; white solid; m.p. = 212.7-213.3 °C; R, (3:1 hexane/ethyl acetate) = 0.62; 'H RMN (acetone-d®)  (ppm)
12.51 (s, 1H, OH2); 795 (dd, 1H, J,,, = 6.87, J,,, = 8.70, H-6"); 721 (dd, 2H, J,, .= ),,, = 8.20 Hz, J,, , =], .= 5.93
Hz, H-2”, H-6"); 6.91 (t, 2H, ]3,,’F=]5,,’F= 8.68 Hz, H-3”, H-5"); 6.61-6.53 (m, 2H, H-3’, H-5'); 3.31 (t, 2H, ]2‘3 =783
Hz, H-2); 2.91 (t, 2H, H-3); ®C RMN (acetone-d®) ¢ (ppm) 205.1 (C-1); 167.1 (d, J.r=2514 Hz, C-4"); 164.8 (d,
]C’F= 14.4 Hz, C-2"); 137.0 (d, ]C‘F =3.2Hz, C17); 161.4 (d, ]C’F= 246.4 Hz, C-4"); 133.5 (d, ]C,F =11.5 Hz, C-6"); 114.9
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(d, ], =23 Hz, C3”, C-5"); 130.2(d, ], =79 Hz, C2”, C-6"); 116.7 (d, ] .= 2.3 Hz, C1); 106.8 (d, ] ., = 22.4 Hz,
C-5);104.2(d, ], = 22.5 Hz, C:3"); 39.7 (C-2); 28.6 (C-3); HRMS-ESI (m/z): [M+ H]* calcd for C,H_F,0, 263.08781;
found 263.08951.

1-(4-Fluoro-2-hydroxyphenyl)-3-(4-phenyl)propan-1-one (26)

Yield 99.4 %; syrup; R, (3:1 hexane/ethyl acetate) = 0.62; 'H RMN (acetone-d®) 6 (ppm) 12.71 (s, 1H, OH-2);
8.11(dd, 1H, J, = 678, J,,, = 9.31, H-6"); 7.34-7.28 (m 4H, H2", H:3", H-5", H-6"); 721 (t, 1H, J,, . =] ., = 7.02,
H-47); 6.77-6.69 (m, 2H, H-3’, H-5"); 3.46 (t, 2H, J,5=794 Hz, H-2); 3.06 (t, 2H, H-3); 3C RMN (acetone-d®)
(ppm) 205.1 (C1); 1671 (d, J .= 259.2 Hz, C-4'); 164.8 (d, ], =12.6 Hz, C-2); 141.0 (C1"); 1333 (d, J,,=13.3
Hz, C-6); 128.5 (C-3”, C-57); 128.4 (C-2”, C-6"); 126.1 (C-4"); 116.7 (C-1"); 106.9 (d, ]C’Fz 23.6 Hz, C-5"); 104.3 (d,
]C’F =24.6 Hz, C-3"); 39.8 (C-2); 29.2 (C-3); 20.2 (QH3-4”); HRMS-ESI (m/z): [M+H]* calcd for C15H14F02 245.09723;
found 245.09863.

1-(4-Fluoro-2-hydroxyphenyl)-3-(4-hydroxyphenyl)propan-1-one (27)

Yield 98.2%; white solid; m.p. = 209.6-209.9 °C; R, (3:1 hexane/ethyl acetate) = 0.65; 'H RMN (acetone-d®) ¢
'H RMN (CDCL) 6 (ppm) 12.73 (s, 1H, OH2); 8.16 (s, 1H, OH-4"); 8.10 (dd, 1H, J, = 6.64, J,,, = 8.74, H-6');
713 (d, 2H, ]2,,,3,, = ]5,,’6,, =793 Hz, H-2”, H-6"); 6.77 (d, 2H, H-3", H-5"); 6.76—6.68 (m, 2H, H-3’, H-5'); 3.38 (t, 2H,
J,,=749 Hz, H-2); 2.96 (t, 2H, H-3)C RMN (acetone-d®) 6 (ppm) 205.2 (C-1); 1671 (d, J .r=256.3 Hz, C-4');164.8
(d, ]C’F =175 Hz, C-2"); 137.9 (C-1"); 135.3 (C-4"); 133.6 (d, ]C’F= 11.5 Hz, C-6"); 129.0 (C3”, C-57); 128.3 (C-2”, C-6");
116.7 (C-1"); 106.9 (d, ]C,F =22.6 Hz, C-5'); 104.2 (d, ]C’F =23.7 Hz, C-3); 39.8 (C-2); 29.2 (C-3); 20.2 (QH3-4”); HRMS-
ESI (m/z): [M+Na]* calcd for C H, ,FNaO, 283.07409; found 283.07579.

157713

1-(4-Fluoro-2-hydroxyphenyl)-3-(5-methylfuran-2-yl)propan-1-one (28)

Yield 58.4 %; syrup; R, (3:1 hexane/ethyl acetate) = 0.80; 'H RMN (acetone-d®) 6 (ppm) 12.63 (s, 1H, OH-2);
810 (dd, 1H,J, = 6.31, ], , = 8.32, H-6); 6.78-6.69 (m, 2H, H:3', H-5); 5.99 (s, 1H, H3"); 5.89 (s, 1H, H-4"); 3.44
(t, 2H, J,,=7.24 Hz, H-2); 3.01 (t, 2H, H-3); 2.22 (s, 3H, CH,-5"); C RMN (acetone-d®) 6 (ppm) 204.7 (C-1); 167.1
(d, ], =252.2Hz, C-4); 164.8 (d, ], = 13.6 Hz, C-2); 152.6 (C-5"); 150.2 (C-2); 133.4 (d, ] ., = 11.4 Hz, C-6'); 116.7
(C1); 1069 (d, ]C’F =22.6 Hz, C-5); 106.0 (C-4"); 105.9 (C-3”); 104.2 (d, ]C’Fz 23.8 Hz, C-3"); 36.4 (C-2); 22.1 (C-3);
12.5 (CH,-5"); HRMS-ESI (m/z): [M+H]"* calcd for C, H,,FO, 249.09215; found 249.09372.

1414

1-(4-Fluoro-2-hydroxyphenyl)-3-(5-methyltetrahydrofuran-2-yl)propan-1-one (29)

Yield 40.8 %; syrup; R; (3:1 hexane/ethyl acetate) = 0.69; 'H RMN (acetone-d®) § (ppm) 12.74 (s, 1H, OH-2);
8.10 (dd, 1H, ]”: 6.69, ]5,’6, =8.94, H-6"); 6.78—-6.68 (m, 2H, H-3’, H-5"); 3.93-3.85 (m, 2H, H-2”, H-5"); 3.21-3.16
(m, 2H, H-2); 2.08-1.83 (m, 4H, H-3, H3a”, H-4a”); 1.63-1.56 (m, 1H, H-3b"); 1.48-1.42 (m, 1H, H-4b”); 1.17 (d,
3H, J,.;,=5.86 Hz, CH,-5"); C RMN (acetone-d®) 6 (ppm) 206.2 (C-1); 167.0 (d, J.r=253.6 Hz, C-4); 164.8 (d,
Jop=147 Hz, C2); 1334 (d, J,,=11.6 Hz, C-6); 1167 (C1); 106.8 (d, J,,=22.2 Hz, C-5); 104.1 (d, ], =23.5
Hz, C3'); 77.9 (C-2"); 75.0 (C-57); 34.8 (C-2); 32.7 (C-4"); 30.9 (C3"); 30.5 (C-3); 26.6 (QH3-5”); HRMS-ESI (m/z):
[M+Na]* calcd for C,H, FNaO, 275.10539; found 275.10557.

147717
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