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ABSTRACT

A series of (E)-3-[4-(Difluoromethoxy)-3-hydroxyphenyl] -1-phenylprop-2-en-1-ones were synthesized by simple
solvent-free grinding technique and conventional method. The effectiveness of synthesis under grinding condition is
demonstrated using a broad spectrum of acetophenones with 4-difluoromethoxy-3-hydr oxybenzaldedye in presence
of base. The synthesized compounds were characterized by FT-IR, LC-MS, *H NMR, **C NMR and mass spectra.
The HSQC correlation spectrum is analyzed for (E)-3-[4-(Difluoromethoxy)-3-hydroxyphenyl] - 1-phenyl prop-2-en-
1-one.
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INTRODUCTION

Green Chemistry (GC) has become a powerful to@rganic chemistry in the last decade and espedialigcent
years [1-2]. The avoidance of solvents in chemmakcesses, or the replacement of hazardous solwétfitsnore
benign solvents, such as water[3-4], ionic liquldfiave become major concerns in academic reséacetdemia)
and industry, and the need for green(er) reactiaes now globally accepted. The solvent-free
multicomponent[6]syntheses are particularly attvagtbecause they incorporate many green chenysingiples.
The a,p-unsaturated ketones 1,3-diarylprop-2-en-1-oneteatads chalcones. The chalcones are synthesized by
Claisen-Schmidt condensation of an arylaldehydé aityl methyl ketone. The reason that organic chesrare
interested to synthesize chalcone is simple. Chealcand its derivatives, among the large familiesplaint
constituents, have various therapeutic benefitdudticg antimicrobial[7], anti-inflammatory[8], amtmor[9],
antiulcerative[10],antifungal[11], antibacterial[l2anticancer[13], and anti-HIV[14] properties. Gtene are
important starting materials for the synthesesitémnt classes of heterocyclic compounds suctiaasnoids[15],
isoflavonoids[16], pyrazole[17], pyrimidine[18-19jc etc[20-22]. The fluorinated drugs play majorerdh the
present pharmaceutical market. Fluorinated drugsuaed for treatment of diseases of the centralonersystem
(CNS), various cardiovascular diseases and obesmitijscancer, antibacterial agents, and antifunigetapy [23-
24].Fluorine atoms are useful in providing connettiinformation in carbon NMR spectrum due to liteg-range
spin-spin coupling constant [25]. There are vaggetf methods available to synthesis chalcone arniosgsolvent-
free grinding technique is simple, easy work ughhyield, convenient and requires no special appsra odaet
al[26]first introduces grind stone chemistry in 198%e reactions are initiated by grinding, with thensfer of very
small amount of energy through friction. There segeral organic transformations has been repontgdind stone
chemistry such as, Biginelli reaction[27], one-gghthesis of spiro-indolinetriones[28], Cannizzaeaction[29],
Aldol condensation[30-31]and Knoevenagel condeosf8P].
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MATERIALS AND METHODS

2.1. Experimental section.

The purity and completion of reaction was monitoogdlLC. The melting points were recorded in opapiltaries
and are uncorrected. The FT-IR spectra were redootlea AVATAR-330FT-IR spectrophotometer. The sampl
was mixed with KBr and pellet technique was adopeerecord the spectra in &im'H NMR spectra were recorded
at 400 MHz on BRUKER AV-IIl or Varian 400 MHz speameter using CDGbor DMSOdg as solvent and TMS
as internal standard®C NMR spectra were recorded at 100 MHz on BRUKER-IN\spectrometer in CDG! For
recording’H NMR spectra, solution were prepared by dissolvéibgut 10 mg of the compound in 0.5 mL of
CDClzor DMSO-ds.While for recording*C NMR spectra, about 50 mg of the compound wablied in the same
volume of the solvent. Mass spectra were recorae8@EX-API 2000.

2.2. General procedure for preparing (E)-3-[ 4-(Difluoromethoxy)-3-hydr oxyphenyl] - 1-phenyl prop-2-en-1-ones
Conventional method:

A solution of sodium hydroxide 2mL (10%) in waterdal0 mL of rectified spirit is placed in a 250 rbblt-head
flask provided with a mechanical stirrer. The Kas immersed in a bath of crushed ice. The apjeitgr
acetophenone (5mmol) and appropriate benzaldehyden¢l) are added. The temperature of the mixtare i
maintained at about 20°C stirred vigorously utitd tnixture is so thick that stirring is no longéeetive (1h). The
stirrer was removed and the reaction mixture wasrakzed with dilute HCI and kept in the refrigemaovernight.
The product was filtered and washed with cold wateis further washed with zone of ice-cold réetl spirit.

Grinding method:

A mixture of 4-difluoromethoxy-3-hydroxybenzaldedigenmol), respective substituted acetophenones @jand
sodiumhydroxide was ground together in mortar \pigstle for 5 min and left to harden at room tenfpeeafor 30
min. The solid was dissolved in cold distilled waaed acidified with dilute HCI and kept aside fivernight. The
solid that separated was filtered, dried and realyzed from ethanol.

2.2.1(E)-3-[4-(Difluoromethoxy)-3-hydroxyphenyl] -1- phenyl prop-2-en-1-one

FT-IR(KBr, cm'): 3338 (OH), 3063-3013 (Aromatic C-H), 2920-284@lighatic C-H), 1657 (C=0);'H
NMR(DMSO-dgs, 400 MHz, ppm)3 = 10.16 (broad singlet, 1H, OH), 7.15 (t, 1H, H-7)64 (d, 1H, H-9), 7.79 (d,
1H, H-8), 8.13-7.18 (aromatic}*C NMR (DMSOds, 100 MHz, ppm)s = 189.10 (Carbonyl C-10),122.59 (C-9),
143.45 (C-8), 116.42 (C-7), 117.40-184.74 (aromafiass (m/z): 291 (M+1).

2.2.2E)-3-(4-(difluoromethoxy)-3-hydr oxyphenyl )-1-(4-fl uor ophenyl) prop-2-en-1-one

FT-IR(KBr, cm'): 3311 (OH), 3059-3011(Aromatic C-H), 2921-2852ligAatic C-H), 1654 (C=0);'H
NMR(CDClz, 400 MHz, ppm)3 = 5.64 (broad singlet, 1H, OH), 6.59 (t, 1H, H-7)71 (d, 1H, H-9), 7.43 (d, 1H,
H-8), 8.06-7.09 (aromatic))C NMR (DMSOds, 100 MHz, ppm):3 = 188.65 (Carbonyl C-10), 122.08 (C-9),
143.69 (C-8), 115.97 (C-7), 115.75-167.00 (aromakitass (m/z): 307 (M-1).

2.2.3E)-1-(4-chlorophenyl)-3-(4-(difluoromethoxy)-3-hydroxyphenyl ) prop-2-en-1-one

FT-IR(KBr, cm?): 3413 (OH), 3095-3063 (Aromatic C-H), 2915-2848lighatic C-H), 1664 (C=0);'H
NMR(CDCl;, 400 MHz, ppm)3 = 5.59 (broad singlet, 1H, OH), 6.59 (t, 1H, H-7)72 (d, 1H, H-9), 7.50 (d, 1H,
H-8), 7.97-7.16 (aromatic)*C NMR (DMSOds 100 MHz, ppm):5 = 188.07 (Carbonyl C-10), 121.69 (C-9),
143.72 (C-8), 116.39 (C-7), 117.41-148.69 (aronakitass (m/z): 325 (M+1).

2.2.4E)-3-(4-(difluoromethoxy)-3-hydr oxyphenyl )- 1-(4-methoxyphenyl ) prop-2-en-1-one

FT-IR(KBr, cm?): 3294 (OH),3063-3013 (Aromatic C-H), 2969-2844 lighatic C-H),1653 (C=0);'H
NMR(CDCl;, 400 MHz, ppm)3 = 5.71 (broad singlet, 1H, OH), 6.58(t, 1H, H-7)72 (d, 1H, H-9), 7.47 (d, 1H,
H-8), 3.89 (s, 3H, 0OH5), 8.04-6.92 (aromatic{’C NMR (DMSO+ds, 100 MHz, ppm)5 = 188.49 (Carbonyl C-10),
122.45 (C-9), 142.58 (C-8), 116.03 (C-7), 113.98-66 (aromatic), 55.55 (CHs); Mass (m/z): 321 (M+1).

2.2.5E)-3-(4-(difluoromethoxy)-3-hydroxyphenyl )-1-(4-nitrophenyl ) prop-2-en-1-one

FT-IR(KBr, cm-1): 3321(OH), 3123(Aromatic C-H), 282853 (Aliphatic C-H), 1657 (C=O)H NMR(CDCl,
400 MHz, ppnd = 5.65 (broad singlet, 1H, OH), 6.60(t, 1H, H-7)75 (d, 1H, H-9), 7.41 (d, 1H, H-8), 8.37-7.18
(aromatic);*C NMR (DMSO4ds, 100 MHz, ppm)5 = 188.34 (Carbonyl C-10), 121.82 (C-9), 144.773)C116.39
(C-7), 117.60-149.80 (aromatic); Mass (m/z): 3341M
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2.2.6E)-1-(4-bromophenyl)-3-(4-(difluoromethoxy)-3-hydroxyphenyl ) prop-2-en-1-one

FT-IR(KBr, cm'):3338 (OH), 3056(Aromatic C-H), 2923-2849 (Aliplta€-H), 1656 (C=0)!H NMR(DMSO-d,
400 MHz, ppm)3 = 10.43 (broad singlet, 1H, OH), 7.07(t, 1H, H-7){1 (d, 1H, H-9), 7.61 (d, 1H, H-8), 8.03-7.16
(aromatic);*C NMR (DMSO4ds, 100 MHz, ppm)3 = 188.23 (Carbonyl C-10), 121.67 (C-9), 143.733)C116.40
(C-7), 117.48-148.70 (aromatic); Mass (m/z): 369V

2.2.1E)-3-(4-(difluoromethoxy)-3-hydr oxyphenyl )-1-(3-nitrophenyl ) prop-2-en-1-one

FT-IR(KBr, cm): 3385 (OH), 3084 (Aromatic C-H), 2922-2860 (Alaitt C-H), 1660 (C=0)*H NMR(CDCl,,
400 MHz, pprd = 5.65 (broad singlet, 1H, OH), 6.61(t, 1H, H-7)30 (d, 1H, H-9), 7.45 (d, 1H, H-8), 8.83-7.17
(aromatic);*C NMR (DMSO4ds, 100 MHz, ppm) = 187.79 (Carbonyl C-10), 123.30 (C-9), 145.348)C115.90
(C-7), 116.11-148.47 (aromatic); Mass (m/z): 3341M

2.2.9E)-3-(4-(difluoromethoxy)-3-hydroxyphenyl )- 1-p-tol yl pr op-2-en- 1-one

FT-IR(KBr, cm): 3346 (OH), 3050 (Aromatic C-H), 2922-2857 (Alaift C-H), 1658 (C=0)*H NMR(CDCl,,
400 MHz, ppm)3 = 5.91 (broad singlet, 1H, OH), 6.59 (t, 1H, H-7)71 (d, 1H, H-9), 7.47 (d, 1H, H-8), 7.78-6.49
(aromatic), 21.15GHs); *C NMR (DMSO4ds, 100 MHz, ppm)3 = 188.50 (Carbonyl C-10), 122.02 (C-9), 142.85
(C-8), 116.43 (C-7), 117.36-148.77 (aromatic), 81(@AH:); Mass (m/z): 305 (M+1).

2.2.9E)-3-(4-(difluoromethoxy)-3-hydroxyphenyl )- 1-(2,4-di methoxyphenyl ) prop-2-en-1-one

FT-IR(KBr, cm'): 3310(OH), 3019 (Aromatic C-H), 2920-2843 (AlipitaC-H), 1650 (C=0);"H NMR(CDCl,,
400 MHz, ppm)3 = 5.81 (broad singlet, 1H, OH), 6.56(t, 1H, H-7)%59 (d, 1H, H-9), 7.46 (d, 1H, H-8), 7.78-6.49
(aromatic), 3.87 (OBj;), 3.91 (OG®;);**C NMR (DMSO4ds, 100 MHz, ppm)5 = 190.39 (Carbonyl C-10), 121.24
(C-9), 140.83 (C-8), 116.04 (C-7), 98.66-164.5Dbifaatic), 55.79 (OCh), 55.61(CCHs); Mass (m/z): 351 (M+1).

2.2.1qE)-3-(4-(difluoromethoxy)-3-hydroxyphenyl)- 1-(naphthal en- 1-yl) prop-2-en-1-one
FT-IR(KBr, cm®): 3348 (OH), 3013 (Aromatic C-H), 2924-2849 (Algifc C-H), 1657 (C=0)H NMR(DMSO-ds,
400 MHz, ppm)3 = 10.15 (broad singlet, 1H, OH), 7.14(t, 1H, H-7)61(d, 1H, H-9), 7.41 (d, 1H, H-8),8.31-7.17

(aromatic);*C NMR (DMSO4ds, 100 MHz, ppm)5 = 194.03 (Carbonyl C-10), 124.91 (C-9), 144.153)C116.39
(C-7), 116.90-148.74 (aromatic).

RESULTS AND DISCUSSION
In the present solvent-free method, the effectisera synthesis under grinding condition is demmaatl using a

broad spectrum of acetophenones with4-difluorometi®shydroxybenzaldedye.The chalconekig(l) were
prepared by the Claisen-Schmidt condensation usitly conventional as well as grinding methd8isheme 1

Okﬁx

NaOH | (i) Ethanol, stiring

@)

N G OH

» JA

Schemel. Synthetic route of chalcone

In order to demonstrate the efficiency and the iappllity of grind method, we performed the reantiwith a
variety of aryl methyl ketone with aldehyde undelvent-free grinding method and conventional metfitable 1).
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The conventional synthesis of chalcones involves ttondensation of substituted acetophenone with 4-
difluoromethoxy-3-hydroxybenzaldedye in ethanopiesence of sodium hydroxide.

Table 1. Analytical data of compounds 3- 12

o Yield (%)
Entry R MP (°C) conventional | Grinding
3 H 152-154 70 86
4 F 114-11€ 75 88
5 Cl 162-164 80 90
6 OCH; 132-134 85 92
7 NO, 134-136 55 87
8 Br 142-144 82 90
9 2-NO, 11&-12C 50 85
10 CHs 16€-16¢ 78 88
11 2,4-0CH | 144-146 85 90
12 Napthyl 136-138 60 90

Table 2.Hydrogen-Fluorine Jy.£) and Carbon-Fluorine (Jc.) coupling constants values

Entry 'HNMR | ®C NMR

2JH.FHZ 1Jc.p Hz
3 74 257
4 73 263
5 74 257
6 73 261
7 73 257
8 74 257
9 73 267
10 74 257
11 73 261
12 75 256

The 4-difluoromethoxy-3-hydroxybenzaldedye and @glkénone mixture is colorless liquids at room terafpee
[Fig. 2, (i)]. After the addition of the NaOH the liquids imniatly turn greenish yellow indicating the formatiof

the enolatdfig. 2,(ii)]. By aggregating the reaction mixture using a @oand pestle, the viscosity rapidly increases
to form a tacky solid after 5 min of constant mifiRig. 2, (iii)]. The pliable solid can be left to harddtd. 2, (iv)]

as the solid product. After 30 min, resulting ie tormation of sodium adduBtas an amorphous powdédtig). 2,
(V)]. Then the sodium adduct was dissolved in coldilldid water and neutralized with dilute HCI gavesided
chalcone as crude produdtid. 2, (vi)], filtered, dried and recrystallized in ethanohebe solvent-free Claisen-
Schmidt condensations proceed clean and simple.

Fig.1. Representative Structure of compound

It is obvious that effects of grinding method olveel, and the products were obtained in good yiddsnitation of
the reaction is observed for the chalcones witlteda withdrawing group used in place of acetopimendJsing
electron donating group instead of electron witkdlng gave the desired product in good yield.
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Fig.2. Photographic plates

It is obvious that effects of grinding method obsel, and the products were obtained in good yiddsnitation of
the reaction is observed for the chalcones witlsteda withdrawing group used in place of acetopimendJsing
electron donating group instead of electron witkding gave the desired product in good yield.

2.1. IR spectral analysis of compound 3

In IR spectra of compour@| the presence of carbonyl stretching frequench6a? cm' confirms the formation of
chalone. A collection of bands observed in the aegdf 3063-3013 cih are due to aromatic C-H stretching
frequency. The absorption bands appeared in therrarf 2920-2849 cihis assigned to aliphatic C-H stretching
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frequencies. The C=C stretching frequency obseated604 crit. The absorption frequency at 3338 tis
corresponds to OH stretching group.

2.2. NMR spectral analysis of compound 3

'HNMR

A broad singlet at 10.16ppm is due to hydroxyl protA doublet at 8.13ppm with the integral valuetwb is
assigned to H-2' and H-6'protonstho to carbonyl. There are two doublets centered #8ppm and 7.64ppm
corresponds to one proton each with coupling constalue of 15.6Hz and 16.0Hz are assigned to tstops on
the carbon- carbon double bond H-8 and H-9 respagti The coupling constant values suggest thattiee
adjacent protons H-8 and H-9 dransto each other. So the product formetr#@schalcond.e. E configuration. A
triplet centered at7.57ppm corresponds to two m®ts assigned to H-3' and H-5'. A peak center&dd@ippm with
integral value of two is due to H-2 and H-6 protoAsioublet at 7.19ppm with integral value of oseagsigned to
H-5. A triplet centered at 7.15ppm correspondsrte proton with coupling constant value of 74.4Hdu to H-7
proton, havinggeminal coupling with two fluorine atoms.

BCNMR

The signal at 190.34ppm is due to carbonyl carfidgre signals at 143.45ppm and 122.59ppm are assigned
methylene carbons C-8 and C-9 respectively. Theasigt 115.99ppm observed as triplet is assignechtbon
bearing two fluorine atoms and one proton. Thidug to two fluorine atomgeminal coupling with carbon atom
(YJc.9).The signals appeared between 115.89-147.65pparameatic carbons.

HSQC Spectrum:

In the HSQC spectrum of the compound, a tripletexad at 7.15ppm having integral value of one,atates with a
triplet centered at 116.42ppm ifC NMR, suggests that the proton and the two fldtoms are attached to that
carboni.e.C-7. A doublet at 7.19ppm corresponds to one protwrelates with the signal at 121.22ppm is assigne
to C-5. A peak centered at 7.40ppm with integrdueaof two correlates with the signals at 120.21pana
117.40ppm is assigned to C-6 and C-2 respectiveliriplet centered at 7.57ppm corresponds to twotqrs
correlates with 128.78ppm is assigned to C-3' a+d. @ doublet centered at7.64ppm correlates wiB.23ppm is
due to C-9. Another doublet centered at7.79ppnoisetates with the signal at 122.01ppm are assi¢godc8. A
doublet at 8.13ppm corresponding to two protonsetates at 128.45ppm is due to C-2' and C-6'. Tieats at
189.10, 148.74, 140.45 and 132.79ppm don’t show amgelation. The signal at 189.10ppm is due tdaayl
carbon and others angso carbons
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Fig.3.The structure of compound 3 in normal and widmill

Fluorine coupling:

The nuclear spin quantum number for fluorine isrid thus fluorine couples to proximate protons asdbans in ¢
manner similar to hydrogen. The Hydrogen atom-7 hadyeminal coupling ¢J.¢) with two fluorine atoms at -7

gave a triplet at 6.99 ppm with coupling constaaiue of 54Hz ir'H NMR. In *C NMR, a triplet is observed

115.22 ppm with the coupling constant value of 884 is due to -7 have single bonc'Jc.r) coupling with two
fluorine atoms. The coupling constant values ofadrae3-12 are given iffable.2.

2.3.Thesingle crystal X-ray structural analysis compound 3

The compound crystallizes in a monoclinic system with ;/n space group[33nit cell contains four molecule
with intermolecular interaction. Thep-unsaturated keto group and two phenyl rings arestisame plane but tl
difluoromethoxy group substituted in phenyl ringaisove this plane. And this look like the wind nstlucture to
the compoun@® as shown irig.3[34].
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CONCLUSION

In conclusion, synthesis of chalcones was carrietl i good vyields form the condensation between 4-
difluoromethoxy-3-hydroxybenzaldedye and variougteghenone in presence of sodiumhydroxide. Thedgrin
stone, solvent-free procedure is carried out ihater reaction time and easier work-up and obthabigher yield
than conventional method.
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