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ABSTRACT

	 Some new 4-phenacyloxy benzaldehyde derivatives (PB1-PB4) have been synthesized 
through substitution reaction of 4-hydroxy-benzaldehyde derivatives and phenacyl bromide derivatives 
using triethylamine as the catalyst in the micellar media at room temperature. Physical data from 
IR, 1H-NMR, 13C-NMR and GC-MS were used to characterize the compounds structure. The yield 
of the PB1-PB4 compounds was 46-66% with purity of 91-96%. The compounds have been tested 
as an antibacterial agent.
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INTRODUCTION
	
	 Ether compounds have the same functional 
group –COC–. Compounds that can be categorized 
as ether is the aryl ether, allyl ethers, phenolic ethers, 
phenacyl ether, and polyether. Phenolic ethers or 
aromatic ether is a compound containing oxygen 
ether with a phenyl group at one end and the aryl, 
alkyl, benzyl, allyl, vinyl, and others at the threshold 
of another.  In the agrochemical field, phenolic 
ethers are used as pesticides, herbicides, and 
fungicides1-3. Phenolic ether is also applied in chemical 

engineering2, as a food coloring agent, perfume, and 
polymer additives4. In the pharmaceutical industry 
ether derivatives act as antibiotics for example 
Teicoplanin5-7 and vancomycin8-11; bouvardin as 
antitumor12-13, and peptide K-13 as an example 
antiviral14-16. Polybrominated diphenyl ether (PBDE) 
is applied as the polymer for plastic products and 
electronic17-19. Some ether is used as a reactant in the 
synthesis of organic compounds. Benzyl ethers act 
as intermediates in reactions such as rearrangement 
Sigmatropic Claisen and Cope rearrangements20.
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	 Aldehyde group is known to have 
effective antimicrobial properties and are typically 
used for high-level disinfection in health care 
environments21-23. The antimicrobial efficacy of 
two aldehyde based biocides (glutaraldehyde, 
GTA, and orthophthalaldehyde, OPA) and two 
surfactants (cetyltrimethyl ammonium bromide, 
CTAB, and sodium dodecyl sulfate, SDS) was tested 
against planktonic Pseudomonas fluorescens24. 
Various types of aldehydes, both aliphatic and 
aromatic, are also being used as the ingredients 
to synthesized calixarenes. Calix[4]resorcinarenes 
is a compound which could be obtained from the 
reaction of an aldehyde with resorcinol. Some 
aldehydes which have been used for the synthesis 
of calix[4] resorcinarene is acetaldehyde25, hydroxy-
benzaldehyde26, 4-hydroxy-3-methoxybenzalde-
hyde27, anisaldehyde28, cinamaldehyde29, heptanal30  

and  4-allyloxy-3-methoxy benzalde-hyde31
.

	 Several methods have been published for 
synthesis of ether32 i.e. Williamson ether synthesis33, 
bimolecular dehydration34, Ullman ether synthesis35-

36, transition metal-free synthesis of aryl ethers37 and 
room-temperature ionic liquid-promoted Williamson 
synthesis of ethers38. Meanwhile, the using of a 
catalyst copper(II) was also reported in the synthesis 
of ether from aliphatic alcohols and potassium 
organotrifuoroborate salts39. Other methods were 
also presented such as microwave-assisted without 
a catalyst39 and solvent-free micellar condition41-42.

	 Various methods have been made to 
synthesis phenacyl phenyl ether. For example, to 
obtain phenacyl phenyl ether from phenacyl bromide 
and phenol in the presence of sodium carbonate with 
a water-acetone medium. Phenacyl ether also can be 
synthesized from phenacyl bromide in ethanol with 
potassium iodide43. Another reported method was 
synthesis of phenacyl aryl ether/phenacyl phenyl 
ether/phenolic ether from phenacyl bromide with 
an aromatic alcohol and triethylamine in micellar 
media.44-48. A series of naphthyl ether has been 
synthesized through a reaction with micellar media 
between naphthol and phenacyl or benzyl bromide, 
with triethylamine in 70% methanol/water (v/v) at 
30°C.45 Polyhdric phenolic phenacyl ethers were 
synthesized by micellar mediated reaction with 
phenacyl and its substituted phenacyl bromide. The 

biological importance of phenacyl ethers also had 
been reviewed.45-47

	 In this work, we presented the synthesis 
of some aldehyde derivatives (4-phenacyloxy-
benzaldehyde). In fact, 4-phenacyloxy-benzaldehyde 
is one of ether derivatives which could be obtained 
via Williamson etherification reaction. The method 
being used in this work was following the synthesis 
of phenacyl-ether with triethylamine in micellar 
media. The 4-phenacyloxy-benzaldehyde compound 
in this study was afforded from the reaction of 
4-hydroxy benzaldehyde and 3-methoxy-4-hydroxy 
benzaldehyde (vanillin) with phenacyl bromide and 
4'-bromo-phenacyl-bromide as shown in Figure 1.

MATERIAL AND METHODS

	 The materials used in this research were 
4-hydroxy-benzaldehyde, 4-hydroxy-3-methoxy 
benzaldehyde (vanillin), 2-bromoacetophenone 
(phenacyl bromide), and 2,4'-dibromo acetophenone 
(4'-bromo-phenacyl bromide). Triethylamine was 
used as the catalyst and sodium dodecyl sulfate/SDS 
(micellar) as co-surfactant. All chemical and solvent 
were purchased from Merck (except distilled water) 
and used without further purification.

	 Structure identifications were performed 
using Infrared Spectrophotometer (IR, Shimadzu-
Prest ige 21) ,  Gas chromatography-mass 
spectrometry (GC-MS, Shimadzu QP-2010S). 
Proton nuclear magnetic resonance spectrometer 
(1H-NMR, JEOL MY-500 MHz), and carbon nuclear 
magnetic resonance spectrometer (13C-NMR, JEOL 
MY-500 MHz) was performed in CDCl3-d6 with 
tetramethylsilane (TMS) as the internal standard.

General Procedure for Synthesis of Phenacyloxy 
Benzaldehyde PB1-PB4 44-47

	 Aldehyde (10 mmol) was dissolved 
in methanol or ethanol and was added 5 mL 
triethylamine. This solution was added dropwise to 
the mixture of substituted acetophenone (phenacyl 
bromide) (10 mmol) in methanol or ethanol with 
addition of micellar solution. The mixture was stirred 
at room temperature for 6-20 hours. The reaction 
was monitored using TLC with ethyl acetate and 
n-hexane (3:1) as an eluent. After completion, the 
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reaction mixture was poured into ice water, and the 
precipitate formed was filtered, washed, dried and 
recrystallized from ethanol (ethanol:water = 1:1). 
This product was named phenacyloxy benzaldehyde 
(PB). Micellar media was made   by dissolving 0.06 
g (2.08 mmol) SDS in the mixture of methanol:water 
(70:30, v/v) and stirred for 1 hour.

Synthesis of 4-phenacyloxy benzaldehyde  
(PB1)
	 Prepared by above method from 4-hydroxy 
benzaldehyde (1.22 g, 10 mmol) and phenacyl 
bromide (1.99 g, 10 mmol) using methanol at room 
temperature for 7 hours. Purification: recrystallization 
from ethanol. Yield: 60%; yellowish-white (beige) 
solid; m.p.: 120 °C; FT-IR (cm-1): 3070 (CH aromatics), 
2981 (CH aliphatic), 2846 and 2762 (CH aldehydes), 
1689 (C = O), 1581 (C = C), 1218 (COC). 1H-NMR 
(d ppm, CDCl3-d6, 500 MHz):  10.09 (1H, s, CHO/ 
aldehyde (Ha)); 7.02 up to 8.00 (H, aromatic groups); 
5.39 (2H, s, methylene -CH2- (Hg)). 13C-NMR (d ppm, 
CDCl3-d6, 500 MHz):  193.32 (C=O (Cj)), 190.79 
(CHO (Ca)), 70.77 (methylene carbon -CH2- (Ci)), 
162.85 (aromatic carbon adjacent to oxygen ether 
(Ch)), 115.13 up to 134.30 (aromatic carbons). GC-
MS chromatograms: m/z 240, purity: 96.56%.

S y n t h e s i s  4 - p h e n a cy l ox y  3 - m e t h ox y 
benzaldehyde (PB2)
	 Prepared by above method from 4-hydroxy 
3-methoxy benzaldehyde (1.52 g, 10 mmol) and 
phenacyl bromide (1.99 g, 10 mmol) using methanol 
at room temperature for 5 hours. Purification: 
recrystallization from ethanol. Yield: 66%; yellowish-

white (beige) solid; m.p.: 126 °C; FT-IR (cm-1): 3062 
(CH aromatics), 2924 (CH aliphatic), 2846 and 2738 
(CH aldehydes), 1689 (C=O), 1589 (C=C), 1219 
(COC). GC-MS chromatograms: m/z 270, purity: 
95.73%. 1H-NMR (d ppm, CDCl3-d6, 500 MHz):  
9.83 (1H, s, CHO/ aldehyde (Ha)); 6.85 up to 7.99  
(H, aromatic groups); 5.47 (2H, s, methylene -CH2- 
(Hg)); 3.96 (3H, s,–OCH3 (Hf)). 13C-NMR  (d ppm, 
CDCl3-d6, 500 MHz):  193.32 (C=O (Cj)), 190.90 
(CHO (Ca)), 71.48 (methylene carbon –CH2–

 (Ci)), 
56.30 (OCH3 (Cg)), 149.90 (aromatic carbon 
adjacent to oxygen ether (CH), 110.16 up to 134.17 
(aromatic carbons). GC-MS chromatograms: m/z 
270, purity: 95.73%.

S y n t h e s i s  4 - ( 4 ’ - b ro m o ) - p h e n a cy l ox y 
benzaldehyde (PB3)
	 Prepared by above method from 4-hydroxy 
benzaldehyde (0.61 g 5 mmol) and 4’-bromo 
phenacyl bromide (1.39 g 5 mmol) using ethanol 
at room temperature for 20 hours. Purification: 
recrystallization from ethanol:water (1:1). Yield: 
66%; yellowish-white (beige) solid; m.p.: 98°C; FT-IR 
(cm-1): 3070 (CH aromatics), 2924 (CH aliphatic), 
2800 and 2731 (CH aldehydes), 1674 (C=O), 1597 
(C = C), 1219 (COC). 1H-NMR (d ppm, CDCl3-d6, 500 
MHz):  9.89 (1H, s, CHO/ aldehyde (Ha)); 7.01 up to 
7.85 (H, aromatic groups); 5.32 (2H, s, methylene 
–CH2– (Hg)). 13C-NMR (d ppm, CDCl3-d6, 500 MHz):  
192.82 (C=O (Cj)), 190.64 (CHO (Ca)), 70.59 
(methylene carbon –CH2– (Ci)), 162.87 (aromatic 
carbon adjacent to oxygen ether (Ch)), 115.08 up to 
133.10 (aromatic carbons). GC-MS chromatograms: 
m/z 318, purity: 90.24%.

Fig. 1: Scheme of synthesis of 4-phenacyloxy benzaldehyde derivatives
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Fig. 2: Reaction mechanism of synthesis 4-phenacyloxy benzaldehyde derivatives
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Synthesis 4-(4’-bromo)-phenacyloxy 3-methoxy 
benzaldehyde (PB4)
	 Prepared by above method from 4-hydroxy 
3-methoxy benzaldehyde (0.76 g, 5 mmol) and 
4'-bromo phenacyl bromide (1.39 g, 5 mmol) 
using ethanol at room temperature for 20 hours. 
Purification: recrystallization from ethanol:water (1:1). 
Yield: 46.3%; yellowish-white (beige) solid; m.p.:  
108°C; FT-IR (cm-1): 3093 (CH aromatics), 2924 (CH 
aliphatic), 2839 and 2731 (CH aldehydes), 1689 
(C=O), 1589 (C = C), 1226 (COC). 1H-NMR (d ppm, 
CDCl3-d6, 500 MHz):  9.85 (1H, s, CHO/ aldehyde 
(Ha)); 6.87 up to 7.87 (H, aromatic groups); 5.39 (2H, 
s, methylene -CH2- (Hg)); 3.95 (3H, s, -OCH3 (Hf)). 
13C-NMR (d ppm, CDCl3-d6, 500 MHz):  192.59 (C=O 
(Cj)), 190.74 (CHO (Ca)), 71.46 (methylene carbon 
–CH2– (Ci)), 56.55 (OCH3 (Cg)), 150.48 (aromatic 
carbon adjacent to oxygen ether (Ce)), 109.92 up to 
132.97 (aromatic carbons). GC-MS chromatograms: 
m/z 350, purity: 90.09%.

Anti-microbial activity assay
	 Antibacterial Test against pathogens was 
conducted according to the proposed method by 
Jacobsen et al. On the surface of a petri dish, it 
was poured with 50 ml of media pads. Once it 

solidified, the test medium for bacterial pathogens, 
which have been added by 1% of culture pathogens 
(Staphylococcus aureus FNCC 0091, Bacillus cereus 
FNCC 0040, Escherichia coli 0091 and Salmonella 
thiphymurium FNCC 157) was poured into as much 
as 50 mL. After it becomes harden, made the   
diameter pitting around 10 mm. A total of 100 mL of 
test compound solution (concentration of 1250, 2500, 
5000, 7500 and 10000 ppm), 100 ppm of tetracycline 
as a positive control and also negative control, DMSO 
99.9%, was added to the wells. After the addition of 
the test compound, it was then incubated at 37 °C for 
24 hours and then the inhibitory zone was measured 
using a caliper. Inhibition zone was measured by 
means of reducing the overall diameter with diameter 
ring.

RESULTS AND DISCUSSION

	 This work has been successfully synthesizing 
four aldehyde derivatives, i.e. 4-phenacyloxy-
benzaldehyde (PB1), 4-phenacyloxy-3-methoxy-
benzaldehyde (PB2), 4-(4'-bromo) phenacyloxy-
benzaldehyde (PB3) and 4-(4'-bromo)-phenacyloxy-
3-methoxy benzaldehyde (PB4), through modification 
of synthesis method of aryl phenacyl ether in micellar 
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Fig. 3: Stabilization of phenolate 
in medium micellar
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Fig. 4: Protons of phenacyloxy benzaldehyde 
derivative compound PB1-PB4
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Fig. 5: Carbons of phenacyloxy benzaldehyde 
derivative compound PB1-PB4
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media44. The modification was performed either in 
the reactant, on the solvent being used and also the 
reaction time. 

	 The reaction occurs via Will iamson 
etherification mechanism between aldehyde 
compounds (4-hydroxy-benzaldehyde, 4-hydroxy 
3-methoxy-benzaldehyde) with phenacyl bromide 
(2-bromoacetophenone) or 4'-bromo phenacyl 
bromide (2,4'- dibromoacetophenone). Triethylamine 
which was used as a catalyst could protonate 
the hydrogen atom of the hydroxyl group and in 
advance could be substituted by phenacyl bromide. 
Hydroxyl group from the aldehyde derivatives 
could form phenolate salts when reacted with 

bases, nucleophiles or hydride, which has higher 
solubility in water or in organic solvents to form a 
nucleophile species. This nucleophile would attack 
the carbon a of phenacyl bromide and as a bromide 
is a good leaving group, it would lead to obtaining 
of phenacyloxy benzaldehyde ether derivatives 
(PB1-PB4). The reaction mechanism can be seen in  
Figure 2.

	 This reaction also occurs in micellar 
medium, the micelle used was SDS  (sodium dodecyl 
sulfate). SDS acts as surfactants, surfactants are 
usually organic compounds that are amphipathic, 
as they contain both hydrophobic groups (“tails”) 
and hydrophilic groups (“heads”)49. The –COCH2Br 
part of the PhCOCH2Br and OH group of PhOH (s) 
may be highly exposed in the hydrophilic region, 
whereas aromatic part of the reactants may be 
populated in the hydrophobic region of the micelles47. 
In this medium, the formation of the phenolate ion 
is stabilized more easily46. Illustration role micellar 
medium can be seen in Figure 3.

	 Characterization of PB1-PB4 from IR 
Spectra showed the absence of absorption at 3400 
cm-1 which indicates the substitution of the hydroxyl 
group with phenacyl has successfully occurred. The 
IR spectra showed absorption at 3062-3093 cm-1 (CH 
aromatics), 2924-2981 cm-1 (CH aliphatic), 2800-
2846 and 2731-2762 cm-1 (CH aldehydes), 1689-
1674 cm-1 (C=O), 1597-1589 cm-1 (C=C), 1218-1226 
cm-1 (COC). 
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	 The 1H-NMR spectra showed all of the 
compounds have signals at d= 9.83-10.09 ppm 
(singlet, 1H) which indicates of aldehyde group (Ha) 
as seen in Figure 3. Oxygen is highly electronegative 
than carbon so the aldehyde proton would be more 
deshielded and could give a higher chemical shift. 
Proton resonance of methylene group (Hg) appears 
at d= 5.32-5.47 ppm (singlet, 2H). Meanwhile, the 
protons of the aromatic ring appear at d= 6.85-8.00 
ppm. Separation of the signals (singlet, doublet or 
triplet) indicates the number of protons in the atom 
adjacent. Spectra from PB2 and PB4 compound 
with a methoxy group (Hf) showed a signal at  
d= 3.95-3.96 ppm (singlet, 3H).

	 Characterization of the product is then 
performed with 13C NMR analysis to identify the 
represent of carbon at the product which could 
support the previous spectroscopic analysis. In the 
13C-NMR spectra, PB1 emerged with 10 peaks which 
indicate the existence of 10 kinds of carbon. As for 
PB2, PB3 and PB4, there were 13, 11 and 14 peaks 
respectively, which indicate for each 13, 11, and 14 
types of carbon. Methylene carbon peak is shown at 
70.59-71.48 ppm. The peak at 190.64-190.90 ppm 
indicates the carbon of aldehyde carbonyl group 
carbon, but carbon ketone carbonyl group is shown 
more downfield at 192.59-193.60 ppm. Especially for 
PB2 and PB4, the peak of methoxy carbon appeared 
at 56.30 and 56.55 ppm. The peak at 110.16-134.30 

ppm belongs to the carbon of aromatic ring, but as 
for carbon of an aromatic ring adjacent to the ether 
oxygen appeared at 152.63-162.87 ppm.

Anti-microbial activity
	 Functional groups of a compound gave 
effect on antibacterial activity, the phenacyl ether 
compounds in the study showed no antibacterial 
activity. In the compounds, FB1 and FB4 showed 
inactive against Staphylococcus aureus, Bacillus 
cereus, Escherichia coli and Salmonella thiphymurium 
while for compounds FB2 and FB3 show inactive 
against Staphylococcus aureus, Escherichia coli, 
and Salmonella thiphymurium, but slightly active 
against bacteria Bacillus cereus. Phenacyl ether 
compound is inactive as antibacterial because 
the possibility of steric factors or antibacterial test 
methods is not appropriate.

CONCLUSION

	 In  conc lus ion ,  fou r  phenacy loxy 
benzaldehyde derivatives, PB1-PB4 have been 
successfully synthesized and characterized through 
various spectroscopic methods in a high yield and 
also purity. The synthesis involved the substitution 
reaction between 4-hydroxy-benzaldehyde 
derivative with phenacyl bromide derivative using 
triethylamine as a catalyst in micellar media at room 
temperature.
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