
Synthesis of Tyrosinase Inhibitors: 
Designing Chalcones

Saint Mary�s College of California Summer Research 2009 

Research by Gabrielle Diaz
Mentored by Dr. Valerie Burke, Ph.D Chemistry
School of Science | Department of Chemistry

Abstract

 Tyrosinase is a common biological enzyme that produces the pigment melanin. Chalcones are 
molecules currently being researched as potential tyrosinase inhibitors. The purpose of this research project 
is to create new derivatives of chalcones by using two reaction methods and assay all compounds made; the 
second goal is to modify the procedures for the undergraduate lab course. The aldol condensation was the 
main reaction used under two methods: the standard synthesis using solvent and the solvent-free synthesis.
Substituted acetophenones and benzaldehydes were reacted together with NaOH to synthesize chalcones 
with various arrangements of hydroxyl, methoxy, amino, �uoro and chloro substituents. Products of 
successful reactions were isolated, puri�ed and characterized. A total of forty chalcones were synthesized. 
An enzyme assay will be done at a later date in order to determine the ability of the synthesized chalcones 
to inhibit tyrosinase.
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	 Background Information:
	 Tyrosinase is a common copper-containing enzyme � found in plants, animals and fungi1. It is responsible 

for melanin biosynthesis, which determines the color of skin, hair and fur. As an enzyme that produces pigment, 

it catalyzes two distinct reactions: the addition of a hydroxyl group (-OH) to the amino acid tyrosine, which then 

becomes 3,4-dihydroxypheylalanine (L-DOPA). The tyrosinase enzyme then converts L-DOPA into o-dopaquinone 

by an oxidation reaction. Following these two main steps, melanin is then generated after further enzymatic 

steps. 

Figure 1: Biosynthetic pathway of melanin1

tyrosine

A

L-DOPA

B

o-dopaquinone

C
melanin

A: Tyrosinase and hydroxylation           B: Tyrosinase and oxidation            C: Tyrosinase and many enzymatic steps

	 As this enzyme catalyzes the reaction for pigment production, problems arise from the excess of melanin. 

Such problems include dermatological problems and the rapid browning of fruits and vegetables. Study and 

research in solving this problem starts with inhibition �. Compounds called inhibitors are being synthesized to 

hinder or completely stop the enzyme�s function. Natural products have already been discovered, experimented 

upon and proved to be safe and viable1. However, due to depleting resources, synthetic derivatives based on 

naturally occurring compounds have opened up this research to a broad range of possible tyrosinase inhibitors.

	
Figure 2: Known inhibitors from natural and synthetic sources

Glabridin
IC50, � M = 0.09

2�,4�,3,4-Tetrahydroxychalcone
IC50, � M = 29.3

Glabridin1 is a natural inhibitor isolated from licorice 
extract and 2�,4�,3,4-Tetrahydroxychalcone2 is a 
synthetically developed inhibitor.

The IC50 value is a quantitative measure of a 
compounds inhibition properties. It indicates 
how much of a particular substance is required 
to inhibit an enzyme by half. Therefore the higher 
the number, the more of a substance is needed to 
inhibit.
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Introduction

	 Being able to synthesize more chalcones not yet recorded in literature will expand this area of research 

for future work. The more compounds produced, the more knowledge will be acquired about chalcones. So far, 

chalcones are known in sugar substitution3, pesticides, antibiotics and cancer research4. Tyrosinase inhibition is 

just another avenue of research for its many applications.
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	 Purpose and Goals of Research:
	 The main goal of this research is to synthesize an array of chalcones using a selection of substituents to 

modify the chalcone structure. The chalcones will then be assayed� and tested for inhibition properties. A more 

underlying goal for this research is to also work with procedures that will be suitable for the undergraduate 

organic chemistry course. The procedures used in this project will extend the research atmosphere into their 

lab work and give them an idea of how to synthesize and assay their own products. To ful�ll this extension of 

learning, reactions will need to be optimized in order for students to meet the standards of their lab period and 

to obtain a decent yield�. 

	

	 Basis of Design:
	 Tyrosinase inhibitors have been studied primarily within families of molecules: stilbenes, resorcinols and 

chalcones. Among these, chalcones derived from synthetic or naturally occurring means have been studied 

as tyrosinase inhibitors. A variety of chalcones were then designed and synthesized from the basis of known 

derivatives. To narrow down the possibilities of chalcone derivatives, the following substituents were used in this 

research: Cl, F, OH, NH2, and OCH3. These groups are then rearranged on the rings of the chalcone structure.

Figure 3: Basis of design
Using 2�,4�,3,4-Tetrahydroxychalcone as a basis for design, this 
arrangement of -OH groups can be replaced with any of the select 
substituents. Taking away or adding more branches can also be done 
to modify the structure. Using one or a variety of known inhibitors 
and comparing them is a good start for planning a synthesis which 
can be further narrowed down along the way.

	 Synthesis of Chalcones:
	 Two main methods of the aldol condensation reaction were used: the aldol condensation in solvent 

medium5 and solvent-free synthesis6. Solvent medium is the standard approach to this reaction where all 

reagents� and starting materials� are contained in a �ask and set to heat and stir over time. The solvent-free 

synthesis provided a more innovative and e�cient approach into synthesizing chalcones. Instead of having to 

stir and heat over a required time, the solvent-free synthesis produced product immediately. Everything was 

put together in a mortar and stirred with a pestle until evident color change and a powder mixture was formed. 

The solvent-free synthesis was used as an alternative method or backup procedure to synthesize chalcones that 

would otherwise not have been isolated via the standard method.

 

	 Reaction Mechanism:
	 The starting materials for this reaction were acetophenones and benzaldehydes. To have the necessary 

arrangement of substituents on the chalcones, the starting materials already had the intended arrangement 

indicated by R in Figure 4. First, acetophenone was treated with a base such as KOH (potassium hydroxide), which 
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Figure 4: Aldol condensation reaction

Benzaldehyde

+

Acetophenone turned into 
its enolate form

R
2

R 1

R 1

R
2

Intermediate compound

R 1
R

2
Chalcone molecule

Standard procedure:
A: Solution of base (e.g. NaOH, KOH) and solvent 
(e.g. ethanol, methanol).
B: Loss of water molecule (-H2O).
Heat (1-2hours) and overtime stirring was 
required for the standard procedure.
Reactions done at room temperature were 
continued overnight.

Solvent-free synthesis:
A: Solid hydroxide base (e.g. NaOH, KOH).
B: Loss of water molecule

For both, the only distinct procedural 
modi�cation is in the presence of a hydroxyl 
group in the starting materials. To accomodate 
for this, excess base is added to the reagents; 
excess by means of triplicating the moles of base 
from that of the starting materials. The entire 
reaction is then quenched with acid (HCl) that is 
equimolar to that of the excess base.

A

B

converts it to a more reactive form, its enolate. It will then react with benzaldehyde to form the intermediate 

compound. The intermediate will then lose a water molecule (H2O) by heat and become a chalcone molecule. 

Depending on the attached R groups, the reaction will be modi�ed as needed.

 A total of forty chalcones were synthesized. Thirty-two were successfully isolated as solid products; 

four yielded as oily substances and four were synthesized as observed by TLC but no product was isolated. 

Puri�cation� was done after product formation; the techniques used were: recrystallization, extraction and 

chromatography. After puri�cation, the products were identi�ed � by spectroscopy and melting point values.
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R represents any entity of substituents on the rings at any position.
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Figure 5: Structural numbering and Key1 for Tables 1 through 4

Each number represents three structural features of the chalcone:
1. A carbon on the rings of the chalcone
2. Distinguish the rings derived from the acetophenone and benzaldehyde starting materials; N� is a number 
derived from acetophenone; N is a number derived from benzaldehyde.
3. Designates where substituents are attached on the ring.

The carbon attached to the carbonyl is designated as 1�. Similarly on the other ring, the carbon attached to the 
single bond is 1. Relative to these carbons, the numbering pattern follows: numbers 2�, 2, 6� and 6 corresponds 
to ortho positions; numbers 3�, 3, 5� and 5 are meta positions and numbers 4� and 4 are the para positions. As the 
numbers are shown, there are no substituents. This denotes that hydrogens (H) are attached. When the entity R is 
added onto the rings, it represents any substituent at any position.

1’
2’

3’

4’
5’

6’
R 1
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2
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6
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4
R

2

1
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4
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6
R

2
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carbonyl
group

1’
2’

3’

4’
5’

6’

Benzaldehyde

Acetophenone

B

A C

The reaction scheme from Figure 4 is translated into this chart as indicated by the letters: �A + B  = C� ;
 acetophenone (A)  plus benzaldehyde (B) equals target chalcone (C).
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For Table 1, the chalcones are grouped in no particular order. Initially in planning the synthesis, an ortho and para trend was 
used but due to the availability of many starting materials, the chalcones� design was to have a variety of derivatives based on the 
structures of one or two known inhibitors as mentioned in Figure 3. This table�s purpose is to show what has been synthesized and 
isolated thus far. Going into more detail of its structure and comparing substituents will be discussed once an assay is done. 
For Tables 1 through 3, any percent yield that is >100% indicates the necessity for further puri�cation. If the percent yield is n/a%, 
the reaction procedure was focused more on the identity for any product outcome and percent yield was disregarded for the 
purposes of experimentations.

2�-Cl 8a
84.0%
75-76”C
Ethanol

4-OH

11a (24ºC)
83.34%
132-137”C
Ethanol

11a (60ºC)
59.84%
135-138”C
Ethanol

20b
48.4%
224-227”C
Acetone

4-F4-Cl 2-F

30b
>100%
38-41”C
Ethyl Acetate

-H 1a
67.5%
100-104”C
Ethanol

1b
58.2%
111-113”C
Ethanol

3b
48.98%
45-47”C
Ethanol

4a
54.0%
63-70”C
Ethanol

4-Cl 2-Cl 2-F

26b
90.81%
78-81”C
EthanoL

2,4,6-OCH3

Table 1: Synthesized and Successfully Isolated Chalcones (numbered by order of isolation)

Benzaldehyde

R
2

Target chalcone
and reaction #
a: solvent free
b: standard
Percent yield
Melting point
Recrystallization solvent

Substituted R2 benzaldehyde 
used to make target chalcone

Substituted R�1
acetophenone
used to make
target 
chalcone

Key2

2�,4�-Cl 21b
90.68%
109-113”C
Acetone

2-Cl4-Cl 4-OH

25b
78.70%
70-84”C
Acetone

23a
45.08%
197-199”C
Ethanol
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2�,4�-OH 13a
n/a%
128-137”C
Ethanol

14a
14.49%
212-220”C
Ethanol

15b
44.7%
139-144”C
Ethanol

16b
44.18%
140-144”C
Ethanol

4-Cl-H 2-F 3-OH

3�-NH2
17a
85.48%
93-100”C
Ethyl Acetate

-H

4�-OCH3

4-OCH3

24b
96.34%
95-97”C
Acetone

3�-F

4-F

32a
>100%
~90”C
Ether

4�-OH

2,4-Cl

29b
92.83%
140-150”C
Ether

2-F

19b
54.75%
145-150”C
Acetone

4-OH

18b
26.17%
165-170”C
Acetone

4’-F 5a
86.95%
70-74”C
Ethanol

22a
80.94%
n/a”C
Acetone

10b
70-80%
73-76”C
Ethanol

2-Cl -H 2-F 3-F

27a
n/a%
84-86”C
Ethanol

-H

4�-Cl

4-Cl 2-Cl 2,4-Cl

2a
78.78%
83-85”C
Ethanol

6a
88.88%
147-150”C
Ethanol

9b
88.44%
72-74”C
Ethanol

28a
60.56%
~80.0”C
Ether

2-F

7b
90.60%
75-78”C
Ethanol

12b
34.94%
145-158”C
Ethanol

-OH

Table 1(continued): Synthesized and Successfully Isolated Chalcones (numbered by order of isolation)

Benzaldehyde

R
2

Target chalcone
and reaction #
a: solvent free
b: standard
Percent yield
Melting point
Recrystallization solvent

Substituted R2 benzaldehyde 
used to make target chalcone

Substituted R�1
acetophenone
used to make
target 
chalcone

Key
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2�-NH2

4-OH

31b
30.76%%
100-110”C
Ether
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Successfully Isolated Chalcones (corresponds to Table 1):
	 Product 17 was a known chalcone and was synthesized to compare the two reaction methods. Both 

methods had a relatively pure and decent yield (above 50%). The target compound was identi�ed with melting 

points and spectroscopy after puri�cation. These results con�rmed success of the two aldol condensation 

methods to be used in all syntheses.

	 Compound 11 was synthesized by the standard method at two di�erent temperatures: room 

temperature (~23-25”C) as the standard conditions and re�uxed� at 70”C. At room temperature, 11 reacted 

overnight and was iced the next day to crystallize; the �nal yield was 83.34%. Reaction 11 was re�uxed in a round 

bottom �ask and was done for about 60-to-90 minutes. Isolating the product required extraction; crystals did not 

readily form and the �nal yield was 59.84%. 

	 The two di�erent reaction environments provided insight to optimize the reaction conditions. Due to 

the low yield of the re�uxed reaction, the change to no longer re�ux was made. Instead, the reaction was set to 

heat and stir in an Erlenmeyer �ask until a majority of the solvent evaporated. Evaporating o� the solvent made 

the reaction less wet�, allowing crystals to come out of solution and precipitate more readily. These changes 

optimized yield and increased time e�ciency for further chalcone syntheses.

	 The literature procedure for the solvent-free synthesis was to use NaOH pellets. Prior to synthesizing 

product 14,  it was noticed that not all of the pellets were mixed into the reaction. Once the surface of the pellet 

came into contact with the starting materials, it was covered and inaccessible despite crushing and continued 

mixing. A solution of NaOH replaced the pellets and enhanced the solvent-free reaction mixture; everything was 

evenly mixed. This slight change of reagent not only changed the percent yield but enhanced the purity given 

that all of the base was able to react. This modi�cation was used for all solvent-free synthesized chalcones after 

reaction 14.

	 For all of these isolated products, most solidi�ed instantly while others went through various procedural 

modi�cations. Other syntheses still needed extra steps for proper isolation, yield and purity. Such extra steps 

included solubility tests, extraction and chromatography. Also, simpler steps of letting the reaction go longer or 

icing the reaction mixture to cooler temperatures were done.

	 In other cases, if one aldol method didn�t work, the other was used. No real trend between the two was 

established. Overall, having two methods was a useful and productive aspect for this research and gave insight 

on various reaction conditions.

	 Chalcones Synthesized and Isolated as Oils (corresponds to Table 2):

	 The oil chalcones were synthesized by both aldol methods to determine if one method favored solid 

formation than the other. The oils were extracted and went under the rotary evaporator (rotovap). Product 2 

was the only product that went through �ash chromatography for further puri�cation. Its TLC plate determined 

this extra puri�cation procedure. It had the best separation of spots and the other oils required di�erent solvent 

systems for the same separation that have yet to be determined. A refractive index value� needs to be obtained 

for all oils.
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	 Unsuccessfully Isolated Chalcones (corresponds to Table 3):

	 For these set of chalcones, product was synthesized as con�rmed by TLC. However, no product was 

isolated due to its �nal composition; the end product was neither a solid nor oil but in between. Freezing 

and redissolving were attempts to induce these chalcones to either solidify or become oil so as to isolate; but 

none have been successful. The structures of the target molecules may have been responsible for its globular 

and sticky composition. In order for molecules to aggregate together to form solids, every part of its structure, 

speci�cally branching substituents need to interact with another part; this is what is called intermolecular forces. 

The simplest example of intermolecular forces is salt. In general, salts have two components, a positive and 

negative component. Opposite charges attract resulting with good interaction. 

	 Applying the example of salt to product 3, its structure suggests that it did not have strong 

intermolecular forces. Although symmetry is a good quality for a molecule to have, the one-sidedness of 

product 3 seemed to be a dominant factor in its structure. It has the carbonyl group and two chlorines all on 

the upper side with nonpolar hydrogens exposed to more than half of its structure. Thus, the imbalance or 

uneven contribution of polar and nonpolar regions on the structure resulted in the observed globular and sticky 

composition.

 	 Similarly product 1 has a structural one-sidedness. NH2 is a large polar group all on one side and on the 

other is just an aromatic ring with no substituents. 

2-Cl 1
78.78%
Ethyl Acetate

-H

2-F

4-OH

4
>100%
Ethyl Acetate

-H

2,4-OCH3

2
81.9%
Ethyl Acetate

3,5-OCH3

3
88.44%
Ethyl Acetate

Table 2: Chalcones isolated as Oils

Benzaldehyde

R
2

Target chalcone
Percent yield
Rotovap Solvent

Substituted R2 benzaldehyde 
used to make target chalcone

Substituted R�1
acetophenone
used to make
target 
chalcone

Key
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4�-NH2 1
38.70%

-H

4�-F

4-OH

2
>100%

2�-Cl

2-Cl

3
96.75%

2�-F

4-F

4
26.17%

Table 3: Unsuccessfully isolated chalcones

Benzaldehyde

R
2

Target chalcone
Percent yield

Substituted R2 benzaldehyde 
used to make target chalcone

Substituted R�1
acetophenone
used to make
target 
chalcone

Key

	 However, these observations are not determining factors for lack of solid formation because many 

chalcones were successfully isolated with similar structural trends. Another thought on these outcomes may 

be accounted for the presence of impure substances. Impurity also a�ects a molecule�s �nal composition by 

interfering with the intermolecular forces between pure molecules. For future work, the reaction procedure will 

be modi�ed for these types of situations. Additional steps will also be done to make a reaction product more 

pure. Suggestions for optimizing purity and composition would be to use di�erent reagents, or an entirely 

di�erent reaction procedure. Chemical reactions are always a work in progress that are constantly being modi�ed 

to accommodate an intended outcome.

 For both successful and unsuccessful isolation, a trend was observed for �uoro and ortho substituted 

chalcones. Substituents on the ortho position on the ring derived from the acetophenone had more di�culty 

in product formation and isolation. This observation was also seen for most �uoro substituted chalcones. Again, 

these are mere observations and not a rule-of-thumb since other isolated chalcones had variations of ortho and 

�uoro arrangements.

	 Another trend seen in the synthesis of dihydroxy substituted chalcones. They had product yields o� less 

than 50% due to the formation of salt. Salt was determined to be a major product after isolation; it was soluble in 

water and did not melt at temperatures exceeding 300”C. Actual chalcone product from reactions 13 through 16 
were isolated from distinguishing the crystal solid of the salt and the powder composition of the chalcone.

 

3
2

1

6
5

4

R� 1

Acetophenone

1’
2’

3’

4’
5’

6’
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A
B C
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%
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IR spectroscopy is an invaluable tool 
for quick identi�cation of characteristic 
substituents.
A is a characteristic stretch found 
within the range of 3550-3200cm-1. 
This shows the presence of the -OH 
group on the chalcone.
B is background noise from the air; it is 
carbon dioxide. This can be disregarded 
and not mistaken for a structural 
component of a molecule.
The last characteristic peak needed to 
con�rm for chalcone identity is found 
at ~1700cm-1 which is where C is. This 
is the peak for the carbonyl of the 
chalcone structure.

Figure 6: IR/ATR IR Spectra of pure 4’-Hydroxychalcone
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Spectroscopy Analysis:
	 4�-Hydroxychalcone was used as the standard for spectra analysis to con�rm the molecular identify of 

all synthesized chalcones. The equipment used was a 60mHz NMR and an FT-IR with an ATR adapter for solid 

compound analysis. The 60mHz NMR used did not give clear spectra for all chalcone hydrogens. An overall 

aromatic region was zoomed in to observe the general pattern of peaks for all aromatic hydrogens.

11

Figure 7: 60-MHz 1H-NMR of 4’-Hydroxychalcone 

Entire spectra

A
B

C

D

A is TMS (tetramethylsilane), a reference 
compound in NMR solvents used as the 
reference point.
B is most likely a hiccup in the spectra 
since the NMR is only 60-MHz. They could 
also most likely be impurities
C is the aromatic region (6-8ppm) They  
are the hydrogens from the rings of the 
chalcone.
D is the hydrogen from the -OH group.

Sample was dissolved in acetone.



Zoomed Region

	 An enzyme assay will be conducted for all isolated chalcones. Mushroom tyrosinase will be used for 

the assay8. All compounds will be dissolved in ethanol and added to the enzyme. The inhibition activity will be 

observed by a color change within �ve minutes. This change of color will then be measured in wavelengths by 

a spectrophotometer at 492nm9. As a pigment, melanin will absorb light. In the presence of an inhibitor, the 

light absorbance will be observed at lower wavelengths. This result signi�es that high concentrations of melanin 

was not produced. Following the literature procedure an IC50 value will be obtained and inhibition will be 

determined.

12 13

The zoomed spectra gives a closer 
look at the peaks in the aromatic 
region. The numbers at the top 
corresponds to the position of the 
peaks on the axis and the other set 
of numbers across the peaks are an 
integration which gives the relative 
number of hydrogens.

Sample dissolved in acetone.

Figure 8: 60-MHz 1H-NMR of 4’-Hydroxychalcone 
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	 Chalcones were synthesized to serve as tyrosinase inhibitors. The aldol condensation reaction was used 

to make these molecules by two procedures: the standard and solvent-free methods. The synthesized molecules 

were derivatives bearing hyrdroxyl (-OH), methoxy (-OCH3), �uoro (-F), chloro (-Cl) and amino (-NH2) substituents 

in multiple arrangements based on the structures of known inhibitors.

13

 Given the scenario that these chalcones will be used in dermatological, pesticide and food products, 

puri�cation has been a critical aspect of this research. Due to the immense amount of chalcones synthesized, 

many still need to be puri�ed and all will be assayed. This research is still being conducted and further work 

includes continued characterization using NMR, puri�cation by chromatography and recrystallization. Since this 

aspect is nearly done, the main goal of accomplishing an assay is expected soon. As for conducting research 

with procedures suitable for an undergraduate course, this goal has been well focused on by use of the solvent-

free synthesis and the changes made to literature procedures. Due to the success of the solvent-free synthesis 

in this research, by no means should it be a simpler alternative for undergraduate students, but rather treated 

as an invaluable solution for unsuccessful reactions. Therefore, it should serve as another option or additive 

supplement for students learning how to synthesize their own derivative of chalcones.
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1. 	 4-Chlorochalcone: 0.005mol of acetophenone was added with 0.005mol of 4-chlorobenzaldehyde 

in a mortar and reacted with 200mg of NaOH pellets; the reaction mixture was stirred. The mixture became a 

paste then into a yellow powder within �ve minutes ; it was then suction �ltrated with H2O. The product was 

recrystallized from ethanol. The actual yield was 0.819g; 67.49% yield. NMR (CDCl3): 2H; 7.4ppm doublet, 2H; 

7.6ppm doublet, 1H; 7.8ppm doublet, 2H; 7.5ppm doublet, 2H; 7.9ppm doublet, 2H; 7.6-7.5ppm doublet. IR: 

1655.08cm-1.

+

1. 	 4-Chlorochalcone: 0.005mol of acetophenone was added with 0.005mol of 4-chlorobenzaldehyde in 

a 100mL round bottom �ask. They were dissolved and stirred in 6mL of ethanol and 0.7mL of 15M NaOH was 

slowly added at room temperature. The reaction mixture went from yellow to orange within 60 minutes. Product 

was isolated and recrystallized from ethanol. The actual yield was 0.715g; 58.92%. NMR (CDCl3): 2H; 7.4ppm 

doublet, 2H; 7.6ppm doublet, 1H; 7.8ppm doublet, 2H; 7.5ppm doublet, 2H; 7.9ppm doublet, 2H; 7.6-7.5ppm 

doublet. IR: 1655.08cm-1.

+

2. 	 4�-Chlorochalcone: 0.005mol of 4�-chloroacetophenone was added with 0.005mol of benzaldehyde in a 

100mL round bottom �ask. They were dissolved in 6mL of ethanol and 0.7mL of 15M NaOH was slowly added at 

70”C. The reaction was left stirring over an hour and became an oily and pasty solid. The reaction was iced and 

solid formed. A yellow powder was recrystallized from ethanol. The actual yield was 0.558g; 45.98% yield. NMR 

(CDCl3): 2H; 8.2ppm doublet, 4H; 7.8ppm multiplet, 4H; 7.0-7.4ppm two doublets. 2H; 8.0ppm.

 IR: 1659.34 cm-1.

14 15
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3. 	 2-Chlorochalcone: 0.005mol of acetophenone was added with 0.005mol of 2-chlorobenzaldehyde in 

a 100mL round bottom �ask. They were dissolved and stirred in 6mL of ethanol and 0.7mL of 15M NaOH was 

slowly added at 70”C. A yellow pasty solid formed at the bottom within 60 minutes. The reaction was cooled 

in ice and the paste hardened. A yellow powder was recrystallized from ethanol and the �nal yield was 0.558g; 

45.98%. IR: 1735.83 cm-1, 2939.66 cm-1, 2906.26 cm-1, 2983.43 cm-1. NMR (CDCl3): 1H; 8.2ppm singlet, 

4H, 8.0-7.8ppm two doublets, 2H; 7.6-7.4ppm doublet, 2H; 7.4-7.2ppm doublet, 2H; 7.2-7.0ppm doublet.

+

5. 	 4�-Fluorochalcone: 0.005mol of 4�-�uoroacetophenone was added with 0.005mol of benzaldehyde in 

a 100mL round bottom �ask. They were dissolved and stirred in 6mL of ethanol and 0.7mL of 15M NaOH was 

slowly added at 70”C. A yellow pasty solid formed at the bottom within 60 minutes. The reaction was cooled 

in ice and the paste hardened. A yellow powder was recrystallized from ethanol and the �nal yield was 0.558g; 

45.98%. IR: 3059.24cm-1, 3027.29 cm-1, 1659.62cm-1. NMR (acetone): 4H; 8.4-8.0ppm two doublets, 2H; 8.0-7.8ppm 

doublet, 2H; 7.8-7.6ppm doublet, 3H 7.4-7.2ppm doublet.

+

4.	 2-Fluorochalcone: 0.005mol of acetophenone and 0.005mol of 2-�uorobenzaldehyde were dissolved in 

ethanol and reacted with 0.7mL 15M NaOH in a round bottom �ask. The reaction was re�uxed and turned yellow. 

A pasty solid formed; it was iced and the solid hardened. The product was recrystallized from ethanol and a white 

powder was isolated. The �nal yield was 0.611g; 54.0%. IR: 3074.32cm-1, 1657.40cm-1. NMR (CDCl3): 4H; 8.0ppm 

two doublets, 2H; 7.8ppm doublet, 3H 7.5-7.0ppm doublet.
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+

6.	 4� , 4-Dichlorochalcone: 0.005mol of 4�-chloroacetophenone was added with 0.005mol of 

4-chlorobenzaldehyde in a mortar and reacted with 200mg of NaOH pellets; the reaction mixture was mixed and 

suction �ltrated with H2O. A white powder was recrystallized from ethanol. Actual yield was 1.222g; 88.08%. IR: 

1655.11cm-1. NMR (CDCl3): 4H; 8.3-8.2ppm two doublets, 2H; 8.2-8.0ppm doublet, 2H; 7.9ppm doublet, 

4H; 7.8-7.6ppm two doublets.

+

7.	 4�-Chloro-2-�uorochalcone: 0.005mol of 4�-chloroacetophenone was added with 0.005mol of 

2-�uorobenzaldehyde in a round bottom �ask. They were dissolved in 5mL of ethanol and 0.7mL of 15M NaOH 

was added at 70”C. Solid formed instantly within the �rst �ve minutes of reaction. Product was recrystallized from 

ethanol and a yellow powder was isolated. Actual yield was 1.181g; 90.60%. IR: 1656.56cm-1. NMR (CDCl3): 2H; 8.4-

8.2ppm two doublets, 3H; 8.2-8.0ppm two doublets and one triplet, 1H; 7.9ppm singlet, 2H; 7.7ppm doublet, 2H; 

7.6-7.4ppm two doublets.

+

8.	 2�-Chloro-4-chlorochalcone: 0.005mol of 2�-chloroacetophenone was added with 0.005mol of 

4-chlorobenzaldehyde in a mortar and reacted with 200mg of NaOH pellets. A yellow powder formed after 

mixing. The mixture was rinsed with H2O and suction �ltrated. The powder was dissolved in ethanol and 

recrystallized. The actual yield was 1.1634g; 84.0%. IR: 1666.57cm-1.
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+

9.	 4� , 2-Dichlorochalcone: 0.005mol of 4�-chloroacetophenone was added with 0.005mol of 2-

chlorobenzaldehyde in round bottom �ask and re�uxed at 70”C. Starting materials were dissolved in ethanol and 

0.7mL of 15M NaOH was slowly added. The reaction turned yellow and solid formed instantly. The product was 

recrystallized from ethanol and a white powder was isolated. The �nal yield was 1.225g; 88.44%. IR: 1658.21cm-1. 

NMR (CDCl3): 1H; 8.5ppm singlet, 2H; 8.2ppm doublet, 2H; 8.0ppm triplet, 2H; 7.6ppm doublet, 3H; 7.4ppm triplet.

+

10.	 4� , 2-Di�uorochalcone: 0.005mol of 4�-�uoroacetophenone was added with 0.005mol of 

2-�uorobenzaldehyde in a round bottom �ask and re�uxed at 70”C. Starting materials were dissolved in ethanol 

and 0.7mL of 15M NaOH was slowly added. The reaction turned orange and became yellow; solid formed after 

60 minutes. A white powder resulted which was recrystallized from ethanol. The �nal yield was 1.210g; 99.09%. 

IR: 1655.89cm-1. NMR (acetone): 2H; 8.3ppm singlet, 2H; 8.2ppm doublet, 2H; 8.0ppm doublet, 4H; 7.8ppm two 

doublets, 2H; 7.4-7.0ppm doublet.
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+

11.	 2�-Chloro-4-hydroxychalcone: 0.005mol of 2�-chloroacetophenone and 4-hydroxybenzaldehyde was 

used to carry out two aldol reactions with di�erent conditions: overnight reaction at room temperature and an 

hour re�uxed reaction at 70”C. The starting materials were dissolved in ethanol and reacted with 1mL of 15M 

NaOH. The reaction mixture was quenched with acid and placed in an ice bath. TLC was done to check the 

reaction progress. A yellow powder was formed from both reactions. The product formed at room temperature 

was recrystallized from ethanol and the �nal yield was 1.078g; 83.34%. Extraction was required for the re�uxed 

reaction and the �nal yield was 0.774g; 59.84%. IR: 3357.80cm-1, 3065.82cm-1, 1650.18cm-1. NMR (acetone): 1H; 

9.0ppm singlet, 1H;. 7.8ppm singlet, 1H; 7.5ppm singlet, 1H; 7.3ppm singlet, 4H; 7.0ppm triplet

+

12.	 4�-Chloro-4-hydroxychalcone: 0.005mol each of 4�-chloroacetophenone and 4-hydroxybenzaldehyde 

were dissolved in ethanol and reacted with 1mL 15M NaOH in a re�uxed reaction at 70”C. The reaction became 

a dark orange mixture and TLC was done in the �rst half hour; product formed but unreacted material was still 

present. After 90mins, the mixture was quenched with acid, product was suction �ltrated and recrystallized from 

ethanol. A gooey paste formed and was left to harden over night. The product needed further recrystallization.

+

13.	 2� , 4� -Dihydroxychalcone: 0.005mol of 2� , 4�-dihydroxyacetophenone was added to benzaldehyde and 

dissolved in ethanol in a �ask. 1mL of 15M NaOH was added and solid formed instantaneously. Acid was added 

to quench the mixture; brown powder was suction �ltrated and recrystallized from ethanol. Percent yield was 

not recorded for the intention of con�rming product formation for dihydroxy substituted rings. IR: 3291.90cm-1, 

1601.78cm-1. NMR: 2H; 9.0ppm singlet, 3H; 8.0-7.5ppm two doublets, 4H, 7.5-6.0ppm two doublets.
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+

14.	 2� , 4�-Dihydroxy-4-chlorochalcone: 0.005mol each of 2� , 4�-dihyrdoxyacetophenone and 

4-chlorobenzaldehyde were combined in a mortar and reacted with 2mL 15M NaOH. Powder was formed upon 

mixing and was quenched with acid. Product was recrystallized from ethanol and hexane; white crystals were 

suction �ltrated. The �ltrate was also analyzed and powder was recovered. The white crystals isolated from 

suction �ltration were determined as salt. The powder from the �ltrate was product; the actual yield was 0.199g; 

14.49%. IR: 1675.87cm-1, -OH stretch 3200-3000cm-1. NMR (acetone): 2H; 12ppm singlet, 2H; 7.5ppm doublet, 2H; 

7.8ppm doublet, 1H; 7.4ppm singlet, 2H; 6.0ppm doublet, 2H; 7.0ppm two doublets.

+

15.	 2� , 4�-Dihydroxy-2-�uorochalcone: 0.005mol of 2� , 4�-dihydroxyacetophenone and 0.005mol of 

2-�uorochalcone were dissolved in ethanol in a 100mL round bottom �ask. 1mL 15M NaOH was added and solid 

formed immediately; it was then quenched with acid. A white powder was suction �ltrated and recrystallized 

from ethanol. The �nal yield was 0.578g; 44.7%. IR: 3290.92cm-1, 1602.74cm-1.

+

16.	 2� , 4� , 3-Trihydroxychalcone: 0.005mol of 2� , 4�-dihydroxyacetophenone and 0.005mol of 

3-hydroxybenzaldehyde were dissolved in ethanol in a round bottom �ask. A yellow solid formed immediately 

upon adding 1.0mL of 15M NaOH. The reaction mixture was quenched and crystals formed. The �nal yield was 

0.566g; 44.18%. IR: 3376.52cm-1, 3230.35cm-1, 1598.26cm-1. NMR (acetone): 3H; 10ppm, 2H; 8.5-8.0ppm doublet, 

4H; 7.0ppm two doublets, 3H; 4.0ppm two doublets.
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+

17.	 3�-Aminochalcone: 0.005mol of 3�-aminoacetophenone and 0.005mol of benzaldehyde were dissolved in 

ethanol and reacted with 1mL of 15M NaOH in a round bottom �ask. There was no immediate color change after 

adding base and the reaction was left to re�ux. Clumps of sticky solid formed. The reaction was stopped and 

re-done at room temperature overnight; yellow powder was formed. It was recrystallized from acetone and the 

�nal yield was 0.954g; 85.48%. IR: 3364.00cm-1, 3058.61cm-1, 1663.67cm-1.

+

18.	 3�-Amino-4-hydroxychalcone: 0.005mol each of 3�-aminoacetophenone and 4-hydroxybenzaldehyde 

were dissolved in ethanol and reacted with 2mL 15M NaOH in a re�uxed reaction at 70”C. Product formation  was 

con�rmed by TLC (3:2; hexane: ethyl acetate) and the reaction mixture was quenched with acid. A yellow powder 

was isolated after recrystallization from ethanol. The �nal yield was 0.313g; 26.27%. IR: 3293.95, 2875.60cm-1, 

2602.64cm-1, 1669.26cm-1, 1669.26cm-1.

+

19.	 4�-Hydroxy-2-�uorochalcone: 0.02mol each of 4�-hydroxyacetophenone and 2-�uorobenzaldehyde 

were dissolved in ethanol and reacted with 6mL 10M NaOH in a re�uxed reaction at 70”C. TLC (1:1; ethyl 

acetate: cyclohexane) was done within the �rst 30 minutes. The reaction was quenched with acid after an hour. 

Yellow crystals formed and were recrystallized from acetone. The �nal yield was 2.663g; 54.75%. IR: 3122.13cm-

1, 2958.27cm-1, 2802.49cm-1, 1644.66cm-1, 1588.65cm-1. NMR (acetone): 1H; 10.2ppm singlet, 2H; 8.0ppm two 

doublets, 2H; 9.0ppm doublet and singlet, 4H; 7.5-6.0ppm two doublets, 2H; 5.0ppm doublet.
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