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CHAPTER I 

 
INTRODUCTION 

 
 The conversion of alcohols and carboxylic acids into their corresponding alkyl 

and acyl halides is useful because the derived products are important intermediates in 

chemical industry [1] and pharmaceutical science [2]. Alkyl chlorides and acid 

chlorides are well known and useful. Their preparation has been widely studied, thus 

various reagents for this propose are consistency developed and hence available. 

However, comparing between chloride and bromide compounds, alkyl and acid 

bromides reveal higher reactivity than the corresponding alkyl and acid chlorides. 

Nonetheless, relatively few methods have been reported on preparing and not many 

brominating agents are readily available [3-5].  

 The desire of this research is to develop reliable brominating agents, which 

non-toxic, reactive and handy, for preparing alkyl and acid bromides under mild 

conditions. This procedure will further apply to manipulate carboxylic acid 

derivatives such as amides, esters, acid anhydrides and thioesters.  

  

1.1 Introduction of Alkyl Halides 

 Alkyl halides are important intermediates which can convert to many other 

functional groups such as ethers, esters, nitriles, amines and sulfides. The conversions 

of alkyl halides to other organic compounds are illustrated as shown in Table 1.1.  

 

1.2  Classical Method for the Preparation of Alkyl Halides from Alcohols 

 Alkyl halides can be manipulated from various sources of starting materials, 

for example alkanes, alkenes, alcohols and epoxides. The general and simple 

protocols mostly stem from the conversion of alcohols. The main reason is owing to 

the uncomplicated process of the conversion, the variety and easy procreation and 

commercial availability of alcohols. 
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Table 1.1 The conversion of alkyl halides to other organic compounds [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1.2.1 The Synthesis of Alkyl Chlorides by Common Reagents 

a) HCl [7] 

 The reaction between alcohols with HCl yields alkyl chlorides and water. This 

reaction is suitable for conversion of tertiary alcohols into the corresponding alkyl 

chlorides. On the contrary, primary and secondary alcohols react very slowly giving 

poor yield and rearrangement often occurs.  

HO

H2O

R'O

R'C      C

R'-Metal

I

NC

R'COO

NH3

NH2R'

NHR'R"

PPh3

HS

RS

ArH + AlCl3

Base

Mg, dry ether

Metal, H

Reagent                                Product                               Functional group

ROH

ROH

ROR' 

RC      CR' 

RR' 

RI

RCN

R'COOR

RNH2

RNHR' 

RNR'R" 

RPPh3,   X 

RSH

RSR

ArR

C=C

RMgCl

RH

alcohol

alcohol

ether (Williamson synthesis)

alkyne

alkane (Coupling)

alkyl iodide

nitrile

ester

primary amine

secondary amine

tertiary amine

phosphonium salt

thiol (mercaptan)

thioether (sulfide)

alkylbenzene (Friedel-Crafts)

alkene

Grignard reagent

alkane

RX
reagent

Product

X = halogen
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 b) ZnCl2, CaCl2 and CuCl [7] 

 Anhydrous ZnCl2 is a common reagent for the preparation of alkyl chlorides 

from primary and secondary alcohols. 

 

 

 

 In the case of alicyclic secondary alcohols anhydrous CaCl2 is recommended. 

  

 

 

 

 

 The conversion of unsaturated alcohols and alkyl alcohols into the 

corresponding chlorides by HCl and ZnCl2 gives poor yield, but using CuCl as a 

catalyst has proved to be more satisfactory. 

 

 

 

   c) SOCl2 [7] 

 SOCl2 is another well known reagent for preparing alkyl chlorides from 

alcohols. 

 

 

 

 

 

 

 

OH Cl
conc.HCl

+  H2O

90%

OH
conc.HCl

Cl +  H2O

68%

CaCl2 +  H2O

76%

+ conc.HCl

OH Cl

OH
ZnCl2 +  H2O

69%+ conc.HCl Cl

OH ClCuCl
+   conc.HCl + H2O

87%

OH Cl
SOCl2

60%

OH ClSOCl2

56%
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1.2.2 The Synthesis of Alkyl Bromides by Common Reagents 

a) HBr [7] 

The preparation of alkyl bromide is more readily than that of alkyl chlorides. 

Secondary and tertiary bromides can be prepared directly from the reaction of 

corresponding alcohols by heating with constant boiling HBr. 

 

 

 

 

This method is however not highly regioselective, for example in the case of 

2- and 3-pentanol, the same mixed products, 2- and 3-bromopentanes in 70 : 30 ratio 

were obtained. 

 

 

 

  

 b) PBr3 [7] 

 One of common reagents for preparation of alkyl bromides from alcohols is 

PBr3. This reagent was generated in situ; however it was considered as an hazardous 

reagent. 

                 

 

 

 c) Me3SiCl/LiBr [7] 

 Me3SiCl/LiBr is another highly regioselective brominating agent for 

preparation of alkyl bromides. 

 

 

 

 

1.3 Literature Reviews on the Conversion of Alcohols into Alkyl Halides by   

 Organophosphorus/Halogenating Agent 

The combination of phosphorus compounds and halogenating agents such as 

PR3/CCl4, PPh3/Cl3COCCl3, PR3/Br2, PR3/CBr4 systems is another choice of reagents 

conc.HBr

81%

OH Br

OHBrOH Br

+

70%                       30%

conc.HBr conc.HBr

OH Br
PBr3

91%

OH BrMe3SiCl/ LiBr

93%
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to prepare alkyl halides. These reagents are efficient since the reaction could be 

performed under mild and acid-free conditions with good yield.  
 Burn and Cadogan [8] reported the reactions between (RO)3P and CCl4 or 

BrCCl3 with alcohols yielding the corresponding alkyl halides, trialkyl phosphate and 

chloroform. 

 Wiley and co-workers [9] described the conversion of alcohols and phenols to 

the corresponding alkyl and aryl bromides using phosphorus reagents and bromine. 

The reaction delivered HBr as by-product. 

 

 

 

 

This method could be used to prepare alkyl and aryl chlorides by using CCl4 

replacing Br2. 

 Lee and Nolan [10] developed methods for the preparation of chloro sugars 

and chloropolyols using phosphorus compounds and halogenating agents. The 

reaction was still acted rapidly under mild and neutral conditions. Moreover, this 

method could be possible for the preparation of chloroesters from hydroxyl-ester 

using PPh3 and CCl4. The reaction proceeded with inversion of configuration at the 

reacting center and neighboring optical centers are not affected. 

 Hozz and Gilani [11] reported the transformation of alcohols to alkyl chlorides 

and alkyl bromides using tri-n-octylphosphine (TOP) with CCl4 or CBr4, respectively. 

Primary and secondary alkyl chlorides could be obtained in high yield in the same as 

for primary alkyl bromides. Tertiary alkyl chlorides however gave low yield. 

 Steven and Dan [12] demonstrated the modification of filterable reagent, 

polystyryl-diphenylphosphine resin. The use of this reagent with CCl4 was 

accomplished for conversion of primary and secondary alcohols to alkyl chlorides. 

 

 

 

 

 

  

 

P +
OH CCl4

+
Cl

P
O

99%

+   CHCl3

PR3   +     Br2                        R3PBr2                           R'Br   +     HBr     +  R3PO
R'OH

R =  C6H5  or  n-C4H9

R' = alkyl or aryl
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 Magid and co-workers [13] addressed the reaction of allylic alcohols with 

PPh3- CCl3COCCl3 complex affording the corresponding alkyl chlorides. This method 

was regio- and stereoselective conversion of allylic alcohols at low temperature (0ºC). 

 Sugimoto and co-workers [14] exhibited the conversion of 

hydroxylheterocycles into the corresponding bromo and chloroheterocycles using 

PPh3/N-bromosuccinimide and N-chlorosuccinimide, respectively. However, the use 

of excess of halogenating agents was necessary to obtain good yield of product. 

 Pollastri and co-workers [15] developed the filterable phosphine source, 1,2-

bis(diphenylphosphino)ethane or diphos, to avoid the problems of phosphine-oxide 

by-product isolation. The reaction of primary and secondary alcohols with diphos and 

CCl4 or CBr4 led to the formation of alkyl chlorides and bromides in moderate or high 

stereoselective yield. 

     

 

 

 

  

 

 Iranpoor and co-workers [16] reported the preparation of alkyl bromides from 

alcohols using a mixture of PPh3, 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) and 

tetrabutylammonium bromide as a brominating agent. Thiols and selenols could be 

converted into alkyl bromides under the same conditions. Moreover, this method 

could be used to prepare alkyl chloride and iodide. 

 

 

 

  

Desmaris and co-workers [17] described the conversion of alcohols into the 

corresponding alkyl bromides employing furious phosphine CBr4 complex. This 

method had the advantage because the fluorous-phosphine oxide by-product in the 

reaction could be separated by liquid-liquid extraction. 

 Iranpoor and co-workers [18] developed the filterable phosphorus reagent, 

silicaphosphine (Silphos): [P(Cl)3-n(SiO2)n], which converted alcohols and thiols to 

P P

diphos

RYH                                              RX
PPh3/DDQ/R'4N+X-

CH2Cl2

Y = O, S, Se                               X = Cl, Br, I
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their corresponding bromide in the presence of Br2. In addition, alkyl iodides could be 

prepared by reaction between silphos and I2. 

 

1.4   Introduction of Acid Halides 

 Acid halides are also known as acyl halides, which are important as 

intermediates to transform into other derivatives of carboxylic acids such as amides, 

esters, thioesters and acid anhydrides. These derivatives are usually bioactive 

compounds [2] or intermediates in industry [1]. Therefore the conversion of 

carboxylic acids into acid halides is frequently encountered transformation in organic 

synthesis. The conversions of acid halides to other organic compounds are illustrated 

as shown in Table 1.4.  

 

Table 1.2 The conversion of acid halides to other organic compounds [19-23] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reagent                               Product                               Functional group

reagent
Product

X = halogen
R X

O

HO 

H2O

R' MgX

R' 2CuLi

R'OH

R'SH

NH2R' 

NHR'R" 

R'CO2H

C6H6, AlCl3

LiAl(Ot-Bu)3H

H2/Pd

LiAlH4, H2O

RCO2H

RCO2H

R'3COH

RCOR' 

RCO2R' 

RCOSR' 

RCONHR' 

RCONR'R" 

R'CO2COR

ArCOR

RCHO

RCHO

RH

carboxylic acid

carboxylic acid

3oalcohol

ketone

ester

thiol ester

amide

amide

acid anhydride

Friedel-Crafts Acylation

aldehyde

aldehyde

1oalcohol
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1.5 Preparation of Acid Halides  

 Acid halides can be prepared from various starting materials and methods. 

Generally, they are prepared from carboxylic acids. The common acid halides in 

organic synthesis are acid chlorides and acid bromides. Though acid bromides are 

known to be much more reactive than acid chlorides, the latter are more available. 

That is because the methods and reagents for preparation of acid chlorides are readily 

known and frequently employed. 
 

1.5.1 Literature Reviews on the Transformation of Carbonyl Compounds to  

 Acid Bromides  

 Adams and Ulich [24] reported the conversion of carboxylic acid and sodium 

salts of organic acid to acid bromides by treatment with oxalyl bromide. The reaction 

between the salts of organic acid and oxalyl bromide ran smoothly and such a small 

excess of the oxalyl bromide was required. Oxalyl bromide may be generated by the 

action of HBr upon oxalyl chloride. 

 Burton and Degering [25] described the preparation of acetyl bromide from 

the reaction of glacial acetic acid with PBr3 generated in situ from a mixture of Br2 

and phosphorus. This method gave acetyl bromide in excellent yield. 

          Aizpurua and Palomo [26] addressed the preparation of carboxylic acid 

bromides by treatment carboxylic acid with phenylphosphine dibromide as a 

brominating agent at room or high temperature. 

 Bains and co-workers [4] developed the new method to prepare acid bromides. 

The procedure involved treating carboxylic acid with BBr3 onto alumina. This method 

gave moderate to excellent yield of products. 

 DalPozzo and co-workers [27] demonstrated the synthesis of peptides using N-

protected amino acid bromide as intermediates, generated in situ by treatment N-

protected carboxylic acid with 1-bromo-N,N-1-trimethyl-1-propenylamine under mild 

and neutral conditions. This amino acid bromide was treated with other amino acids 

for synthesis of peptides. 

 

 

 GP
N

OH

R

R1

O N

Br

GP
N

Br

R

R1

O

GP
N

N
H

R

R1

O
H2N

OR4
R2 R3

O

OR4
R2 R3

O
Collidine

amino acid bromide
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 Jang and co-workers [5] reported the preparation of acid bromides from 

carboxylic acids with PPh3 and ethyl tribromoacetate (Br3CCO2Et) at room 

temperature under neutral conditions. The acid bromides generated were trapped into 

amides in one-step. 

 Jang and co-workers [28] described the conversion of aromatic aldehydes into 

acid bromides by treatment aldehydes with Br3CCO2Et under radical conditions. The 

acid bromides generated may convert to amides in one-step. Aromatic aldehydes with 

electron-donating group were found to be more reactive than aromatic aldehydes with 

electron-withdrawing groups and aliphatic aldehydes under reaction conditions 

examined. 

 

1.6 Literature Reviews on the Synthesis of Carboxylic Acid Derivatives 

 Acid halides were not so stable especially in humid environment. Normally, 

the acid halides generated were converted to more stable carboxylic acid derivatives. 

 
1.6.1 Amides 

 Amides are important in organic and biological chemistry and can be prepared 

from various starting materials with many synthetic routes. 

 Venkataraman and Wagle [29] demonstrated the conversion of carboxylic 

acids to acid chlorides, amides and peptides using carboxylic acid with cyanuric 

chloride and then amine was added to convert the intermediate formed into amide.     

 Harison and co-workers [30] described the conversion of carboxylic acids to 

acid chlorides by treatment acids with CCl4 and polymer-support phosphine. A 

mixture of acid chlorides and amines was then converted into amides. 

 Jang and co-workers [31] displayed the conversion of carboxylic acids to acid 

chlorides by treatment carboxylic acid with CCl3CN and PPh3 in CH2Cl2. The 

reaction took place under mild and acid free conditions. 

 Khalafi-Nezhad and co-workers [32] developed the solvent-free procedure for 

transformation aliphatic and aromatic carboxylic acids to amides. This method 

utilized the direct reaction of carboxylic acids and silica-supported ammonium salts, 

NEt3 and TsCl as condensing agents. The reaction proceeded rapidly with high yields 

at room temperature. 
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 Kangani and Kelley [33] addressed one pot synthesis of amides from the 

corresponding carboxylic acids using Deoxo-Fluor [(CH3OCH2CH2)2NSF3] as 

reagent. The reaction proceeded rapidly in CH2Cl2 at 0°C. 

 Heuser and co-workers [34] reported two-step synthesis of oxazolopyridines. 

The synthesis involving amide formation between o-aminopyridinols and aliphatic or 

aromatic carboxylic acids followed by using CCl3COCCl3/PPh3 combination at room 

temperature. 

  
1.6.2 Esters 

 Esters could be synthesized directly from an acid and an alcohol in the 

presence of strong acid such as H2SO4 and HCl. However, the interaction between a 

carboxylic acid and an alcohol was a reversible process. Therefore, the development 

of a better process was conferred. 

 Liu and co-workers [35] described two closely related methods for the 

condensation of carboxylic acids with alcohols to esters. Two methods differed from 

each other only in the reagent involved for the activation of carboxylic acids. In one 

case, N,N-dimethylphosphoramidic dichloride [(CH3)2NPOCl2)] was used as a 

reagent, and in the other, phenyl dichlorophosphate [C6H5OPOCl2] was used. The 

reaction proceeded smoothly at room temperature under neutral conditions. 

 Sucheta and co-workers [36] addressed the general method for the convenient 

conversion of carboxylic acids to the corresponding acid halides using PPh3 and N-

bromo/iodosuccinimides. Several acids were smoothly esterified with alcohol to 

furnish esters in high yield. 

 Kawabata and co-workers [37] displayed the esterification of carboxylic acids 

with alcohols using the system of heterogeneous catalysts at high temperature. 

Montmorillonite-enwrapped titanium catalyst was found to efficiently promote the 

esterification of carboxylic acids with alcohols. 

 

1.6.3 Carboxylic Acid Anhydrides 

 Carboxylic acid anhydrides are commonly used as reactive intermediates in 

organic synthesis for preparing many other functional groups, due to their enhanced 

electrophilic character of the carbonyl groups. 
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 Fife and Zhang [38] addressed the new methodology for the preparation of 

asymmetric acid anhydrides by treating a mixture of carboxylic acid with one-half 

equivalent of SOCl2 in CH2Cl2 with a solid-state copolymer of 4-vinylpyridine.  

 Kim and Jang [39] described the preparation of symmetrical acid anhydrides 

from the corresponding carboxylic acids by treating acids with Cl3CCN and PPh3 in 

the presence of NEt3 at room temperature. 

   

1.6.4 Thioesters 

 Thioesters are of great interest carboxylic acid derivatives because of their 

close relation to many biomolecules such as coenzyme A.  

 Weber [40] described the preparation of peptide thioesters under prebiotic 

conditions by condensation of amino acid thioesters generated by the reaction of small 

sugars with ammonia and thiols. 

 Weber [41] developed the method for the synthesis of peptide thioesters from 

free amino acids and thiols in water. Using this one-pot reaction, the synthesis began 

by reacting amino acid with 1,1-carbonyldiimidazole to give an amino acid 

carboxyanhydride intermediate that condensed to both peptides and peptide thioesters 

in the presence of added thiol. 

 

1.7   The Objective of This Research 

 The objective of this research is to develop brominating agents to utilize in 

combination with PPh3 and to explore the optimum conditions for the preparation of 

alkyl bromides and acid bromides under mild conditions. The application of the 

developed methodology for the synthesis of carboxylic acid derivatives such as 

amides, esters, acid anhydrides and thioesters was also examined.  

 



CHAPTER II 

  

EXPERIMENTAL 
 
 
2.1   Instruments and Equipment 

 Melting points were determined with a Fisher-Johns melting point apparatus. 

Thin layer chromatography (TLC) was performed on aluminium sheets pre-coated 

with silica gel (Merck’s, Kieselgel 60 PF254) and column chromatography was 

performed on silica gel (Merck’s silica gel 60 G Art 7734 (70-230 mesh). 

 The 1H- and 13C-NMR spectra were performed in deuterated chloroform 

(CDCl3) or deuterated dimethylsulfoxide (DMSO-d6) with tetramethylsilane (TMS) as 

an internal reference on the Varian nuclear magnetic resonance spectrometer, model 

Mercury plus 400 NMR spectrometer which operated at 399.84 MHz for 1H and 

100.54 MHz for 13C nuclei. The chemical shifts (δ) are assigned by comparison with 

residue solvent protons. 

 HPLC was performed on Water® 600 controllers equipped with a Water® 

2996 dual UV wavelength detector (USA) using Econosphere 5 Cl8-ARII(25X250 

mm) reversed phase column (Alltech Associates, IL, USA).  

Specific rotations were measured on a Jasco P-1010 polarimeter and [α]D 

values are given in units of  10-1 deg · cm2 · g-1. 

 

2.2   Chemicals 

 All solvents used in this research were purified prior to use by standard 

methodology except for those which were reagent grades.  The reagents used for 

synthesis were purchased from Fluka chemical company or otherwise stated and were 

used without further purification. 
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2.3 Preparation of Brominating Agents 

Ethyl tribromoacetate [7, 42] 

 One mL of conc. H2SO4 was cautiously added to the mixture of Br3CCO2H    

1 eq (40 mmol, 11.87 g) and EtOH 4.5 mL. The mixture was refluxed for 3-6 h and 

then poured into 100 mL of water in a separatory funnel. The upper layer of crude 

ester was removed and washed with 50 mL of water, saturated aqueous NaHCO3 and 

water respectively then dried over anhydrous Na2SO4.  

 Ethyl tribromoacetate: colorless oil (82%). 1H-NMR (CDCl3) δ (ppm):  1.36 

(3H, t, J = 7.20 Hz, CH2CH3) and 4.46 (2H, q, J = 7.20 Hz, CH2CH3). 13C-NMR 

(CDCl3) δ (ppm): 13.7, 29.5, 65.7 and 161.9. 
  

N,N-Diethyltribromoacetamide and N,N-phenyltribromoacetamide [24,42] 

 In a round bottom flask was placed 1 eq (15 mmol, 4.45 g) of Br3CCO2H, 2.62 

mL of oxalyl chloride and 1-2 drops of DMF. The reaction was proceeded 

spontaneously for 15-20 min and refluxed for 2 h. The excess of oxalyl chloride was 

evaporated in vacuo. The mixture was added dropwise to well stirred, aqueous 

diethylamine or aniline and stirred for another 1 h at RT. When the reaction was 

completed, N,N-diethyltribromoacetamide was extracted with 10% HCl, saturated 

aqueous NaHCO3 and H2O, respectively, dried over anhydrous Na2SO4 and 

evaporated in vacuo. In the case of the preparation of phenyltribromoacetamide, the 

solid was collected upon filtration and air-dried.  

 N,N-diethyltribromoacetamide: yellow oil (68%), 1H-NMR (CDCl3) δ (ppm): 

1.28 (3H, br s, CH2CH3), 1.36 (3H, br s, CH2CH3), 3.45 (2H, br s, CH2CH3) and 3.79 

(2H, br s, CH2CH3). 13C-NMR (CDCl3) δ (ppm): 11.8, 13.0, 37.2, 43.4, 45.2 and 

159.3. 

 Phenyltribromoacetamide: yellow needle (81 %), 1H-NMR (DMSO-d6)  

δ (ppm): 7.15 (1H, t, J = 7.32 Hz, Ar-H), 7.75 (2H, m, Ar-H), 7.85 (2H, d, J = 8.03 

Hz, Ar-H) and 10.92 (1H, s, NH). 13C-NMR (DMSO-d6) δ (ppm): 120.1, 125.1, 

129.2, 138.1 and 159.0. 
 

Hexabromoacetone [43] 

Anhydrous NaOAc 7 g was mixed with 20 mL of glacial acetic acid. The 

reaction mixture was stirred and heated to 60°C, acetone 1.4 mL was added and 

followed by dropwise addition of Br2 5 mL over a 10 min period with stirring. The 
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mixture was then heated to 95°C for 2 h. After which it was cooled to RT and mixed 

with 100 mL of water to precipitate the desired product as white solid. After air 

drying, the pure product was obtained upon recrystallization from hexane. 

Hexabromoacetone: white solid (60%), 13C-NMR (CDCl3) δ (ppm): 24.5 and 

173.5. 

 
2.4 General Procedure for Conversion of Alcohols to Alkyl Bromides 

A stirred solution of alcohol 1 eq (0.25 mmol) and PPh3 1.5 eq (0.375 mmol, 

0.098 g) in dry CH2Cl2 (0.5 mL) was successively added selected halogenated reagent 

2 eq (0.5 mmol) at RT (30 °C) under N2 atmosphere. After stirring for 30 min, the 

crude mixture was analyzed by 1H-NMR with the addition of toluene as an internal 

standard or purified by silica gel column.  

 
2.5 Study on Optimum Conditions for Conversion of Alcohols to Alkyl Bromides 

2.5.1 Effect of Brominating Agents 

The conversion of 2-phenylethyl alcohol to 2-phenylethyl bromide was carried 

out using the reaction conditions described in the general procedure. Six different 

brominating reagents including 1,2-dibromoethane (BrCH2CH2Br), 

bromotrichloromethane (Cl3CBr), tribromoacetic acid (Br3CCO2H), tetrabromo 

methane (CBr4), ethyl tribromoacetate (Br3CCO2Et) and hexabromoacetone 

(Br3CCOCBr3) were utilized. 

 
2.5.2 Effect of PPh3 and Brominating Agents Ratio  

The ratios of PPh3 and brominating agent for the synthesis of 2-phenylethyl 

bromide utilizing the general procedure were varied (based on 2-phenylethyl alcohol 

1 eq). After 30 min, the yield of 2-phenylethyl bromide in the crude mixture was 

determined by 1H-NMR with the addition of toluene as an internal standard. 

Brominating agents: Br3CO2Et, Br3CCOCBr3, CBr4 were selected. 

 

2.5.3 Effect of Reaction Time 

 According to the general procedure, the reaction time for each brominating 

agent can procure using suitable ratios of the PPh3 and brominating agent as follows: 

1.5:1 eq, 1.5:0.3 eq and 1.5:1.5 eq in the case of utilizing Br3CCO2Et, Br3CCOCBr3 

and CBr4, respectively. The time variations are as follows: 5, 15 and 30 min at RT (30 
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°C). 2-Phenylethyl bromide occurred in the reaction mixture was quantified by 1H-

NMR with the addition of toluene as an internal standard.  

 
2.6 The Synthesis of Alkyl Bromides 

The bromination of alcohol using a suitable ratio of PPh3/Br3CCO2Et and 

PPh3/Br3CCOCBr3 at RT for 15 min was conducted. Different chosen alcohols 

including primary, secondary and tertiary alcohols were examined. The quantity of 

alkyl bromide in the crude mixture was determined by 1H-NMR using toluene as an 

internal standard or purified by silica gel column.  

2-Phenethyl bromide: colorless oil (82%), 1H-NMR (CDCl3) δ (ppm):  3.20 

(2H, t, J = 7.70 Hz, PhCH2CH2Br), 3.61 (2H, t, J = 7.70 Hz, PhCH2CH2Br) and 7.24-

7.37 (5H, m, Ar-H). 13C-NMR (CDCl3) δ (ppm): 33.3, 39.6, 127.1, 128.8 and 139.1. 

 Nopyl bromide: colorless oil (78%), 1H-NMR (CDCl3) δ (ppm):  0.77 (3H, s, 

CCH3), 1.10 (H, d, J = 8.58 Hz, CCH (CH2)2), 1.20 (3H, s, CCH3), 1.19-2.45 (7H, m, 

alkyl groups), 3.28 (2H, m, CH2Br) and 5.25 (H, s, C=CH). 13C-NMR (CDCl3) δ 
(ppm): 21.2, 26.2, 30.8, 31.3, 31.6, 38.0, 40.4, 40.6, 45.4, 119.1 and 145.1. 

1-Adamantyl bromide: white needle (36%), 1H-NMR (CDCl3) δ (ppm):  1.72 

(6H, s, alkyl groups), 2.09 (3H, s, alkyl groups) and 2.36 (6H, s, alkyl groups). 13C-

NMR (CDCl3) δ (ppm): 32.6, 35.5, 48.3 and 66.8.  

1,5-Dibromopentane: colorless oil (86%), 1H-NMR (CDCl3) δ (ppm):  1.60 

(2H, m, CH2CH2CH2), 1.88 (4H, m, CH2CH2CH2) and 3.41(4H, t, J = 6.64 Hz, 

BrCH2). 13C-NMR (CDCl3) δ (ppm): 26.8, 31.8 and 33.2. 

1,10-dibromodecane: colorless oil (87%), 1H-NMR (CDCl3) δ (ppm):  1.29 

(8H, s, alkyl groups), 1.40 (4H, br s, alkyl groups) and 3.39 (4H, t, J = 6.88 Hz, 

BrCH2). 13C-NMR (CDCl3) δ (ppm): 28.1, 28.7, 29.3, 32.8 and 34.0. 

 
2.7 Stereoselectivity Study  

 To a stirred solution of (-)-cholesterol 1 eq (3 mmol, 1.16 g) or (-)-(R)-2-

octanol (3 mmol, 0.3907 g) and PPh3 1.5 eq (4.5 mmol, 1.18 g) in dry CH2Cl2 4 mL 

was successively added selected Br3CCO2Et 1 eq (3 mmol, 0.9651 g) at room 

temperature (30 °C) under N2 atmosphere. After stirring for 15 min, the crude mixture 

was purified by silica gel column using hexane as eluent. The optical rotation of the 
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starting material alcohol and bromide product were measured on polarimeter using 

CHCl3 as solvent. 

 Cholesteryl bromide: white needle (82%), 1H-NMR (CDCl3) δ (ppm):  0.67-

2.53 (43H, m, alkyl groups), 3.92 (1H, m, BrCH) and 5.36 (1H, br s, C=CH). 13C-

NMR (CDCl3) δ (ppm): 11.8, 18.7, 19.2, 20.9, 22.6, 22.8, 23.8, 24.3, 28.0, 28.2, 31.7, 

31.8, 34.3, 35.7, 36.2, 36.4, 39.5, 39.6, 40.3, 42.3, 44.3, 50.1, 52.6, 56.1, 56.6, 112.3 

and 141.5. 

 (+)-(S)-2-octyl bromide: colorless oil (84%), 1H-NMR (CDCl3) δ (ppm): 0.88 

(3H, m, CH3), 1.28-1.53 (8H, m, alkyl groups), 1.70 (3H, d, J =6.71 Hz, BrCHCH3), 

1.78 (2H, m, BrCHCH2), 4.12 (1H, m, BrCH). NMR (CDCl3) δ (ppm): 14.1, 22.6, 

26.5, 27.7, 28.6, 31.7, 41.2 and 52.0. 

 
2.8   Comparative Reactivity Study of Brominating Agents for Conversion  

        of Alcohols to Alkyl Bromides 

 The reactivity of Br3CCO2Et, Br3CCOCBr3 and other brominating agents was 

investigated using a competitive reaction between brominated and chlorinated 

reagents towards alcohol. The reactivity of selected chlorinating agent was 

rationalized by the obtained yield ratio of alkyl bromide and chloride.  

2-Phenylethyl alcohol 1 eq (0.25 mmol, 0.03 g) was added to a mixture of 

Cl3CCN 0.75 eq (0.19 mmol, 0.05 mL)  and selected brominating agent 0.75 eq (0.19 

mmol) in dry CH2Cl2 (0.5 mL). The mixture was treated with PPh3 1.5 eq (0.375 

mmol, 0.098 g) under the developed system. After 15 min, the crude mixture was 

evaporated to dryness and both alkyl halides were determined by 1H-NMR with the 

addition of toluene as an internal standard.  

 
2.9   General Procedure for the Synthesis of Carboxylic Acid Derivatives 

Step 1: PPh3 2 eq (6 mmol, 1.57 g) in CH2Cl2 3 mL was added to a mixture of 

carboxylic acid 1 eq (3 mmol) and Br3CCOBr31 eq (3 mmol) in dry CH2Cl2 3 mL at 

reflux temperature.  The mixture was stirred for approximately 1 h. 

Step 2:  A mixture of amine or other nucleophiles (alcohol and thiol) 1 eq (3 

mmol) and 4-picoline 3 eq (9 mmol) was added to the above mixture. The reaction 

was continued stirring for another 20 min or followed by TLC at selected 

temperatures. When the reaction was completed, the organic layer was extracted with 

10% HCl and saturated aqueous NaHCO3, respectively, dried over anhydrous Na2SO4 
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and evaporated in vacuo.  The mixture was separated with silica gel column eluting 

with 4:1 hexane/EtOAc. Purification by recrystallization with a mixture of CH2Cl2 

and hexane or another appropriate solvent was conducted to achieve the desired amide 

or ester and thioester products. 

 
2.10 Study on the Optimum Conditions for Preparing Acid Bromides 

2.10.1   Effect of PPh3 and Br3CCOCBr3 Ratio  

The suitable ratio of PPh3/Br3CCOCBr3 was determined using the reaction 

conditions described in the general procedure (carboxylic acid: benzoic acid, amine: 

2-phenylethyl amine). The variation of PPh3 and Br3CCOCBr3 ratios was as follows: 

2:1, 2:0.5, 2:0.3 and 2:0.2, respectively. 
 

2.10.2   Effect of Temperature and Reaction Time 

The general synthesis of N-phenethylbenzamide using the ratio of 

PPh3/Br3CCOBr3 2:0.3 eq was performed using different reaction time and 

temperature in steps 1 and 2.  
 

2.11 Synthesis of Carboxylic Acid Derivatives 

 2.11.1 The Synthesis of Amides, Esters and Thioesters 

According to the general procedure using PPh3/Br3CCOCBr3 2:0.3, after 5 min 

a mixture of amine (or alcohol or thiol) and 4-picoline 3 eq (9 mmol, 0.88 mL) was 

added to the above mixture at RT and stirred for approximately 5 min or followed by 

TLC at selected temperatures. 

N-phenethylbenzamide: white needle (88%), 1H-NMR (CDCl3) δ (ppm):  2.94 

(2H, t, J = 6.79 Hz, CH2CH2Ph), 3.72 (2H, dd, J = 6.79 and 12.87 Hz, NHCH2CH2), 

6.19 (H, br s, NH), 7.25-7.48 (8H, m, Ar-H) and 7.84 (2H, d, J = 7.37 Hz, Ar-H). 13C-

NMR (CDCl3) δ (ppm): 36.7, 41.2, 126.6, 126.8, 128.5, 128.7, 128.8, 131.4, 134.6, 

139.9 and 167.5. 

N-phenethylstearamide: white needle (89%), 1H-NMR (CDCl3) δ (ppm):  0.88 

(3H, m, CH2CH3), 1.25 (28H, br s, alkyl groups), 1.52 (2H, m, alkyl groups), 2.11 

(2H, t, J = 7.45 Hz, CO2CH2), 2.81(2H, t, J = 6.88 Hz, CH2CH2Ph), 3.52 (2H, dd, J = 

6.88 and 12.95 Hz, NHCH2CH2), 5.44 (H, br s, NH) and 7.18-7.33 (5H, m, Ar-

H) .13C-NMR (CDCl3) δ (ppm): 14.1, 22.7, 25.8, 29.2-29.7, 31.9, 36.7, 36.9, 40.4, 

126.5, 128.6, 128.6, 139.9 and 173.1. 
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N,N-diethyl-3-methylbenzamide: yellow oil (73%), 1H-NMR (CDCl3) δ (ppm):  

1.05 (3H, br s,CH2CH3), 1.19 (3H, br s, CH2CH3), 2.31 (3H, s, ArCH3), 3.20 ( 2H, br 

s, N(CHHCH3)2), 3.43 ( 2H, br s, N(CHHCH3)2) and 7.08-7.23 (4H, m, Ar-H).13C-

NMR (CDCl3) δ (ppm): 13.1, 14.4, 21.5, 39.4, 43.4, 127.0, 128.4, 129.9, 137.4, 138.4, 

and 171.7. 

N,N-diethyl-2-methylbenzamide: yellow oil (42%), 1H-NMR (CDCl3) δ (ppm):  

0.95 (3H, t, J = 7.13 Hz, CH2CH3), 1.18 (3H, t, J = 7.13 Hz, CH2CH3), 2.21 (3H, s, 

ArCH3), 3.04 ( 2H, m, N(CHHCH3)2), 3.34-3.61 ( 2H, br s, N(CHHCH3)2) and 7.05-

7.13 (4H, m, Ar-H).13C-NMR (CDCl3) δ (ppm): 12.8, 13.9, 18.6, 38.6, 42.6, 125.3, 

125.7, 128.5, 130.2, 133.7, 136.9 and 170.8. 

N,N-diethyl-4-methylbenzamide: yellow oil (78%), 1H-NMR (CDCl3) δ (ppm):  

1.05 (3H, br s,CH2CH3), 1.16 (3H, br s, CH2CH3), 2.29 (3H, s, ArCH3), 3.21 ( 2H, br 

s, N(CHHCH3)2), 3.44 ( 2H, br s, N(CHHCH3)2), 7.12 (2H, d, J = 7.87 Hz Ar-H) and 

7.20 (2H, d, J = 7.87 Hz Ar-H).13C-NMR (CDCl3) δ (ppm): 12.8, 14.1, 21.3, 39.2, 

43.3, 126.3, 129.9, 134.2, 139.0 and 171.4. 

N,N-diethyl-4-nitrobenzamide: white needle (67%), 1H-NMR (CDCl3) δ 

(ppm):  1.07 (3H, br s,CH2CH3), 1.22 (3H, br s, CH2CH3), 3.17 (3H, d, J = 6.62 Hz, 

N(CHHCH3)2), 3.53 ( 2H, J = 6.62 Hz, N(CHHCH3)2), 7.51 (2H, d, J = 8.46 Hz, Ar-

H) and 8.21 (2H, d, J = 8.46 Hz, Ar-H).13C-NMR (CDCl3) δ (ppm): 12.7, 14.2, 39.4, 

43.2, 123.8, 127.3, 143.3, 147.9 and 168.9. 

Piperidin-1-yl-o-tolyl-methanone: white needle (78%), 1H-NMR (CDCl3) δ 

(ppm):  1.42 (2H, br s, alkyl groups), 1.63 (4H, br s, alkyl groups), 2.27 (3H, s, 

ArCH3), 3.14 ( 2H, br s, alkyl groups), 3.67( H, br s, alkyl groups), 3.76 ( H, br s, 

alkyl groups)and 7.10-7.22 (4H, m, Ar-H).13C-NMR (CDCl3) δ (ppm): 18.9, 24.5, 

25.7, 26.5, 42.3, 47.8, 125.5, 125.8, 128.6, 130.3, 133.9, 136.7 and 170.0 

1-(3, 4-Methylendioxy-cinnamoyl)-piperidin: white needle (95%), 1H-NMR 

(CDCl3) δ (ppm):  1.59-1.65 (6H, m, alkyl groups), 3.60 (4H, br s, alkyl groups), 5.97 

(2H, s, OCH2O), 6.72 ( H, d, J = 15.33 Hz, C=CH ), 6.78 ( H, d, J = 7.91 Hz, Ar-H), 

6.97 ( H, d, J = 7.91 Hz, Ar-H), 7.00( H, s, Ar-H ), and 7.56( H, d, J = 15.33 Hz, 

C=CH ). 13C-NMR (CDCl3) δ (ppm): 24.9, 25.8, 26.9, 43.5, 47.2, 101.6, 106.5, 108.6, 

115.8, 123.8, 130.1, 142.2, 148.4, 149.0 and 165.6. 

1-Piperonyloyl-piperidine: white needle (86%), 1H-NMR (CDCl3) δ (ppm):  

1.49-1.59 (6H, m, alkyl groups), 3.39-3.80 (4H, br s, alkyl groups), 5.90 (2H, s, 
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OCH2O), 6.72 ( H, d, J = 15.33 Hz, C=CH ), 6.72 ( H, d, J = 7.82 Hz, Ar-H) and 6.82 

( 2H, m, Ar-H).13C-NMR (CDCl3) δ (ppm): 24.5, 25.9, 43.3, 48.5, 101.3, 107.8, 

108.0, 121.1, 129.9,147.4, 148.4 and 169.7. 

Phenethyl benzoate: colorless oil (86%), 1H-NMR (CDCl3) δ (ppm):  3.10 

(2H, t, J = 7.00 Hz, CH2CH2Ph), 4.56 (2H, t, J = 7.00, OCH2CH2), 7.24-7.57 (8H, m, 

Ar-H) and 8.05 (2H, d, J = 7.06 Hz, Ar-H). 13C-NMR (CDCl3) δ (ppm): 35.2, 65.5, 

126.6, 128.4, 128.6, 128.9, 129.6, 130.3, 132.9, 137.9 and 165.5. 

Octyl 2-(2,4-dichlorophenoxy)acetate: colorless oil (90%), 1H-NMR (CDCl3) 

δ (ppm):  0.88 (3H, t, J = 6.74 Hz, CH2CH3), 1.26 (12H, br s, alkyl groups), 1.62 (2H, 

m, alkyl groups), 4.18 ( 2H, t, J = 6.67 Hz, CO2CH2R ), 4.69 ( 2H, s, OCH2CO2), 6.78 

( H, d, J = 8.81 Hz, Ar-H), 7.15 ( H, dd, J = 2.48 and 8.81 Hz, Ar-H) and 7.40( H, d, J 

= 2.48 Hz, Ar-H).13C-NMR (CDCl3) δ (ppm): 14.1, 22.6, 25.7, 28.4, 29.1, 29.2, 31.7, 

35.7, 36.3, 114.5, 124.2, 126.9, 127.4, 130.2, 152.3 and 168.2. 

O-benzoyl-cholesterol: white needle (70%), 1H-NMR (CDCl3) δ (ppm):  0.69-

2.01 (41H, m, alkyl groups), 2.46 (2H, d, J = 7.72  Hz, alkyl groups), 4.86 (H, m, 

CO2CH), 5.43 ( H, m, C=CH ), 7.43 ( 2H, t, J = 7.43 Hz, Ar-H), 7.54 ( H, t, J = 7.43 

Hz, Ar-H) and 8.04 ( 2H, d, J = 7.43 Hz, Ar-H).13C-NMR (CDCl3) δ (ppm): 11.8, 

18.7, 19.3, 21.0, 22.5, 22.7, 22.8, 23.8, 24.2, 27.8, 28.0, 28.1, 28.2, 31.8, 31.9, 35.8, 

36.1, 36.6, 37.0, 38.1, 39.5, 39.7, 42.3, 50.0, 56.1, 56.5, 56.6, 74.5, 122.8, 128.2, 

129.5, 132.7, 139.6 and 166.0. 

Phenethyl stearate: white needle (91%) 1H-NMR (CDCl3) δ (ppm):  0.89 (3H, 

t, J = 6.58 Hz, CH2CH3), 1.25 (28H, br s, alkyl groups), 1.58 (2H, m, alkyl groups), 

2.22 (2H, t, J = 7.46 Hz, CO2CH2), 2.93 (2H, t, J = 7.05 Hz, CH2CH2Ph), 4.28 (2H, t, 

J = 7.05 Hz, OCH2CH2) and 7.21-7.32 (5H, m, Ar-H) .13C-NMR (CDCl3) δ (ppm): 

14.1, 22.7, 24.9, 29.1, 29.2, 29.3, 29.4, 29.6, 29.7, 31.9, 34.3, 35.1, 64.7, 126.5, 128.4, 

128.8, 137.9 and 173.8. 

S-phenethyl benzothioate: colorless oil (95%), 1H-NMR (CDCl3) δ (ppm):  

3.20 (2H, t, J = 7.42 Hz, CH2CH2Ph), 3.34 (2H, t, J = 7.42, SCH2CH2), 7.31-7.49 

(7H, m, Ar-H), 7.59 (H, t, J = 7.45, Ar-H) and 8.02 (2H, d, J = 7.82 Hz, Ar-H). 13C-

NMR (CDCl3) δ (ppm): 30.5, 36.0, 126.6, 127.2, 128.5, 128.6, 128.7, 133.4, 137.1 

and 191.8. 

S-octyl 2-(2,4-dichlorophenoxy)ethanethioate: colorless oil (92%), 1H-NMR 

(CDCl3) δ (ppm):  0.87 (3H, t, J = 6.59 Hz, CH2CH3), 1.25 (12H, m, alkyl groups), 
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1.58 (2H, m, alkyl groups), 2.93 ( 2H, t, J = 7.33 Hz, SCH2R ), 4.70 ( 2H, s, 

OCH2COS), 6.77 ( H, d, J = 8.78 Hz, Ar-H), 7.17 ( H, dd, J = 2.42 and 8.78 Hz, Ar-

H) and 7.40( H, d, J = 2.42 Hz, Ar-H).13C-NMR (CDCl3) δ (ppm): 14.1, 22.6, 28.2, 

28.8, 29.0, 29.1, 29.2, 31.7, 73.5, 114.5, 124.1, 127.2, 127.6, 130.3, 152.1 and 197.2. 

 
 2.11.2 The Synthesis of Acid Anhydrides 

A mixture of carboxylic acid 2 eq ( 6 mmol) and hexabromoacetone 0.3 eq       

(0.9 mmol, 0.479 g) in dry CH2Cl2 3 mL were added PPh3 2 eq (6 mmol, 1.57 g) in 

dry CH2Cl2 3 mL and 4-picoline 3 eq (9 mmol, 0.88 mL) dropwise at room 

temperature. The reaction mixture was allowed to react for 10 minutes. When the 

reaction was completed, the organic layer was extracted with 10% HCl and saturated 

aqueous NaHCO3, respectively, dried over anhydrous Na2SO4 and evaporated in 

vacuo.  The mixture was separated with silica gel column chromatography eluting 

with 4:1 hexane/EtOAc.  

Benzoic anhydride: white needle (89%), 1H-NMR (CDCl3) δ (ppm):  7.53 (4H, 

t, J = 8.15 Hz, Ar-H), 7.68 ( 2H, m, Ar-H), 8.16 (4H, d, J = 8.15 Hz, Ar-H).13C-NMR 

(CDCl3) δ (ppm): 128.9, 130.5, 134.6 and 162.4. 

2-Naphthoic anhydride: white needle (81%), 1H-NMR (CDCl3) δ (ppm):  7.57 

(4H, m, Ar-H ), 7.71 ( 2H, t, J = 7.42 Hz, Ar-H), 7.94 (2H, d, J = 8.18 Hz, Ar-H), 

8.14 (2H, d, J = 8.18 Hz, Ar-H), 8.44 (2H, d, J = 7.29 Hz, Ar-H)  and 9.16 (2H, t, J = 

8.71 Hz, Ar-H).13C-NMR (CDCl3) δ (ppm): 124.5, 124.8, 125.6, 126.8, 128.8, 131.9, 

132.2, 133.9, 135.6 and 162.9. 

Stearic anhydride: white needle (78%), 1H-NMR (CDCl3) δ (ppm):  0.87 (6H, 

t, J = 6.52 Hz, CH2CH3), 1.25 ( 56H, br s, alkyl groups), 1.65 (4H, m, alkyl groups) 

and 2.43 ( 4H, t, J = 7.42 Hz, CO2CH2).13C-NMR (CDCl3) δ (ppm): 14.1, 22.7, 24.2, 

28.8, 29.2, 29.3, 29.4, 29.5, 29.6, 29.7, 31.9, 35.3 and 169.6. 

 
2.12 Chemoselectivity Study  

A stirred solution of benzoic acid 0.5 eq (1.5 mmol, 0.183 g) and 

benzenesulfonic acid (1.5 mmol, 0.237) in dry CH2Cl2 3 mL was added a solution of 

PPh3 2 eq (6 mmol, 1.57 g) in CH2Cl2 3 mL. A mixture of 2-phenylethyl amine 1 eq 

(3 mmol, 0.38 mL) and 4-picoline (9 mmol, 0.88 mL) was then added to the above 

mixture dropwise at RT. When the reaction was completed, the organic layer was 

extracted with 10% HCl and saturated aqueous NaHCO3, respectively, dried over 
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anhydrous Na2SO4 and evaporated in vacuo.  The mixture was separated with silica 

gel column eluting with 4:1 hexane/EtOAc.  

N-phenethylbenzenesulfonamide: white needle (11%), 1H-NMR (CDCl3) δ 

(ppm):  2.76 (2H, t, J = 6.93 Hz, CH2CH2Ph), 3.23 (2H, dd, J = 6.39 and 13.35 Hz, 

NHCH2CH2), 4.49 (H, br s, NH), 7.09 (2H, d, J = 7.99 Hz, Ar-H), 7.25 (3H, m, Ar-

H), 7.47-7.57 (3H, m, Ar-H) and 7.81 (2H, d, J = 7.81 Hz, Ar-H). 13C-NMR (CDCl3) 

δ (ppm): 35.8, 44.2, 126.8, 127.0, 128.6, 128.7, 129.1, 132.6, 137.5 and 139.9. 

 
2.13 Comparative Reactivity Study on Brominating Agents for the Formation of   

        Acid Bromide 

 2,2-Diphenylacetic acid 1 eq (0.25 mmol, 0.053 g) was added to a mixture of 

Cl3CCONH2 0.75 eq (0.19 mmol, 0.031 g) and selected brominating agents 0.75 eq in 

NMR tube. The mixture was treated with a solution of PPh3 1.5 eq (0.375 mmol, 

0.098 g) in CDCl3. After 15 min, the crude mixture was determined both acid bromide 

and chloride by  1H-NMR with the addition of toluene as an internal standard. 

 
2.14 Stability of Br3CCOCBr3 

 2.14.1 Stability at 80 °C 

 Eight vials containing Br3CCOCBr3 0.3 eq (0.075 mmol, 0.0399 g) were kept 

in sand bath at 80 °C for 1, 2, 3, 4, 5, 6, 24 and 48 h. Each vial was then taken and 

used as a brominating agent for transformation 2-phenylethyl alcohol to 2-phenylethyl 

bromide under standard conditions. The product was determined by 1H-NMR with the 

addition of toluene as an internal standard.  

 2.14.2 Stability under UV Light  

The same procedure was carried out, but the samples were kept under UV 

light (234 nm, 6 W). The UV irradiation time was 1, 3, 5, and 7 h. Each vial 

containing Br3CCOCBr3 was used for conversion of 2-phenylethyl alcohol into 2-

phenylethyl bromide under standard conditions. The product was determined by 1H-

NMR with the addition of toluene as an internal standard.  

 

 



CHAPTER III 

 

RESULTS AND DISCUSSION 
 

Alkyl and acyl halides have been utilized as one of versatile intermediates in 

organic chemistry since they can undergo diverse transformations to other compounds 

[44].  The formations of acyl halides are an efficient route to transform carboxylic 

acids to their derivatives such as amides, esters and so on. Although alkyl and acyl 

chlorides have widely been used in organic synthesis for a few decades, the 

corresponding chlorides are generally less reactive compared with those of bromides. 

Moreover, brominating agents that required for that kind of preparation are normally 

not readily available. In this research, two new brominating agents have been 

developed and introduced. The exploration of optimum conditions utilizing these 

developed reagents and PPh3 for the preparation of alkyl and acid bromides from 

alcohols and carboxylic acids respectively was carried out. The general equation can 

be simplified as shown below. 

R-OH    +    brominating agent   +   PPh3 R-Br

R OH

O

   +    brominating agent   +   PPh3 R Br

O

R Nu

ONu

 
 
3.1 Synthesis of Brominating Agents  

 Two new brominating agents developed in this research are ethyl 

tribromoacetate (Br3CCO2Et) and hexabromoacetone (Br3CCOCBr3) which could be 

prepared by the following methods.  

Br3CCO2Et could be fruitfully prepared by esterification of tribromoacetic 

acid, ethanol and concentrated sulfuric acid as a catalyst by conventional fashion [42-

43]. 

Br3C OH

O
+ HO

conc H2SO4
Br3C O

O

82%



Br3CCO2Et coupled with PPh3 has been recently introduced for the 

preparation of amides via acid bromide [5]; nevertheless it has never been reported as 

a brominating agent for the conversion of alcohols into alkyl bromides. 

The 1H-NMR spectrum of Br3CCO2Et (Fig 3.1) reveals two peaks of a 

methylene group resonating at δH 4.46 (q, J = 7.20 Hz) and a methyl group at δH 1.36 

(t, J = 7.20 Hz). The 13C-NMR spectrum (Fig 3.2) exhibits a carbonyl carbon at δC 

161.9, the carbon atom bearing three bromine atoms at δC 65.7 and two peaks at 29.5 

and 13.7 belonging to methylene and methyl carbons, respectively. 

 

 The synthesis of Br3CCOCBr3 could be achieved by the reaction of acetone, 

bromine and sodium acetate in glacial acetic acid as previously described [44].    
 

 

 

 

Although Br3CCOCBr3 was prepared in 1969 [43], only two reports involving the 

synthesis of bioactive compounds have been addressed [45-46]. 

The 13C-NMR spectrum (Fig 3.3) exhibits a carbonyl carbon at δC 173.5 and 

the other peak of the carbon bearing bromine atoms at δC 24.5. 

Since these two prepared brominating agents are new, the purity of these 

reagents were thoroughly checked by HPLC column (Nova-Pak normal phase) using 

hexane: isopropanol 95:5, expressing 100% purity (Fig 3.4). 

 

 

23

H3C CH3

O
+ 3Br2

       NaOAc

AcOH Br3C CBr3

O

60%
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Figure 3.1  The 1H-NMR spectrum of Br3CCO2Et  

Figure 3.2  The 13C-NMR spectrum of Br3CCO2Et  
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Figure 3.3 The 13C-NMR spectrum of Br3CCOCBr3  

Figure 3.4  HPLC chromatogram of (A) Br3CCO2Et and (B) Br3CCOCBr3  
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3.2 Conditions Optimization for the Preparation of Alkyl Bromides 

 Various factors including types of brominating agent, molar ratio of PPh3 to 

brominating agent, reaction time and temperature were scrutinized to search for new 

appropriate brominating agents and to evaluate for the optimal conditions for the 

conversion of alcohols to alkyl bromides. 2-Phenethyl alcohol was selected as a 

chemical model. 

 
3.2.1 Effects of Types of Brominating Agents  

 Certain brominating agents used in this research are commercial available, i.e., 

1,2-dibromoethane (BrCH2CH2Br), bromotrichloromethane (BrCCl3), tribromoacetic 

acid (Br3CCO2H) and tetrabromomethane (CBr4). The other two, Br3CCO2Et and 

Br3CCOCBr3 were obtained from the synthesis as described in 3.1. The effect of types 

of brominating agents was carefully examined and the results are presented in Table 

3.1. 

 
Table 3.1    The effects of brominating agents on the conversion of 2-phenethyl  

         alcohol to 2-phenethyl bromide 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OH

0.25 mmol

PPh3(1.5 eq)
Brominating agent (1.5 eq)

CH2Cl2, RT, 30 min

Br

Entry Brominating agent
% yield *

2-Phenethyl 
bromide

Recovered
alcohol Other

Σ

1

2

3

4

5

6

7

none

BrCH2CH2Br

BrCCl3

Br3CCO2H

CBr4

Br3CCO2Et

Br3CCOCBr3

trace

trace

21

82

96

95

98

98

100

41

trace

trace

trace

trace

trace

trace

40a

16b

trace

trace

trace

98

100

102

98

96

95

98

* % yield is determined by 1H-NMR using toluene as an internal standard
a % Yield of PhCH2CH2Cl
b % Yield of Br3CCO2CH2CH2Ph
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Figure 3.5  The 1H-NMR spectrum of 2-phenylethyl alcohol, 2-phenylethyl 

chloride and 2-phenethyl bromide in the crude reaction mixture  

 

% Yield of 2-phenethyl bromide was determined by 1H-NMR from the crude 

reaction mixture with the addition of toluene as an internal standard. The example of 

the crude reaction mixture using BrCCl3 is presented in Fig 3.5. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 Considering the effect of brominating agents on the conversion of 2-phenethyl 

alcohol to 2-phenethyl bromide, it was observed that when the reaction was carried 

out in the absence of brominating agent (entry 1), no reaction took place. The reaction 

using BrCH2CH2Br (entry 2) provided the desired product only in trace amount. 

Interestingly, two corresponding alkyl bromide and alkyl chloride were detected in 

21% and 40% yield, respectively when BrCCl3 was used (entry 3). This observation 

could be explained that PPh3 reacted with either chlorine or bromine atoms in BrCCl3 

to generate phosphonium salt intermediate. The intermediate formed was then 

converted to the corresponding alkyl bromide or chloride. Although bromine was a 

more reactive species than chlorine, the yield of 2-phenethyl bromide was obtained in 

lower yield than that of 2-phenethyl chloride. It was therefore conceivable that the 

yield of the desired product from these two competitive pathways was depended on 

Br

H H

δH 3.52 (t, J = 7.5 Hz) 
 

Cl 

Br 
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the amount of chlorine/bromine as 3/1 present in the reagent. The chance for PPh3 to 

react with chlorine could be statistically three folds more than bromine atom.  

 

Cl

PPh3 CBrCl2 Cl PPh3 +Cl CBrCl2

OH

O P
Ph

Ph
Ph Cl

Br

PPh3 CCl3 Br PPh3 +Br CCl3

OH

O P
Ph

Ph
Ph Br

 
Comparing the results in entry 2 with those in entries 4-7, it was clearly seen 

that the structure of brominating agent was greatly affected on the reactivity of the 

reaction. The brominating agent bearing more affinity electron-withdrawing group, 

for instance, entry 4 (Br3CCO2H) provided the desired product in higher yield. This 

was also observed for the case of entries 5-7 using CBr4, Br3CCO2Et and 

Br3CCOCBr3, respectively. In the case of using Br3CCO2H (entry 4), the reaction still 

gave good yield of 2-phenethyl bromide (82%), however the side-reaction product as 

2-phenethyl tribromoaceate (Br3CCO2CH2CH2Ph) was also detected. The occurrence 

of the latter was confirmed by comparing with authentic specimen obtained from the 

synthesis [42-43]. 

Regarding to the efficiency of brominating agents investigated, it could be 

arranged as shown below.   

     

       Br3CCO2Et ~ Br3CCOCBr3 ~ CBr4 > Br3CCO2H >   BrCCl3 > BrCH2CH2Br  

 

 Based upon the results attained, Br3CCO2Et, Br3CCOCBr3 and CBr4 are potent 

brominating agents. CBr4 has been reported as a brominating agent in literature for 

decades [11, 17 and 47]. On the other hand, Br3CCO2Et and Br3CCOCBr3 are new 

brominating agents which have not been reported elsewhere. Thus, it is justified to 

work on these two brominating agents in more details. 
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3.2.2   Effects of Molar Ratio of PPh3:Brominating Agent 

 The effect of molar ratio of PPh3 and brominating agents was investigated 

with the aim to attain the most appropriate ratio of the combination. Br3CCO2Et, 

Br3CCOCBr3 and CBr4 were selected as brominating agents. The results are 

demonstrated in Table 3.2. 

 
Table 3.2 Effects of molar ratio of PPh3:brominating agent on the conversion of   

2-phenethyl alcohol to 2-phenethyl bromide 

 

OH

0.25 mmol

PPh3 
Brominating agent

CH2Cl2, RT, 30 min

Br

Entry Brominating 
agent

yield*

2-Phenethyl 
bromide

Recovered
alcohol

Σ

1

2

3

4

5

6

7

8

9

10

11

12

Br3CCO2Et

Br3CCOCBr3

Molar ratio of
PPh3 : Brominating

             agent

1.0  :  1.0

1.5  :  1.5

1.5  :  1.0

1.5  : 1.0

1.5  :  0.5

2.0  :  0.5

1.0  :  1.0

1.5  :  1.5

1.5  :  1.0

1.5  :  0.5

1.5 :  0.3

1.5 :  0.3

78

95

96

  98a

78

67

77

98

99

99

98

  98a

21

-

-

-

28

34

24

-

-

-

-

-

99

95

96

98

105

101

101

98

99

99

98

98
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Table 3.2 (continued) 

Entry Brominating 
agent

yield*

2-Phenethyl 
bromide

Recovered
alcohol

Σ

13

14

15

16

17

18

CBr4

* Determined by 1H-NMR using toluene as an internal standard
a 5 min at RT

Molar ratio of
PPh3 : Brominating

             agent

1.5  : 0.25

1.0  :  1.0

1.5  :  1.5

1.5  :  1.5

1.5  :  1.0

1.5  :  0.5

74

77

96

  97a

90

42

27

23

-

-

11

57

101

100

96

97

101

99

  
As the results presented in Table 3.2, it was found that the suitable ratio of 

PPh3:brominating agent for conversion of 2-phenethyl alcohol to 2-phenethyl bromide 

was 1.5:1 (entry 3) in case of using Br3CCO2Et, whereas for Br3CCOCBr3 and CBr4, 

they were 1.5:0.3 equivalent (entry 11) and 1.5:1.5 equivalent (entry 15), respectively. 

This result showed that the required amount of brominating agent was relied on type 

of brominating agent. To illustrate this, the reagents bearing electron-withdrawing 

groups enhanced the reactivity. When Br3CCOCBr3 was employed, only 0.3 

equivalent was necessary.  

It should be also mentioned at this point that the conversion of 2-phenethyl 

alcohol to 2-phenethyl bromide under these particular conditions requires the short 

reaction time as 15 min. Further experiments to lessen the reaction time clearly 

revealed that only 5 min was enough to convert 2-phenethyl alcohol to 2-phenethyl 

bromide almost quantitatively (entries 4, 12 and 16). 

 
3.3 Application of Developed Procedures for the Synthesis of Alkyl Bromides 

 Since the optimized reaction conditions such as types of brominating agents, 

ratio of PPh3:brominating agent and reaction time could be achieved as previously 

discussed. The scope of the reaction to convert various alcohols into their 

corresponding bromides using two selected brominating agents, Br3CCO2Et and 

Br3CCOCBr3 was further explored and the results are displayed in Table 3.3. 
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Table 3.3  Conversion of alcohols to alkyl bromides using Br3CCO2Et/PPh3 and  

       PPh3/Br3CCOCBr3 systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ROH RBr

PPh3 (1.5 eq) 
Brominating agent

CH2Cl2, RT, 15 min1eq

Entry ROH Brominating 
agent

% yield*

Alkyl bromide Olefin
Σ

1

2

3

4

5

6

7

8

Br3CCO2Et

Br3CCO2Et

Br3CCOCBr3

Br3CCO2Et

Br3CCO2Et

Br3CCOCBr3

Br3CCO2Et

Br3CCO2Et

Br3CCOCBr3

Br3CCO2Et

Br3CCOCBr3

Br3CCO2Et

Br3CCOCBr3

Br3CCO2Et

OH

OH

OH

OH

OH

OH

OH

OH

98

82a

98

98

quant

97

78a

97

quant

72

84

74

80

98

-

-

-

-

-

-

-

26

15

27

19

-

98

98

98

quant

97

97

quant

98

99

101

99

98
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Table 3.3 (continued) 

Entry ROH Brominating 
agent

% yield*

Alkyl bromide Olefin
Σ

9 

10

11

12

Br3CCO2Et 

Br3CCOCBr3

Br3CCO2Et

Br3CCO2Et

Br3CCO2Et

46

67

36a

51a

86a,b

52a

87a,b

48

30

94

97
OH

OH

OH

OH

OH
OH

* Determined by 1H-NMR using toluene as an internal standard

 a Isolated yield

 b Molar ratio of PPh3:Br3CCO2Et is 3:2  
 
According to the results presented in Table 3.3, all primary alcohols (entries 1-

4) and an aliphatic secondary alcohol (entry 5) could be completely converted to the 

corresponding alkyl bromides in excellent yields within 15 min. Secondary benzylic 

alcohol could be converted into the corresponding bromide in excellent yield (entry 

8). The transformation of 1-adamantanol to alkyl bromide could be achieved in 

moderate yield (entry 10) together with a recovered alcohol substance. Interestingly, 

the amount of reagent, temperature and reaction time had very little influence on the 

product yield. The reaction of diols and brominating agent was carried out (entries 11-

12), only dibromoalkanes were detected. Although, the amount of Br3CCO2Et was 

decreased from 6 to 3 eq with the aim to produce monobromoalkanes, the recovered 

alcohol was observed and the formation of dibromoalkanes was still detected in 

moderate yield.  

 In the case of cyclic alcohols (entries 6-7), besides the main product as 

bromides, the corresponding alkenes derived from β-elimination could be detected. 

Pluempanupat and coworkers [49] reported that using PPh3/chlorinating agent for the 
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Scheme 3.1  Two mechanistic pathways towards the formation bromocyclooctane 

and cyclooctene 

conversion of cyclooctanol and cyclododecanol (Table 3.4, entries 1-2) to the 

corresponding chlorides provided the ratio of alkyl chloride to alkene approximately 

1:1. The substitution and elimination reactions often occurred competitively. Which 

reaction was favored would depend on several factors such as nucleophile (or base), 

substrate and solvent [19, 49]. Two competitive mechanistic pathways towards the 

formation of alkyl bromide and alkene are depicted in Scheme 3.1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Both chloride and bromide ions generated could undergo concomitantly 

substitution and elimination reactions. The bromide ion is more nucleophilic than 

chloride. In the case of using brominating agent, alkyl bromides as major products 

and alkenes as minor ones were observed. This clearly supported the concept of the 

nucleophilicity in the substitution reaction. In the event that using poor nucleophile, 

competitive elimination reactions also took place. 
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Table 3.4  The comparison of the conversion of cyclic and tertiary alcohols to the 

corresponding chloride or bromide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
From the results in Table 3.4, it was observed that the conversion cyclic 

alcohols into alkyl bromides afforded olefins lass than in case of the formation alkyl 

chlorides (entries 1-2). While tertiary alcohol such as phenyl-2-propanol which can 

generate a stable carbocation provided an olefinic product in 28% yield. But olefin 

were found significantly increased when formation of alkyl bromide. 

The conversion of a tertiary alcohol as 2-phenyl-2-propanol into its 

corresponding bromide was accomplished in moderate yield with equal amount of the 

elimination product (entry 9). This may arise from the influence of phenyl substituent 

at the tertiary carbon atom which may enhance the competition between SN1 and E1. 

While in the case of conversion into chloride using chlorinating agent, the elimination 

Entry ROH Halogenating 
agent

% yield*

Alkyl halide Olefin
Σ

1

2

3

Cl3CCONH2
a

Br3CCO2Et

Br3CCOCBr3

Cl3CCONH2
a,b

Br3CCO2Et

Br3CCOCBr3

Cl3CCONH2
c

Br3CCO2Et 

Br3CCOCBr3

OH

OH

OH

56

72

84

42

74

80

71

58

67

40

26

15

57

27

19

28

48

35

96

98

99

99

101

99

99

106

102

* Determined by 1H-NMR using toluene as internal standard

a The previous work addressed by Pluempanupat [49]

 b Reaction time was 60 min 

CH2Cl2, RT, 15 min0.25 mmol

Halogenating agent

ROH RX  +  Olefin

X = Br, Cl

PPh3
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product was obtained less than in the case of bromide (Table 3.4, entry 3). In addition, 

bromide is both a good nucleophile and a good leaving group than chloride, thus once 

alcohol was converted into alkyl bromide, it may rapidly transform to olefin by E1 

mechanism. 

 The capability of this developed brominating agents, Br3CCO2Et and 

Br3CCOCBr3, can be applied for the conversion of structurally different alcohols to 

their bromides under mild conditions. These reagents would act rapidly and requires 

short reaction time consuming than other brominating agents which were reported 

such as PPh3/ N-bromoacetamide [50], PPh3/ ZnBr2 [51] and PPh3/ CBr4 [15]. 

Moreover, this process could not generate by-product that is corrosive chemicals and 

invariably makes the conditions become acidic such as HBr gas in system of PPh3/N-

bromosuccinimide [52] and PPh3/Br2[9]. 

 
3.4 Stereoselectivity Study  

Stereoselectivity study of this developed method was performed by using 

optically active substrates, (-)-cholesterol and (-)-(R)-2-octanol.  

A stirred solution of (-)-cholesterol (1 eq) or (-)-(R)-2-octanol (1 eq) and PPh3 

(1.5 eq) in dry CH2Cl2 (4 mL) was successively added Br3CCO2Et (1 eq) at RT       

(30°C) under N2 atmosphere. After 15 min, the reaction mixture was evaporated to 

dryness and was purified by silica gel column using hexane as an eluent to yield the  

(-)-cholesteryl bromide in 82% and (+)-(S)-2-octyl bromide in 84% yield. 

 

 

 

 

  

 

 

 

 

 

 

 

PPh3 (1.5 eq)

CH2Cl2, RT, 15 min

3.0 mmol

Br3CCO2Et (1 eq)

82%, 100%ee

[α]
D
25

-39.0o (CHCl3) [α]
D
25 -31.3o (CHCl3)

HO
H

H

H H

H

H
Br

PPh3 (1.5 eq)

CH2Cl2, RT, 15 min3.0 mmol

Br3CCO2Et (1 eq)
OH Br

84%, 100%ee

[α] D
25

-9.4o (CH2Cl2) [α]
D
25

+39.7o (CH2Cl2)
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Under the standard protocol, a chiral alcohol [(-)-cholesterol [α]D
25 -39.0°, c = 

1.03, CHCl3 and (-)-(R)-2-octanol [α]D
25 -9.4°, c = 1.03, CH2Cl2] could be 

successfully transformed into the enantiomerically pure cholesteryl bromide ([α]D
25 -

31.3°, c = 1.11, CHCl3) and  (+)-(S)-2-octyl bromide ([α]D
25 +39.7°, c = 1.04, 

CH2Cl2) in good isolated yield with perfectly complete inversion of configuration.  

To illustrate this, the conversion of (-)-(R)-2-octanol into (+)-(S)-2-octyl 

bromide was clearly supported by the optical rotation value change from -9.4° to 

+39.7°. While the sign of the optical rotation of cholesterol did not change. This 

phenomena was, however, in good agreement with the conversion of cholesterol 

([α]D
25 -40.2°, c = 2.00, CHCl3) to cholesteryl chloride ([α]D

25 -31.5°, c = 1.00, 

CHCl3) reported in literature [53]. This result showed that the configuration of (-)-

cholesterol was completely converted to that of cholesteryl bromide. These two 

instances manifestly confirmed that the conversion of alcohols to the corresponding 

alkyl bromides using the combination of PPh3/Br3CCO2Et occurred via SN2 

mechanism.  

 
3.5 Relative Reactivity of Brominating Agents on the Formation of  

      Alkyl Bromide 

The conversion of alcohols to the corresponding bromides with various 

reagents has widely been studied [9, 15 and 50-52]. The reactivity of these 

brominating agents has nevertheless not yet been reported in literatures.  

The relative reactivity of brominating agents could be investigated using a 

competitive reaction between brominating and chlorinating agents towards alcohol. 

The reactivity of selected brominating agents was rationalized by the ratio of the yield 

of alkyl bromide and chloride obtained.  

2-Phenethyl alcohol (1 eq) was added to a mixture of Cl3CCN (0.75 eq) and a 

selected brominating agent (0.75 eq) in dry CH2Cl2 (0.5 mL). The mixture was treated 

with PPh3 (1.5 eq) under the developed system. After 15 min, the crude mixture was 

evaporated to dryness and both alkyl halides were determined by 1H-NMR with the 

addition of toluene as an internal standard. The example of the crude reaction mixture 

using Cl3CCN and Br3CCO2Et is depicted in Fig 3.6. 

The comparative study on a relative reactivity of various brominating agents 

towards the conversion of alcohols to alkyl bromides is described in Table 3.5. 
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Figure 3.6 The 1H-NMR spectrum of 2-phenylethyl chloride and 2-phenylethyl 

                     bromide in the crude mixture from the competitive reaction of 

                     Cl3CCN and Br3CCO2Et  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.5 Relative reactivity of selected brominating agents on the bromination of  

 2-phenethyl alcohol 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cl 

Br 

* Determined by 1H-NMR using toluene as an internal standard

a Based on Br3CCO2Et

OH Br Cl
+

PPh3  (1.5 eq)

Cl3CCN (0.75 eq)
Brominating agent (0.75 eq)

CH2Cl2, RT, 15 min
0.25 mmol

Entry Brominating
agent

%yield* RBr/RCl Reactivitya

RBr RCl

1

2

3

4

CBr4    

Br3CCO2Et     

Br3CCOCBr3   

Br3CCONEt2

51

41

80

47

50

62

18

52

1.02

0.66

4.44

0.90

1.55

1

6.73

1.36
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 Considering the reactivity of brominating agents on the formation of alkyl 

bromides compared with Cl3CCN as a reference, it could be concluded that the 

reagent bearing strong electron-withdrawing group as Br3CCOCBr3 revealed the 

highest reactivity. Other reagents: CBr4, Br3CCONEt2 and Br3CCO2Et, displayed the 

same level of reactivity. 

 
3.6 Conditions Optimization for Preparing Acid Bromides 

 The search for suitable conditions for the preparation of acid bromide is the 

main purpose of this section. Br3CCOCBr3 was selected as a brominating agent since 

it was discovered as a new reagent, thus there was no information on this regards. 

Nevertheless, several parameters are indeed necessary to explore prior to reach the 

optimal conditions. It should be noted at this point that the acid bromide formed is 

quite unstable, in this study it was thus designed to transform the acid bromide 

generated in the reaction into a more stable product such as amide. The selected 

amide in this study was 2-phenylethylamine to afford N-phenethylbenzamide. The 

effect of molar ratio of PPh3:Br3CCOCBr3 on the formation of acid bromide is 

examined as presented in Table 3.6.   

 
Table 3.6    Effect of the molar ratio of PPh3:Br3CCOCBr3 on the preparation of  

                    acid bromide 

  

 

 

 

 

 

 

 

 

 

 

 

  

Br3CCOCBr3 (1 eq)

4-picoline (3 eq)
RT, 20 min

OH PPh3

3 mmol (1 eq)

O

CH2Cl2, reflux 1 h

NH2

N
H

O

Br

O

Entry PPh3 : Br3CCOCBr3 % Isolated yield

1

2

3

4

2.0 : 1.0

2.0 : 0.5

2.0 : 0.3

2.0 : 0.2

83

81

89

80
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Table 3.6 shows the effect of the molar ratio of PPh3:Br3CCOCBr3 for the 

generation of acid bromide. Interestingly, Br3CCOCBr3 could be employed as 0.3 

equivalent based on starting benzoic acid. The suitable molar ratio of 

PPh3:Br3CCOCBr3 found was 2.0:0.3 equivalent (entry 3).  

 Two parameters: temperature and reaction time for the production of acid 

bromides were next examined. The results are collected as shown in Table 3.7. 

 
Table 3.7    Effects of temperature and reaction time on the synthesis of acid bromide 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.7 exhibits the effect of various temperatures and reaction time of step I 

while that of step II was fixed for 20 min at RT. The results clearly displayed that the 

reaction temperature was not the main influence on the reaction. Whether the reaction 

was performed at reflux or RT, the same extent of the product was achieved (entries 

1-2). The reaction time in step I was then varied for 5, 15, 30 and 60 min, it was quite 

interesting that this transformation is very efficient since the time required is only 5 

min (entries 3-5). Other independent experiments were carried out using Cl3CCONH2 

replacing Br3CCOCBr3, the reactions could take place but poor yield of the desired 

product was obtained (entries 6-7). This implied that this new brominating agent is 

Br3CCOCBr3(0.3 eq) (1 eq)

4-picoline ( 3 eq)
RT, 20 min

OH PPh3 (2 eq)
O

CH2Cl2

NH2

N
H

O

X

O

3 mmol (1 eq)

Step I Step II

Entry Reaction temperature Reaction time of 
step I  (min)

% Isolated yield

1

2

3

4

5

6

7

reflux (38-40oC)

RT (28-30oC )

RT (28-30oC )

RT (28-30oC )

RT (28-30oC )

RT (28-30oC )

RT (28-30oC )

60

60

30 

15

5

15

15

89

88

88

88

87

6a

40b

a PPh3 : Cl3CCONH2 2 : 0.3 was used 

 b PPh3 : Cl3CCONH2  2 : 2  was used

X= Br, Cl



 40

effective to generate acid bromide which has already known to be more reactive than 

acid chlorides [5]. Moreover, the acid bromide formed could transform into the 

desired amide in only 20 min at RT. 

 The question that the reaction time of 20 min was really needed for the 

transformation of the acid bromide intermediate to the desired amide was raised. A 

series of experiment was designed to answer this question and the results are 

presented in Table 3.8.   
 
Table 3.8    Effect of reaction time in step II on the conversion acid bromide to 

                    amide 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 
 Table 3.8 manifestly shows that under the standard conditions performed, the 

real reaction required for step II was only 5 min at RT (entries 1-3). Therefore, the 

standard condition for the synthesis of amide acid via acid bromide was totally 10 min 

at RT. This new procedure is notably quite efficient and effective. In addition, the 

experiment performed to check the importance of 4-picoline in the reaction was 

carried out and it was found that without 4-picoline, the yield of the desired product 

was significantly decreased (entry 4). This result implied that the method required 

base as 4-picoline for activating the reaction process. In addition, the advantages of 

the present method and reagent reported over other reagents such as TsCl [32], SOCl2 

[7, 54], and (COCl)2 [24, 43] are 1) a few amount of brominating agent was required. 

Br3CCOCBr3(0.3 eq) (1 eq)

4-picoline ( 3 eq)
          RT

OH PPh3 (2 eq)
O

CH2Cl2, RT, 5min

NH2

N
H

O

Br

O

3 mmol (1 eq )

Step I Step II

Entry Reaction temperature Reaction time of 
step II  (min)

% Isolated yield

1

2

3

4

RT (28-30°C )

RT (28-30°C )

RT (28-30 °C)

RT (28-30°C )

20

10

5

5

87

89

88

72a

a 4-picoline was not used
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2) the reaction could perform smoothly and rapidly under mild conditions at RT and 

3) this reaction did not generate toxic gases as byproduct.  

 
3.7    Application of the Developed Procedures for the Synthesis of Carboxylic  

       Acid Derivatives 

Stemmed from the successfulness of using this developed methodology to 

synthesize the desired amides, this general procedure was further extended to 

investigate the one-pot conversion of carboxylic acid into their derivatives including 

amides, esters, acid anhydrides and thioesters. 

 
3.7.1 Synthesis of Amides 

Utilizing the optimal conditions as previously described, various carboxylic 

acids and amines were chosen. The results of the synthesis of amides using this 

methodology are collected as tabulated in Table 3.9. 
 
Table 3.9   The synthesis of amides using PPh3/Br3CCOCBr3 system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R OH

O Br3CCOCBr3(0.3 eq)
PPh3 (2 eq)

CH2Cl2, RT, 5 min
R N

O
R'

R''

amine (1 eq)
4-picoline (3 eq)

       RT, 5 min
3 mmol (1 eq )

Entry Target amides Isolated yield(%)

1

2

3

4

5

88

89a

73

42

78

N
H

O

N
H

O

N

O

N

O

N

O
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Table 3.9 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Both aliphatic and aromatic carboxylic acids could be transformed into their 

amides in quantitative yield using 2-phenylethanamine (entries 1-2). In the case of 

secondary amine such as diethylamine being employed, the decreasing of the amount 

of products was observed, possibly because steric hindrance of nucleophile (entries 3-

6). Interestingly, when o-toluoic acid was used as a substrate, the amide product was 

obtained in poor yield (entry 4). While employing piperidine, a less sterically 

hindered nucleophile, the reaction proceeded to furnish the desired amide in 78% 

yield (entry 7). On the other hand, when p-nitrobenzoic acid, an aromatic carboxylic 

acid containing electron withdrawing group was used, the desired amide was slightly 

decreased (entry 6) comparing with o-toluoic acid bearing electron donating  group 

(entry 5). The overall results showed slight effects of the substituents on aromatic 

carboxylic acid either electron donating or withdrawing groups. This implied that the 

steric effect was more important for this reaction. In addition, when piperidine was 

employed, the desired amides were afforded in high yield (entries 7-9).  

 

 

 

a  30 min at reflux in step I

N

O

O2N

N

O

Entry Target amides Isolated yield(%)

6

7

8

9

67

78

95

86

O

O

N

O

O

O

N

O



 43

3.7.2 Synthesis of Esters and Thioesters  

 Further applications of this methodology were extended for the synthesis of 

carboxylic esters and thioesters. The results are presented in Table 3.10. 
 
Table 3.10   Synthesis of esters and thioesters using PPh3/Br3CCOCBr3 system 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R OH

O
Br3CCOCBr3(0.3 eq)

PPh3( 2.0 eq)
R X

O
R'

3 mmol (1 eq)
4-picoline ( 3 eq)CH2Cl2

Step I Step II

X= O, S

Entry Products Isolated yield(%)

1

2

3

4

5

6

86a

90a

47a

70b

tracea

91c

95a

92a

O

O

O O

OCl

Cl

O

O

O

O

S

O

Cl

Cl

O S

O

a  5 min at RT in step I and  5 min at RT in step II

 b  5 min at RT in step I and 30 min at reflux in step II

 c  30 min at reflux in step I and 5 min at RT in step II

R'XH (1eq)
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 Carboxylic esters and thioesters could be prepared under similar conditions 

used for that of amides, but changing nucleophile to alcohols and thiols, respectively. 

Table 3.10 reveals the effect of substrate and nucleophile (alcohol and thiol). It was 

observed that in the case of simple carboxylic acids under standard conditions, the 

corresponding esters and thioesters could accomplishly attained (entries 1-2 and 5-6). 

A steric nucleophile such as cholesterol (entry 3) gave low yield at RT. With the aim 

to lift up the yield of the target molecule, increasing temperature in step II 

successfully increased % yield of the desired product. On the other hand, aliphatic 

carboxylic acid with long chain hydrocarbons such as stearic acid also needed to 

prolong the reaction time and temperature in step I to achieve the high yield of the 

desired product (entry 4). The synthesis of esters and thioesters using the same 

starting material revealed that the yield of thioesters was higher than that of esters. 

This was undoubtful because of the better nucleophilic activity of thiol [23, 49].  

Although, the yields of the desired products were not significant differences 

between the developed method and previous reported methods: using Ph3PBr2 [26], 

AgBF4 [55] and PPh3/Cl3CCONH2 [56]. The advantages of the present method are 

quite easy procedure, short reaction time and in many cases the reaction can be 

performed at RT. 

 
3.7.3 Synthesis of Acid Anhydrides 

 Carboxylic acid anhydride is another important carboxylic acid derivative. 

Generally it can be prepared by reacting a carboxylic acid with an acyl halide [5, 7, 

28]. Under standard conditions, using this developed methodology, symmetrical acid 

anhydride could fruitfully be prepared. In addition some anhydrides are prepared by 

dehydrating two carboxylic acid molecules [57]. The results are tabulated in Table 

3.11. 
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Table 3.11   Synthesis of symmetrical acid anhydrides from carboxylic acids using  

         PPh3/Br3CCOCBr3 system 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
 

It could be clearly seen from the above results that this general protocol could 

be applied for the synthesis of symmetrical acid anhydrides from carboxylic acid. The 

stoichiometry of the reaction needs however to be considered. Half of carboxylic acid 

was converted to acid bromide, while the rest carboxylic acids would act as a 

nucleophile attacking the acid bromide previously formed. Under the standard 

conditions: only 10 min at RT was still needed with the results of high yield of the 

target products for aromatic carboxylic acid such as benzoic acid and 2-naphthoic 

acid. On the other hand, poor nucleophile such as stearic acid, aliphatic carboxylic 

acid with long chain hydrocarbon, the reflux temperature was necessary. However, 

the synthesis of stearic anhydride under reflux condition gave a high yield.  

The present method has an advantage over the preparation of aromatic 

carboxylic acid anhydride by thermal dehydration.  That was because this reaction 

R OH

O

R O

O

6 mmol ( 2 eq)

R

OBr3CCOCBr3( 0.3 eq)
PPh3( 2 eq)

4-picoline( 3 eq)
CH2Cl2

Entry Acid anhydrides Isolated yield(%)

1

2

    

3

O

O O

O

O O

O

O O

89a

81a

78b

      a  10 min at RT 

      b  30 min at reflux
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could be performed at RT. Moreover, this developed reagent, Br3CCOCBr3 required 

short reaction time consuming than other brominating agents which was afored 

reported such as PPh3/Br3CCO2Et [39]. In addition this method did not generate 

corrosive by-product and toxic chemicals such as HCl and SO2 gas in the reaction 

using SOCl2 [38]. 

 
3.8    Chemoselectivity Study 

The selection of good and reliable method or reagent is crucial in organic 

synthesis. The chemoselectivity of four selected halogenating agents: Br3CCOCBr3, 

Cl3CCN, Cl3CCONH2 and Cl3CCOCCl3 towards aromatic carboxylic acid using 

benzoic acid as a model and aromatic sulfonic acid using benzenesulfonic acid as a 

model was studied. The results are demonstrated in Table 3.12. 
 
Table 3.12   The chemoselectivity study of halogenating agents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5 mmol ( 0.5 eq)  Halogenating agent
PPh3 ( 2 eq)

CH2Cl2

S
O

O
OH

1.5 mmol ( 0.5 eq)

C
O

OH

+

N
H

O(1 eq)

4-picoline ( 3 eq)
RT

NH2

S
O

O
N
H

A

B

Entry Halogenating 
agent

Molar ratio of
PPh3 : Halogenating agent

% yield
A B

1

2

3

4

5

Br3CCOCBr3

Cl3CCN

Cl3CCONH2

Cl3CCOCCl3

Cl3CCOCCl3

2.0 : 0.3a

2.0 : 2.0b

2.0 : 2.0b

2.0 : 2.0b

2.0 : 0.3a

trace

11

trace

trace

trace

90

89

92

36

86

Step I Step II

a  5 min at RT in step I and  5 min at RT in step II

b  30 min at reflux in step I and 20 min at RT in step II
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The competitive reactions were performed between benzoic acid and 

benzenesulfonic acid. The results showed high selectivity in the case of using 

Br3CCOCBr3, Cl3CCONH2 and Cl3CCOCl3 (entries 1, 3-4) to yield only sulfonamide 

(product B). Both Cl3CCONH2 and Cl3CCOCl3 however displayed lower reactivity 

than Br3CCOCBr3. The reactivity comparison of chlorinating agents was studied and 

reported by Pluempanupat et al. [58]. Both Cl3CCONH2 and Cl3CCOCl3 exhibited 

lower reactivity than Cl3CCN. In this research, the reactivity of Br3CCOCBr3 was 

studied and revealed the highest reactivity as presented in Table 3.5. Recent study has 

shown that Br3CCOCBr3 is more reactive than Cl3CCN [58]. In addition, the use of 

Cl3CCN with the substrates containing both carboxylic acid and sulfonic acid was not 

chemoselective since a mixture of products A and B was detected (entry 2). 

 
3.9  Reactivity of Brominating Agents on the Formation of Acid Bromide 

 The reactivity of brominating agents for the conversion of alcohols into the 

bromides was previously studied. In this part the reactivity of various brominating 

agents for transforming carboxylic acids to acid bromides was studied. The same 

trend of reactivity of brominating agents for the formation of alkyl bromides was 

observed. The reactivity of brominating agents for conversion carboxylic acids into 

acid bromides in addition has nevertheless not yet been reported in literatures.  

The reactivity of brominating agents was investigated using a competitive 

reaction between brominating and chlorinating agents towards carboxylic acid. The 

reactivity of selected brominating agents was rationalized by the ratio of the yield 

ratio of acid bromide and chloride obtained.  

2,2-Diphenylacetic acid (1 eq) was added to a mixture of Cl3CCONH2 (0.75 

eq) and selected brominating agents (0.75 eq) in an NMR tube. The mixture was 

treated with the solution of PPh3 (1.5 eq) in CDCl3. After 15 min, the crude mixture 

was determined both acid bromide and chloride by 1H-NMR in the crude mixture with 

the addition of toluene as an internal standard. 

The study of a relative reactivity of various brominating agents towards the 

formation of acid bromide is described in Table 3.13. 
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Table 3.13 Relative reactivity of selected brominating agents on the bromination of  

 2,2-diphenylacetic acid 

 

 

 

 

 

 

 
  

 

  

 

 

  

 
 Considering the reactivity of brominating agents on the formation of acid 

bromides compared with Cl3CCONH2 as a reference, Br3CCOCBr3 displayed the 

highest reactivity among all brominating agents. The reactivity of brominating agents 

on the preparation of acid bromides could be arranged in order from the highest 

reactivity to the lowest as: Br3CCOCBr3 > Br3CCO2Et > CBr4. It should also be 

mentioned that the reactivity of brominating agents on the bromination of alcohol 

could be arranged not in the same trend as those observed for acid bromide as 

Br3CCOCBr3 > CBr4. > Br3CCO2Et. This result indicated the reactivity of 

brominating agents markedly depended on type of substantes. 

 
3.10 Stability of Br3CCOCBr3 

The information about Br3CCOCBr3 reported in literature involved only its 

preparation and m.p. [44]. No other information is available. Since Br3CCOCBr3 was 

disclosed in this study as a new brominating agent, the stability of this reagent should 

therefore be studied. Two parameters were selected to test for the efficacy of 

Br3CCOCBr3 including the stability of this reagent under UV radiation and the 

temperature of 80 °C during its storage. The sample which kept under the 

environments studied was used as a brominating agent to convert 1-phenylethanol to 

PPh3  (1.5 eq)

Cl3CCONH2 (0.75 eq)
Brominating agent (0.75 eq)

CH2Cl2, RT, 5 min   0.25 mmol

Entry Brominating
agent

% yield* A/B Reactivitya

A B

1

2

3

4

none

CBr4    

Br3CCO2Et     

Br3CCOCBr3

-

54

84

95

44

52

14

6

-

1.04

6.00

15.83

-

1

5.77

15.22

Ph

Ph OH

O Ph

Ph Br

O Ph

Ph Cl

O

A B

+

* Determined by 1H-NMR using toluene as an internal standard
 a Based on CBr4
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1-phenylethyl bromide compared with the standard one kept in a dessicator. The 

results are accumulated as shown in Tables 3.14-3.15. 

 
Table 3.14   Stability of Br3CCOCBr3 at 80οC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.15   Stability of Br3CCOCBr3 under UV radiation  

 

 

 

 

 

 

 

 

 
 Tables 3.14-3.15 show the stability of Br3CCOCBr3 which was kept at 80οC 

for different durations. 1-Phenethyl bromide was still obtained in an excellent yield, 

OH

0.25 mmol

PPh3(1.5 eq)
Br3CCOCBr3 (0.3 eq)

CH2Cl2, RT, 15 min

Br

Entry yield*

1

2

3

4

5

6

7

8

* Determined by 1H-NMR using toluene as an internal standard

96

99

quant

quant

96

99

quant

quant

Time (h)

1

2

3

4

5

6

24

48

Entry yield*

1

2

3

4

* Determined by 1H-NMR using toluene as an internal standard

96

quant

95

97

Time (h)

1

3

5

7
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even though Br3CCOCBr3 was kept under that condition for a long time. In the case 

of UV radiation, the same results were obtained. 

 This study disclosed the efficient procedure for the preparation of acid 

bromides using PPh3/Br3CCOCBr3 under mild conditions. The method can be 

fruitfully applied for the synthesis of various carboxylic acid derivatives such as 

amides, esters, acid anhydrides and thioesters in one-step. Moreover, the chemical 

property of Br3CCOCBr3 such as reactivity, stability and chemoselectivity was indeed 

thoroughly studied.  

  

 

 

 

 

 

 

 



CHAPTER IV 

 

CONCLUSION 
 

The purpose of this research is to investigate and to develop the new brominating 

agent to utilize in combination with PPh3 and to explore the optimum conditions for the 

formation of alkyl bromides and acid bromides under mild conditions. The application of 

the developed methodology for the synthesis of carboxylic acid derivatives such as 

amides, esters, acid anhydrides and thioesters was also carefully explored.  

The conversion of alcohols into their alkyl bromides utilizing a combination of 

PPh3/Br3CCO2Et and PPh3/Br3CCOCBr3 could be smoothly converted to the 

corresponding alkyl bromides in high yield under mild conditions at RT within short 

reaction time. Primary and secondary alcohols appeared to be the most reactive substrates 

yielding the corresponding bromides via SN2 displacement. Although olefinic products 

were obtained from the reaction of secondary cyclic alcohols, this method produced 

olefins less than in the case of using PPh3/Cl3CCONH2. The steric hindrance of tertiary 

alcohols strongly affected to afford low yield of desired bromides and consequently to a 

large production of olefin.      

 PPh3/Br3CCOCBr3 could also use to prepare acid bromides which then possible to 

transform to carboxylic acid derivatives. This developed protocol was indeed disclosed to 

be an efficient system to synthesize amides under mild and rapid conditions. In addition 

this study demonstrated slight effects of the substituents on aromatic carboxylic acid 

either donating and electron-withdrawing groups and implied that steric effect revealed 

more important for this reaction. Esters and thioesters could be prepared under similar 

conditions for those of amides. In the case of steric nucleophile, step II was required 

longer time and high temperature. On the other hand, the reaction with long chain 

carboxylic acid needed to prolong the reaction time and high temperature in step I. In 

addition, the synthesis of esters and thioesters using the same starting material revealed 

that the yield of thioesters was higher than that of esters.  
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 This general protocol could also be applied for the synthesis of symmetrical 

acid anhydrides directly from carboxylic acid. The aromatic carboxylic acid could 

transform into the desired acid anhydrides in only 10 min at RT. However, the long 

chain carboxylic acid anhydride needed to synthesize under reflux condition giving 

quantitative yield. 

 The chemical property of brominating agents such as the reactivity, 

chemoselectivity and stability were studied. The reactivity for the conversion of 

alcohols to corresponding alkyl bromides showed the same reactivity as the formation 

of acid bromides. Br3CCOCBr3 displayed the highest reactivity over all brominating 

agents. Moreover, Br3CCOCBr3 demonstrated high chemoselectivity in the case of 

carboxamide and sulfonamide formation that only carboxamide was obtained. For 

stability study, it was found that Br3CCOCBr3 which was kept at 80°C for a long time 

was still behave as a good brominating agent. In case of UV radiation, the same 

results were obtained. 

 
Proposal for the Further Work 

 This research concerns with the development of brominating agents and 

methodology for the synthesis of alkyl and acyl bromides. This outcome opened many 

possibilities to deal with further exploration. 1) This methodology should be applied 

with Friedel-Crafts reaction and developed the new combination reaction for one pot 

synthesis. 2) The developed method should be used to prepare alkyl and acyl 

bromides in coupling reactions such as Suzuki coupling and 3) the utilization of 

Br3CCOCBr3 for the synthesis of acid bromides from aromatic aldehydes should be 

verified. 
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