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CHAPTER |

INTRODUCTION

1.1 Introduction

Nowadays, biodiesel has attracted much attention as a renewable energy to replace
diesel oil which is more expensive and its price'has+the trend to increase continuously.

Glycerol was generated about 10% by-product from biodiesel industry by via the
transesterification of vegetables oils. Although pure glycerol has been used in the wide
applications for examples. food, pharmaceutical and cosmetics industries but its high
costly to refine the crude glycerol from-biodiesel industry to a high purity that this process
isn’t sufficient to worth the'expense for medium and small biodiesel producers. Many
research projects have siudied possible ways on the value-added applications of crude
glycerol which generate fram biodiesel industfy. [1] Glycerol has been used as a starting
material for synthesis the valuable compouhd_s such as dihydroxyacetone, glyceric acid,
and glyceraldehyde. Oxidation reaction is an irrr_gdl-Jtstrial importance for converting glycerol
to the high-value added chemicak ' -

The past decades have reporied the use;of'lﬁypervalent iodine compounds as an
oxidizing agent in the oxidation reaction repl;acing toxic and heavy metal-containing
reagents then the reaction has used this reagent to be more environmental friendly reaction
condition. [2]

2-lodoxybenzoit acid (IBX) has been used as a mild oxidizing agent for the oxidation
of primary and secondary alcohols to aldehydes and ketones; respectively. In particular,
1,2-diols are converted tora-ketols or a-diketones without any oxidative cleavage of the
glycol C-C bond and 1,4-diols are oxidized to y-lactols.“Moreover IBX can oxidize amino
alcohols t@ amino carbonyls without protection of the amino group. [3,4] In the truth, IBX
is insoluble in_most organic, solvents which to disselve completely.in DMSO only. The
soluble efficiency of IBX in.organic selvents is first account to the application of IBX in
the organic synthesis, many projects were synthesized the solid-phase of IBX such as
polystyrene- and silica-supported with IBX. [5,6] These solid-phase reagents have
attracted much interesting in its qualities that expand the range of viable solvents, simplify

separation of byproducts from the reaction mixture, and facilitate recovery and reuse of



the oxidizing agent. Thus polymer-supported IBX has been interested in using as an
oxidizing agent for the oxidation reaction of glycerol.

1.2 Objectives

1. Literature survey g

2. Preparation of sUppo o 1 styrene and p-toluic acid.

3. Investigation of palyme sup ted 1B > \

4. Optimization of a cond 'ti':..""; ed IBX as an oxidizing agent in
the glycerol oxidation. _ =

5. Determination of the p ﬂ!’f"!?i idation by "H NMR.

[ | j
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CHAPTER I

THEORY AND LITERATURE REVIEWS

w rol is a trihydric alcohol. It is a

elts at 17.8 °C, boils with
I. The chemical formula for

2.1 Basic glycerol chemistry

1,2,3-Propanetriol whi

colorless, odorless, sweet-

decomposition at 290 °C, a
glycerol has showed in fi

of glycerol

\ N
It is hygroscopic \ en it was used as a moistener

in cosmetic. Triglyceri glycerol which present in all

animal and vegetable fats

Mmical

2.2 Glycerol from blodlesel productlon

3L iy
biodiesel pr cl erol. The scheme 2.1 shows the

reaction for production biodiesel from végetable oils via the transesterificationy ./

AR umqﬂmaﬁu

cat. base
o— C— R—C—0—Me

R—C—O 3MeOH  Methyl ester of fatty acid
Triglyceride Glycerol

Scheme 2.1 Transesterification of triglyceride



2.3 Oxidation of alcohols

The conversion of alcohols into aldehyde and ketone with the oxidation reaction is an
important organic reaction that provides useful intermediates for the preparation of other

organic compounds. The pathway of this oxidation reaction showed in scheme 2.2.

alsl

@)

L, O
Rmm ] oC.

| R R,

R2

Scheme2.2 The oxidation ofalecehol

Dehydrogenation'1s a_synoaym for the oxidation of alcohels. The mechanism of this
reaction occurs by hydregen hend.of the OH group attached to a carbon atom with least one

hydrogen atom from this carbon atem.

2.4 Oxidizing agent for alcahol oxidation

Oxidizing agents used in the.oxidation reaction of alcohols have much variety. The

examples of the oxidizing agents are usually used for oxidation of alcohols.
2.4.1 Metal oxyacids
1) Chromium reagents (Chiomate)

All forms of Cr(VI) are strong oxidizing agents which oxidize any C-H bonds on a
carbon atom without breaking any C-C bonds. Example of the reaCtion used this reagent as an
oxidizing agent is the reaetion for the conversion of secondary alcohols to ketones and
aldehydes ta carboxylic-acid. The most-common of this reagent type is chromic acid (H,CrO,)
and pyridiniumichlorochromate (PCC). Chromic acid was prepared by treatment of sodium or

potassium dichromate with aqueous sulfuric acid which shown in scheme 2.3.

@) O @)
.l I 6@ H,SO, ﬁ |c|) H20 I
R-Gr=0-¢r-0r —  H-0-Cr-0-Cr-0—H === HO~Cr-OH
o 0 6 6 e
Dichromate ion Chromic acid (H,CrQOy,)

Scheme 2.3 The process for preparation of chromic acid



Chromic acid is most commonly used to oxidize 2° alcohols to ketones. PCC was
produced by mixing chromium trioxide with pyridine and hydrochloric acid as shown in
scheme 2.4. The oxidizing component of PCC is the chlorochromate anion (CrClOy).

Q A HClI AN Q
oo o — || +  p-cr-cl
0”20 4 = I

N |\@ 0]
Chromium trioxide . X |
Pyridine H PCC

Scheme 2.4 Fhe proeess for preparation of Pyridinium chlorochromate

PCC was develgped~especially for the oxidation-of 1° alcohols to aldehydes, a
transformation which is difficultto accomplish using chromic acid because aldehydes react

rapidly with aqueous chromi€ acid to produce carboxylic acid.

2) ManganeSe rgagents (Permanganate)

Permanganate ion (Mn@,)/is most commonly used in basic solution. With heat in

base, it oxidizes alcohols'to carboxylic acid withc_)ut breaking C-C bonds.

3) Osmium tetroxide : -_,

Osmium tetroxide (OsOg)! was-used to selectively and stereospecifically oxidize
alkenes to 1,2-diols. It was oxidized atkenes to 1 2 dl0|S in cold basic condition and heating

the reaction mixture-resulted in cleavage of C-C bond
2.4.2 Nitric:atid and nitrous acid

In the commerce, concentrated nitric acid is a 69% agueous solution which is
extremely dangerous because it is a rapid and strong oxidizing agent. In the oxidation reaction
which presence oft sulftric acid, it Was'show in formiof NQ@s whichiadds:to aromatic rings by
lose a hydrogen atom. Moreover, it'was-used to produce nitrate esters from alcohols. Nitrous
acid (HNOy) can be used to substitute the NO (nitroso) to.an aromatic ring with using sulfuric
acid as a catalyst in, the nitration .reaction. Nitration ‘0f amines and amidas to N-nitroso
compounds (R3-N-N=0) were used-nitric‘acid as ‘a reagent which*more famous ‘than nitrous
acid.



2.4.3 Halogens

The halogens having the order of the oxidizing ability are F, > Cl, > Br, > I,. They are
the strong oxidizing agent for oxidize C-H bonds which the reaction order of various
substances are benzyl > alkyl and tertiary > secondary > primary. The most commonly used
halogens are Cl, and Br,. In the commerce, Cl; which is gas form can be generated in dilute
solution that to know in the name of bleach (NaOC}):

2.4.4 Oxygen and peroxides

Dioxygen (Oy) is comumoniy used In the chemical industry. Usually a catalyst is
needed heat or light. itis U\Zdight that makes it possible for dioxygen to dissociate to form
oxygen atoms, which reaet with dioxygen to form ozone; lower energy light will produce an
excited state of oxygen which feacts with-alkenes. Even without light, oxygen will slowly
oxidize aldehydes when they are exposed 0 air, but most reactions with oxygen at the

concentration of the atmasphee are shown at.reom temperature to be noticed.

Hydrogen peroxide (H,Q,) is a strong oxidizing agent. lts reactions tend to occur via
radical paths. Its reactivity increases.if the peroxy (OOH) part of the molecule is linked to an
electron withdrawing group, as ‘in-peroxyacid. Peroxyacid (RCOsH) has a peroxy group
attached to the carbonyl group. It is a stronger oxidizing agent than hydrogen peroxide itself,
converting alkenes into epoxides. =

2.5 Oxidation of glycerol

Glyceral has been“used as a starting “material for syntheses of the high-value
chemicals, 'such ' as dihydroxyacetaone, glyceraldehydes, ' glyceric acid, glycolic acid,
hydroxypyruvi¢ acid, mesoxalic, oxalic acid and tartronic acid, because of its easy
availability, low cost and_high_functionalisation. In the“past times, the market for these
chemicals has' not developed because of .their high cost due to their expensive current
syntheses. [7,8] For converting glycerol to such a high-value added chemicals with oxidation
reaction was shown in scheme 2.5. In the past decade, there are many reports of the oxidation
reaction of glycerol. Mostly mono and bimetallics as catalyst and air/oxygen as the oxidizing

agents were used.



In 1995, Regis and coworkers studied the oxidation reaction of glycerol by using
various metals as the catalyst in this reaction. In case of palladium used as a catalyst 90 %
conversion of glycerol was obtained and the reaction gave excellent yield of glyceric acid.
Moreover, the reaction used co-metallic of platinium and bismit as a catalyst gave dihydroxy

acetone in 37 % yield and 70 % conversion in averall.

In 2004, Porta and coworkers studied the oxidation reaction of glycerol with oxygen in
the presence of gold on carbon as the catalyst. ‘Fhey edueated the optimize condition to
produce glycerate in excellent yield. The begt condition that produce 92 % yield of glycerate
is the condition at 30 °C using.aNa@H/glycerol ratio of 4, a glycerol/Au = 500.

In 2005, Bianchi and coworkers studied the liquid phase oxidation of glycerol with
oxygen and a series*of monometalli¢ and bim_gtallic catalysts as the catalysts were used.
Moreover, they studied ihe effect.of the metal E_)n the distribution of the products. They found
that bimetallic catalysts wgre more active than"-}mcnometallic catalysts and the distribution of

the products could be controlled by usingbimetallic catalysts.

In 2007, Demirel @and coworkerstudied f_he .quuid phase oxidation of glycerol with
oxygen using mono and bimetallic supported oniéa}b_?p as the catalysts. They found that the
presence of Pt increases not only the-catalyst activity but also the selectivity. The percentage
of the dihydroxyacetone could be-increased from 26 9% (Au/C) to 36 % (Au-Pt/C) when the

gold catalyst promoting with platinum as the catalyst was used.



0
OH
Ho/\n/ H O/\H)J\OH
0 o)
Hydroxyacetic acid Hydroxypyruvic acid

" H o/\n/§o
(0]
roxypyruvic aldehyde
- 0

Z

Glyceric acid

“Mesooxalic ac Oxalic acid
Scheme 2.5 Gene tion reaction pathways

S i e

2.6 Hypervalent iot ok

f!’
Hypervalent icmwe was used as an oxidizing agent in the ofganic synthesis in the past

e AUEINENINYINS

compounds, or k3fodines,accor,di o the IUPAC nomenclature, are

b o s P 4. T

classes of iodine (111) compounds including:

(1) iodosylarenes ArlO and their acyclic derivatives ArlX, bearing two non-carbon

ligands X

(2) five-memberred iodine heterocycles, benziodoxoles and benziodazoles



(3) iodonium salts RoI" X"

(4) iodonium ylides Arl=CR;

(5) iodonium imides Arl=NR [10].
2.6.2 lodine (V) compounds

lodine (V) compounds, or A’-iodanes ‘according to the IUPAC nomenclature, are
substantially less developed in comparison with the chemistry of trivalent iodine. Only
several examples of noneyelie %.°-jodanes with one or more earbon ligands on the iodine atom
are known. In contrast, theré hasibeen very significant recent interest in the cyclic A’-iodanes,
mainly iodoxybenzoic acid (IBX) and Dess-Martin periodinane (DMP), which have found
broad practical application.as mild.and selectiye; reagents for the oxidation of alcohols. The

classes of iodine (V) compounds including:
(1) Organic lodylieompounds, RIO; or a?yl substituted iodoxy derivatives ArlO,

(2) Benziodoxole oxides, the most importé'nt"?epresentative of benziodoxole oxides is
2-iodoxybenzoic agid (1BX) - :

(3) Dess-Martin  periodifane — (DMP; 1,1,1-tris(acetyloxy)-1,1-dihydro-1,2-
benziodoxol-3-(1H)-0ne); it was empidyé’d—ih organic synthesis. [10]

2.7 2-lodoxybenzoic acid (I1BX)

2-lodoxybenzoic acid.(IBX; 1-hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide) as shown
in figure 2.3.has"been known for more than a century. IBX isS differentfrom other valuable
oxidants because the process for preparation is easy and ineéxpensive. Moreover, the reactions
using IBX as an oxidizing agent pravided very good=to excellent yields. ABX and its
derivative has attracted muich attention iasan oxidizing agent in organic synthesis but it has
limitation primarily due to its remarkable insolubility in ‘most organic solvents except
dimethylsulfoxide (DMSQO) which can dissolve IBX completely. Caution! IBX is explosive
under impact or heating to > 200 °C. [11]
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potassium bromated in a ion of sul wme 2.6). [3]

Scheme 2.6 The acti J =’-_, 1 ) potassium bromated

A new way of 1BX-. [+ enzoic acid is the use of oxone as an

oxidizing agent that rep eme 2.7). [11]

Scheme 2.7 !,,T_.L‘-_‘::td_,_![f_;_;' .Ija__:-’. BX by used oxone

272 Reus '.u.fjl:.:-nv_nl.nnllrnt - _r*i

isolated by filtration from

e

IBX and |mepr du We'ﬂ
the oxidation of alcohol. The IBX by-product was reused by

water at 70 °C for 3h (sc}'ﬁrﬁ?ﬁ). [12]

AUEINENINE NS

Yo Lo, o Y
RIAINIBU IR TINYA L

Scheme 2.8 The reaction to reuse the IBX by-product

dation with oxone in the
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2.8 Application of IBX

Furthermore, IBX is mild and chemoselective. Primary and secondary alcohols are
converted into aldehydes and ketones, repectively, with no over oxidation to acids. 1,2-Diols
are converted to a-ketols or a-diketones without oxidative cleavages. Amino alcohols are
oxidized to amino carbonyls, without protection of the amino group. Sensitive heterocycles
are not affected. Also various other functional groups are compatible with IBX oxidation. [14]

2.8.1 Oxidation of alcohols

The IBX can be employed as fodine (\/) reagents in various oxidations of alcohols to
the corresponding carbony! gempeunds. Benzylic, allylie, and propargylic alcohols can be
oxidized by IBX in the presence of stabilized Wittig ylides to generate a,3-unsaturated esters
in a one-pot procedure. JFhis 4s useful Wheh‘t'-ﬁe intermediate aldehydes are unstable and
difficult to isolate. Example/of this reaction Was shown in scheme 2.9 which was reported by
Maiti A. and co-workers.[15] /

IBX
Ph4PCHCO,ELA. -
3 ot
RET SOH ————— /\)l\ _Et
65-08%.. /.2 0 o3 R 0

Scheme 2.9 One-pot oxidation-and Wittig [@aCt_ion to o,B-unsaturated esters
2.8.2 Oxidation of phenolic compounds

An efficient regioselective method for the oxidation of phenols to ortho-quinones can
be achieved using 2-iodoxybenzoic acid (IBX). Magdyiak and co-workers reported the
preparation of ortho-quinones from phenols bygusing IBX as an oxidizing agent (scheme
2.10). [16]

0
OH 0
| I IBX
—
R' 20-99% R'
R R

Scheme 2.10 Regioselective oxidation of phenols in the ortho position
2.8.3 Functionalizations of carbonyl compounds

1) Functionalization in the a-position
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Carbonyl compounds can be functionalized in the a-position under various conditions.
Moriarty and co-worker reported that treatment of ketones with 2-iodoxybenzoic acid (IBX)
under basic conditions provides efficient routes to a-hydroxylated dialkylacetals. This
reaction has also been applied for functionalization in natural product synthesis, because the
a-hydroxylated dialkylacetals can be easily hydrolyzed under acidic conditions to a-hydroxy

ketones in good overall yields (scheme 2.11). [17]

Q Rio_ OR: 0
)j\/R — )%R —>H+ )J\(R
KOH,R'OH
OH OH
Scheme 2.11 Synthesis of o-hydroxy dialkylacetals from ketones

2) Introduction of an a,B-unsaturation

o, B-Unsaturated carbonyl compounds axre widely used in organic synthesis and despite
of their versatility, their preparation is sometimés a challenging transformation. Depending on
the amount of 2-iodoxybenzoic acid (IBX) it is ﬁo‘ssible to introduce one a,B-unsaturation or
even two and generate dienones. Taking into account that one can oxidize alcohols to the
corresponding carbonyl compounds with IBX, 4 éqm"vglents of IBX are sufficient for a direct
conversion of alcohol into dienones (scheme 212)7 :

OH ' 0

h 1.2 eq. IBX, 25°C ﬁﬁ
é

~ea- 2.5 eq. IBX, 65 °C Se-c

4 eg-1BX, 80 °C l 2 eq. IBX, 65 °C
0} 0]
Hlj 3eq.1BX, 80.°C HH
| ] <=— |
2eq.IBX,75°C 7"

SCheme 2,12 Synthesis of .o, B-unsaturated carbanyl systems

The postulated mechanism for the 2-iodoxybenzoic acid acid (IBX) mediated
dehydrogenation reactions described in scheme 2.13 proceeds through enolization with

subsequent capture of the enolate moiety.
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electrophilic reagents, the dehydrog wloﬁe %. n Is believed to proceed via

a single electron transfeg (SET) pr essﬁ

2.8.4 Oxidation of'cark h@gp
x

Recently it was found th ds like 2-iodoxybenzoic acid (IBX)

could be used to affect selectlve Oxif 3 s at } oms adjacent to aromatic systems. The
mechanism of this transfo b T (Single-Electron-Transfer)
process. A postulate -aﬁﬁi ‘ s is outlined in scheme
2.14.[20]

y
ff mwﬂmm%i

(SET)

awmﬂ@wm}mﬁ’ 1

Scheme 2.14 Oxidation of carbons adjacent to aromatic systems
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2.9 Polymer-supported reagents

Because IBX is insolubility in most organic solvents its application in organic
synthesis was limited to develop. The IBX is dissolved in DMSO which is the only organic
solvent to dissolve this reagent completely. The limitations of DMSO as a solvent are
apparent and are sufficient to have motivated: two independent syntheses of solid-phase
(polystyrene- and silica-bound) analogues of IBX.In.each case, these solid-phase reagents
expand the range of viable solvents, ease to remove-after the end of the reaction by filtration,
simplify separation of oxidation byproducts, and facilitate recovery and reuse of the oxidant.
However, the elevation of reaction lemperature may cause decomposition of starting materials

and bring about side reactions:

In 2002, Reed"and coworkers have prepared soluble and insoluble polymer supported
IBX reagents (figure 2.5). These supports Weire an insoluble polystyrene gel-type JandaJel
resin, a macroporous polystyrene J/Argo Pore resin, a soluble, non-crosslinked polystyrene
resin and soluble poly(ethylene glycol) (PEG 3400) support. Each of the reagents was
evaluated for their efficieney in the conversion of benzyl alcohol to benzaldehyde. Results
from this study were that the soluble; non-crosslinked polystyrene supported IBX reagent
gave the best rate of conversion to benzaldehyde}'whﬂe the macroporous polymer supported
IBX resin provided a superior rate of conversion foﬁ benzaldehyde when compared with a gel

type resin.

Figure 2.4The soluble and inseluble polymer-supported 1BX

In 2003, Chung~and“coworkers have prepared pelymer-supported IBX esters and
amides in two simple steps, which werethe coupling of 2-iodoxybenzoic acid to a hydroxyl or
amino ‘palystyrene, faollowed by-activation of ‘the intermediate | product |(figure’2.6). These
polymer supported reagents were tested as oxidants by the conversion of'a series‘of alcohols
to the corresponding aldehydes or ketones. It was found that the polymer-supported 1BX
amides displayed excellent oxidative activity than the polymer-supported IBX ester in the

same condition.
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series of alcohols to the
gents which were prepared
polymer supported IBX
t) for 5 h and employed the
cellent yields. The loading

factors that mainly influenced the effective

loadings of the polymer- supportegrlﬁﬁag “hey studied the procedure for preparation of
et j ¥ 'j_r g e,
the polymer suppc’yﬁd 2- |odobé?1-20|c acrdhtl' e a t loading of polymer

supported IBX (1 i - (Figure-2-)-were-analyzed-as-follows:-0:3;:0:6, 0.4 and 0.8 mmol/g,

Ba;NHSOs/ CF3COOH p&avided high loading of lEJ,ymer supported IBX (0.8 mmol/g).

@uﬂlﬁ%w 'wma@m

RPINIHNRIINY

g NHCHZCHZO

—_

O/

_
—
_=
N\

O/
O/

® )

Figure 2.6 Polymer supported IBX (1-4)
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In 2007, Jang and coworkers have prepared macroporous polystyrene-supported IBX
(MPS-1BX) amides (figure 2.8) in two simple steps and studied efficiency of the polymeric
reagent in converted a range of alcohols to the corresponding carbonyl compounds in various
solvents. It was found that the MPS-IBX amides were compatible with a variety of solvents

and had a more efficient oxidation & ly toward alkyl alcohols than the gel type

Figure 2.7 Magckoporous tyre i ported IBX (MPS-IBX) amides

AULININTNEINS
ARIAINTUNIINGINY



CHAPTER Il

EXPERIMENTAL

3.1 Chemicals

All chemicals which available from the suppliers as

listed in table 3.1

Table 3.1 List of Chem/ -H

Acetic acid (glacial) (A€cO

NN
Chemicals ﬂ / l ! ‘ ﬂj‘:‘!“-&\
EY\'

Aminomethyl polystyre

Aniline

Calcium bicarbonate

Calcium hydride

Deterochloroform (CDCI e dge Isotope Laboratories (CIL)
Dichloromethane (DCM) = _ s cientific

Diethyl ether

NN-Dimethylformaide BT Jaen

Dimethylsulfoxide' “j—;:mp:;ia-u.a..'

)

Dimethylsulfoxide (BM MS
N-(3-Dimethylaminop: !‘! pyl)-N’-
ethylcarbodiimide (EDC)‘.

e ﬂ‘IJEl’J‘VIEWlmFEl;]ﬂ‘i

Hydrochlorlcﬂld (HCD Carlo Erba
mqmnim URTINYAY
L1th1um aluminium hydride (LiAlH, ; LAH) Aldrich

Lithium bromide (LiBr) Sigma-Aldrich

Methanol (MeOH) Merck

Methanol-d4 (CD;0D) Cambridge Isotope Laboratories (CIL)
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Chemicals Suppliers
Oxalyl chloride Fluka

Oxone® Riedel-de Haen
Potassium bromide (KBr) Merck

Potassium hydroxide (KOH)

Pyridinium chlorochromate (PC

’ / Merck
Silica gel (60 mesh) o

Silver oxide (A220) .t mory Reagent

Sodium hydroxide (NaQH)s™
Sodium periodate (Nal f
Sodium thiosulfate (NaS

Sodium hypochlorite
Sodium sulfate (Na,SO,

Tetrahydrofuran (THF

p-Toluic acid

3.2 Equipments

The equlpqzﬁs used in this th651s Were ddition atgd in the details.

"H NMR and 1ENMR spectra were recorded on Varian mdel Mercury +400 nuclear
magnetic resonance specibgter and Bruker MOU AVANCE operatlng at 400 MHz for °C

and 100 M ﬁa i Tj ‘&J‘(T (ppm) relative to
tetramethyl ru ng th 1 protonated solvent si reference (for 'H-

NMR; CDCl; 7.26 ppm, MeOD 3.31 ppm, DMSO-ds 2,50 ppm and D,O 4.79 ppm, and for

Q’“ﬁ@ﬁﬂpﬁﬁoﬂi JANTINE T E

" 3.2.2 Fourier Transform Infrared Spectrometer (FT-IR)

FT-IR spectra were recorded on a Perkin Elmer, Nicolet Impact 410 Fourier transform

Infrared Spectrophotometer. Solid samples were formally examined by incorporating the
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sample with potassium bromide (KBr) to form a pellet. Liquid sample was coated on the KBr

disk.

3.2.3 Mass Spectrometer

HREIMS were recorded on L odel micrOTOF spectrometer and Mass

IBX, 1) @enzmc acid

Spectrometer LCT, Micromass UK

3.3 Synthesis of 2-iodoxy

To a solution X0

round bottom flask, 2-iodobenzoi aﬁi

Mo .' DI water (20 ml) in a 100 ml
was added. The reaction mixture

was stirred and warmed to 7( éN hin, 20 1 5. It was stirred at this temperature for 3
hours. When the reaction was ¢omple ? eled to 5 °© an ice bath by slow stirring

and kept at this temperature o pe {;‘"‘ } ion mixture was filtered with suction

pump. The solid was washed w1th water {
. . . . J L
recrystalization in dichlorometh: L l-’E-u.b_; ane to,gi 0.98 g, 3.50 mmol, 86.85 %):

and acetone (2 x 20 ml) and purified by

'"H NMR (200 :—,--1::-::::.:::53--—=-~--1 ) 8.01 (1H,d,J=7.8
' .60 =7.3 Hz, H-4)

BC-NMR (101" MHz, DMSO-dg) 8¢ 166.71 (C=0), ﬂ.ﬂ (C-1), 133.35 (C-2),

] utﬁﬂ%‘ gANT
sg,mmmmmn 1A

O
/OAc

I\\OAc
@ OAc

Dess-Martin Periodinane (2)
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2-lodoxybenzoic acid (0.5 g, 1.78 mmol) was treated with acetic anhydride (10 ml)
and acetic acid (10 ml) under refluxing at 100 °C for 3h. The reaction was cooled to room
temperature with slow stirring and white crystal of Dess-Martin Periodinane (DMP) was
precipitated. The mixture was filtered and washed with water to give DMP (0.46 g, 1.08
mmol, 60.67 %):

'"H NMR (400 MHz, DMSO-dq) 8y 8.14 (11! dgd = 7.9 Hz, H-6), 8.03 (1H, d, J = 7.2
Hz, H-3),7.99 (1H. t, J = 7.5 Hz-H5), 7:84 (1H, t, J = 7.3 Hz, H-4), 2.50
"
(3H, s, H-AC)

13C NMR (101 MEzfDMSO-dy) 6¢ 167.48 (C=0), 146.54.(C-1), 133.36 (C-2), 132.93
(C-6), 134840 (€-3).130.06(C-5), 124.96 (C-4) ppm.

3.5 Synthesis of aminomethyl polystyrene-su'pported IBX(3) [18]

ot

O-=dhlla.
// .
'13

Aminomethy! polystyrene suﬁﬁorted IBX amide (3)

Aminomethyl polystyrene (1.1 mmol/g amine loadmg, 1.2 eg:; 1.2 mmol, 1.09 g) was
pre-swollen by stifrifig-ai-room-temperature-in-dimethyl-formatide (5 ml). After 1h, 2-
iodobenzoic acid (0:25 g, 1 mmol) and N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide
(EDC; 3 eq., 0.47 g, 3 mmol) were added to the reaction mixture and continuously stirred at
this temperature for 4 h. When the reaction completed, DI water was added to stop the
reaction. The polymer-supported 2-iodobenzoic acid was filtered andywashed with DI water.
To a suspension of‘the=polymer-supperted 2-iodobenzoic-acid in 'dichloromethane (20 ml),
Oxone (1.5 eq., 0.46 g, 1.5 mmol) and¢methylsulfonic acid (1 eq., 0.07 mly 1,mmol) were
added. The reaction was stirred-at foom temperature for‘about 18-20 h."Aftet.fhat the mixture
was filtered and washed with DI water."The polymer-supported IBX“was ‘dried in“desiccators

to give aminomethyl polystyrene-supported IBX amide (3) (1.15 g):

IR (KBr)ma: 3467, 3241, 1633, 1597, 1488, 1446 cm’™.
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3.6 Synthesis of N-phenyl-2-iodoxybenzamide (4)

The procedure for preparing aminomethyl polystyrene-supported IBX (3) was carried
out according to Chung and cowerkers (Chung, 2003) and aniline was used instead of

aminomethyl polystyrene.

2-Todobenzoi 03  was treated wi yl chloride (1.5 eq., 0.52

ml, 6.05 mmol) and sm ntOHDME ifi dried DC 1l). The reaction mixture was
stirred at room temperatu. ot 2 : ion of the solvents, a residue
was reacted with ani phere. This reaction was
stirred at room temperat was monitored by TLC. After 6 h
the pH of reaction mix adj 10 acidic condition by aqueous hydrochloric acid
(1%) and extracted with dich ; t ani Bty e organic solvent, N-phenyl-
2-iodobenzamide was 1ed. — To N-phenyl-2-iodobenzamide in
dichloromethane (10 ml), oxone (] S-e ‘ mol) and methylsulfonic acid (1 eq.,
0.29 ml, 4.03 mmol) were added'.'ﬂ']gﬁée ge N room temperature for about 18-

20 h. After that the reactic ure was diluted ; wvater and extracted with
diun  sulfate and evaporated

in vacuo to obtain thﬁrhite (4) (1.25 g, 3.52 mmol,

87.34 %). .

AU INININYINT

3.7 Preparation of N-phenyl-2- |odoxyben20|c acid (5)

9 R Tﬂ"l”}] NYAY

COOH
3-iodo-4-methylbenzoic acid
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To a solution of sodium periodate (NalO4)(0.5 eq., 0.74 g, 3.5 mmol) and iodine (I,)(1
eq., 1.77 g, 7 mmol) in glacial acetic acid (10 ml), p-toluic acid (0.95 g, 7 mmol) was added
and stirred at room temperature for 3 h. The mixture was heated to 70 °C within 20 min and
stirred at this temperature for 5 h. After the reaction was completed, it was cooled to the
room temperature. lodine excess was filtered and the solution was extracted with
dichloromethane. The organic phase was washed withi'sodium thiosulfate (Na,S,03) and dried
over anhydrous sodium sulfate (Na>SOy). After evaporation of the solvent, white solid of the
product was crystallized from mixture of.dichloromethane and hexane to give 3-iodo-4-

methylbenzoic acid as white'erystal(75%):

"H NMR (400-MHlz, GPCls): 8 8.53\(1H, s, H-2), 7.97 (1H, d, J = 7.9 Hz, H-6), 7.33
(1H, d¥’= 70112, H5), 2.50 (4H, s, H-Me)

3C NMR (101 Mz, €DCLy): 5¢ 170.03 (C=0), 148.04 (C-1), 140.80 (C-2), 130.03
(C-6), 129179 C-3), 128148 (€-5), 100.68 (C4), 28.64 (C-Me)

IR (KBr)vmas: 3431, 16685 1426, 1375, 1307,41258, 534 om’".

HRMS (ESI-TOF) m/z261.9485 M+ H]" ealcd for CsH;0,1 262.04.

3.7.2 Synthesis of 3-iodo-4-(acetoxymethyl).5enzoate

AcO
W
COOMe

3-iodo-4-(acetoxymethyl)benzoate

3-lIodo-4-methylbenzoic acid was oxidized using NaOCl and NalOy as oxidizing agent
and using LiBr and KBr as halogen sources. The reaction mixture was heated, at temperature
65-110.°C (using an oil bath) for 6-24 h in acetic acid."NaOCl was added‘after|the reaction
mixture" was heated to ‘this temperature (65-110 °C)"for“the case~that using Na©OCl as an
oxidizing agent. The reaction mixture was diluted with water and extracted with DCM.
Organic phase was washed with sodium bicarbonate (NaHCOs3) solution and dried with

sodium sulfate (Na,SOj). It was evaporated with vacuum evaporator.
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3.7.2.1 Study on the optimum conditions for the oxidation reaction of 3-
iodo-4-methylbenzoic acid

To optimize the condition for oxidation of 3-iodo-4-methylbenzoic acid in acetic acid

was studied. The yield of all products was analyzed by 300 MHz '"H NMR spectroscopy.
1) Effect of reaction temperature

The oxidation was ecaiticd out as described.an"the general procedure, but the reaction

temperature was varied (80, 95, and 110 °C).€.
2) Effect of reactiontime

The oxidation was cargied out as described in the general procedure, but the reaction

time was varied (8, 12 andi24 h).

3) Effect of halogen source

The oxidation was carried out as descril;Qd in the general procedure, but the halogen

source was varied; lithiumbromide (LiBr), and potassium bromide (KBr).

4) Effect of mole equivalerit-of sodium hypochlorire

The oxidation was carried-olt as described in the general procedure, but the mole

equivalent of the oxidizing agent was varied (0.5, 1 eq.).

Since  isolation = of 3-iodo-4-hydroxymethylbenzoic. ~ acid and 3-iodo-4-
acetoxymethylbenzoic ‘acid from the oxidation of 3-iodo-4-mehylbenzoic acid was
unsuccessful, compounds.in methyl ester from were easy to be isolated by silica gel column
chromatography.(After oxidatiofl of 3-i0do-4-benzoic ‘acid; the reaction“mixture was treated
with a solution of'diazemethane (CH;Ny) in Et,O-at room temperature and the process of the
reaction was monitored by TLC. After the reaction_was completed, the .solvent was
evaporated. ‘Al résidue. was jextracted and subjected to silica gel column’ chromatography
eluting ‘with 50% dichloromethane: "hexane to give' 3-lodo-4-(aecetoxymethyl)benzoate as

white crystal in quantitative yield:

'H NMR (400 MHz, CDCls): 8y 8.50 (1H, s, H-2), 8.01 (1H, d, J = 8.0 Hz, H-6), 7.43
(1H, d, J = 8.0 Hz, H-5), 5.14 (2H, s, H-CH,), 3.92 (3H, s, H-Ac), 2.17 (3H,
s, H-Me)
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C NMR (101 MHz, CDCls): 8¢ 170.82 (C=0), 165.72 (C=0), 143.60 (C-1), 140.89
(C-2), 131.76 (C-6), 129.86 (C-3), 128.93 (C-5), 97.42 (C-4), 70.05 (C-Ac),
52.89 (C-Me), 21.29 (C-CH,); IR (KBr)vmay: 3454, 1694, 1636, 1429, 1387,
1287, 1256, 1203, 534 cm’.

3.7.3 Synthesis of 3-iodo-4-(|

3-Todo-4-(acet: atc  an Ak 4-(1 xymethyl)benzoate were
hydrolyzed by a so iy roxkicBo10tioh, i ethanol by stirring at room
temperature for 12 h. : ‘mixture was extracted with
dichloromethane and drie - S i n sulfate. The organic phase was evaporated

to give white crystal of 3-iodo4- [OXY yhbenzoic acid in quantitative yield:

s,
'H NMR (400 MHz, CDCla): 8y

7.50 (1H, d --ﬁ::f_{{_g‘_ 7 \1 -

s, H-2), 7.96 (1H, d, J = 8.0 Hz, H-6),
H-CHy)

Bc NMR | ] 'a-'szs:-.--:-.-:s::zz--v---s-_m---_..r ), 140.23 (C-2), 131.00
6), -‘F... 66 (C-CH,)

| U

434 1701, 1416, 1203, 534 cm™.

WY Ei‘i’T?Wﬂ”Tﬂ?

3.7.4 Synthesis of 3-iodo-4- (acetoxymethyl)benzmc acid

’QWW&Nﬂ‘iﬂJ

IR (KBr)vmax:

3-iodo-4-(acetoxymethyl)benzoic acid



25

3-lodo-4-(hydroxymethyl)benzoic acid was acetylated with acetic anhydride in a
presence of conc. sulfuric acid (H,SO4). The reaction mixture was refluxed at 80 °C for 5 h
and then extracted with dichloromethane. The organic phase was dried over anhydrous
sodium sulfate and evaporated to give a residue. The residue was subjected to silica gel
column chromatography eluting with 50% dichloromethane and hexane to give 3-iodo-4-

(acetoxymethyl)benzoic acid as white crystal in quantitative yield:

"H NMR (400 MHz, CDCL): 8y 8.57 (1H, s H2),.8:08 (1H, d, J = 8.9 Hz, H-6), 7.47
(1H, d, J= 8.0 Hz, H-5), 5.16 (2H, s, CI1,-OAc), 2.19 (3H, s, CH3CO-)

13C NMR (101 MEzCDEL): 8¢ 170.42 (C=0), 169:43 (C=0), 143.76 (C-1), 140.65
(C-2), 130067 (€-6),/129.91 (C-3), 128.54 (C-5), 97.01 (C-4), 69.67 (CH,-
OA¢), 20.84 (CH-CQ-)

IR (KBr)vmax: 3444, 170341694, 1423, 1371, 1294, 1252, 1232, 496 cm™.

HRMS (ESI-TOF) m/z319.9542 [N ki caled for CyH;0a1 320.08.

3.7.5 Synthesis of N-phenyl-3-i0d0—4-(ac§toxymethy|)benzoic acid

N-phenyl-3-10do-4-(acetoxymethyl)benzoic acid

3-lodo-4-(acetoxymethyl)benzoic acid was_treated with oxalyl chloride in small
amount of DMF in dricd DEM. The r€action miXture was stirr€djat’ room temperature for 1 h
under argon. After evaporation of ‘the-solvent, ‘a residue-was dissolved in dried THF and
aniline was then added. This reaction was stirred at room temperature and the.progress of the
reaction was monilored by -TLC. After 6 h, pH of the teaction mixture ‘was adjusted to acidic
condition “by "aqueous’ hydrochloric “acid™ (1%) and “extracted~ with ‘dichloromethane.
Evaporation of the organic solvent afforded N-phenyl-3-iodo-4-(acetoxymethyl)benzoic acid

as brown crystal (85%):

"H NMR (400 MHz, CDCls): 8y 8.32 (1H, s, H-2), 7.90 (1H, s, H-N), 7.83 (1H, d, J =
8.0 Hz, H-6), 7.63 (2H, d, J = 7.9 Hz, H-2", 6), 7.45 (1H, d, J = 8.0 Hz, H-
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5), 737 @H, t, J = 7.9 Hz, H-3", 5°), 7.17 (1H, t, J = 7.4 Hz, H-4"), 5.15
(2H, s, CH»-OAc), 2.18 (3H, s, CH;CO-)

PC NMR (101 MHz, CDCly): 8¢ 170.46, 163.73, 142.07, 138.02, 137.58, 136.24,
129.15, 128.91, 126.94, 124.92, 120.34, 97.70, 69.32, 20.86

e

1436, 1323, 1243, 532 cm™

IR (KBr)umax: 3445, 3305

3.7.6 Synthesis of

N-Phenyl-3-io )enzoic a ~ hydrolyzed with potassium

1:1). The reaction mixture was

ofnh%dﬁ’

mixture was extracted with 1ch 1": hane an over anhydrous sodium sulfate. The

heated at 50 °C and the progr monitored by TLC. After 4h the reaction

organic solvent was evaporated i V2 00 to afforc enyl-3-iodo-4-(acetoxymethyl)benzoic
ot gl e i

acid as brown crystalin g

H-N), 7.77 (1H, d, J
), 7.47 (1H, d, J = 8.0 Hz,

4 (1EL s
@ | ‘ | ’-z,ﬂ
731(2HtJ 79HZH3 ,5%),7.11 (IH, t, J = 7.4 Hz, H-4"), 4.56
ﬂuﬂgﬁﬂ BN WEAND, v o
128.95, 127.38, 127.07, 124.71, 120. 65‘96 .24, 68.41, 29. 6b

A RAIE2 I W1 R B e

HRMS (ESI-TOF) m/z 352.9910 [M+H]" calcd for CsH,0,I 353.16.
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3.7.7 Synthesis of N-phenyl-3-iodo-4-(formyl)benzoic acid

l)benzoic acid
N-Phenyl-3-iodo-4-(acetoxymethyl)by moiwzed with pyridinium chloro
chromate (PCC) in dried D : i irred over 3 h at room temperature

78NS

tered through silica gel 60
d to afford N-phenyl-3-iodo-

and monitored by TLE
and washed with dieth

4-(formyl)benzoic acid as brow.

'"H NMR (400 MH (1 43 (1H, s, H-N), 7.94 (1H, d, J = 8.0
Hz, H-6), 7.8 ,7.63 (1H, d, J = 7.9 Hz, H-5),
7.39 (2H, ﬁﬂ&ﬁ-& 5%, 720 (1H, t,J = 7.4 Hz, H-4")

C NMR (101 MH Cl): 8¢ 194.87, 140.96, 139.44, 137.24, 130.37, 129.24,
127.03, 125.31, '

IR (KBI')D w344 S TABAYES : -

378 Syntre3ForNpheny
J
ﬂ‘Llﬂ’WIEL INYINT

carbonyl)benzoic acid

q M0aLsal *‘iim AYENAY .

hydrox1de (NaOH) and silver oxide (Ag,0O) in DI water. The reaction was heated at 60 °C for
20 min. The reaction mixture was filtered and washed with hot water. The filtrate was poured
into 1:1 hydrochloric acid solution with vigorous stirring. The reaction mixture was cooled to

20°C in an ice-bath and N-phenyl-3-iodo-4-(carbonyl)benzoic acid was crystallized. The
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crystals were filtered and washed with ice water to give the title compound as white crystal

(80%)

'"H NMR (400 MHz, CD;OD): 8y 8.52 (1H, s, NH), 7.98 (1H, d, J = 9.6 Hz, H-6),
7.88 (1H, d, J = 8.0 Hz, H-5), 7.69 (2H, d, J = 7.7 Hz, H-2", 6), 7.37 (2H,
t,J=8.0 Hz, H-3,5’ = 7.4 ¥z, H-4")

3C NMR (101 MHz; MeOD):. 141.17, 140.97, 139.64, 139.56,

IR (KBr)vpmax:
HRMS (ESI-TOE)ffi/z 3679781 [\ caled 10,1 367.14.

3.7.9 Synthesis of |

N-Phenyl-3 ‘ -10¢ the solution of oxone in DI

water. The reactio nt s stirred at r nutes and then the reaction
was warmed to 70-75@ wi 2 stmd at this temperature for 3
h. When the reaction Was completed, it was cooled to 5 °C in an i€c-bath by slow stirring and

kept at this temperature lfoﬂS h. The reaction ‘mixture was filtered and washed with cool

oINS

'HNM R (400 MHz, MeOD): 8 845 (1H, 5, N-H), 8.26 (1H, 5, H-2), 779 (1H, d, J

A A B BT L™

PC NMR (101 MHz, MeOD): 8¢ 180.37, 139.57, 129.83, 128.05, 125.78, 122.42,
73.86, 64.42, 33.06, 30.74, 30.45, 24.20

IR (KBr)oma: 3434, 1639, 1562, 1410, 1381, 489 cm’.
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HRMS (ESI-TOF) m/z 399.31 [M+H]" caled for CsH,0,1 399.14.

3.8 Synthesis of aminomethyl polymer-supported IBX amide (6)

3.8.1 Preparation of polym odo-4(acetoxymethyl)benzoic acid

3-lodo-4-(aceto | : h oxalyl chloride in small
amount of DMF in dried : ' i a room temperature for 1 h
issolved in dried THF and
aminomethyl polystyrene add stirred at room temperature.
After 6 h, pH of the reaction ' uire: .: djusted acidic condition by aqueous
hydrochloric acid (1%). The pol u-"'-r.. -ﬁiﬁ vashed with DCM to afford polymer-
supported 3-i0d0-4-(acet0xymet yhb -; OIC }a -

o

3.8.2 Preparatic

0 ;‘J ethyl)benzoic acid

)

;
ﬂuaqwﬂ*§W8wni

Polymer-supported 3- 1odo 4- (hydroxymethyl)benzmc acid

AMTRSL IR A

was heated to 50 °C. After 4 h the reaction was filtered and washed with dichloromethane to

afford polymer-supported 3-iodo-4-(acetoxymethyl)benzoic acid.
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3.8.3 Preparation of polymer-supported 3-iodo-4-(formyl)benzoic acid

Polymer-su D ! fed ;: ,-li Z onyl)benzoic acid

Polymer- uppo 1 pré-swollen in DCM about 3
h. Silver oxide gﬁ)i—r BEJin DI water were added
to the reaction and hﬁd 0 was ﬁ:cd and washed with hot
water. The polymer was poured into 1:1 hydrochloric acid solutiofi with vigorous stirring. The

reaction was CFOIed to 2‘ °Clin an ice-bath. Th lymer was filtered and washed with ice

TR T 5

3.85 aﬂeparatlon of amlnometgyl polymer- sup&rted IBX amlde

ARIRINTIU; ﬂ’)ﬂiﬂﬁﬂ

water to gi

Aminomethyl polymer-supported IBX amide (6)
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Polymer-supported 3-iodo-4-(carbonyl)benzoic acid was pre-swollen in DCM about
3 h. The solution of oxone in DI water was added to the reaction. The reaction was stirred at
room temperature about 30 minutes and warmed to 70-75 °C within 20 minutes. The reaction
was stirred at this temperature for 3 h. Then the reaction was cooled to 5 °C in an ice-bath by

slow stirring and kept at this temperature for 1.5 h. The reaction was filtered and washed with

cool water to give aminomethyl polymer-supported LBX amide (6).

3.9 Oxidation of benzyl alcohel and glycerol with oxidizing agents (1) to (6)

3.9.1 Oxidation 4of benzyl® alcohel with IBX (1), DMP (2), 2-iodoxy-N-
phenylbenzamide (4)0r 2;iodoxy-4-(phenylearbanoyl)benzoic acid (5)

Benzyl alcohol'was added to the reaction mixture of oxidizing agent (IBX (1), DMP
(2), 2-iodoxy-N-phenylbenzamide (4) or 2-iodqu-4-(phenylcarbanoyl)benzoic acid (5)) in
DMSO. The reaction was stifred at toonn temperature for 24 h. DI water was added to stop the
reaction and appeared the white crystal of oXidizing agent. The crystal was filtered and
washed with DCM. Filtrate was extracted with ]_)__-C-MI'__The organic phase was evaporated to
give the mixture of benzyl alcohol substrate and B’enz,;aldehyde as product. The product was

examined by 'H-NMR spectroscopy. 4 s b

3.9.2 Oxidatien~of-benzyl-alcoholwith-aminomethyl poiystyrene-supported IBX
amide (3) or aminomethyl polymersupported IBX amide (6)

Benzyl alcohol was added to the reaction mixture of oxidizing agent (aminomethyl
polystyrene-supported IBX' amide (3).ot aminomethyl polymersupported IBX amide (6)) in
DCM. The reactions was stirted at room temperature for 24 h. The polymer was filtered and
washed with DCM. The filtrate was evaporated to give the mixture of benzyl alcohol substrate

and-benzaldehyde.as produect. The product was examined by 'H-NMR.spectroscopy.

3.9.3 Oxidation of glycerol with"IBX (1), DMP (2), aminomethyl polystyrene-
supported IBX amide (3), 2-iodoxy-N-phenylbenzamide (4), 2-iodoxy-4-
(phenylcarbanoyl)benzoic acid (5) or aminomethyl polymersupported IBX amide (6)
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Glycerol was added to the reaction mixture of oxidizing agent (IBX (1), DMP (2),
aminomethyl polystyrene-supported IBX amide (3), 2-iodoxy-N-phenylbenzamide (4), 2-
iodoxy-4-(phenylcarbanoyl)benzoic acid (5) or aminomethyl polymersupported IBX amide
(6)) in MeCN:H,O (2:1). The reaction was heated at 70 °C for 5 h. DI water was added to

]
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Processes for synthesis of oxidizing agent

The new polymer-supported IBX was preparedsin this research by using p-toluic acid
as a starting material for IBX.and aminomethyl polystyrene-as a supporting material (scheme
4.1).

COOH L ©

| |/OH

—> ) \é)

COOH Q..; O
p-toluic acidi(7) (8 (6)

Scheme 4.1 Processes forsynthesis of new polymer-supported 1BX

This process was started with-iodination _(I)__-f,-p-}x__)luic acid using sodium periodate and
iodine in a mixture of acetic acid, cone. sulfuric acid and dichloromethane at 70 °C for about
7 h. The reaction mixture was reerystallized from dichloremethane/hexane to afford 3-iodo-4-
methylbenzoic acid(9). Oxidation of C-H bond of 3-iodo-4-methylbenzoic acid (9) was
performed using NaIOQ as an oxidizing agent to give 3-iodo-4-(acetoxymethyl)benzoic acid

(11) in poor yield (see in table 4.1 entry 1-2).

X
)"Nal Oy /1, L iiyNagE1 ] ACOH |
AcOH, 70°C. 7'k
COOH COOH COOH
(7). ©) (10yX'= @H
@1) X = OAc

Scheme 4.2 Processes for oxidation of 3-iodo-4-methylbenzoic acid (9)

The oxidation of 3-iodo-4-methylbenzoic acid (9) to 3-iodo-4-(acetoxymethyl)benzoic
acid (11) was studied by using sodium hypochlorite (NaOCI) as an oxidizing agent The
reactions were carried out in acid condition. It was found that the reaction using NaOCI as an
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oxidizing provided higher yield than using NalO, as an oxidizing agent. We also studied the
effect of temperature, reaction time and halide sources on the oxidative of C-H bond. The

results were shown in table 4.1.

Table 4.1 NaOCl-mediated oxidative bromination and acetoxylation of 3-iodo-4-
methylbenzoic acid®

X
| ). I
Yy COOH
(10) X = OAc
(11) X = OH
Entry | Metal halide Temp. Time — Oxidizing agent (mol eq.) Yield” (%)
(moleq.) (°C) O Naocl Nalo, | (10) | (11)
1 LiBr (1) 80 pul - Jefhds 45 - 11 1
2 LiBr (1) 80 g -l - 1 4 1
3 | LiBr(1) 95 S i 56 9
4 KBr (1) 95 54 o . 48 5
5 LiBr (1) g5 24 0.5 - 69 11
6 LiBr (1) 95 6 1 - 24 1
7 LiBr (1) 95 12 1 - 28 1
8 LiBr (%) 110 24 ’ 1 6 1
9 KBF (1) 110 24 i 1 8 2
10 KBr (5) 110 8 2.5 - 10 1
11 LiBr (5) 110 8 25 a 14 .
12 KBr (5) 110 8 i 2.5 16 1
13 | KBr(10) 95 8 1 - 29 i

% Condition: substrate (0.1 mmol), glacial acetic acid (10mL).

® The yield of all products were analyzed by *H-NMR.
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The vyields of this reaction were found to be high in the case that heating at 95 °C
(entry 1,3). Percentage yield of 3-iodo-4-(acetoxymethyl)benzoic acid (10) was increased
when increasing the reaction time (entry 3,6,7). In comparison between lithium bromide
(LiBr) and potassium bromide (KBr) as halogen source, the reaction using LiBr as halogen
sources gave better yield of 3-iodo-4-(acetoxymethyl)benzoic acid (10) than the reaction
using KBr (entry 3,4). Surprising, this reaction wsing 3-iodo-4-methylbenzoic acid as
substrate and NaOCI as oxidizing agent was found.#0 beshigher yield than the reaction using
NalO, as oxidant at the same mole equivalent of oxidant (entry 1,2). The reaction using
NaOCI (0.5 mol eq.) and-LiBr (I-mol eq.) was critical in.achieving high levels of the
conversion of the 3-iodo-4=methylbenzoic acid at 95 °C for 24 h (entry 5).

Moreover, NaOCI and:NalO,4 were used as oxidizing agent in oxidative bromination
and acetoxylation of tolueney pstoluic -acid, éip-toluenesulfonic acid, p-nitrotoluene and
dinitrotoluene. LiBr was used asithe halogen source by reflux at 95 °C for 24 h in acetic acid.

The results were shown in table 4.2.

Toluene was oxidized hy NaOCI to-benzy! alcohol and benzyl acetate in 32 and 23
%yield, respectively while toluene iwas oxidi-z"ed, by NalO, to benzyl acetate and 4-
bromotoluene in 10 and 56 %yield,respectively. Oxidation of p-toluic acid with NaOCI gave
3-bromo-4-methylbenzoic acid as a product in go_oj?ié_l)d and did not give other by-product in
the reaction. For Oxidation of p-toluic acid with :|<Ialb4 was obtained 4-hydroxymethyl
benzoic acid as a Majer-product-Oxidation-of-p=nitrotoluene-with NaOCIl gave p-nitrobenzyl
alcohol and p-nitrobenzyl acetate as products. Oxidation of p-nitrotoluene with NalO4 as an
oxidizing agent was gave p-nitrobenzyi acetate as a product in_excellent yield. Moreover,

dinitrotoluene was not oxidized by NaOCI and NalQx.
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Table 4.2 Results of oxidative bromination and acetoxylation with NaOCI and NalO4*

substrates

Oxidizing agent (% yield)®

NaOCI

NaIO4

P, (X =01)32%
P, (X Z0A6)23:%

P.(X=OAc, Y =H) 10 %
P, (X =H, Y =Br)56 %

Y
AcO
Br
63 % 37 %
COOH ol COOH
X AcO
P.(X & OH) 76 % 95 %
P,(Xi= OAC) 23 %
NO,
NO, NO,
NO, =
No reaction No reaction

NO,

% Condition; substrate:axidant (1:1), 95 °C, 24 h, AcOH

® The yield of all products were analyzed by ‘H-NMR.

In conclusion the oxidative bromination of alkylbenzoic acid to the corresponding
carboxylic.acids in good yields.was. obtained by, using NaOCI/LiBr/95.°C/24 hl AcOH. In

comparison of 'sadiumiperiodate (Nal@,) and sedium hypochlorite (NaOCI); ‘the reaction of

alkylbenzoic acid using NaOCI as an oxidizing agent provided higher yield than using NalO4

as an oxidizing agent.

Isolation of (10) and (11) from the oxidation of 3-iodo-4-mehylbenzoic acid was

unsuccessful. Their methyl ester (12) and (13) were easy to isolate by silica gel column

chromatography. Treatment of (10) and (11) with diazomethane (CH;N,) followed by column
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chromatography gave (12) and (13). Compound (14) was prepared by hydrolysis of the
mixture of (12) and (13) with aqueous NaOH in MeOH. 3-lodo-4-(hydroxymethyl)benzoic
acid was acetylated with acetic anhydride in a presence of conc. sulfuric acid to give 3-iodo-
4-(acetoxymethyl)benzoic acid (15).

X X
| 8;/ iii '
—_— ——
COOH COOH COOMe
©) (10)IX = OH (12) X = OH
(11) X = OAC (13) X = OAc
v
AcO HO
[ |
V
L. =t
COOH COOH
(15) | (14)

Scheme 4.3 Processes for synthesis of 3-iodo-4-(acetoxymethyl)benzoic acid (15)

i) NaOCI; KBr, AcOH, reflux, 110 °C, 8h
iii) Diazomethane, ether, stir, rt. 3h

Iv) NaOH, MeOH, stir, rt.

V) AC,0, H3S0,, reflux, 80°C, 5h

Compound (15) was used as starting material ‘for prepanation of 1BX compound (5)
and polymer-suppoeried.IBX (6) (See scheme 4.4)..3-10d0-4-(acetoxymethyl)benzoic acid (15)
was treated with oxalyl chloride and small amount of DMF in dried DCM. The,reaction was
stirred ‘at roem temperature for-1 h.under.argon. After evaporation of‘the €0lvent, ‘a residue
was reacted with‘aniline in dried" THF at room temperature for 2 'h te-afford N-phenyl-3-iodo-
4-(acetoxymethyl)benzoic acid. N-phenyl-3-iodo-4-(acetoxymethyl)benzoic acid was
hydrolyzed with aqueous potassium hydroxide in methanol at 50 °C for 4 h. The reaction
mixture was extracted with dichloromethane and dried over anhydrous sodium sulfate. The
organic phase was evaporated in vacuo to give N-phenyl-3-iodo-4-(hydroxymethyl)benzoic
acid. It was oxidized with pyridinium chlorochromate (PCC) in dried DCM at room



38

temperature for about 3 h. The product was filtered through silica gel and washed with diethyl
ether. The organic phase was dried over anhydrous Na,SO,. After filtration and evaporation,
3-iodo-4-(formyl)-N-phenylbenzamide was obtained. 3-lodo-4-(formyl)-N-phenylbenzamide
was oxidized with silver oxide (Ag.0) in the solution of sodium hydroxide (NaOH) at 60°C

for 30 min. The reaction mixture was filt and washed with hot water. The filtrate was

er _ rous stirring and then cooled to 20°C
in an ice-bath. N-Phenyl-3-iode-4-(carbc idhwas crystallized. The white crystals
were filtered and washed ' -(carbonyl)benzoic acid was
d to 5 °C in an ice-bath. The

solid was filtered and ith cc er 10 a N-phenyl-3-iodoxybenzoic acid (5).

oxidized with oxone in

For synthesis of amino

polymer was used in

polymer-supported IBX ami

AUEINENINYINS
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R=Ph o, (3)R=Ph

¢a | e
) 1éhegm!z :; Pr}f!s;é] for synthesﬂ(iﬂ\g agent ls?

¢ @ a LW
ARAINIUNRINGAY
.2 Qxidation of benzyl alcohol and glycerol with oxidizing agent (1) to (6)

IBX (1), DMP (2), aminomethyl polystyrene-supported IBX amide (3), 2-iodoxy-N-
phenylbenzamide (4), 2-iodoxy-4-(phenylcarbanoyl)benzoic acid (5) and aminomethyl
polymer-supported IBX amide (6) were used as the oxidizing agents in the oxidation of

- I > |

benzyl alcohol and glycerol.
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Benzyl alcohol was oxidized with those oxidants at room temperature for 24 h to
afford benzaldehyde and it was monitored by *H NMR to measure the percentage yield (Table
4.3).

Table 4.3 Results from oxidation of benzyl alcohol using oxidants (1-6) *

Entry Benzaldehyde
(% yield)
1 92
2 98
3 aminomethyl ¢ 9.9%
4 benzamide ¢ No reaction

o

5 2-iodoxy-ﬁa : , - %SO No reaction

ﬂUH? @ﬂﬁﬂﬁﬂﬂﬁ

IRTRITIEA

®All reactions were performed at 25 °C for 24 h.

"The reaction product was determined by *H NMR spectroscopy.
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IBX (1), DMP (2), aminomethyl polystyrene-supported IBX amide (3) and

aminomethyl polymer-supported IBX amide (6) were used in oxidation of benzyl alcohol.

Aminomethyl polymer-supported IBX amide (3) and (6) could oxidize benzyl alcohol to

benzaldehyde in poor yield because they had low loading of amino group (0.1 mmol/g).

Glycerol was oxidized with these oxidants at 70 °C for 5 h. The product from

oxidation was monitored by *H NMR to measurethe conversion of the reaction. (Table 4.4)

Table 4.4 Results of glycerol oxidation using all oxidants @

Entry ox\dant solvent Conversion (%) °
1 IBX (1) Ndo MeCN:H,0 |  No reaction
1=,
o (2:1)
2 DMP (2) O oAl MeCN:H.0 No reaction
\/
I-oac
OAC (21)
3 aminomethyl polystyrene-supported IBX‘amlde (3) | MeCN:H.0 No reaction
# _1_.
H . .
N — (2:1)
9 3=
0= -
4 2-iodoxy-N-phenbeenzamide 4) MeCN:H,0 No reaction
O\I”---- (2:1)
5 2-iodoxy-4-(phenylcarbanoyl)benzoic.acid, (5) MeCN:H,Q No reaction
0]
(0]
\ _~OH -
g (2:1)
O HJ@
6 aminomethyl"polymer-supported- IBXamide(6) | MeCN:H,O No-reaction
o}
(0]
\ _—OH .
I\\O (21)
(0] NO

H

2All reactions were performed at 70 °C for 5 h.

*The reaction product was determined by *H NMR spectroscopy.
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Glycerol was not oxidized by all oxidizing agents (1-6). Because aminomethyl
polystyrene could not be swollen in MeCN:H,0.

AULININTNEINS
AR TUNNINGAY



CHAPTER V
CONCLUSION

The new polymer-supported IBX was prepared in this research using p-toluic acid as
a starting material for IBX and aminomethyl polystyrene as supporting material. The
appropriate method for synthesis of aminomethyis pelymer-supported IBX amine (6)
consisted of 8 steps. p-Toluic acid was iodinated with-edine.and sodium periodate in acetic
acid to afford 3-iodo-4-methylbenzoic acid. A new process for oxidation of C-H bond of 3-
iodo-4-methylbenzoic acid was diseovered. It was found that the use of sodium hypochlorite
(NaOCl) as an oxidant#or the exidation of such acid gave higher conversion than using
sodium periodate (NalO,).as an oxidant, \We suglgested that the oxidation of alkylbenzoic acid
using NaOCI/LiBr/95 °C/24 h/AcOH was an ea'sy';brocedure which gave the corresponding
carboxylic acids in goodwields. The polymer—sub’por_ted IBX amide (6) was compared with
IBX (1), DMP (2), aminomethyl ponmer—éUpf)orted IBX amide (3), N-phenyl-2-
iodoxybenzamide (4), and N-phenyI-Sfiodoxybenzﬁjp a,(_:id (5) in oxidation of benzyl alcohol
and glycerol. Benzyl alcohel could be. oxidized With IBX (1), DMP (2), aminomethyl
polystyrene-supported IBX amide (3) and aminom_tle__-tﬁylj.polymer-supported IBX amide (6)
while glycerol could not be oxidized by -these oxidizing éﬁjents.

Suggestion for-future work

1) Study the oxidation of 3-bromo-4-methylbenzoic acid, 2-iodobenzoic acid and 4-
iodobenzaicsacid byusing Na@Cl as exidizing agent:and l=iBr-as the-halogen source
in acetic acid at/95 °C for 24 h.

2) Study the'oxidation of glycerol by using IBX as oxidizing agent in THF or THF/H,0.
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Figure A88 The FT-IR spectrum of aminomethyl polymer-supported IBX amide (6)
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