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Glycerol waste from biodiesel production of Bangchak oil refinery plant was
separated and utilized to prepare value-added products as mono- and diglycerides.
The purification of glycerol waste was successfully carried out by acid-base
extraction. The most appropriate acid was HaS0O4 and the glycerol could be recovered
in the range of 40-45%. 1,2-O-isopropylideneglycerol was next synthesized from the
purified glycerol. The mild and efficient approach for (2,2-dimethyl-1,3-dioxolan-4-
yl)methyl ester synthesis by esterification of various fatty acids with 1,2-0-
isopropylideneglycerol is developed employing Cl;CCONH; and PPh; under mild
conditions providing the desired esters in high yield. The novel method for
deprotecting isopropylidene group of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl ester
into the corresponding glyceryl monoester in excellent yield by BryCCOCBr;-UV
irradiation in methanol is also successfully performed. The chlorination of 1,2-0-
isopropylidene glyecerol to the corresponding alkyl chlorides in moderate yield can
also be achieved by the combination of ClsCCONH; and PPh;. The advantages of
these methods were mild reaction conditions, operational simplicity and good

compatibility to alkyl ¢hlorides from cyclic ether of 1,2-0-isopropylidene glycerol.
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CHAPTER |

INTRODUCTION

Nowadays, biodiesel is commonly produced by the transesterification of the
vegetable oil or animal fat feedstock. There are several methods for carrying out this
transesterification including the common baich process, supercritical process,
ultrasonic method, and even microwave method. Chemically, transesterified biodiesel
comprises a mixture of mono-alkyl esters of long chain fatty acids. The most common
form uses methanol to produce methyl esters as it is the cheapest alcohol available,
though ethanol can be used to produce an ethyl ester biodiesel and higher acohols
such as isopropanol and butanol have also been used. Using alcohols of higher
molecular weights improves the cold flow properties of the resulting ester, at the cost
of a less efficient transesterification [1-2]. A lipid transesterification production
process is used to convert the base oil to the desired esters. Any free fatty acids
(FFAS) in the base ail are either converted to soap and removed from the process, or
esterified to gain more biodiesel using an acidic catalyst [3-4]. After this processing,
unlike straight vegetable oil, biodiesel has combustion properties very similar to those
of petroleum diesel, and can replace in most current uses.

A by-product of the transesterification process.is glycerol. For every ton of
biodiesel manufactured, 100 kg of glycerol are produced. QOriginally, there was a
valuable market for the glycerol, which assisted the economics of the process as a
whole. However, with the increase in global biodiesel production, the market price for

this crude glycerol (containing 20% water and catalyst residues) has crashed. Many

researches are being conducted globally to use this glycerol [5-9].



1.1  Introduction of glycerol

The utilization of glycerol for the synthesis of value added chemicals is a
theme of great industrial interest because glycerol is formed in large amounts during
the production of biodiesel from natural triglycerides [10-15] and represents a waste
that must be used or eliminated. Severa conversion processes [16-25] are described in
the literature to transform glycerol into useful materials as presented in Fig 1.1.

3-Hydroxypropionaldehyde

A
glycerol  dimethacrylate esters of acetic, lactic, citric,
tartaric acids and mono or
diacylglycero
H
H——OH . .
glycerol carbonate = » » product of etherification
H——OH

/ v \
glycerol

products of reduction
1,3 and 1,2 propanediol "

polyglycerols

Products of oxidation

Figure 1.1. Processes of conversion of glycerol into useful chemicals

Among the transformation mentioned above, the conversion of glycerol to
mono, diglyceride and 1-halo-2,3-propanediol could lead to many diverse
applications, both as a material in their own right, for example as a food ingredient or

aplasticizer, and as a chemical building block for other materias in industries [26].



12 Introduction of monoglyceride and diglyceride
Monoglycerides have become very important for a sustainable chemistry.
More specificaly, the fatty acid monoesters of glycerol are valuable compounds with

wide applications [27-29] as presented in Table 1.1.

Table 1.1 Applications of monoglyceride and diglyceride

Applications of monoglyceride and diglyceride

M anufacture use as emulsifiers

Manufacture of polyglyceryl esters as an additive in
margarine and butter.

Food and drink - Used asfiller and sweetener in low-fat food products such
as cookies

Used as humectant and sweetener in a wide range of

products— keeps cakes moist

Used as a lubricant and humectant in pharmaceutical
Pharmaceuticals preparations such as suppositories, cough syrups and

expectorants

Used in a wide range of persond care products as an
Personal care emollient, humectant, solvent and lubricant; including skin

care, hair care, toothpastes, shaving creams and soaps

Producing polyether polyols for polyurethane foams and
other flexible foams

Polymers L
Asaplagticiser in cellophane

Production of alkyd resins for paints and coatings

Glycerolysis of fatty methyl esters is an interesting route for monoglyceride
synthesis. There are two main synthetic routes for obtaining monoglycerides: direct
esterification of glycerol with fatty acid and transesterification of glycerol with
triglycerides or fatty acid methyl esters. The industrial processes generally use
homogeneous acid or basic catalysts leading to a mixture of mono-, di- and
triglycerides (40:50:10). Before their applications, a molecular distillation must be
carried out to obtain a monoglyceride with a high purity (90%). In industry, mineral




acid (sulfuric acid) or organic acid (p-toluenesulfonic acid) are the most often use. But
besides the environmental problems, these catalysts favor side-reactions from the
degradation of the fatty acid (oxidation, dimerisation) or from the glycerol
(polymerization, dehydration into acrolein and oxidation). Therefore, there is still a
great need to look for new conversion processes to transform glycerol into

monoglyceride and/or diglyceride selectively.

1.2.1 Literaturereviewson monoglycerideand diglyceride synthesis

In 1969, Bentley and coworkers introduced dihydroxyacetone as an ideal
garting material for the synthesis of long-chain 1,3-diglycerides, such as glyceryl
dipamitate and glyceryl dioleate since it was readily acylated with fatty acid chloride
in the presence of pyridine in high yield. The synthesis of short chain diglycerides
was also possible by this method, but the results were less satisfactory and gave only 10%
1,2-isomer of monoglycerides[30].

In 1988, Sonnet and coworkers reported the preparation of the acetonide of
glycerol using lipase catalysis. In this process, the procedure for the preparation of 2-
akylglycerols was developed and could be applied for the synthesis of various
substituted monoester diethers and monoether diesters of glycerol [31].

In 1996, Srisiri and coworkers introduced the syntheses of polymerizable
monoacylglycerol and 1,2-diacylglycerol. The monodienoylglycerol was obtained in
80% yield from 1,2-O-isopropylideneglycerol and dienoyl fatty acid. The dienoic acid
was accessible in 60% yield from the base-catalyzed hydrolysis of dienoyl ester which
was synthesized from the Wittig-Horner reaction of aldehyde and trimethyl 4-
phosphono-crotonate. The 1,2-diacylglycerol was synthesized by acylation of 3-(4-
methoxybenzyl)-glycerol with dienoyl fatty acid in the presence of 4-
(dimethylamino)pyridine (DMAP) and dicyclohexylcarbodiimide = (DCC). The
removal of the 4-methoxybenzyl group could be accomplished by dimethylboron
bromide. The overal yield for the synthesis of the polymerizable 1,2-diacylglycerol
from the dienoyl fatty acid was ca 50% [32].

In 1997, Fureby and coworkers addressed the preparation of 1,2-diglycerides
by alcoholysis using lipase from Penicillium roquefortii immobilized on porous
polypropylene particles. The screening results using commercially available lipases
revealed that lipases from Penicillium species produced high amounts of 1,2-
diglycerides from triglycerides. Reaction parameters such as solvent, type of acohol



and fatty acid chain length were investigated. The positional selectivity of the lipase
as well asthe selectivity for type of glyceride species was studied [33].

In 1999, Pouilloux and coworkers presented the selective esterification of
glycerol with fatty acid for the production of monoglycerides in the presence of ion-
exchange resins. The activity and selectivity to monoglycerides were influenced by
the resin structure. The catalytic properties of these polymers were in addition
srongly influenced by the nature of reagents. The catalyst activity was found to
depend on the adsorption rate of glycerol and oleic acid on the catalyst surface. The
strong adsorption of glycerol, the swelling of the resin in the oleic acid favored the
elimination of water during the reaction by using a molecular sieve and the decrease
of the hydrocarbon chain length of the faity acid. Nevertheless, at the end of the

reaction, there still was amixture of 1- and 2-isomers [34].

CHzOH CHaz BC0E. CHa0OH
a |
CHOH + ROOOH — {HOH = CHOOOR + 110
|
E E
(H-OH CHa 0H (H2OH
Glveerol  Fatty acid 1-Bono (90%6) 2-bMono (1093

In 1999, Artamonov and coworkers investigated the synthesis of
monoglycerides -~ from aromatic acids such as phenolcarboxylic  acids,
hydroxycinnamic acids, and others. The protecting groups were required for this
synthesis and the by-products were invariably formed when acid chlorides and
anhydrides were used [35].

In 2004, Barrault and coworkers investigated the preparation of
monoglycerides from fatty methyl esters and glyceral in the presence of acid or basic
catalysts. The use of porous and basic solid catalysts could induce a shape selectivity
modifying the monoglyceride selectivity. Fatty acid methyl esters (C12-C18) were
used in the reaction with severa MCM-41 magnesium-containing catalysts. Over an
Mg-MCM-41 catalyst, glycerol monolaurate was obtained with selectivity and yield
of about 80%. However, the monoglyceride selectivity was rather similar and a
distribution of mono/di/triglycerides was observed [36].



In 2005, Corma and coworkers reported the use of solid Bronsted base with
higher activity and much higher specific rate than the reported Lewis basic
hydrotalcite catalyst for transesterification of oleic acid methyl ester with glycerol.
The selectivity of the former for monoglycerides was higher. Calcined Li—Al
hydrotalcites gave higher activity than MgO or Al-Mg hydrotacites. On the contrary,
the reaction of transesterification of diglycerides required longer reaction time to

complete the reaction and however still produced 1,2-isomer approximately 82%[37].

O\
L
y—
OH 9 =2 OH o
OH R"‘x > . B i
+ rr Mg =—= —OH =+ 00— + MeOH
| .
OH o) —OH OH R

In 2006, Romano and coworkers reported that the lyophilized mycelium of
Rhizopus oryzae CBS 112.07 and Aspergillusoryzae MM could be advantageously
used as biocatalysts for the direct esterification or interesterification between 1,2-O-
isopropylideneglycerol and butyric acid under optimized conditions yielding (R)-1,2-
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O-isopropylideneglyceryl butyrate with 56%ee and a molar conversion of 52%. The
enantiomerically enriched ester was recovered and then enantioselectively hydrolyzed
of (R)-1,2-O-isopropylideneglycerol butyrate with thermally-treated cells of Bacillus
coagulans. The (S)-1,2-O-isopropylideneglyceryl butyrate was obtained enantiomeri-
caly pure, while the (S)-a cohol was recovered with 90%ee [38].

In 2007, Cateni and coworkers investigated the preparation of monoglucosyl
diglycerides with medium length fatty acid chains and examined the antimicrobial
activity against Gram-positive, Gram-negative bacteria and fungi. 3-O-(b-D-2,3,4,6-

tetra-O-levulinyl-glucopyranosyl)-rac-glycerol ~ was  directly  submitted to



transesterification catal yzed by Mucor miehel lipase in the presence of the appropriate
octanoate and caprate vinyl esters in CH)Cl,. The reactions were completely
regioselective affording 1-O-acyl-3-0O-(b-D-2,3,4,6-tetra-O-levulinylglucopyranosyl)-
rac-glycerols in good yields (95-98%). However, the synthesis of monoglyceride
required muti-step methods to prepare intermediate [39].

The processes for the preparation of monoglycerides are the glycerolysis, the
hydrolysis of triglycerides and the direct esterification of glycerol with fatty acids.
Nevertheless, at the end of the reaction, there is a mixture of glycerol, fatty acid,
monoglycerides (35-40%), diglycerides (40-50%) and triglycerides (10-15%) [27] and
secondary products: acrolein, polyethers or polyesters of glycerol. Before their use in
industry, a separation step is necessary in order to obtain a pure product. Indeed, the
esterification is generally catalyzed by homogeneous acid catayst such as H>SO4
[34], but the selectivity to monoglycerides is low. Furthermore, the use of such
catalysts creates environmental problems as corrosion or chemical problems as the
difficulty of catalyst recycling. The reaction also required muti-step methods to
synthesize monoglycerides and the workup presents some drawbacks, among which

are the use of abiphasic system, dilute media, and large reactors.

1.2.2 Literaturereviewson halogenated reagentsfor synthesis of esters

The preparation of esters from their corresponding carboxylic acids is an
important and well—known transformation in organic synthesis [40]. Carboxylic acid
activation can be achieved either by conversion into more reactive functional groups
such as acyl halide, anhydride, acyl azide, active esters or by in situ activation by
coupling reagents such as carbodiimides.

Acid chlorides are valuable intermediates in organic synthesis and are generally
prepared by the reaction of carboxylic acids with reagents such as thionyl chloride
(SOCly), PCls, PCls,-and. oxalyl chloride. The methodologies for the preparation of
ester utilizing halogenated reagents have been extensively studied in many research
groups.

In 1966, Lee and coworkers reported the treatment of carboxylic acids with
CCl, and PPh; leading to the formation of the corresponding alkyl chlorides in good
yield. However, this method required temperature above RT in order to proceed the

reaction [41].



In 1999, Jang and coworkers developed an alternative method to prepare the
respective acid chlorides from carboxylic acids by the combination use of PPhs and
CIsCCN. Subsequent addition of primary amines resulted in the acquirement of
secondary amidesin high yield [42].

In 2002, Vago and coworkers reported a novel acylation using polymer support,
with in situ generated acyl chlorides using CIsCCN and PPhz [43].

In 2003, Azumaya and colleagues addressed [44] the conversion of carboxylic
acid to the corresponding acid halides by using dichlorotriphenylphosphorane in
CHCls.

In 2003, Chaysripongkul introduced the novel methodology for the synthesis of
amides and esters using CIsCCONH, and PPh; at reflux temperature of CH,Cl,. This
method provided a viable procedure as a mild reaction with short reaction time. In
addition, this reagent could aso be applied to prepare bioactive ester compounds
efficiently [45].

13 Literaturereviewson alkyl chloride synthesis from alcohols

Conversion of acohols into akyl chlorides can be accomplished by several
approaches. The reaction of an alcohol with common reagents such as HCI (g) and
SOCI; to give alkyl chloride are among classical methods. Some newer methods have
aso appeared such as the use of PPhg in combination with CCl,.

Alcohols react readily with HCI to yield akyl chlorides and water. The
reaction is carried out either by passing dry HCI (g) into alcohol, or by heating alcohol
with concentrated agueous acid.

In 1955 Caserio and coworkers reported the chlorination of allylic alcohols by
using SOClI; in the presence of dilute ether solution [46].

Cl
S.;Clz, )\/ + /\/\CI
71% 29%

Cl

SOCl,, Et,O
. 2 Bt )\/

99%

However, alcohols could be converted to alkyl chlorides on treatment with two
or three times of redistilled SOCI,. In some cases, the reactions took place
immediately but usually the mixture had to be refluxed with stirring at the boiling



point of SOCl,. Since the by-products of the reaction were gaseous, they were readily
removed and any excess SOCl, was distilled off. These by-products are harmfully
corrosive chemicals and invariably make the conditions become acidic.

1.3.1 Phosphorus compoundswith halogenated reagents

The convenient methodology for the preparation of alkyl chlorides using
comparatively non-toxic reagents under mild conditions has been constantly studied
such as a combination of organophosphorus reagent and halogenated reagent such as
PPhg/Cl,, PPhg/CCls, PPhs/ClsCCCls, PPhe/CI;COCCI; or PPhg/CI;CCN  systems.
These reagents are attractive since the reaction could be performed under mild and
acid-free conditions with good yield.

In 1964, Wiley and coworkers reported that an important characteristic of
PPhs/Cl, system was its tendency to induce substitution without eimination or
rearrangement. Phenols could be converted at elevated temperatures without

positional isomers being formed [47].

Cly ROH
Cl,PPh,

PPh, RCl + POPh; + HCI

In 1972, Snyder introduced the conversion of akyl alcohols to the
corresponding chlorides without rearrangement [48].
cl

PPh,/CCl
/\/\OH 3/ 4 /\/\Cl ¥ )\/
100% 0%
O penycc o
/K/ LS i PRy )\/
11% 89%

In 1978, Jones and - co-workers reported: the rate of formation of
phosphorylated intermediate formed by reacting PPhs, CCl, and an alcohol. This
combination was only slightly influenced by seric effects. The relative rates of
intermediate formation were primary > secondary > neopentyl. The relative rates of
intermediate decomposition followed the order of primary > secondary > neopentyl
[49].
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PPhy/CCl
>‘/\OH >‘/\OPPh3CI

In 1979, Hashimoto and coworkers addressed the reaction of PPhs-

trichloromethyl compounds such as CCl, and CCI;CCl3 with styrene oxide to give |

o) Cl Cl
©/LA PPh,/CCl ©/K/C| ©/&
+
or PPh4/CI;CCCl 4
I I

The reaction was accelerated in polar solvents such as CH;CN. | was

and Il.

quantitative formed when excess PPh; was used. Il was formed in high yield when
phenols were added to the reaction mixture. The reactions usng other ClsC-
compounds (except Cl;CCCl3) gave products analogous to those of CCl,. Cl3C-
compounds having more electron withdrawing groups other than CI gave higher | and
Il ratios than did CCl,. The reaction with ClsCCCl; gave | quantitatively at RT [50].

However, the conversion of alcohols to the desired akyl chlorides using above
combinations could not be proceeded within short reaction time at RT. Later, the
combination of PhsP/CIsCOCCI3 or PhsP/CIsCCN systems has been addressed as
another viable route for the preparation of alkyl chloride with high efficiency.

In 1979, Magid and coworkers reported a mild reagent for the regioselective
and stereospecific chlorination. Allylic alcohols reacted with PPhs/CIsCCOCCI3 in
less than 20 min at10-15°C to produce excellent yields of the corresponding alkyl
chlorides. Isolation was accomplished simply by flash distillation. The conversion
occurred with total preservation of double bond geometry and with >99% inversion of
configuration for optically active acohol. All primary and secondary alcohols gave
predominantly the unrearranged alkyl chlorides whereas tertiary alcohols furnished
mostly rearranged product. With more highly substituted systems, elimination to
diene became an important side reaction [51].

In 1983, Bringmann and coworkers converted alcohols to alkyl chlorides by
using the combination of PPhg/CIsCCCl3 and PPhs/BrCl,CCCI,Br in high yield [52].
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In 1991, Matveeva and coworkers reported the regiospecific conversion of
acohols into the corresponding alkyl chlorides with CIsCCN in the presence of PPhs.
If an external nucleophile such as iodide and rhodanide was introduced to the
reaction, the alkyl chloride was still a predominant product [53].

In 1995, Matveeva and co-workers investigated continualy a regio- and
stereoselective substitution of halide for hydroxyl groups in allylic acohols. Treating
cis- and transRCH=CHCH>OH (R = Me, n-CsH11) with CCI3R: (R1 = CN, CO,Et,
COCClIs) in CHsCN and PPhs gave the corresponding alkyl chloride with 3 95%
regio- and stereoselectivity. The selectivity for analogous reactions of cis- and trans-
HOCHRCH=CH, was 81-92%, while CH,=CHCHDOH gave 53% CH,=CHCHDCI
[54].

In 1998, Drabowicz and co-workers reported that alkyl chlorides could be
prepared from acohols with the combination of PPhs/CCl, under mild and neutral
conditions. The reaction took place rapidly to produce the desired product,
triphenylphosphine oxide and CHCls. This reaction did not generate any strong acidic
material, thus it is suitable for the preparation of akyl chloride containing acid
sensitive functional group [55].

Recently, CI;CCONH,, another alternative halogenating reagent for
conversion of carboxylic acids to their analogous amides and esters upon the
combination with PPh; has been introduced by Chaysripongkul. This reagent, even
though a bit less reactive compared with CCIsCN, its cost and the ease of work-up

made this reagent far more conceivable to be employed.

14  Theobjectivesof thisresearch
The objectives of this research are to explore and develop the optimized
conditions for the preparation of glyceryl monoester and 1-halo-2,3-propanediol from
glycerol.
To apply CIsCCONH; and PPhs for the synthesis of esters and alkyl chlorides.
To search for the optimum conditions for the synthesis of glyceryl esters and
1-halo-2,3-propanediol.
To explore the highly efficient deprotecting reagent under mild conditions

and selective for deprotection of isopropylidene group.



CHAPTER Il

EXPERIMENTAL

21  General procedures

Chromatography: thin layer chromatography (TLC) was carried out on
aluminium sheets precoated with silica gel (Merck, Kieselgel 60 PFzs4). Column
chromatography was performed on silica gel (Merck, Kieselgel 60G Art 7734, 70-230
mesh; or Art 9385, 230-400 mesh) and aluminium oxide 90 active neutral (70-230
mesh). Spectrometer: 'H and “C-NMR spectra were obtained in deuterated
chloroform (CDCls),  deuterated methanol (MeOD-ds) and dimethylsulfoxide
(DM SO-ds), with Fourier transform nuclear magnetic resonance spectrometer of
Varian model Mercury+400 spectrometer which was operated at 400 MHz for *H and
100 MHz for *3C nuclei, or Bruker model AC-100F spectrometer which was operated
a 100 MHz for 'H.

2.2 Chemical reagents

All solvents used were purified, except for those being reagent grades, and
dried prior to use by sandard methodology. The substrates and reagents for
synthesizing the precursors and products employed-in this work were purchased from
Merck, Flukaand Sigma-Aldrich Co., Ltd. and were used without further purification.
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23  Preparation of substrates
23.1 Halogenating agents

2.3.1.1 General procedure for synthesis of BrsCCOOQOEt [56-57]

1 mL of conc. H,SO, was cautiously added to a mixture of 40 mmol of
Br;CCOOH and 45 mmol of EtOH. The mixture in the rounded bottom flask fitted by

a condenser was refluxed for 3-6 h and then poured into 100 mL of water in a

separation funnel. The upper layer of crude ester was removed and washed with 50
mL of water, saturated agueous NaHCO3z and water, respectively, and dried over
Na;SO,. The product is colorless oil (72%). IR (neat): 2981, 1750, 1469, 1361, 1233
and 1021 cm™; *H-NMR (CDCls) d (ppm): 1.44 (3H, t, J= 7.2 Hz) and 4.46 (2H, g, J
=7.2 Hz).

2.3.1.2 Genera procedure for synthesis for BrsCCOCBr3 [57]

Anhydrous NaOAc 0.085 mol was mixed with 20 mL of glacial AcOH in the

rounded bottom flask equipped with reflux condenser, thermometer and heater. The
mixture was heated to 60°C, and 1 mL of acetone was added, followed by the
dropwise addition of 7 mL of liquid Brz over a 10 min period with stirring. The liquid
Br, reacted immediately, and the reaction was mildly exothermic such that no external
cooling was needed to maintain a temperature of 60-70°C. The mixture was then
heated to 95°C and held there for 6-8 h, after which it was cooled to RT and mixed
with cool water to precipitate the desired product as white solid. Recrystallization
from hexane to obtain white crystal (87%), m.p. 122-123°C. *C-NMR (CDCls) d
(ppm): 173.5 and 24.5.

24  General procedurefor separation of glycerol waste [58-59]

The waste containing glycerol was obtained from- Bangchak oil refined
factory, Bangkok in September 2007. The pH of crude waste (100 g) was adjusted to
pH-1 by acid, followed by heating at 40-50°C with-gently stirring. The solution was
separated into two layers. The resulting free fatty acid was separated as appeared in an
upper layer and its composition was analyzed by HPLC utilizing method T-CM-005
based on compendium of methods for food analysis, Thailand (2003). The lower layer
was separated and 10 M NaOH was added to adjust the pH close to 7. After the
mixture was stirred and heated, the salt was filtered. The obtained solution was then
extracted by MeOH and hexane. The extracts were dried over anhydrous N&SO, and
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concentrated in vacuo. The residue was decolorized by activated charcoal. The yield
of light brown oil identified as glycerol was 54%.

Glycerol: colorless oil tH-NMR (D,0) d (ppm): 3.54 (2H, dd, J = 11.7 and 6.5
Hz), 3.63 (2H, dd, J = 11.7 and 4.3 Hz), 3.76 (1H, m). ®*C-NMR (D,0) d (ppm): 74.8
and 65.2

24.1 Effect of acidson the purification of glycerol from waste
To purify the glycerol waste, the same manner as previoudy described was
performed but different acids were used including HCI, H,SO, and H3PO..

25  General procedurefor the synthesis of 1,2-O-isopropylideneglycerol [60]

OH 0]
o Benzene, p-TsOH ><
OH M > o  + HO
He F FHs reflux, dean stark
OH OH

Glycerol 1 eq (3 mol) and acetone 3 eq (9 mol) were mixed with p-TsOH (0.5
mmol) in benzene 10 mL and refluxed using Dean stark apparatus until no more water
was collected in the trap of the separating head. The mixture was cooled to RT and
freshly saturated aqueous NaHCO; was added. The mixture was then filtered, and
benzene and excess acetone were removed under reduced pressure. The fraction
boiling at 80-82°C/11 mm was collected. The yield of colorless oil 1,2-O-
isopropylideneglycerol was 82%.

1,2-O-isopropylideneglycerol: colorless oil (82%) *H-NMR (CDCl3) d (ppm):
1.31 (3H, s), 1.38 (3H, ), 2.82 (2H, broad, s) 3.54 (1H, dd, J=11.6 and 5.3 Hz), 3.65
(1H, dd, J=11.6 and 3.9 H2), 3.72 (1H, t, J = 6.6 Hz), 3.98 (1H, t, J= 6.6 Hz) and
4.14-4.20 (1H, m).
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26  General procedurefor the synthesis of glyceryl monoester from
1, 2-O-isopropylideneglycerol
2.6.1 General procedurefor synthess of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl

ester
X °
OH
RJ\ OH CH,Cl,, reflux 1h ~ R” Cl 4-picoline, CH,Cl, O\[rR
reflux 4 h o)
Step | Step 11

Step 1. PPhs 2 eq (6 mmol) in CH.Cl, 6 mL was added to a mixture of carboxylic
acid 1 eq (3 mmol) and ClsCCONH, 2 eg (6 mmol) in CH,Cl, 6 mL at reflux
temperature.
Step 2: A mixtureof 1, 2-O-isopropylideneglycerol 1 eq (3 mmol) and 4-picoline 3 eq
(9 mmol) was added to the above mixture. The reaction was refluxed and continued
gtirring or followed by TLC at selected temperature.

When the reaction was completed, the organic layer was extracted with 10%
HCI and saturated aqueous NaHCOs, respectively, dried over Na,SO, and evaporated
in vacuo. The mixture was separated with silica gel column duting with hexane/EtOAC.

26.2 Study on the optimum conditions

2.6.2.1 Effect of temperature and reaction time

The general synthesis procedure of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl
benzoate using PPhs and ClsCCONH,, 1,2-O-isopropylideneglycerol, 4-picoline and
solvent, respectively was carried out at different reaction times: 0.5, 1, 2 and 4 h in
sepsl and Il .

2.6.2.2 Effect of the amount of 1, 2-O-isopropylideneglycerol

The same general procedure as described above was performed for 1 h except
for varying the amount of 1, 2-O-isopropylideneglycerol: 1, 2 and 3 mmol in step I1.

2.6.2.3 Variation of carboxylic acids on the formation of ester

The same procedure was carried out at reflux temperature for 1 h using
different carboxylic acids: a-naphthoic acid, nonanoic acid, lauric acid, stearic acid,

palmitic acid and oleic acid instead of benzoic acid.
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyi-1-benzoate: colorless oil (92%), 'H-
NMR (CDCls) d (ppm): 1.38 (3H, s), 1.45 (3H, s), 3.87 (1H, dd, J= 14.4 and 5.9 Hz),
4.14 (1H, dd, J = 14.8 and 6.9 Hz), 4.36-4.39 (2H, m), 4.43-4.47 (1H, m), 7.44 (2H, ,
J=7.6Hz), 7.55 (1H, t, = 7.3 Hz) and 8.05 (2H, d, J = 7.3 H2).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-nonanoate: colorless oil (94%),
'H-NMR (CDCl3) d (ppm): 0.86 (3H, t, J = 6.7 Hz), 1.26 (10H, d, J = 6.7 Hz), 1.36
(3H, 9), 1.42 (3H, 9), 1.59-1.65 (2H, m), 2.35 (2H, t, J = 7.5 Hz), 3.72 (1H, dd, J =
14.6 and 6.0 Hz), 4.04-4.09 (2H, m), 4.15 (1H, dd, J= 11.4 and 4.6 Hz) and 4.27-4.33
(1H, m).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-palmitate: white solid (96%),
'"H-NMR (CDCl3) d (ppm): 0.86 (3H, t, J = 6.5 Hz), 1.24 (24H, 5), 1.36 (3H, 9), 1.42
(3H, 5), 1.61 (2H, 9), 2.33 (2H, t, J = 7.5 Hz), 3.72 (1H, dd, J = 14.6 and 6.3 HZ),
4.05-4.10 (2H, m), 4.15 (1H, dd, J = 11.5 and 4.6 Hz) and 4.28-4.33 (1H, m).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-stearate: white solid (89%),
'"H-NMR (CDCls3) d (ppm): 0.87 (3H, t, J = 5.5 Hz), 1.24 (28H, 9), 1.36 (3H, 9), 1.42
(3H, 9), 1.58 (2H, 9), 2.33 (2H, t, J = 7.4 Hz), 3.73 (1H, t, J = 7.3 Hz), 4.05-4.10 (2H,
m), 4.16 (1H, dd, J= 11.5 and 4.6 Hz) and 4.28-4.33 (1H, m).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-naphthoate: colorless oil (95%),
'"H-NMR (CDCl3) d (ppm): 1.40 (3H, s), 1.48 (3H, ), 3.92 (1H, dd, J= 13.9 and 5.7
Hz), 4.17 (1H, dd, J = 14.5 and 6.3 Hz), 4.42-4.55 (3H, m), 7.48-7.55 (2H, m), 7.62
(1H,t,J=7.2Hz), 7.88 (1H, d, J= 8.0 Hz), 8.03 (1H, d, J = 8.1 Hz), 8.22 (1H, d, =
7.2 Hz) and 8.92 (1H, d, J= 8.6 Hz).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-ol eate: colorless oil (92%),
'"H-NMR (CDCl3) d (ppm): 0.84-0.88 (3H, m), 1.26 (20H, d, J = 14.2 Hz), 1.35 (3H,
9), 142 (3H,s), 1.61 (2H, t, I= 6.5 Hz), 1.97-2.00 (4H, m), 2.32 (2H, t, J = 7.4 H2),
3.72 (1H, dd, J = 14.6 and 6.2 Hz), 4.04-4.09 (2H, m), 4.15 (1H, dd, J = 11.5 and 4.6
Hz), 4.27-4.33 (1H, m) and 5.31-5.38 (2H, m).

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-laurate: colorless oil (85%),
'H-NMR (CDCls) d (ppm): 0.86 (3H, t, J= 6.5 Hz), 1.24-1.27 (16H, d, J = 10.2 Hz),
1.36 (3H, 9), 1.42 (3H, ), 1.60 (2H, 9), 2.33 (2H, t, J= 7.4 HZ), 3.73 (1H, dd, J = 14.5
and 7.2 Hz), 4.04-4.10 (2H, m), 4.16 (1H, dd, J= 11.7 and 4.6 Hz) and 4.28-4.33 (1H, m).
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2.6.3 Selective deprotection of isopropylidene using various catalysts and
reagents
2.6.3.1 Variation of cataysts and reagents

A typical procedure for the selective cleavage of an isopropylidene protecting
group using acid catalyst or deprotecting reagent: 2M HCI, 5% p-TSOH, CBr,
BrsCCOOEt, and BrsCCOCBr; are as follows:

General deprotection of isopropylidene acetals without photoirradiation
condition

A solution of isopropylidene acetals 1.0 equiv (0.25 mmol), deprotecting
reagent 0.10 equiv (0.025 mmol) and anhydrous MeOH (10 mL) in a Pyrex round
bottom flask was stirring without irradiation at RT. After the reaction was completed
(by TLC), the organic solvent was removed under reduced pressure. The quantitative
analysis was performed by *H-NMR based on a standard toluene 10 pL.

General deprotection of isopropylidene acetals with photoirradiation
condition
A solution of acetals 1.0 equiv (0.25 mmol), CBr, or BrsCCOCBr; 0.1 equiv (0.025
mmol) and anhydrous MeOH (10 mL) in a Pyrex round bottom flask was irradiated
by a TLC-lamp [67] (Uvitec Limited, 245 nm, 6W) for 0.5 h, followed by stirring at
RT without irradiation for 24 h. After the reaction was completed (by TLC), the
organic solvent was removed under reduced pressure. The obtained crude was
analyzed by *H-NMR and the yield was calculated based on a standard toluene 10 pL
added.

2,3-dihydroxypropyl benzoate: colorless oil, *"H-NMR (DMSO-ds) d (ppm):
3.71 (1H, dd, J = 11.5 and 5.7 Hz), 3.81 (1H, dd, J = 11.5 and 3.9 Hz), 4.09 (1H, m),
4.43 (1H, dd, J = 11.5 and 5.8 Hz), 4.49 (1H, dd, J = 11.5 and 5.0 Hz), 7.43 (2H, d, J
=7.6 Hz), 754 (1H,t,J = 7.3 Hz) and 8.02 (2H, d, J = 7.4 HZ).

2,3-dihydroxypropyl nonanoate: colorless oil, "H-NMR (DMSO-ds): 0.88
(3H,1,J= 7.2 Hz), 1.30-1.28 (8H, m), 1.65-1.60 (2H, m), 2.13 (1H, broad, s), 2.36
(2H, d, J=7.6 Hz), 2.57 (1H, broad, s), 3.58-3.63 (1H, m), 3.68-3.73 (1H, m), 3.90—
397 (1H, m), 414 (1H, dd, J= 11.7 and 6.1 Hz) and 4.21 (1H, dd, J=11.7 and 4.6 H2).

2,3-dihydroxypropyl-1-napthoate: white solid, *H-NMR (MeOD-d,): 3.74
(1H, dd, J= 11.5 and 5.7 Hz), 3.88 (1H, dd, J = 11.5 and 3.9 Hz), 4.14 (1H, m), 4.43
(1H, dd, J = 11.5 and 5.8 Hz), 4.53 (1H, dd, J = 11.5 and 5.0 Hz), 7.48-7.55 (2H, m),
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7.60-7.63 (1H, t, J= 7.3 Hz), 7.88 (1H, d, J = 8.0 Hz), 8.03 (1H, d, J = 8.1 Hz), 8.22
(1H, d, J=7.2 Hz) and 8.92 (1H, d, J= 8.6 H2).

2,3-dihydroxypropyl laurate: white solid, *H-NMR (DMSO-dg): 0.88 (3H, t,
J=6.6 Hz), 1.26 (16H, s), 1.59-1.68 (2H, m), 2.21 (1H, broad, s), 2.35 (2H,t, J=7.8
Hz), 2.63 (1H, broad, s), 3.60 (1H, dd, J = 11.2 and 5.6 Hz), 3.63 (1H, d, J = 11.2
Hz), 3.90-3.97 (1H, m), 4.14 (1H, dd, J=10.0 and 6.1 Hz) and 4.21 (1H, dd, J=11.7
and 4.6 Hz).

2,3-dihydroxypropyl stearate: white crystals, ‘H-NMR (DM SO-dg): 0.88 (3H,
t, J= 6.7 Hz), 1.26 (20H, ), 1.63 (2H, d, J = 7.3 Hz), 2.04 (1H, broad, s), 2.35 (2H, t,
J =7.7 Hz), 2.48 (1H, broad, s), 3.59-3.62 (1H, m), 3.68-3.71 (1H, m), 3.93-3.97
(1H, m), 4.15 (1H, dd, J = 11.7 and 6.1 Hz) and 4.21 (1H, dd, J = 11.7 and 4.6 H2).

2,3-dihydroxypropyl palmitate: white crystals, *"H-NMR (DM SO-dg): 0.88
(3H, J= 6.7 Hz), 1.26 (20H, ), 1.63 (2H, t, J = 7.4 Hz), 2.04 (1H, broad, s), 2.35 (2H,
t, J = 7.7 Hz), 2.48 (1H, broad, s), 3.59-3.61 (1H, m), 3.69-3.71 (1H, m), 3.93-3.96
(1H, m), 4.15 (1H, dd, = 11.7 and 6.1 Hz) and 4.21 (1H, dd, J = 11.7 and 4.5 H2),

2,3-dihydroxypropyl oleate: white crystals, ‘H-NMR (DM SO-dg): 0.96 (3H,
9), 1.30-1.24 (16H, d, J = 10.8 Hz), 1.38 (3H, ), 1.43 (3H, ), 1.61 (2H, ), 2.34-2.39
(2H, m), 3.78 (1H, dd, J = 14.2 and 7.0 Hz), 4.00-4.09 (2H, m), 4.14 (1H, dd, J =
11.5 and 4.4 Hz) and 4.29-4.35 (1H, ).

2.7  Application of developed proceduresfor the deprotection of acetals
2.7.1 General procedurefor synthessof 1,3-dioxolane [61]

0 HO  OH o
;>
p-TsOH, Benzene, reflux

A 100 mL round-bottomed flask was charged with 1.0 equiv (20 mmol) of
cyclohexanone, 1.1 equiv (22 mmol) of 1,2-ethanediol, 250 mL of benzene, and 0.01

g of p-TsOH. The flask was attached to a water separator under a reflux condenser
fitted with a drying tube. A heating mantle was placed under the flask, and the
reaction mixture was refluxed until close to the theoretical amount of water (8-9.5
mL) had collected in the trap. The reaction mixture was cooled to RT, extracted
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successively with 10% NaOH, portions of water, dried over anhydrous NaSO., and
distilled.

This typical procedure for synthesis acetals is also applied for other substrates:
1,3-dioxolane-2-spirocyclohexane, 2-methyi-2-phenyi-1,3-dioxolane, 2-phenyl-1,3-dioxolane
and 2,2-diphenyl-1,3-dioxolane.

1,3-dioxolane-2-spirocyclohexane: colorless oil, *H-NMR (CDCl3) d (ppm):
2.10 (2H, ), 1.57 (8H, m) and 3.91 (4H, ).

2-methyl-2-phenyl-1,3-dioxolane: colorless oil, *H-NMR (CDCl3) d (ppm):
166(3H,9,3.75-3.79 (2H, m), 402-4.05 (2H, m), 7.25-7.35(3H, M) and 7.48 (2H, d, J=69 H2).

2-phenyl-1,3-dioxolane: colorless oil, *H-NMR (CDCl3) d (ppm): 3.98-4.07
(2H, m), 4.08-4.18 (2H, m), 5.82 (1H, s), 7.35-7.41 (3H, m) and 7.45-7.51 (2H, m).

2,2-diphenyl-1,3-dioxolane: white solid, "H-NMR (CDCl5) d (ppm): 4.06 (4H,
), 7.25-7.61 (8H, m) and 7.82 (2H, d, J = 7.7 Hz).

2.7.2 General proceduresfor the deprotection of acetals
A solution of acetal 1.0 equiv (0.25 mmol), BrsCCOCBr3 0.1 equiv

(0.025 mmol) and anhydrous MeOH (5 mL) in a Pyrex round bottom flask was
irradiated by a TLC-lamp (Uvitec Limited, 245 nm, 6W) for 0.5 h, followed by
dirring a RT without irradiation. After the reaction was completed (by TLC), the
organic solvent was removed directly under reduced pressure. The obtained crude was
analyzed by "H-NMR and the yield was calculated based on a standard toluene 10 pL
added.

28  Synthesisof 3-chloropropane-1,2-diol
2.8.1 General procedurefor synthessof 4-(chloromethyl)-2,2-dimethyl-1,3-
dioxolane[62]

N Chlorinating agent, PPh; =
><o OH ><o Cl

CH,Cl,, RT, N,

A typical procedure involves the reaction of 1,2-O-isopropylideneglycerol 1.0
equiv (0.5 mmol), halogenating reagent 1.5 equiv (0.75 mmol) and PPhs 1.5 equiv
(0.75 mmol) in CH,Cl, 10 mL at reflux temperature. The mixture was washed with
saturated Na,S,05. The organic layer was extracted with Et,O, dried over anhydrous
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NaSOs, and purified by alumina column eluting with hexane/EtOAc to give the
corresponding alkyl chloride.

4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane: colorless oil, *H-NMR (CDCl3)
d (ppm): 1.20 (3H, 9), 1.32 (3H, s) and 4.34-3.12 (5H, m).

2.8.2 Study on the optimum conditionsfor synthesis of 4-(chloromethyl)-2,2-
dimethyl-1,3-dioxolane
2.8.2.1 Effect of chlorinating agents

The reaction of 1,2-O-isopropylideneglycerol (1.0 equiv), PPhs (1.5 equiv)
with various chlorinating agents: CCl4, CIsCCCl3, ClsCCO.Et, CIsCCOCCI3, CIsCCN
and Cl3CCONH; in CH2Cl2 (10 mL) was stirred under N at reflux temperature at the
reaction time for 48 h. The crude was concentrated and analyzed by *H-NMR based
on a standard toluene 10 pIL.

2.8.2.2 Effect of the amount of chlorinating agent, temperature and reaction

time
The reaction of 1,2-O-isopropylideneglycerol (1.0 equiv), PPhs (1.5 equiv)
with various amounts of chlorinating agent: 0.5, 1.0, 2.0 and 3.0 equiv in CHxCl, (10
mL) was stirred under N3 at reflux temperature at the reaction time ranging from 1 to
48 h. The crude was concentrated and purified by aumina column eluting with
hexane/EtOAc to give the corresponding alkyl chloride.
2.8.2.3 General deprotection of isopropylidene acetals under photoirradiation

condition

O]V deprotecting agent HOjV
><o cl Ho cl

MeOH, hv

A solution of acetal 1.0 equiv (0.25 mmol), BrsCCOCBr3; 0.1 equiv (0.025
mmol) and anhydrous MeOH (5 mL) in a Pyrex round bottom was irradiated by a
TLC-lamp (Uvltec Limited, 245 nm, 6W). Other steps were carried out according to
the general procedure previoudy described.
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RESULTSAND DISCUSSION

Biodiesel, which is defined as monoalkyl esters, mainly composes of methyl
esters of long-chain fatty acids derived from renewable biological sources, such as
vegetable oils or animal fats. The main reactions used first in oleochemistry are the
hydrolysis or the methanolysis of triglycerides leading to glycerol and fatty acids or
fatty methyl esters. However, these reactions invariably lead to the formation of
glycerol by-product. To find the way to utilize this by-product will be valuable
applications for the overall process of producing biodiesel. The main purposes of this
research are to characterize and optimize a eutectic extraction system capable of
purifying glycerol from the biodiesel product, and to synthesize 1-halo-2,3-
propanediol and glyceryl monoester from glycerol waste. The transformation of
gycerol to glyceryl monoesters and 1-halo-2,3-propanediol is of significant
applications in food, pharmaceuticals, cosmetics or detergent industries [63]. The

genera equations for this research can be simplified as shown below.

e

Halogenating agent 0O R = halogen
on A\ "
p-toluenesulfonic acid ~ © R
OH | © )(
Benzene, reflux ifi cati 7
oH OH Esterification . KK/O R = alkyl group

O.__R

bl
o)
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KK/ Deprotecting reagent
> (@)
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3.1  Separation and characterization of glycerol waste
3.1.1 Separation of freefatty acid using acid extraction

The glycerol waste was obtained from Bangchak oil refined factory, Bangkok
in September 2007. The waste (100 g) was then purified by acid extraction. Three
selected acids including HCI, H,SO, and H3PO, were added to the glycerol waste to
reach the pH of 1. The resulting free fatty acid was separated as appeared in an upper
layer (Table 3.1).

Table3.1 The amounts of free fatty acids from glycerol waste extracted by various

acids

Acids FFA (9) Color
HCI 51.54 dark grey

H,S0, 54.00 dark grey

H3PO, 53.18 dark grey

All selected acids could assist the separation of FFA from glycerol wase.
There was no significant difference in using diverse acids. Nonetheless, based on the
practical sense, H,SO, was found to be the best acid for separation the FFA from the
glycerol waste. The composition of the obtained FFA was further analyzed by HPLC

and the results are presented in Table 3.2.
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Table3.2 Theandysisof the composition of FFA obtained from the extraction of
glycerol waste with H,SO4

Saturated fatty acid (g/100g fatty acid)

Lauricacid  (C12:0) 2.36
Myristic acid (C14:0) 1.80
Palmitic acid (C16:0) 28.92
Stearic acid  (C18:0) 541
Unsaturated fatty acid (g/100g fatty acid)
Pamitoleic acid (C16:1) 194
Oleic acid (C18:1, ci9) 42.10
Linoleic acid (C18:2, cis) 16.51
a-Linolenic acid (C18:3, cis) 0.96

Table 3.2 shows that the composition of fatty acid separated from glycerol
waste of Bangchak oil refined factory contained both saturated and unsaturated fatty
acids. For saturated fatty acid, the composition was lauric acid (C12:0), myristic acid
(C14:0), pamitic acid (C16:0) and stearic acid (C18:0), whist the major constituent
was palmitic acid 28.92 g per 100 g fatty acid. For unsaturated fatty acid, palmitoeic
acid (C16:1), oleic acid (C18:1, cis), linoleic acid (C18:2, cis) and a-linolenic acid
(C18:3, cis) were the main compositions. The maor unsaturated fatty acid was oleic
acid, 42.10 g per 100 g fatty acid.

Oils and fats were composed primarily of triglycerides. Triglycerides consisted
of a glycerin backbone with fatty acid attached in place of the hydroxyls. The relative
amount of different fatty acids determines the properties of the specific triglyceride.
As FFA levels increased, this became undesirable because of the loss of feedstock as
well as the deleterious effect of soap on glycerin separation. The sogps promoted the
formation of stable emulsionsthat prevent separation of the biodiesd.

The acid extraction procedure from the outcome of this experiment appears to
be quite effective for separation of FFA and is simple for the practica sense.
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3.1.2 Separation of glycerol using acid-base extraction

The glyceral is an unwanted by-product and must be removed before the ester
biodiesal can be used as fuel. As the viscosity of the glycerol present in the mixture
impedes the high-pressure injection system of a modern diesel engine and may cause
damage. Severa methods have been used to remove glycerol from biodiesel and these
include adsorption over silica, membrane reactors. There are numerous problems
associated with the costs and complication of operating biodiesel synthesis on an
industrial scale [64].

The purification step selected in this work was acid-base extraction of the
glycerol waste which was inexpensive and simple process. Table 3.3 displays the

amount of glycerol obtained from the acid-base extraction of glycerol waste.

Table 3.3 The purification of glycerol from glycerol waste by extraction with

various acids
0,
Glycerol Acids % Recovery of Color
waste (Q) glycerol
HCI 40.66 Light brown
100 H2SO4 40.12 Light brown
H3PO4 45.07 Dark brown

Upon acid extraction, two layers were formed. The upper layer contained
mainly FFA as previoudly described. The lower layer was then separated, stirred and
heated, 10 M NaOH was added to the liquid phase to adjust the pH close to 7. The
resulting mixture was then extracted by MeOH. The extracts were dried over
anhydrous N&SO, and concentrated in vacuo. The resdue was decolorized by
activated charcoa. Various acids could aid the separation of glycerol from glycerol
waste. H,SO. seemed to be the best acid choice for this regards concerning the yield
of glycerol obtained.

From these outcomes, it clearly showed that glycerol could smply be purified

from free fatty acid and other components in glycerol waste by acid-base extraction.
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3.2  Synthesisof 1,2-O-isopropylideneglycerol from glycerol

3.2.1 Condition optimization for the synthesis of 1,2-O-isopropylideneglycerol
The synthesis of 1,2-O-isopropylideneglycerol using glycerol and acetone was

demonstrated by the general equation shown below.

OH 0)
O Benzene, p-TsOH ><
OH + PR - o + HO
HsC™ CHs reflux, dean stark
OH OH

1,2-O-Isopropylideneglycerol could be prepared from acetone and glycerol in
the presence of p-TsOH in benzene. The effect of the amounts of acid and reaction

time were explored and the results are summarized in Table 3.4.

Table 3.4 Effect of the amounts of p-TsOH and reaction time in the synthesis of 1,2-
O-isopropylideneglyceral

Entry p-TsOH (mmol) Time (h) % lsolated yield
1 2 48 48
2 5 24 57
3 5 36 62
4 5 48 80
5 5 60 82
6 8 48 84

Reaction condition: glycerol (0.1 mol), acetone (0.4 mol), Benzene (10 mL).

As the result shown in Table 3.4, for the first entry the reaction employed 2
mmol ‘of p-TsOH under reflux for 48 h, 48% of 1,2-O-isopropylideneglycerol was
obtained. Increasng the amount of p-TSOH to 5 mmol, high yield of the desired
product, 80% was attained (entry 4). The reactions employing p-TSOH 5 mmol with
increasing reaction time from 48 to 60 h did not improve the yield of the desired
product compared with the former case (entries 4 and 5). Increasing the amount of p-
TsOH to 8 mmol and reaction time 48 h, the desired product was a bit atered.
Therefore, the optimal conditions were the amount of p-TsOH 5 mmol under reflux
for 48 h.
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3.3  Synthesisof glyceryl monoester
3.3.1 Study on the optimized conditionsfor (2,2-dimethyl-1,3-dioxolan-4-yl)
methyl ester
Optimum conditions for the preparation of acid chloride from carboxylic acid
using a combination of CIsCCONH, and PPh; were examined. (2,2-Dimethyl-1,3-
dioxolan-4-yl)methyl ester was accomplishly prepared by the acid chloride formed in
Stu and 1,2-O-isopropylideneglycerol.

o)
o)

OH ><
o CI3CCONH,, PPh; o o 5
OT R

X

R™ "OH CH,Cl,, reflux R™ CI 4-picoline CH,Cl,, reflux
O

Step | Step |1

Benzoic acid, the first chosen substrate was transformed to benzoyl chloride
and then converted to (2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate. Variable
parameters studied are reaction times, the amounts of 1,2-O-isopropylideneglycerol
and the variety of carboxylic acids.

3.3.1.1 Effect of reaction time

Reaction timesin steps | and |1 of the general procedure were altered in
order to find out the optimal time for the reaction that could provide (2,2-dimethyl-
1,3-dioxolan-4-yl)methyl benzoate in the highest yield. The results are displayed in
Table 3.5.



27

Table3.5 Effects of the reaction time on the yield of (2,2-dimethyl-1,3-dioxolan-4-
yl) methyl ester

Reaction timeof Reaction time of

Entry sep ! (h) el (h) % lIsolated yield
1 0.5 1 45
2 1 1 82
3 1 2 86
4 1 4 92

Reaction condition: Benzoic acid (3 mmal), CH,Cl, (6 mL), CIsCCONH,

(6 mmol), PPh; (6 mmal), 1,2-O-isopropylideneglycerol (3 mmoal), 4-picoline

(9 mmol) at reflux temperature.

At reflux temperature (38-40°C) when the reaction was treated for 1 h in step
I, the maximum yield of acid chloride was obtained. The reflux time in step 1l was
increased from 2 to 4 h with the expectation to lift up the yield of benzoate ester. As
expected, the desired benzoate ester was highly increased. This result indicated that
refluxing time affected on this reaction.

3.3.1.2 Effect of the amounts of 1,2-O-isopropylideneglycerol

To investigate the generality of this developed method, the amount of

alcohol was investigated and the results are summarized in Table 3.6.
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Table3.6 Effect of the amounts of 1,2-O-isopropylideneglycerol for the synthesis of
ester

o Amount of 1,2-O-
Reaction time of

Entry isopropylideneglycer ol % lsolated yield
step I (h)
(mmol)
1 1 1 60
2 1 3 74
3 4 1 82
4 4 3 92
5 4 4 A

Reaction condition : Benzoic acid (3 mmal), CH,Cl, (6 mL), CI,CCONH; (6 mmoal),
PPh; (6 mmoal), 4-picoline (9 mmal), reflux (38-40°C)
Reaction time : Step | (1 h)

As clearly seen from Table 3.6, when the reaction time in step | was altered
from 0.5 to 1 h, the high yield 82% (entry 3) was obtained. Table 3.6 demonstrates
that when the reflux time in step 11 was increased from 1 to 4 h with the amount of
acohol 3 mmol, the reaction could produce the desired ester in excellent yield 92%
(entry 4). Increasng the amount of 1,2-O-isopropylideneglycerol to 4 mmol, the
desired product was a bit altered (entry 5).This result suggested that the procedure for
the preparation of ester should be: 1 equiv of carboxylic acid, 2 equiv of ClIzCCONH;
and 2 equiv of PPhg in reflux. CH.Cl, for 1 h, followed by 1 equiv of 1,2-O-
isopropylideneglycerol and 3 equiv of 4-picoline under reflux CH.ClI, for 4 h.

3.3.1.3 Effect of various carboxylic acids on the synthesis of ester

The variation of carboxylic acidswas examined to observe the scope of
this method. The results are presented in Table 3.7

O
o
>< ]\/OH )<
(@) CI3CCON H2, PPh3 (@) o K[O
O\H/R

PN

R” "OH CH,Cl,, reflux 1h R” Cl 4-picoline, CH,Cl,
reflux 4 h o)

Step | Step 11



Table 3.7 Effect of various carboxylic acids on the formation of ester
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0,
Entry Carboxylic acid Ester & Iy?g:gted
X
@) O\/[
1 Benzoic acid © 748 92
0
A<
2 Alpha-naphthoic acid Oy-0 95
X
3 Nonanic acid ><oj/\o CgH17 94
o
0
4 Lauric acid ><Oj/\OJ\C12H23 95
o
0
5 Stearic acid ><Oj/\OJ\C17H35 46° 89
0
0
6. Palmitic acid ><Ojﬂo)kc15H31 507, 96
0
0
7 Oleic acid ><O:I/\OJ\C17H33 92
0

Feflux Lhinstep Il
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According to the results presented in Table 3.7, the use of PPhs/ClI3CCONH,
with benzoic acid and 1,2-O-isopropylideneglycerol furnished the formation of (2,2-
dimethyl-1,3-dioxolan-4-yl)methyl benzoate in moderate yield 74% (entry 1). To try
to lift up the yield of the desired benzoate ester, time in step 11 was increased from 1 to
4 h resulting in the formation of the target product 92% (entry 1). In the case of a-
naphthoic acid, the desired ester was attained in high yield 95% (entry 2). The
reaction of aliphatic carboxylic acid such as nonanic acid could also proceed smoothly
to gain the corresponding ester in high yield 94% (entry 3). Treatment of stearic acid
and palmitic acid, along chain aliphatic carboxylic acid, at refluxing CH.Cl, for 1 hin
sep 11, only 46 and 50% isolated yield of the corresponding products was obtained.
Increasing the refluxing time to 4 h (step 1), the corresponding ester could be afforded
in high yield 89 and 96% (entries 5-6), respectively. The reaction of lauric acid,
aiphatic carboxylic acid yielded the corresponding ester in high yield 95% (entry 4).
The preparation of olegte ester, unsaturated diphatic carboxylic acid, was also achieved
in good yield 95% (entry 7).

3.3.2 The mechanism of the one-pot synthesis of ester
The mechanism in step |
The mechanism in step |, the formation of acid halide was believed to take
place similar to that reported [65]. The proposed mechanism is shown in Scheme 3.1.
0

/—\C'w 0 o _ 0 R OH
- Cl—PPh, -
PPhs ™ ¢’ CI NH, ® ¢l CINH,

A

Ph( O
Ph\®/ ( 3 O
/P\r'o‘\)LR e

Ph) R™ cl
@

cl B

Scheme 3.1 The mechanism for the formation of acid halide

The conversion of carboxylic acid to acid chloride was obviously a multi-step
process. The initia step involved the generation of intermediate A from PPhs and
halogenated agent and then the substitution of A with carboxylic acid yielded an
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akoxyphosphonium salt B which then transformed to the corresponding halide by Sy2
displacement.

The mechanism in step |1

The mechanism in step 11 occurred via nucleophilic substitution. The reaction
pathway for the formation of ester is proposed as demonstrated in Scheme 3.2.

il : 8
5 R) S\ RTCI R)Fu
b 0%0

Scheme 3.2 The mechanism for the formation of ester

In the first step, the addition of a nucleophilic acohol to an electrophilic
carbonyl group was taken place. 4-Picoline was important to remove the proton from
the alcohol as it attacked the carbonyl group. The alkoxide intermediate generated

would collapse by elimination losing chloride ion. Finally, the ester was formed.

3.3.3 Deprotection of isopropylidene acetal

Although ~many. reagent have been reported for  effective cleavage of
isopropylidene groups [66-67], lack ' of selectivity was' encountered with these
methods. Table 3.8 accumulates the present study on the selective isopropylidene
deprotection of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl = benzoate carried out by
various catalysts and reagents.
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Table 3.8 Selective deprotection of isopropylidene group of (2,2-dimethyl-1,3-
dioxolan-4-yl)methyl benzoate

Entry Reagents Conditions  Time (h) %Yidd®
1 2M HCI reflux 5 80
2 5 mol% p-TsOH reflux 5 58
3 15 mol% CBry reflux 5 80
4 15 mol% BrsCCOOEt uv 1 83
5 15 mol% BrsCCOOEt uv 3 87
6 20 mol% BrzCCOOEt uv 3 Quant
7 15 mol% CBry uv 3 85
8 20 mol% CBr4 uv 3 Quant

Reaction condition: (2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate 1 equiv in MeOH
10 mL, “analyzed by *H-NMR based on a standard toluene 10 uL

Table 3.8 demonstrates that several reagents could be utilized to deprotect an
isopropylidene group, for example employing HCI and p-TsOH under reflux yielding
the deprotected product in moderate yields (entries 1-2). However, it should be noted
at this point that using acidic conditions may concomitantly produce an unsatisfied
sSdereaction such as an ester hydrolysis.

The - photoirradiation conditions could. also be applied for the selective
deprotection of ‘isopropylidene group. For instance, 15 mol% BrsCCOOEt could be
used to deprotect the isopropylidene group under UV-irradiation for 3 h. Glyceryl
monobenzoate was obtained in high yield 87% (entry 5). Increasing the amount of
BrsCCOOEt up to 20 mol%, the amount of glyceryl monobenzoate was attained in
amost quantitative yield (entry 6). However, BrsCCOOEt was not accounted as a
good reagent for the deprotection of acetal because of its instability. In the presence of
15 mol% CBr4, glyceryl monobenzoate could aso obtain in high yield 85% (entry 7).
When the amount of CBr, was increased to 20 mol%, glyceryl monobenzoate was
successfully deprotected in quarntitative yield (entry 8). Therefore, the most suitable
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conditions for deprotection of isopropylidene group was 20 mol% CBrs under UV-
irradiation for 3 h.

3.3.4 Deprotection of isopropylidene group with CBr./MeOH under
photoirradiation conditions
CBr4 has been addressed as a versatile reagent for various transformations
including the efficient cleavage of acetals. The success deprotection depended on the
in situ generation of HBr with MeOH; however, the conditions still required

anhydrous and acidic conditions [67]. The selective deprotection of isopropylidene

using CBr,/MeOH under photoirradiation conditions was examined and presented in
Table 3.9.
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Table3.9 Selective deprotection of isopropylidene with 20 mol% CBrs/MeOH

photoirradiation conditions

Entry Substrate Product % Yied®
o OH
2:0 OH
1 05 i OS 2 Quant®®
(¢ OH
J:O>< OH
0] O] b,c
2 o 3 - 4 Quant
o7 P
3 ¢! 5 OH 6 23"°
£o>< 2: OH
4 o\«CSH]J O\\(CBH]J 56‘19
0] 0]
5 0) it OH 8 8b’e
; o>< } OH
6 O\‘(C15H31 O\«C15H31 17%€
o o
7 o 9 OH 10 Trace®
} o>< }OH
8 OW(C17H35 o\«C17H35 130
O o
9 0 >< 11 OH 12 Trace®
; o) ; OH
10 o\‘(Cans o\«Cans 10de
0] 0]
11 o 13 OH 14 13°¢
£o>< Lon
12 O\\(CleZ?’ o\«clezs 330e
o o

Reaction condition: (2,2-dimethyl-1,3-dioxolan-4-yl)methyl ester 1equiv, 20 mol% CBr, and
MeOH 10 mL, irradiated by UV-lamp (245 nm, 6W) and stirred at RT for another 24 h.

?Analyzed by 'H-NMR based on a standard toluene
®|rradiated by UV-irradiation for 1 h
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¢ Isolated yidd
dAnalyzed by *H-NMR based on a standard tetrachl oroethane
®Irradiated by UV-irradiation for 3 h

The selective cleavage of the isopropylidene group was tabulated in Table 3.9.
The selective deprotection of isopropylidene group in esters 1 and 3 was carried out
by using a cataytic amount of 20 mol% CBr4 in MeOH under UV-irradiation for 1 h.
The desired 2 and 4 were formed in quantitative yield (entries 1 and 2). Nonetheless,
the cleavage of isopropylidene in alkyl ester derivatives 5, 7, 9, 11 and 13 by the same
method provided the corresponding glyceryl monoesters 6, 8, 10, 12 and 14,
respectively with relatively low yield 5-23% (entries 3, 5, 7, 9 and 11). When the UV-
irradiation time was prolonged from 1 to 3 h, the amount of glyceryl monoester
produced was a little change (entries 4, 6, 8, 10 and 12).

The reason why the isopropylidene groups of 1 and 3 were more easily cleaved
than the others might be explained from the difference in reactivity which was derived
from electron withdrawing properties of the substituents on ester derivatives (-CH,-O-
CO-R). In the presence of an alkyl group such as aliphatic, long chain aliphatic or
unsaturated hydrocarbon, the yield of glyceryl monoester was low. This may be
because of a steric hindrance.

It should be concluded that this procedure is more suitable for aromatic

substituents containing in ester derivatives than aliphatic ones, respectively.

3.3.5 A new and selective deprotection of isopropylidene group with
BrsCCOCBr 3 under photoirradiation conditions
In continuation of recent findings on BrsCCOCBr3, a versatile brominating
agent for efficient transforming alcohols to alkyl bromides and carboxylic acids to
acid bromides under mild conditions[68], this reagent was chosen to further explore
as a selective deprotecting agent for an isopropylidene group. Optimum conditions for
the selective deprotection of isopropylidene acetal with BrsCCOCBr3; were examined.

3.3.5.1 Condition optimizations of selective deprotection of isopropylidene

group with BrsCCOCBr3 under photoirradiation conditions

Optimum conditions for the selective deprotection of isopropylidene
group in the presence of BrsCCOCBr3 under photoirradiation conditions are presented
in Table 3.10.
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Table3.10 Effect of BrsCCOCBI3 ratios for cleavage of isopropylidene group

Entry Amount of Conditions Time (h) % Yield®
Br;CCOCBr;
1 10 mol% - 24 N.R.
2 10 mol% uv 0.25 63
3 10 mol% UV 0.5 80
4 10 mol% uv 1 Quant
5 10 mol% reflux 1 15
6 10 mol% uv 3 Quant
7 20 mol% uv 05 Quant

Reaction condition: (2,2-dimethyl-1,3-dioxolan-4-yl )methyl benzoate 1 equiv, MeOH 10 mL
Anayzed by "H-NMR based on a standard toluene 10 pl

Variable parameters studied included the amounts of reagent and
photoirradiation time using (2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate as a
model compound. It was found that when the reaction was irradiated by UV for 0.5 h
with amount of 10 mol% BrsCCOCBrs, glyceryl monobenzoate was obtained 80%
(entry 3). When the reaction was treated for 1 h by UV, the maximum yield of
glyceryl monobenzoate was obtained (entry 4). Comparing the reactions carried out at
reflux temperature and irradiated by UV for 1 h, it was found that the reaction
performed at reflux temperature gave a little amount of glyceryl monobenzoate 15%
(entry 5) than that carried out and irradiated by UV for 1 h (entry 4). Increasing the
reaction time for 1 to 3 h, the yield of product was obtained in excellent yield (entry
6). A typical procedure involves the reaction of acetal (1 equiv), BrsCCOCBr; (0.1
equiv), anhydrous MeOH (10 mL) under UV-irradiation for 1 h and followed by
gtirring without irradiation at RT for another 24 h. These developed photoirradiation
conditions were agpplied to the selective deprotection of various isopropylidene

groups.
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3.3.5.2 Deprotection of isopropylidene acetals with Brs CCOCBrs/MeOH

under photoirradiation conditions

Variable parameters studied were the amounts of BrsCCOCBr; and

photoirradiation time were also applied to the selective deprotection of other

isopropylidene acetals. The results are presented in Table 3.11.

Table 3.11 Selective deprotection of isopropylidene with BrsCCOCBrz/MeOH

under photoirradiation conditions

Entry Substrate Product % Yield®
0 OH
):O OH
1 05 OS 2 Quant®®
@) OH
}o>< OH
(0] O b,c
2 O O 4 Quant
Q) Q)
3 o OH 6 62
(@) }OH
4 O\«CSHN O\‘(CSHN Quant®
(0] 0]
5 0 OH 8 27°
@) J:OH
6 O\«ClSHSl o\«C15H31 Quant®
0] O]
7 o oH 10 20°
(0] }OH
8 o) \«C17H35 o\«C17H35 Quant®®
0] 0]




38

Table 3.11(Con.) Selective deprotection of isopropylidene with BrsCCOCBrs/MeOH

under photoirradiation conditions

Entry Substrate Product % Yield®

o 11 OH 12 d

9 O>< OH 21

10 O\‘(C17H33 OT(CUHSS Quant®
0] 0]

11 o 13 OH 14 68"
O>< OH

12 o\\(Cleza o\«clezs Quant®
(@] 0]

Reaction condition: (2,2-dimethyl-1,3-dioxolan-4-yl)methyl ester 1equiv, 10 mol%
Br;CCOCBrzand MeOH 10 mL, under UV-irradiation for 1 h (245 nm, 6W) and
dtirred at RT for another 24 h.

Analyzed by "H-NMR based on a standard tetrachl oroethane

*Analyzed by "H-NMR based on a standard toluene

¢ Isolated yield

420 mol% Br;CCOCBry/ MeOH 10mL/ under UV-irradiation for 1 h

€20 mol% BrsCCOCBrz/ MeOH 10mL/ under UV-irradiation for 3 h

The terminal isopropylidene acetal of benzoate and naphthanoate esters 1 and
3 were successfully deprotected by 10 mol% BrsCCOCBr; in MeOH under UV-
irradiation for.1 h in quantitative yields (entries 1 and 2). After increasing the amount
of BrzCCOCBrs up to 20 mol% under UV-irradiation for 3 h, for a termind
isopropylidene acetal of chain diphatic ester 5 -and 13 only moderate yield was
obtained 62 and 68 % yields (entries 3 and 11) whereas for long chain aliphatic esters
7, 9, and 11 only low yields were detected 27, 20 and 21 yields (entries 5, 7 and 9).
When the reaction time was increased for 1 to 3 h, the corresponding aliphatic esters
were achieved in excellent yields (entries 4, 6, 8, 10 and 12). The details of the
mechanistic study of BrsCCOCBTrs-photoirradiation deprotection would nonetheless
require further investigation.
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This part of the research work describes a new reagent and efficient method
for removing isopropylidene acetal group using BrsCCOCBr3; in MeOH. The method
provides several advantages including operationad simplicity, mild reaction

conditions, low cost and high yields of deprotecting products.

3.3.6 Applicationsof the developed procedurefor deprotection of other acetals
with BrsCCOCBr3;
To explore whether the developed protocol could be effective in selectively
cleaving of other types of acetals, a series of experiments were performed and the
results are accumulated in Table 3.12.

Table3.12 The cleavage of acetals using BrsCCOCBrz/MeOH under
photoirradiation conditions

Amount of
Entry Acetal Product Br;CCOCBr3 %Yield®
(mol%)
o)
[\
1 o O 10 52
2 20 85

cyclohexanone

3 = o 10 62
e~
™

4 acetophenone 20 96

5 ¢} | 10 58
oy

6 benzaldehyde 54 %

10 94

Z]
&
W

8 benzophenone 20 Quant

Reaction condition: acetal lequiv, several of BrsCCOCBrzand MeOH 10 mL, under
UV-irradiation for 3 h (245 nm, 6W) and stirred at RT for another 24 h.
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Analyzed by *H-NMR based on a standard toluene

Treatment of cyclohexanone ketal with a catalytic amount of 10 mol%
BrsCCOCBr3 in MeOH under irradiation with UV- lamp for 3 h furnished the
formation of cyclohexanone in moderate yield 52% (entry 1). When the amount of
Br;CCOCBr3 was increased up to 20 mol%, the corresponding product was achieved
in high yield, 85% (entry 2). Under the same reaction conditions, acetophenone ketal,
benzaldehyde ketal and benzophenone acetal could smoothly be transformed to the
corresponding ketones and aldehydes in 62, 58 and 94% vyield (entries 3, 5 and 7),
respectively. Particularly under the conditions employing 20 mol% of BrsCCOCBTs,
the quantitative yields of the target molecule could be achieved and provided the
corresponding ketone and adehydes 96, 95 and quantitative yields (entries 4, 6 and 8).
These series of experiments disclosed the new and effective procedure for smooth
deprotection of acetalsat RT under photoirradiation conditions using BrsCCOCBT .

35  Possible mechanism of the deprotection of isopropylidene acetal
35.1 The mechanism of deprotection of acetal

The mechanism of deprotection of acetal in this research was believed to take
place similar to that reported by Yadav and Subba [69]. The proposed mechanism is
described as shown in Scheme 3.3. MeOH was found to be the most effective solvent
for the cleavage. The occurrence of this cleavage could be attributed to the in situ
formation of HBr itself by the reaction of CBr, with MeOH. To confirm the effect of
the solvent, the reaction was carried out in refluxing CH3sCN in the presence of CBr4
resulting in low to moderate yield of the target product after a long reaction time.
When the reactions were carried- out-using- 10 mol%: CBrg, -the cleavage required
longer reaction time to achieve comparable yield with 20 mol% CBr,. The outcome of
these reactions was the formation of dioxolane by combination of the alkoxy radicals.
Radicals of these types could be used for the oxidation of alcohol.

The fate of such radicals could be decomposed to acetone and a methyl radica
or else abstraction of hydrogen from a solvent molecule and in these laiter, the

products were formed via dihydroxyl group.
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HBr — He + Bre

Bre HBr
~__ "

MeOH ———> MeO®

alkoxy radicals

moOMe O/\‘,\ ~ OH

) H—OMe
R\[]/O\/[S\X RTO\): OMe ’ 0\/(0

Scheme 3.3 The mechanism for selective cleavage of isopropylidene aceta
for the conversion of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl ester to
glyceryl monoester

For deprotection of isopropylidene by BrsCCOCBrs, the mechanism was
probably similar to the deprotection of isopropylidene previously described.

3.5.2 Applications of the deprotection of acetal by BrsCCOCBr3/MeOH under
photoirradiation conditions
The mechanism for cyclic acetals (ketals) upon irradiation was believed to
undergo the decomposition to afford akoxy radicals as shown in Scheme 3.4,

followed by the ring closure to give the epoxide and rearrangement to a ketone.
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HBr — > He + Bre

Bre HBr

~_

MeOH ——— > MeOe®

alkoxy radicals

MeO
ng f\‘ N OMe
] <:>< H-—OMe
0O —_— o) OH

OMe

Me

O #7417 C

Scheme 3.4 The mechanism for selective cleavage of isopropylidene aceta
for the conversion of 1,3-dioxolane-2-spirocyclohexane to

cyclohexanone

3.6  Synthesisof 3-chloropropane-1,2-diol

3.6.1 Study on the optimized conditionsfor the synthesis of 4-(chloromethyl)-
2,2-dimethyl-1,3-dioxolane
3.6.1.1 Effect of chlorinating agents

Optimum conditions for the preparation of akyl chlorides from 1,2-O-
isopropylidene-glycerol utilizing various chlorinated reagents coupled with PPhs were
examined in Table 3.13.



43

Table 3.13 Effects of chlorinating agents on the yield of 4-(chloromethyl)-2,2-
dimethyl-1,3-dioxolane

PPh; (1.5 eg)

o} Chlorinating agent (1.5 eq) o
><O]VOH ><O]\/CI

CH,Cl,, reflux 48 h

0.25 mMol

Entry Chlorinating agents % yield®

1 none 0

2 CCly4 83
3 ClsCCCl3 86
4 CI3CCN 85
5 Cl3CCOCCl; 80
6 Cl;CCOzEt 80
7 CI;CCONH; 78

*Determined by *H-NMR based on standard toluene

The efficiency of the chlorinating agent grestly depended on the type of
substituent on the chlorinating agents. The reagents in entries 2 and 3 have been
previously utilized for conversion of acoholsinto akyl chlorides. Under the specified
conditions, the desred product was obtained in high yield in the case of ClsCCCls.
The trichloromethyl group (ClsC-), CIsCCN and ClsCCOCCIs, reagents bearing
electron-withdrawing groups, gave the desired products in high yields 85 and 80%,
respectively (entries 4, 5). The electron withdrawing group-containing reagents were
chosen to prove this assumption. For example, the weak electrophilicity of ClsCCO,Et
and CIsCCONH; (entries 6 and 7) furnished the target product in high yields. Based
on the results obtained, ClsCCONH, was considered as the most suitable chlorinating
agent for further investigation since it is commercially available, cheap and leads to a

smple work-up procedure.



3.6.1.2 Effect of the amount of chlorinating agent, temperature and reaction time
The quarntities of PPhz and Cl;CCONH; were varied to find the suitable ratio
to provide the maximum yield of 4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane. The

results are presented in Table 3.14.

Table 3.14 Effect of the amount of CIsCCONH, temperature and reaction time on
the yield of 4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane

0 PPhs, Cl4CCONH, o
><O]\/OH ><O]\/CI

CH,Cl,, reflux temp

0.25 mMoal
Entry PPhs (equiv) rra3"s Time(h) % Isolated yidd
(equiv)
1 0.5 05 1 Trace
2 1 1 7 10
3 9 13
4 24 o5
5 2 2 9 42
6 24 51
7 48 66
8 3 3 9 a
9 24 63
10 48 78

The use of PPh; and CIsCCONH; in 0.5:0.5 and 1:1 eq (based on alcohol)
furnished akyl chloride in low yields, respectively (entries 1-4). Increasing the
amount of PPh; and CIsCCONH;, to 2 equiv and reaction times from 9 to 24 h (entries
5-6), the reaction gave the moderate yield of 4-(chloromethyl)-2,2-dimethyl-1,3-
dioxolane. The target product could be attained only in a little change when the

amounts of PPhs and CIsCCONH, were increased to 2 and 3 equiv at reaction time of
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48 h (entries 7 and 10). Nevertheless, the quantitative yield was gained when 3 equiv
of PPhg and CIsCCONH; and reaction time 48 h were used. Thus, the most suitable
radio of 1,2-O-isopropylideneglycerol : PPh; : CIsCCONH, was 1:3:3 (entry 10).

This method provides several advantages, including operationa simplicity,
mild reaction conditions, low cost of the reagents. However the reaction required
prolonged reaction time to be quantitatively to preparation of akyl chloride.

3.6.1.3 The mechanism of acid chloride formation

The mechanism of acid chloride formation in this research was
believed to take place similar to that reported by Pluempanupat [62]. The proposed
mechanism in Scheme 3.6 involved the formation and the decomposition of the
akoxyphosphonium intermediate. The use of combination of PPhs/Cl;CCONH, was
aso believed to proceed in a similar manner. The proposed mechanism is shown
below.

/[?\ O
Ve Re ® o ROH
S ¢ "NH; ———— Cl—PPh; + CIZC)J\NHZ
PPh; 1" cl
A
o}

Cl RO PPh; + CI,HC® "NH, —— RCl + POPh,

B

Scheme 3.5 The mechanism for convertion of alcohols into alkyl chlorides

PPh; reacts with CIsCCONH, to give A which then reacts with alcohol to give
akoxyphosphonium salt (B), the formation of which is thermodynamic driving force
for the reaction, which suffer nucleophilic attack by the chloride. In the last step, that
intermediate eventually decomposes to give alkyl chloride and phosphine oxide via
inversion of configuration by Sy2 displacement.



46

3.6.1.4 Deprotection of isopropyidene acetal under photoirradiation conditions

As aforementioned, many reports on the preparation of 1-chloro-2,3-
propanediol have been documented. Those reports mainly involved the use of
hazardous reagents such as CCl, and strong acids. To search for a novel and mild
approach for the preparation of 1-chloro-2,3-propanediol, the chlorination of alcohols
using new protocols was focused. The reactions using the combination of
CIsCCONH3z coupled with PPhs could provide chlorides. Unfortunately, the
deprotecting of isopropylidene acetal from 4-(chloromethyl)-2,2-dimethyl-1,3-
dioxolane was not fruitful. According to the unsuccessful results above, the cleavage
of isopropylidene with MeOH in the presence of BrsCCOCBr; under UV-irradiation
was tried at 1 h; nevertheless, the reaction did not proceed at all. It was noteworthy
that 4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane could be instantly unstable for
moisture and decomposed to Cl; even if it was kept and refrigerated in the dark at

temperature around less then 4 °C. UV-sensitive might also cause of these inactive.



CHAPTER IV

CONCLUSION

The combination of Cls3CCONH./PPh; was disclosed as an efficient coupling
reagent for conversion of fatty acids to esters. The utilization of this reagent could
aso be fruitfully applied for the preparation of monoglyceride under mild conditions
with high yields of the desired product.

From this research, the optimum conditions were disclosed: fatty acid lequiv
as a subdrate, ClIs;CCONH, 2 equiv and PPhs 2 equiv as a combination reagent,
CHyCl, 6 mL as a solvent, 4-picoline 3 equiv as a base and the reaction was
recommended to carry out under reflux CH,Cl, for 4 h or followed by TLC. This
developed protocol was indeed disclosed to be an efficient system to convert fatty
acid to its ester. Various fatty acids were examined to verify this developed procedure
and it was manifested that this method was suitable for aromatic carboxylic acids and
short chain aliphatic acids. The long chain aliphatic fatty acids rendered the yield of
the desired product. The substituents on an ester at carbonyl position were explicitly
uneffected the outcome of the reaction either being an electron-withdrawing or
electron-donating group. From the variation of fatty acid, the yields of the desired
product were insignificantly depended on the reactivity of alkyl group.

The synthesis of glyceryl monoester depends on the efficient deprotection of
the isopropylidene group. Although many methods have been reported for the
selective - deprotection of - protected hydroxyl -groups, a -catalytic amount of
CBrJ/MeOH under photochemical reaction conditions was demonstrated to
successfully deprotect isopropylidene acetals. 1sopropylidene groups are selectively

cleaved without causing any damage to ester group.
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Nevertheless, the rate of the reaction was slower and gave low yield, the
selectivity of the reaction was depended on the chain length of aliphatic fatty acids.
The development of a new and catalytic method for deprotection of isopropylidene
has been successful employing BrsCCOCBrs/MeOH under UV-irradiation conditions.
The occurrence of this cleavage could be attributed to the formation of HBr in situ.
The application of this developed method for the deprotection of 1,3-dioxolanes could
be carried out under mild conditions, and provided the high yield of product.

In summary, a mild and efficient procedure for removal of the acetals by
Br;CCOCBry/MeOH under photoirradiation conditions. The method offers several
advantages like mild reaction conditions, simple experimental: work-up procedure,
high yields of deprotected products and compatibility with other acid-sensitive
functional groups. This method could further examined on the applicability for
deprotection of other protecting groups such as methoxyethoxymethyl (MEM) or
methoxymethyl (MOM).

During the course of this research, the preparation of (2,2-dimethyl-1,3-
dioxolane-4-yl)methyl ester from acid chlorides could be accomplished. The outcome
under optimized conditions for the chlorination of acohol was 1,2-O-isopropylidene-
glycerol 1 equiv as a substrate and chlorinating agent 3 equiv with PPhs 3 equiv were
recommended to carry out under refluxing CH,Cl, for 48 h. 1,2-O-isopropylidene-
glycerol was transformed to the corresponding chloride in high yields.

Proposefor the future work

This research distinctly reveals the development of successful methodology
for the preparation of glyceryl monoester from glycerol waste. The outcome opened
many possibilities to deal with future exploration. The applications of these newly
methods for the preparation of some commercia compounds such as glyceryl diester,
glyceryl triester with different fatty acids should be attempted. In addition, this
research concerns with the development for the synthesis of 1-chloro-2,3-propanediol.
Formation of 3-chloropropane-1,2-diol should be investigated in model mixtures
congging of  4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane, followed by the deprotection of
isopropylidene acetal group would yield 1-chloro-2,3-propanediol. This target product
could be utilized in both organic and these compounds and was of growing interest for

industrial syntheses.
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Figure A4 *H -NMR spectrum of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl-1-benzoate
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Figure A6 'H -NMR spectrum of (2,2-dimethyl-1,3-dioxolan-4-yl) methyl-1-stearate
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