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CHAPTER |

biofuel market. Several
i total incompatibility with
of chemically modified

2 ) eatbon-neutral fuel thet can
be obtained from i€ Sced_plants " d rendered animal fats.
These unprogg i (comectively raferred to, aSMedstock oils) can be
converted into pgifodi Tpatitles Si ”‘ =.\ known as chemical
transesterificatidh, b .

Chemical ification.o #;_ It js'alivell-known process which
solves the problem of jiscosit 8 pro¢ess was first described in 1852
when it was originally g high-quality soaps, and with a bit
slated, biodiesel is produced by the

st to produce fatty
rlhe typical process

of retooling in the producti

reaction of fai

acid methy ~ef arend o ot o M e S P e 7Y ek Sy e

is demonstra 2khelo

ﬂim

feedstock oil methanol glycerol fatty acid methyl ester

AR 1aNA- RLURIINLIAY

approximately 30 lites of raw glycerol. Glycerol (common name glycerin) is an
alcohol which has three hydroxyl groups that can combine with up to three acids to
form glycerol mono, di, and triester [1].



Nowadays, the world energy crisis made petroleum fuel prices even higher. In
2006, petroleum consumption of Thailand was more than 40,000 million liters and

estimated to increase by 1.7% in ne 2]. Like many other countries, Thailand

has begun to use biodiesel. LR V€ Thailand has the potential to develop
biofuel set alternative encraypliSade & : y encouraging the production
and usage of alternativEenerayst i. 10-mass such as gasohol and

biodiesel [3]. Vegelad - 2 be used to manufacture
{ _ 8, demand for biodiesel
in Thailand wass | fitere s "2612, Thailand government
aims to use 8 milli®n liter s Of Hibdies .}\, e n , hat around 1.6 million
liters of glycerol will#be pfodliced o—”—; % utilized for the production
of higher valueggfleriv 7 \ ‘MoRoester (monoglyceride
or monoacylglycergh, t ynomi ity it _._w ie 8l process might improve.

1.1 Introduction toflycs

_ ith*eCids. The interest in
glycerol monoester resides in mprising an@jphatic lipophilic chain

and two hydroxykgroups in the hydrophlllcwt This structure causes surfactant

g@mﬁmﬂmmﬁm

ogles In addition, glycerol monoester isan |mportant emulsifier used in food,
and_cosmetic _ind#istries. Gycer d their deri¥f

RSB ATENRE

properties than a mixture of different acylglycerols (e.g. glycerol diester, glycerol
triester).



Table 1.1 Derivatives of glycerol monoester

Glycerol monoester Structure and application
Glycerol monolaurate @]
Ci5H3004 1.

0~y TOH
OH

occurring surfactants,

fier ip the
Glycerol e — 3 -
monopalmitate ~
C1oH3504

"ehulsifiers. Lubricants and
Aigment dispersants in make-

g and™ moisturizing creams.
Kuaginal creams. Major uses
air make-up, shaving
d'toiletries.

Glyceol monoling@leatg
C21H3504

rfactant, emulsifying

Glycerol ‘EF
Ca1H4004 ek L

m

ﬂLlEJ’J 1UNINYINT

U%d as emulsifiers or oiling agents for foods, spin finishes
and téktiles, antifoaming@gand antistatic agedigd for

LR TN NHTEH

pesticides, paper making, plastics and paints.




Table 1.1 (cont.)

Glycerol monoester Structure and application

Glycerol Monostearate , O
C21H4204

Glycerol monobeheg
CasHs5004

Marmogenizing agent.

Glycerol i mportant applications in

pharmaceutics, #8od afid 3 \ z\‘o Mieir non-toxic nature and

known biochemical@imetgbol r "’o 10g \-, 485 are recognized as a new
class of safe chemicalsiénd ar "’?c-‘ e studi@ due to its high antimicrobial

activity. The three 0%t i frr;aﬂa
glycerolyss hydrolysis of ﬁ“f ycerid

2 preParation of monoglycerides are

esterification of glycerol with fatty

1.2. Synth
=t
The mdﬁt common uction offglycerol monoester isan

enzymatic glycerolysis reaction and esterification reaction. The finished product

O EIE R IR G T Tt

qlThe utilization of esterification reaction has been continuously developed in
organic synthesis. This reaction cdlild be adopted to pifpgre many classes of diigéhic

RIAIANFRARTINEHIRD

desired, the most viable route is the direct esterification. Moreover, ederification
reaction can be used with avariety of catalysts such as acid and base.




1.3 Literaturereviews
1.3.1 Synthesis of glycerol monoester

The methodologies for the p ion of glycerol monoester by esterification
iped in details by Gupta (1996)

“Monoglyceride (glyeekgl -,4_‘_ g triglycerides with excess

glycerol in pr%en-p;‘ca
50% monogl;M
In 20 ill reparation of glycerol
monoester by id and basic catalysts
(MgO, ZnO, NaxCQdy. 2 wel [kehesen sol veni alyst increased the

activity and th .selg \ \ ihe esterification reaction

JglicdNihe selective synthesis of

0 & sia ting materials employing

| different Si/Al ratio as catalysts.

Zeolite Beta exhibit-ed -::e-:?;—,‘ salyst to obtain the mono-derivative,

presenting selectiy, jher than 60 Y presented 55%
selectivities at 16% yield and Mordenite exhibited 55% select at 13% yield.

odology to prepare

gl Zeol

In 2Q04.1B

glycerol mono ster from Tattyse ethy! esters j_'glycerol using several
solid basic catalyst (MgO, ZnO, L&0s;, and CeO;). From the comparison of the

catalygic pr Vi S 0 >> > CeOs.
In 8 n, [ o] - iestgrglar@ simlllar to that
obtaqld In using homogenous basc catalysts (i.e. 40% monoester, 50% diester and
10% triester).

19 SINIRIUNIN RN

using mesoporous catalysts, MCM-41 derivatives. This study clearly shows that
porous solids such as MCM-41 promoted with magnesium species can be efficient
catalysts for clean synthesis processes, particularly when the synthesis of the porous



material and the experimental conditions are finely tuned to the reagents. Here
glycerol monoesters were synthesized with a yield up to 80%, which is higher than
40% monoglycerides obtained with Ro eneous catalysts.

In 2008 H-Kittikun, J@a/\er F developed a packed-bed reactor

(PBR) system using_imimagonized . ‘ omonas) as biocatalyst for

continuous monoacylghy ! ‘D O&idd of MAG increased with

increasing residencEtIme. ] 'm@ighest yield of MAG of
oa/ N

In 20084 | (o] Nep e optimum conditions

for the glycerolysi i and.¢ "\.‘1‘" 0. criyea. from biodiesel process:

a reaction temperat ‘Withe 3 Y& 10\01 ¢ fyde glycerol to palm stearin
| | - 1._‘ -..,

of 251, and 7 %Optimum conditions for

glycerolysis of cru A ‘1-4"‘ yielg g :‘% r|ty of glycerol monoester

was obtained. ' \\

ylycer 1o oxyl group

_ lyc&l monoester by esterification
of glycerol with acid I|eS| lagioups of glycerol that can consist of
fatty acid i NG ery site. Mul ‘- oducts: m.Lhis reaction which includes
the glyceral mono-,di-,—and triester. Toproduce-on ol monoester, the
researcher maugtit | that contains only
one hydroxyl Joup Ne“eon B nthesm 1,2-O-isopropylidene

glycerol from glycerol isthe use of acetone and an acidic cat

AU BT

acetorf, p - TSOH

9 Nﬁmwwm IR

In 2003, Yu [13] and co-workers synthesized glycerol monoester from the

yst in petroleum ether.

transesterification of 1,2-O-isopropylideneglycerol with methyl stearate. The
protected glycerol prevented the formation of diglyceride and triglyceride at higher



temperatures. In this three-step process, each purification procedure is very simple
and the yield and purity (97%) are very high (overall yield: 92%). The selective and
efficient deprotection of the acetonide

s accomplished using the strongly acidic wet

ry.
most3requentlyzused protecting groups for 1,2-diols
I "‘ = . .
protedtion, \Orgacetgaide groups Is an important
alsproducts and in the field

of drugs and pharggéCeuti

In 2008 Swij ‘ deprotection of acetonide
group using 2NWHFCI 4T he Senipl thisis of 1,2-diols has the
advantage of short géacti@ , .h fé_ 2 (&ver 90% yield) and simple

o

experimental wofR-upgroggdure. bl
r"’*’ (<% '

& N o)

r)J\ F )J\

Y a2Ad &0

1.3,

éphine (PPhs) has been

contmuous& "'V ;.

Sis. These reagents
could be adom

chlorides generated, could be used as a reliable intermediate for the synthesis of other

ARH AT AETRS

utl||“ to replace SOCI,, PCls, or oxalyl chloride in the preparation of acyl chlorides
or alkyl chlorides due to their stro@ acidic conditionsgis method is not comfigiible

QIR A Y2 IAL

amides and esters using CIsCCONH; and PPhs at reflux temperature of CH2Cl,. This

1
to prepare-organic halides sich as aI%or acyl halides. Acyl

combined reagent was aitractive since it couid be utilized under miid and acid-free
condition using short reaction time.



In 2005 Chantarasriwong [16] introduced the new system for the synthesis of
amides, esters and sulfonamides using ClsCCONH,/PPhs and ClsCCN/PPhs. For the

ester formation, this new system ssh a good yield percentage at 66%-98%

depends on the type of
provided a mild reactio

1.5 The goal W
This r 1 ai (o}

specifically f

glycerol monoester and

&uentually arive at the

development of agstepf fof Ayfthesiding) Sdesicr from glycerol using

PPh; and halogenati _ ; ‘ 3,CONC ions. Moreover, this
research is condu€ted §6 figd - Condijt'ahs regiired for the synthesis of
glycerol monoesterghd aPplidié E', ) the Syithesi S fthe derivatives of glycerol

monoester.

ﬂuﬂ'mamwmm
QW']Mﬂ‘iﬂJﬂJW]’JVIFJ’]ﬂEJ



CHAPTER I

Spectromete a
otherwise stated, with Eouri off Armagn .f esonance spectrometer of
Varian model Mercy ' sied. ot 399.84 MHz for *H and
100.54 MHz feF~"C :”,_ assighied by comparison with

residue solvent pidto

Chromatoggbhy; ayek. 'j C) was carried out on
aluminium shgefS prefoatéd iith Scaifel (Merdk S ieSellel 60 PF.s). Column
chromatography w#s pesforihed ._ﬂf‘ gel (Mé ~- gel 60G Art 7734 (70-
230 mesh) or Art 9885( ca‘;;g:'g:; Al ‘ ide 90 (70-230 mesh
ASTM). ; Y ' A
2.2 Chemicals

dic (C2H5)20, C4H80, CH3COOC2H5
except for those which were

For all solvents: C
and MeOH,.were p |
rergent oredés For p-TSOH, PPhs, CCl, SCCCI R ClsCCOCCl;, CliCON,
Cl;CCONHg

I gesizing of glycerol
-
monoester, an

all

isopropylideneglycerol, benzoic acid, 1-naphthoic acid, laliric acid, palmitic acid,

linolel i i i i rc m Merck
‘ di’tﬁv plirifigeti
qlT e new methodology for the preparatlon ‘or glycerol ‘monoester by

esterification reactions with glycer‘ and carboxylic acj ng PPh3 and halog

q IR UH1INYIAY

—
acetorte, glycerol, 1,2-O-

(¢)
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acetone, p - TsOH /Y
OH OH Q OH
Y N O

Y

OH petroleum ether

R)J\CI + O kel A HO/YO)I\R
: - HO
\ o

2.3 General procg

: and acetone 4 eq (40 mmol) was
prepared at reflux temperé }___.g"" oluenesulfonic acid 0.015 eq (p-
TsOH 0.15 e 1 eﬁ tion was stirred at
reflux tem ' a ntil no more water
collected in ué tra q[;é. was cooled to room
temperature aIMreﬁhly saturated agueous NaHCO; was adt& The mixture was then

filtered, petroleurftﬂ and excess acetonwere removed by distillation under

FLUY ph ;b i S

(BHU CHs), 1.43 (3H, s CH3) 58 (1H, dd, J = 11.7 and 5.2 Hz, glycerol-H),

QWMWWW“TWW%
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24  General procedure for the esterification of carboxylic acid with alcohol

using PPhs; and halogenating agents.

77nthe§s of (2,2-dimethyl-1,3-dioxolan-

step I

4-p|coI|ne O- C@

1 "5‘-.“_? added to a mixture of
H,Cl, 3 mL at reflux

24.1 General procedure for

4-yl) methyl “

Step I:
benzoic acid 4
temperature. Th

Step 11 i XEUIrg ; \a = 1 eq (3 mmol) and 4-
picoline 3 eq (9 min ) ad “th U@ rlXtUE&, The reaction was refluxed
o f W
layer was extracted wj ) J Cla ‘ 8y ucolls NaHCOg, respectively, dried

and continued stir. efiithe res x,& pN'Was completed, the organic

over anhydrous N&SO, and 1'=\-‘--n‘-:-‘ #tuo. The mixture was separated with

)
ﬂymm fSNE ‘?mm

(O. 1 g 0.75 mmol) was dlssolve?ln MeOH (5 mL) HCl (2 M, 0.75 mL) was then

qRARNATR IIINTIAY

then removed by filtration and the mixture was concentrated in vacuo. Further
insoluble material was removed by filtration and the solution was dried over
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anhydrous NaSO,. Purification by filtration through a pad of silica gel gave 2,3-
dihydroxyl-1-benzoate after concentration (94%).

25 i ‘ erification of carboxylic acid and

) eneral procedure, but
the different ty, dhatirigage & Varietihoone, CCli, ClCCCl;,

he general procedure, but

the ratios of ClsCCOQEt and y b acid was fixed at 1 eq): 1:1,

1:2, 2:1, 2:2 and 2:3. —

2.5 \ES

Th

Jj@cribed above but

the different a‘ﬂ’al . "'fied: 0.5, 1and 2.
255 Effed @vent system

the ff (CaF 5[0' g0 and
Yo

wma&mmmwma t

The esterification was carried out in the same manner as described above but
the different reaction temperature in step 1l was varied: a room temperature and

solvent reflux temperature.
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2.6  Applications of developed proceduresfor the synthesis of glycerol

monoester derivatives.

OH

behenic acid
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate:

colorless oil (859 3H, s, CHs-), 1.45 (3H, s, CH3-),
3.88 (1H,t, J = 8.4 ; —___—_57 Hz, glycerol-H), 4.33-4.47
(3H, m, glycer

, m, OL? » H@,LJ:?.%HZ, PhH),
o ‘
8.05 (2H, d, ] =#88TIZ, N

colorless g ¢ IR (CDEI) - "f:-, Hs-), 1.48 (3H, s, CH3-),
3.92 (1H,t, J ="8. . ) \ 0 HZ, glycerol-H), 4.43-4.55
(3H, m, glycerol- I'. -7.64 SOSRITid , /.89 @HNE, J = 8.11 Hz, ArH), 8.03
(1H,d, J=818 Hz, A ' z\AH), 8.92 (1H, d, J = 8.65 Hz,
ArH). |

co|or|essc¥(75%) 'H NMR (CDC %?7 (3H, t, J = 6.80 Hz, CH3-), 1.25-

ﬁw Ny ‘W&iﬁiﬁ?g

gly [-H), 4.05-4.18 (3H, m, glycerol H), 428434(1H m, glycerol-H).

qmmnmummmaﬂ
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyl palmitate:

colorless oi | , J = 7.54 Hz, CHs-), 1.30
(14H, m, -(CH2)4 andlf(CH AT 56 Hs W 43 (3H, s, CHs-), 1.58-1.64
(2H, m, -CHZ-CHZC-) 2. -5;,:‘:’3553,‘: H=CH-), 2.34 (2H, t,, J = 7.57 Hz,
-CH,CO-), 2.74-2.81 (2t fz’.f ; &; H), 3.73 (1H, t, J = 8.44 Hz
glycerol-H ',105 ] : mﬂycerol-H), 5.27-5.42
(4H, M, -CHEC e e——— :

Vi

=
(2, 2—diﬂ+}hyl-1 3-dioxolan-2=yfmethy! oleate:

ﬂuﬂqﬂwﬁﬁﬁﬁni
AR 87 SMUAIAINGIRY

1.29 (20H, m, -CH,-), 1.36 (3H, s, CHs"), 1.43 (3H, s, CHs-), 1.60-1.67 (2H, m, -CH,-
CH,CO-), 1.99-2.06 (4H, m, -CH,-CH=CH- CH,-), 2.32-243 (2H, m, -CH,CO-),




16

3.71-3.75 (1H, m, glycerol-H), 4.05-4.33 (4H, m, glycerol-H ), 5.29-5.41 (2H, m,
-CH=CH-).

| = 6.79 Hz, CH3), 1.25-
1.28 (28H )T | CHs GTN&REH:-), 1.58-1.64 (2H, m,
-CH,-CH,CO-), 2 57 R EHiC 3 (1H, t, J = 8.34 Hz,
glycerol-H), 4 ? gly i, §lycerol-H).

colorless ol (6 ARCD 3k, t, J = 6.78 Hz, CHy-), 1.25-
1.28 (36H, m, -(CH2)12), ¥ _7 Cl 83 (3H, s, CH3-), 1.58-1.64 (2H, m,
-CH»-CH,CO-), 2.34 (2 56 0-), 3.74 (1H, t, J = 8.43 Hz,

gwcerol-H@o ,,,,,,, g 509

0 "\%r(step 1)
out In the same mannerad@cribed.

ﬂ‘LlEJ’JVI (211N73

q RRTA S ]

4.29 (1H, dd, J = 11.15 and 3.95 Hz, glycerol-H), 4.72 (1H, t, J = 5.65 Hz, -OH), 5.04
(1H, d, J = 6.45 Hz, -OH), 7.51 (2H, t, J = 7.64 Hz, ArH), 7.64 (1H, t, J = 7.40 Hz,
ArH), 7.98 (2H, d, J = 8.40 Hz, ArH).
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D DISCUSSION

1,2-O-Isopra nthesized from glycerol and
acetone with p-TsOH.orgther-gCids. The tinerequire d.was varied between 24 and 48
hours. The effect of eaiand the results are reported in
Table 3.1.

Table 3.1 Effect of gctig "" e5's Bpropylideneglycerol
Entry _ : | N % solated yield
1 52
2 70
3 78

Reaction conditiong¥ glyler acetone 1 g (10.9 mmol),

petroleum ether (38 mlJ H' 30 mg e ux temperature.

It can be seen that the reactiondime-w, S € A for this reaction. The reaction time
of 36 h gave good yiel -"f*‘: sired p Indeed when reaction time is
prolonged (o484 Dpro J]ncrea%d (entry 3).
The "H-NNF )Jerol is depicted in
Figure AL

ey
=

il |l
1,2- Oqso;‘o@leneglycerol

AUETENINEINg

The '"H-NMR spectrum of ‘2 -O-isopropylideng@iiycerol displayed two Eigflet

RIRINFRANIINEIRY
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3.2 Study on the optimum conditionsfor esterification of carboxylic acid and
1,2-O-isopropylidene glycerol (steps| and I1) usng PPhs and
halogenating agents

The efficient  synthesiS propylideneglycerol using the

| O
- o
Oo-¢
In the«®fesan various- fa &d to search for new

appropriate chemifal g be'gptimal conditions for the
preparation of*monglsed Tihe,stards r ( fign iMvolves the reaction of
benzoic acid witlhalaflen ents 't 2 Hloride intermediate, which
was consequently tr, p. ! : i ' erol to furnish the desired
product. Variable' anfeter “:1""1' Je < pgenating agents, reaction
time, temperature and, o-i_-“ m. Mc the optimized conditions, this
protocol was then applied for 3 etential cbmpounds

A proposed megh ’f“" athwiay ication reaction using PPhs and

gau 43 inenna..
ARIAN TN INGAE
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3.2.1 “Effecyf rebciflof-tinetd \

To optighze ghe - | ", ~ acid and 1,2-O-
isopropylideneglycegbl e tio |\Wwas\ used 2 s substrates. At the first
step, to treat thghform ' '
reflux temperature fg an it 1ty the Iatter in the presence of 4-
L After that, the
pusi¥ for 1 h. Then, the desired

picoline as a bafe, ag fOII / —_.g“r isopropylideneglycerol.

reaction was refluxeg®angfj 0.-he stirred

product would be obtamed [he-effect of- Qn time in step 11 was investigated and
the results are accum edinTabless
() A \0)
Table 3.2 bf le benzoic acid with
1,2ﬁ~isopr :Jlj
Entry - Reaction timein step I (h) %Isolated yield
= 86 U

) 2C|2 ( .0"mL oly, €I;C O t (6 ol), 4-picblihe
mmol), reflux temperature, reaction time: step | 1 h, step 11 (vary).

Q ' eaco 4r S o-raE.E ﬂt, 1 1_ :'"'-'J‘ur 3
q = ; N
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% | solated yield

Figure 3.1 Dlatedl yigld of (272-difme C \ methyl benzoate with
various reaction tigle inglen Iﬁ\ ‘ | \

It was clear 2 \ "8l ormed to the desired ester
in higher yield if the, réctiontandifions: sltered This could be seen from the
outcome of the exp|m - alled the yield of the desired product

included the reaction tlme eter implied that the formation of

monoester mthl upﬂ\the period for the
rea:tlon ','Arm.-.m‘-—- Fo=34 ar]d 86% under
modified re 4: .1 the reaction time is

increased, theﬂeld of the product™was consistent. The {lﬂ[nparison between the
reaction at 4 h ar? the reaction at 5 h, found that the 4 h reaction was better than

FWE IMOTINETNT ™

3 2.2 Effect of halogenat':g agents

RGNS

halogenating agents and PPh; is a good dternative and interested [26,27]. The
esterification of benzoic acid with 1,2-O-isopropylidene glycerol was completely
performed within 5 h under mild condition to get the desired product, (2,2-dimethyl-
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1,3-dioxolan-4-yl)methyl benzoate. The problem of unavailable purchasing of the
halogenating agents that would be used with the esterification process of benzoic acid
with 1,2-O-isopropylidene glycer thoroughly carried out, the outcome is
presented in Table 3.3.

Table 3.3 Effect of
O—ISDp OpY en

_J

on of benzoic acid with 1,2-

Entry m atiy ) %] solated yield
1 none’, trace
5 " 65
3 84
4 15
5 24
6 \ 74
7 DO \ 84
Reaction conditig (3mm / t\n @pyideneglycerol (3 mmol),
CH.Cl, (3.0 mL), PPhgi(6 mmel)¥haloger 46 mmol), 4-picoline (9 mmol)
at reflux temperature feactighdirne:
The- icloge agents empl DEY | are commercially
available. ¥ -,,»-__—:===_ff*i-- pR’ the formation of

monoester, v

halogenating aﬁ ts (entry

r&-t}ut in the absence of

desired product was obtal,ﬁi only in trace amount.

This was clearly nstrated that the halo enatlng agents was essentia for this

Nl oup that
Tﬁmﬂ HEHR WAoo
CI3CmJOEt and CI3CCCls (entrles 3 and 7) gave 84% yield. Other reagents
containing electron-withdrawing up were chosen d8aprove this assumptidfiefFor

RIARNIRANTINLIRY

effect on the reactivity of the reaction. Either CIsCCOCCI; or CIsCCN (entries 4 and
5) did not good yield of the desired product probably because of their iow affinity
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electron-withdrawing group that may make the reaction become acidic and thus not
appropriate for further reaction to take place.

The efficiency of halogenating ts providing (2,2-dimethyl-1,3-dioxolan-4-

y1) methyl benzoate could be arfaged 4 ow.

ClsCCOOEt ~ ClaCCCla SalsBE0 €1,CCN > Cl;CCOCCl3 > none
Vortfi-notit ﬁcmcooa, ClsCCCls and

ClsCCOONH, asw—‘ ts g 5ol erting carboxylic acid and

& erfl ient reagents for the
ol. For optimizing the
reaction conditio of CI3CCOOEt and
PPhs would affes ORECORE! and PPh; as 1:1, 2:1,
1:2, 2:2 and 2:'3 wefe therefore T{-‘ q—‘_ A res H p accumulated as shown in
Table 3.4. .ﬁl ¥

V) s

Table 3.4 Effect of equwal cit-of reagen he esterification of benzoic acid with
LIRINY,
-O-isg 0

.1_—'-.»“:

A~
=25~ o olated yield
£ 59

jommt

26
I {l
1:2 78

84
Regctionfgon| I jcerol (3

m CH.Cl, (3.0 mL), PPh3 vary) CI3CCOOEt (vary) 4-p|coI|ne (9 mmol)

q ﬁAccordﬁg tot ejj)rementloned r%ults it coullae nclugthat the ratlo:)ﬂ

halogenating agents and PPhs had effect on the efficiency of the reaction. A mixture
of CIsCCOOEt and PPh; 2:2 seemed to be a right choice of combination. Reaction
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carried out in this matrix gave (2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate in
surprisingly quite good yield (84%, entry 4). Increasing amount of PPh; more than 2
equivaents (entry 5), the yield of pr was decreased. This might be caused from

evaluated for of)ti i ! i ::" \N ot C ythe amount of 1,2-O-iso-

propylidenegly@@rol igs

Table 3.5 Effglt of fhe g 120 opylica 0l on the esterification

; 4 i _ % | solated
Entry J — —( R0 , yield

' 15 46
84

89
Reaction conditions: R- O-isopropylideneglycerol (vary),
CH.Cl, (3

?L = AV -gzj,e (9 mmol), reflux

temperature, e
* \_J

-

=t
In the d}gent study, employing 6 mmol of 1,2-O-i scﬁ&;pylldeneglycerol gave
the highest yield i duct (89%, entry 3). W 1,2-O-isopropylideneglycerol was

mmﬂ?ﬁﬂﬁTﬂﬂMJ o

d of the desired product b&d on the more substrate was used. That may

q VS TR o) (1IE 12
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3.2.5 Effect of solvent system
From the experimental conditions described above, CH,Cl, was used as a

homogeneous medium. Severa sol s ere chosen to evaluate their compatibility

replace CH,Cl,. The results of the
€,Hs0 and CHsCOOC;Hs in the
ycerol using ClsCCOOEt as

% | solated Yield
84

1

2 77
3 21
4 40
5 39

Reaction conditiéns: : ‘li’-. isopropylideneglycerol (3

mmol), solvent (3.0 m '-'r‘;.ﬁ-:“'" ). YOET (6 mmol), 4-picoline (9 mmol),

fes ohosen as a reaction

ystfate. Four common

solvents were se {0l replace CH,Cl, in this

;ﬁﬁ

reaction. It was found that CH,Cl, was superior in terms 0f producing the highest

yield of (22 dmﬁlﬁB-dloxolan- 4- I)metlﬁ’benzoate However, some specific
) C 3 hy| (Csz)zO

(diethylether) is not good solvent‘br the %terlflcatlo f benzoic acid W|th

q W’Tﬂﬁﬂ mm NHIRY

drop. It was observed that it became oil droplets when the polar solvent was used.
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3.2.6 Effect of reaction temperaturein step 11
Another important factor for condition optimization on the esterification of

was the effect of reaction

benzoic acid with 1,2-O-isopro
in varied between room temperature
st felicitous temperature that
ated in Table 3.7.

Table3.7 The _n the esterification of
benzoig.e€Ta fider e
Entry 7

%] solated yield
1 39
2 K A O 84
Reaction condiffongf” génzbic eei F\"‘\ 12,0-T80propylideneglycerol (3
mmol), CH.Cl, (0 Ei HO 23 (6 mmol), 4-picoline (9
mmol), temperaifire ( y) eacti ;, ;_r -+ £D

‘ ¥

J %
Ly e L

The highest yiel§ roduct plishe j at reflux temperature (84%,

entry 2). It could be @bvioddh :fﬁfﬂ tha

from room temperature (2

reaction temperature was rasied up
hloromethane temperature, the yield

of (2,2-dimethyl- fan-a-yhymethyl grﬂsantly increased. In

addition, the edvantage-of-this.reaction.carried-out.at.elevated #emperature was the

better soludfity:fa e cases not totally
dissolve at roof femperature.

From this giudies, the optimum condltlons were disclosed:

ARSI REIAT

mL Ueflux temperature. The mixture was stirred for 1 hr.

l: A mixture of 1!0— Eropyhdeneghol 1 eq (3 mmol) &k 4-

IR AR RS

layer was extracted with 10% HCI and saturated aqueous NaHCOs, respectively, dried
over NaSO, and evaporated in vacuo. The mixture was separated with silica gel
column eluting with hexane/EtOAc (9/1).
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3.3 Applications of the developed procedures for the synthesis of glycerol

monoester derivatives.

[he restlts of the

id with 1,2-O-isopropylidene
of carboxylic acids on the

% | solated
yield

84

65
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Table 3.8 (cont.)
Carboxylic %] solated
Entry " acid - Bee yield
7 stearie 65
8 63

Reaction conditigpé | Q=isopropylideneglycerol (3
mmol), CH,Cl, (3.04#F), ° ECOC 1 amol), 4-picoline (9 mmol),

reflux temperaiéife, regftiog'ti

The asBVe reflitsfing 1_:;'45?:' | ey ‘of, they CHi ity upon the glycerol

monoester formagiPn relifed 341?}f Y \@ids. In the present work,

aromatic carboxylic g€ids ' " compliss .‘ . in high yield (84%, entry
1). The ester yieldMlecr@sed itk ol aon chain. It was observed
that the desired ester ifanipdidied-tsing pain'aiphatic carboxylic acids could

be achieved in higher yield the
7). This may be because

To |Ilustra£g)1

M the long chain ones (entries 3,4 and
ager carbon chain aliphatic acids.
icapabjlity to dissolve in
e Jon. Xinzhong et al.

addressed that=with aliphetic acids the yields of
|

esters were | eased [28]. This present method in addi could apply for the

preparation of Ioﬁﬂn carboxylic acid. Ingghe case of linoleic acid, a carboxylic

fm&l INENINAANG

eld 73-76% (entries 5-6). N ertheless, the method introduced here has IEroven

0 ARSI URAINET Y

"H-NMR spectra of the desired glycerol monoester are depicted in Figures A2-
A9.
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyl benzoate

\\\W

methyl group

lan-4-yl)methyl benzoate

tng the presence of two
_ p.tree signals around dy
3.88-4.47 ppm. e assigned five aromatic

protons.

(2,2-dimethyfl-1,3digxols

The *H-NMR spectrtint-of gioxolan-4-yl)methyl naphthoate

showed a L.l_ 045iNg ; and ; @u& presence of two
methy! grodip g signals at ds 3.92,

4.18 and 4.43EFS P -8.9@pm were assigned for

seven aromatic protons.

ﬂ’ﬁl’&l%%ﬁ%ﬁwéﬁﬂﬂﬁ
qWRIANT Jabl

The *H-NMR spectrum of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl laurate
presented two singlet signal at dy 1.37 and 1.47 ppm, indicating the presence of two
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methyl groups. The five glycerol protons were observed from tree signals at dy 3.73,
4.05-4.18 and 4.28-4.34 ppm. The triplet signal at dy 2.34, multiplet signal at dy 1.60-

1.64, 1.25-1.28 and triplet signal ere appropriated for the undecy! chain.

(2,2-dimethyl ' /ate
- . _i_-;

The #*RIMB 5, (2.2l 13 tloxolaP4-y)methy! palmitate
displayed two sip8 s d d !_gfz- ndl 140 Ppmiindicati g the presence of two
methyl groups. Thegffve ‘ y 3 " r' '?1. Serve \ fQm three signals at dy 4.28-
4.33 and 4.05-4, Al c, 2.3 ‘1Bl signel t i, 1.58-1.63,
1.24-1.27 and triplegff et ;'_ 4% fohhe Bentadecy! chain.

R ENaan o

methyl groups. The multiplet of figfe glycerol proton ignified at dy 3.73-4.

q Wﬂlﬁ“ﬁ“ﬁ TURIANL IR

1.30, were appropriated for the two C=C unsaturated hydrocarbon chain.
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyl oleate

The -4-yl)methyl oleate
g the presence of two

ghified a dy 3.71-4.33. The

multiplet signg 29541 25 assigned t6, the, t, protens at C=C bond. Four

multiplet signal £2-243, 180-060 1.60° M6 . 24,20 and triplet at dy; 0.87,
¢ '] § - 5 %

were appropriated fogthe C unsatl ydrcarlion chain.

Al an- A1)

et | —
The 1+MMR spectrum O ,2-dimethyl-1, 3—diox@w-4—yl)methyl Stearate
displayed two smiet nals at dyq 1.37 and pm indicating the presence of two

B ﬁfﬂ NAUNINBANT:

proprlated for the heptadec&cham

qmmnmummmaﬂ
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(2,2-dimethyl-1,3-dioxolan-4-yl)methyl behenate

displayed two
methyl groups. I

L ',
. .! y i-
k! b
n D N
\ b\
o

=8 monoester [29]

. '=o\ 'tn orotection of acetonide group
including acids [30] flohfe & HE , : Aa c&ic acid and 0.8% H,SO, in
‘askeCl: 6 B0/S0,, CuCI2H;0 in EtOH,

so Rhown to deprotect acetonides
lect acetonide group in (2,2-dimethyl-
mmon method that

[14]. However, HCI was u

.o-—"i! AL

1,3-dioxolan-4-yl)me eisa

givesa *‘-"y

‘(El methyl-1,3- 2,3-dihydroxypropyl

ﬂuﬂWSWWWEI’TTﬁ

Reactlon time and tempera‘re in general-deprgf@stion procedure were @iéted

QAN HATINH TR

benzoate was used as model substrates. The suitable time must give the highest yield
of the desired product. The resuit of % yieid of 2,3-dihydroxypropyi-1-benzoate
when time and temperature were altered are displayed in Table 3.9.
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Table3.9 Deprotection of acetonide group in (2,2-dimethyl-1,3-dioxolan-4-yl)
methyl benzoate

% Conversion

Entry | Temp | Time -\ _ .7 1.2-O-isopropylidene methyl
/ lglycer ol benzoate
1 _——)' -
2 -
3 -
4 62

Reaction condj#fon 75 mL), dried MeOH (5
mL), stired at roomjiemp '

At room températurg eaCtion time was prolonged from
1 to 3 h, the maximum y|eI ;,; 3-dihydr PRy |- 1-benzoate was obtained (entries
1-3). At solvent rel ratu i

attained in‘dnly ree A n urwanted product as methyl-barzoate was detected

groxyprepyl-1-benzoate was

in medium %idd aies erification reaction
=

[31] could be

considered as the ost fitting condition. The yield of colorless 0il(94%), *H-NMR

UL TE ey o

Hz, @lfjcerol-H), 4.72 (1H, t, 3 = 5.65 Hz, -OH), 5.04 (1H, d, J = 6.45 Hz, -OH), 7.51
(2H, 1, J = 7.64 Hz, PhH), 7.64 (18, t, J = 7.40 Hz, RIS, 7.98 (2H, d, J = 8@z,

QRARARRAAMEARY

place. Cl 3 h fl room temperature was



33

2,3-dihydroxypropyl-1-benzoate

The 1H_@f Z,Qihyd—_ “T-Denzoate contained a triplet
signal at dy W ignel_a :f: 4* S roxyl groups. The five
ier e 'siGnalSiarounte, 3.41-4.29 ppm. The

signals around ciyg#51- 7488 lereassignedive atematicprotons.

glycerol prot s

,,,,,,

AUt INENIneINg
RININTUUNINYAY



CHAPTER IV

X ";* ----- itable halogenated reagent
SPRIop I|deneglycerol to glycerol
hIS developed methodology

was carried 0 ' ditrons\ ThaxoiohyyiSlelle; desired product was
obtained by this sythesis Processes erelg below.
The mj waSref sig | . hosphine an benzoic

solutions were , r-_f-ir ."j ffaihaMo aota further stirring for 1h
a solvent reflux i S Armixturg” of 1,250k iseptopylideneglycerol and 4-
picoline was mixed toffhe repare ion ashwell. The whole mixture was
refluxed and was dohe a - _ g . After that, the organic layer was

extracted by 10% HCI g :;;:'.T ed ¢

NaSO, a .p’ ‘vacuo. Tl ,1 silica gel column
el e s e e e e R

y thiSteveloped procedure.
Evidently, thi£| ethod is suitableé Tor aromatic carboxy@ acid and long chain

NaHCO; respectively, dried over

X il

aliphatic acids. TI? Eg chain aliphatic carb“c acids are responsible for the high

ﬁ ﬂmmmmn 1

I and stirring 3h at room temperature. The appllcatlon of this developed

using the e grol ld no
AT T REaR Y
|sopropy Ideneglycerol to produce the glycerol monoester product. The co

reagents used in this method is cheaper than other related methods, which are cited in
the literature. The high selectivity of monoester products is abundantly productive.
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Suggestion for the further work
This research provided many prospective points for the future work. For

instance, other potential halogenatin ts such as p-nitrophenyl trichloroacetate are

still waiting for further i ed system for synthesis of other

valuable glycerol est d glycerol diester should be

verified.

ﬂﬂﬂ’)ﬂ&lﬂﬁ?\liﬂﬂ‘i
RIAINTUURIINIA Y
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