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I. Introduction

In the continuation of our studies on creating experimental
procedures which can be practically applicable to Cambodian
high school, we developed procedures for conducting
4-methylbenzene-1-sulfonic acid-catalyzed esterification of
benzoic acid with dodecan-1-ol in the absence of solvent.!:2
It is important for Japanese researchers to realize the
situation of high school in Cambodia such as classrooms,
experimental rooms, experimental apparatus, reagents, and
infrastructures in order to connect to the next research. We
visited three high schools in Prey Nup (Prey Nub) which is
located in Preah Sihanouk in the south-west of Cambodia
because one of authors (V. S.) is chemistry teacher in this
area.
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Prez;h Sihan,ouk Province has one urban area: Preah
Sihanouk and three rural areas: Kampong Seila, Prey Nup,
and Stung Hav. There were 20 junior high schools (grade
7-9), one lycee (grade 10-12: high school), and 6 lycee
(grade 7-12: junior high school and high school), in
2014/2015. In Preah Sihanouk Province, there were 504
teachers in lower secondary level (grade 7-9) and 211 in
upper secondary level (grade 10-12). There were 7393
students in lower secondary level (grade 7-9) and 4180 in

upper secondary level (grade 10-12).

ieﬁLn:h‘imsmsﬁﬂéELﬁhiﬁﬁmﬁLﬁth:eﬁ"msﬁhﬁﬁéﬁsmﬁes m
n 1 1 u 3 1 w
fhnde3an ?Lnsﬁéhh?uunﬁ iginniegissnsunjuainpuysgitgs Bo
Cl Q' n v Ea
(0§ a-8) vnurinpeAmgitge o (1A oo-ol) Bawnpwednp (Tepdd
upumymsgien diwigs b pamninpBooE-no9e 4 whenpsring me
w Y 1 w G, L3 n 1
[meinnunsinpurunitee do¢ mf fmeinnunsinpefngites
B99 mf fwumering AMem mf einjdnunurinpubugdia ¢odo mf
s - PV |
seinjEnununinpefmgi
The demonstration of organic chemistry reaction with
using domestic materials carried out in Hun Sen Veal Renh
High School (grade 7-12), Prey Nup on November 3, 2018
was shown as the following (only performed 1-6):
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1. Tapioca starch (0.50 g) was added to a 500 mL-plastic
bottle containing water (3 cm in a plastic bottle, 90 mL)
with screw cap.
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2. An aqueous solution of iodine-potassium iodide was
added dropwise to the mixture with manualshaking
until a dark blue color appeared clearly.
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3. Olive oil (1 cm in a plastic bottle, 25 mL) and water (3
cm in a plastic bottle, 90 mL) were added to another
500 mL-plastic bottle.
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4. Then, the same amount of aqueous solution of iodine-
potassium iodide of the first bottle was added to the
second bottle. After the screw cap was closed, the
second bottle was shaken for 10s well.
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5. Tapioca starch (0.50 g) was added to the mixture in the
second bottle, then the mixture was shaken well. The
color of the mixture did not change into dark blue.
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6. Olive oil (1 cm in a plastic bottle, 25 mL) was added to
the first bottle, then the mixture was shaken for long
time well. The dark blue color gradually faded and
finally completely disappeared.
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7. If a mixture of starch and a solution of iodine-potassium
iodide is heated up or cooled down, the color of the
mixture changes. Tapioca starch (0.50 g) was added to
a third 500 mL-plastic bottle containing water (3 cm in

a plastic bottle, 90 mL) with screw cap. Then, the same
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amount of aqueous solution of iodine-potassium iodide
of the first bottle was added to the third bottle. When
the mixture was heated up to 60 °C, the dark blue color

gradually faded and finally disappeared.
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8. When the mixture was cooled to room temperature, the
dark blue color gradually appeared, but it was not as
intense as that before heating. Then the mixture was
cooled down in ice-water bath (3 °C), the color was
deepened.
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In the demonstration, mouthwash containing iodine
(povidone-iodine) for example Isodine* in Japan, antiseptic
Betadine® (10% povidone-iodine) outside Japan, and
Povadine® solution in Thailand and Cambodia can be used
instead of an aqueous solution of iodine-potassium iodide.
Povidone-iodine’ is water soluble complex of iodine with
poly(N-vinylpyrrolidone). The complex in solution slowly
releases I,. The generally accepted model structure of the
complex was proposed as shown in Figure 1.%° Recently, the
revised model structure was reported as shown in Figure 2.1°
The single X-ray crystal structure of the model complex
showed that protonated pyrrolidone units linked by
intermolecular hydrogen bonds along with triiodide.
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Figure 1. Generally accepted model structure for povidone-
iodine.*’

Figure 2. The revised structure for povidone-iodine."
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IoZiine solution can be prepared by dissolving potassium
iodide (1.0 g) and iodine (0.30 g) in water (250 mL). The
solution should be stored in brown bottle to prevent
decomposition by irradiation of light.
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Starch consists of two types of polysaccharide: amylose
and amylopectin. The structures of amylose and amylopectin
are shown in Figure 3. Amylose has a long linear a-1,4-
glucopyranoside (glucose) repeating unit. Amylopectin has a
linear o-1,4-glucopyranoside repeating unit and sometimes
branching a-1,6-glucopyranoside.
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According to Japanese standard high school chemistry
textbook,!! a combination of an aqueous solution of iodine-
potassium iodide and that of starch gives a dark blue solution.
The reaction has high sensibility to detect trace of starch or
iodine. Free iodine molecules (I,) are taken into the spiral
structure of starch to show the color change. And the
schematic diagram containing the free iodine molecules is
also shown in the textbook. The color of iodine-starch
complex is dependent on length of a linear structure of
starch.
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Figure 3. Structures for amylose and amylopectin.
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However, the color change mechanism of iodine-starch
reaction reported recently'> '* and Japanese textbooks are
different. lodine has a strong ability to form charge transfer
(CT) complexes even with weak donors. As the result, charge
transfer from donor I" to acceptor I, to form I~ and to form
polyiodide I occur in the same manner. The color of the
aqueous solution of polyiodides is brown. When the solution
is added to a mixture of starch in water, charge transfer from
starch (donor) to polyiodides (acceptor) to form deep-blue
CT complexes. Chemists' in USA reported the preparation
and single X-ray crystallographic studies of the first infinite
polyiodide of polymer chain. The Raman spectrum of the
compound showed the same band as the starch-iodine
complex. This result indicates that the infinite polyiodides
are taken into the spiral structure of starch.
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In Cambodian high school textbook,'* the structure of
starch and the color change of the iodine-starch reaction are
described, but there is no description of why the color
changes.
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Olive oil contains abuout 99% triacylglycerols. The general
structure of triacylglycerol is shown in Figure 4. The acyl
groups R!, R% and R? in triacylglycerols are different; the
main acyl group is an oleyl group having one C=C bond. The
range of components of fatty acids in olive oil and their
structures are also shown in Figure 5.
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Todine value is an important concept for expressing the
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Figure 5. Structure of fatty acids and their composition of olive
=1 15,16
oil. ™

amount of unsaturated C=C bonds in fats and oils. There are
two definitions.
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1. The iodine value is the mass of iodine in grams that is
consumed by 100 grams of a chemical substance.
o migfdjuAnt it sfammuitumepingmywanmyis 100 g 4
2. When a halogen is reacted with a 100 g sample, the
iodine value is the number of grams of reacted halogen
converted to the number of grams of L.
washnnitusnginsmnepinymywiamamamagy 100 g siufdtiud
mﬁgngﬁ?smgj%mefumgmLﬁﬁﬁgﬁfnjhmmﬁgsLﬁm L
The definition 1 is derived from Wikipedia,'” Japanese
chemistry textbooks,' and so on." The definition 2 is derived
from JIS (Japanese Industrial Standards)® and Japanese
Pharmacopoeia.”! From the view point of the experimental
procedure for determination of iodine value*"* using iodine
monochloride, the definition 2 is considered preferable. In
Cambodian high school textbook,” the hydrogenation and
hydrolysis of fats are described, but there is no description of
iodine value.
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Our method demonstrated that shaking olive oil and the

deep blue mixture has an advantage; free iodine molecules
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migrate gradually from the spiral structure of starch due to
good solubility in olive oil and due to reaction with olive oil.
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After our demonstration in Hun Sen Veal Renh High
School, one of chemistry teachers had a question “Have you
ever checked the iodine molecule addition to olive 0il?”. In
order to answer the question, we carried out the reaction of
olive oil with iodine-containing materials under several
reaction conditions and the products were analyzed for
structure determination by measurements of nuclear
magnetic resonance (NMR) spectra.
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II. Results and discussion

In this study, reactions of olive oil with iodine-containing
reagent were monitored by nuclear magnetic resonance
(NMR) spectroscopy. First, we measured the NMR spectra
of a commercially available olive oil. Then we performed a
reaction of the olive oil with Isodine from room temperature
to 100 °C. The reaction mixtures were so complex to be
analyzed for the products. In order to simplify a reaction
mixture, we used iodine as reagent. After that, we found
some products were unstable to be isolated. The reaction
was carried out in ethanol because mouth wash contains
large amount of ethanol. We isolated ethyl groups-containing
product from the reactively simple reaction mixture.

1S1ﬁh mindnpigsungisuag iy wanmaitpm s nf UM ern
] A 'y

1

Oam n

ﬁﬂSﬁJtm tﬁmJﬁemmm:mtmeﬁumnna (NMR)+ figs stianasedjugt
!

wiftimisunand (NMR) susjpagdisinmeutisfipy ugtun

ufniguAnguhgdmymigiseldsanmnmpom  Adganmnugiu
Jd ~ v u 1 2 11 L3 1 14 =

100°C4  mipwipingmemnuaapmamuisaniginansmidmamsda

~ \? ~ J ¢,
s g apwpingmemnanum afaniftjutening untims
9 ~ m 12 u oo =
sfameinnfinosdasuywigefewn etyimuispmngisaifgud
afemuimanmes  (uRngpimessgiantwmann  ym:  Mouthwash
N ~ )y 10 ‘I 1
wegrwmanaisd  sfuimasdasaiumepemiuiapopinggw
E { 0 j ¥}

IHanEmmnye
fal 1

1. Structural assignment for NMR spectrum of an olive
oil

NMR spectra of olive oil had been reported previously.**>
By measuring the NMR spectrum of commercial olive oil,
the composition of fatty acid was approximated.

HSQC spectrum of olive oil in CDCl; is shown in Figure 6.



Reaction of Olive Ol with Todine in the Presence of EthanolFormation of the Iodoethoxylated Fatty Acids Ethyl Ester for the Betterment of the Organic Chemistry Experiment in Cambodian High School with Using Cambodian Materials

CH,
CHs

_CH=CH- -OCH- -OCH,- CHz cH, CH,
ppm
CH, - —'
1
or ZunlD R
)
50
-OCH;- 60
-ocH- |— o
I 50
%
100
110
120
CH=CH- & 120

Figure 6. HSQC spectrum of olive oil in CDCl,

Each HSQC correlation shows direct connection of a proton
with a carbon (H-C: Jy; ). Assignments of 'H and *C NMR
are shown in Figures 7 and 8. The assignments were carried
out by using COSY and HMBC correlations (Figure 8).
COSY and HMBC correlations show couplings of protons
(mainly H-C-C-H: 3J,y) and 2 or 3 bonds away from a
proton to a carbon (H-C-C: 2/, or : H-C-C-C: *Jy; ). CH,
groups of fatty acids were observed at 0.88 ppm in '"H NMR
(Figure 7), and 14.13 and 14.09 ppm in '*C NMR. Larger
coupling constant (J/ = 11.9 Hz) of CH, group for glycerol
moiety in '"H NMR was due to geminal coupling of 2 protons
(4.30 and 4.14 ppm) of the CH, group. Vinyl protons of C=C
bonds were observed at 5.40-5.30 ppm 'H NMR. Stronger
peaks in *C NMR for C=C bonds of oleic acid were observed
at 130.01, 129.71, and 129.69 ppm, and weaker peaks for
C=C bonds of linoleic acid were observed at 130.21, 129.97,
129.92, 129.83, 128.09, 128.08, and 127.90 ppm. Carbonyl
carbons were observed at 173.27, 173.25, and 172.84 ppm.
The chemical shifts were different depending on attaching to
an oxygen atom at methine or methylene of glycerol unit.
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Figure 7. Assignments and relative ratio of protons for 'H NMR
spectrum (CDCl,) of an olive oil.
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Figure 8. Assignments of C NMR spectrum (CDCI,) and HMBC
correlations of an olive oil.
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2. Reaction of an olive oil with of a povidone-iodine-
containing mouthwash

As a preliminary experiment, olive oil used in our
Cambodian high school practice was mixed with iodine-
containing gargle that is easily available in Japan, stirred and
reacted under various reaction conditions with changing
temperature and reaction time. As a result of NMR analysis
in Figure 9, it was found that the analysis was almost
impossible with a very complicated reaction mixture and
low concentration of the products due to large recovery of
the olive oil. Although mouthwash contains ethanol,
glycerol, water, and povidone-iodine, it was presumed that
their inclusion would make the reaction very complicated.
Moreover, the reaction rate was so slow due to low
concentration of I, in the gargle. Therefore, the reaction with
olive oil was carried out using a single substance iodine
instead of a povidone-iodine-containing mouthwash.

namifisnudmigs yuasdisuneimafiansdefep dimynag
mulﬁgm Lﬁfms:mmmgmé’ﬁgsme’ﬁﬁmmsgﬁﬁ@ﬂfﬂmmmsﬁmsmgniﬁm
hj’ﬁiu{s'ﬁﬁtﬁu?lﬁﬁrjtﬂSLﬁﬁﬁgiMIiﬁmmgB@Lt;tﬁ‘iﬁgiﬁJHﬂmgtﬁﬁhmﬁl’i}ﬁimﬁ
aapmnSarwsnmping afegwipifdngdsuyansmoap oy

mewnmnn Figure 99 midmmniindsmuiiieimemywianpuuingag
0 \!Ql < J u ~ v:

ananmEnfunis s paun waniauman EtLﬁ s‘fstLﬁus;n‘}fﬁggmLﬁﬁﬁgﬁ

Fngmnamennmmanas fwie §nda gfye-fy (povidone-iodine)
1 ;

2 1Y

A

s stfimisupimen AgnouEluinyaaanmy lwiissiehd)s o
ly 1 J ~ \? ~ +
mjsgﬁﬁﬁﬁrﬁﬁmnh‘jtmmhmfﬁﬁunfji?rﬁumm yigs Anymy gt
~ 12 R ~ u v ),

meugmnuiftatgugmminadngmaiyumend sfye-Aujuim
i {matg H RIHR-HUIHIT



Vannthy SIENG -+ Seanghai HOR -

e

\.-_)-.._.._. *
a. olive oil
b.rt,24h L A ]

c.80°C,5h

d.100°C,5h

Figure 9. '"H NMR spectra (CDCI,) of reaction mixtures of an olive
oil with a povidone-iodine-containing mouthwash.

3. Reaction of an olive oil with iodine

The reaction with olive oil was carried out using a single
substance iodine instead of a povidone-iodine-containing
mouthwash. Reaction time dependent '"H NMR spectra of
the reaction mixture in CDCI, are shown in Figure 10. After
1 h, new peaks of the products were appeared, finally starting
material, olive oil, was almost disappeared until 72 h. HSQC
spectrum (CDCl;) of the reaction mixtures of an olive oil
with I, after 72 h is shown in Figure 11. Surprisingly, the
spectrum showed the presence of CH,= moiety. The
methylene unit was formed by iodine-mediated elimination
reaction of triacylglycerol as shown in Scheme 1. The
methylene unit was also detected in the reaction mixture
after 24 h by measuring HSQC spectrum. Furthermore,
strange CH, peaks ('H: 3.9-3.2 ppm, "*C: 8.1-2.5 ppm) were
appeared in the HSQC spectrum. The peaks were disappeared
by washing with saturated aq Na,S,0;. This result showed
that the intermediate was not stable to be isolated. So, we
thought a possibility of formation of iodine-fatty acyl
complex, but there was no evidence.
[wAnymy e dipimenginun wifdutgudymuinaingins
fuumend g?gs»ﬁrigﬁ?mﬂ afjagwinifnun fsurgandisquny l(lH
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Figure 10. Reaction time dependent '"H NMR spectra (CDCl,) of
the reaction mixtures of an olive oil with L,.
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Figure 11. HSQC spectrum (CDCI,) for the reaction mixtures of an
olive oil with I, after 72 h.
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Scheme 1. Plausible formation mechanism of CH,= moiety from
the reaction of an olive oil with L,.
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4. Reaction of an olive oil with iodine in the presence of
ethanol

Because of mouth wash containing large amount of
ethanol, we carried out the reaction of olive oil with L, in the
presence of ethanol.

unwanindngimamesnufmanmmanuie  ufanginuinuienisy
sttty gu;ﬂmn{wm‘ﬂ

A solutior'l of olive oil and I, in ethanol was stirred at room
temperature for 12 d. The mixture was dissolved in
chloroform, then the solution was washed with saturated aq
Na,S,0;. The organic layer was concentrated under reduced
pressure to give a reaction mixture. We measured the NMR
spectra of the reaction mixture in CDCl; before washing
with saturated aq Na,S,0;. After washing treatment, several
peaks were disappeared. The color of the solution changed
from brown to colorless. These changes might be due to the
decomposition of reactive chemical species and the
disappearance of interactions of iodine. The HSQC spectrum
of the mixture showed three cross peaks of methyl groups
(from 'H to ®C, a. 1.25 ppm~14.26 ppm, b. 1.20 ppm-15.63
ppm, and c¢. 0.88 ppm—14.11 ppm) as shown in Figures 12
and 13. The proton of methyl group a had COSY correlation
with of CH, group at 4.12 ppm. The CH, group had a
correlation with carbonyl carbon at 173.88, 173.86, 173.83,
173.81 ppm in HMBC spectrum. These results suggested
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that the product was ethyl ester. The proton of methyl group
b had COSY correlation with asymmetrical OCH, group at
3.65-3.56 ppm and 3.56-3.48 ppm. The CH, group had a
correlation with fatty acyl CH carbons connecting to oxygen
at 83.26 ppm and 83.25 ppm in HMBC spectrum. The CH
group (3.19-3.15 ppm) also had a 3Jy; correlation with the
OCH, group in HMBC spectrum. The result for measurement
of NOESY spectrum showed that CHI group (4.20 ppm)
located near the CH group (3.19-3.15 ppm) and one of the
asymmetrical OCH, group at 3.65-3.56 ppm with one
another. The CHI group ('H: 4.20 ppm) was assigned as
41.35 ppm in *C NMR with the aid of HSQC spectrum.
These results showed that the methyl group b was a moiety
of iodoethoxylation of alkene unit of fatty acyl group.
Finally, the proton of methyl group ¢ had two correlations
with CH, groups at 22.67 ppm and around 31.9 ppm in
HMBC spectrum. From the correlations, methyl group ¢ was
located in the termination of fatty acyl group.
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Figure 12. Assignments and relative ratio of protons for 'H NMR
spectrum (CDClL,) of the product of an olive oil with I, in ethanol.
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Figure 13. Assignments of °C NMR spectrum (CDC,) for the
product of an olive oil with I, in ethanol.
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"‘Fhe NMR spectra of the reaction mixture showed the
presence of C=C bond. Assignments of 'H and '3C NMR
spectrum (CDCL) of the C=C bond remaining product is
shown in Figure 14.
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C=C + midsuienfs 'H & “C NMR (CDCl,) wai C=C et
ﬁmiumtsﬁmn}Lﬁims‘ﬁwmts‘lgh Figure 144

In order tyo further i‘dentify the products, the reaction
mixture was separated by column chromatography, and then
preparative TLC to give the C=C bond remaining ethyl ester
(Rr=0.22) and the iodoethoxylated ethyl ester (R = 0.17).
The high resolution mass spectrum (ESI positive) of the
latter showed the presence of [M+Na]* at m/z = 505.2139,
which corresponded to the iodoethoxylated oleic acid ethyl
ester (caled for C,H,;INaO;: m/z = 505.2149).
Approximately 61% of all ethyl esters were iodoethoxylated
from the "H NMR spectrum of the reaction mixture.
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Figure 14. Assignments of 'H and °C NMR spectrum (CDCL,) for
the C=C bond remaining product of an olive oil with L, in ethanol.
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Triacylglycerols or fatty acid ethyl esters are recognized as
cis-alkenes. The reaction mechanism of iodoalkoxylation of
the alkene are shown in Scheme 2. The mechanism is the
same type as an addition of Br, to alkene as described in
standard textbook.? At first, I, attacked to an electrophilic
carbon of alkene with loss of iodide to give an iodonium ion
A-1 or A-2. The sterically stabilized isolable iodonium was
reported.”” Ethanol attacked from anti to iodine atom with
3-membered ring opening A-1 or A-2, followed by
deprotonation of B-1-B-4 to give the final racemic mixtures
C-1-C-4.
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The  plausible

transesterification®® ?° is considered as shown in Scheme 3.

formation mechanism of  the

Carbonyl oxygen atom attacks I, with loss of iodide. This
process is the same as protonation of activating carbonyl
carbon in an acid-catalyzed esterification. Iodine act as a
catalyst. Transesterification of soybean oil to biodiesel with
Zn/1, catalyst in methanol was reported in 2006 by Li and
Xie.*® The authors checked the reaction only using I, in
methanol, they found that combination of Zn and I, was
important. In our reaction, by using larger amount of I, for
longer reaction time, the iodoethoxylation of alkene moiety
was occurred.
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Scheme 2. Reaction mechanism of the iodoethoxylation.
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Scheme 3. Reaction mechanism of the iodine-catalyzed
esterification.
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From our results, under the demonstrated reaction

conditions in a plastic bottle, in the case of containing

ethanol, the same products would be obtained. In the case of

containing water, hydrolysis of esters and iodohydoxylation

of alkene moiety would be occurred. Further researches are

underway to determine the structure of the products from the

reactions of structurally defined model fats.
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III. Conclusion

We found that the reaction of olive oil with iodine in the
presence of ethanol gave the iodoethoxylated fatty acids
ethyl ester and fatty acids ethyl ester. Our findings were
important for understanding our demonstration of olive oil,
tapioca starch, and iodine in a plastic bottle using Cambodian
materials. The demonstration can give benefits chemistry
teachers who have difficulty purchasing or accessing
reagents.
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IV. Experimental section

1. General

All reagents and solvents were of reagents grade quality
and purchased commercially. Structure of synthetic
compounds were confirmed by 'H and “C NMR
spectroscopy. 'H and '3C NMR spectra were recorded with a
Bruker AVANCE III instrument operating at 400.13 and
100.62 MHz, respectively. Chemical shifts were referenced
to TMS in CDCI; as internal standard. Structures of the
reaction products were confirmed by 'H NMR, “C NMR,
and two-dimensional NMR (COSY, HSQC, HMBC, and
NOESY) spectroscopy. Electrospray ionization (ESI) mass
spectra were obtained on a Bruker Daltonics micrOTOF-
QII Thin layer chromatography (TLC) was performed on
precoated silica gel 60 F254 plates. Column chromatography
was performed on silica gel 60N (spherical neutral) that was
purchased from Kanto Chemical Company, Japan.
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2. Reaction of an olive oil with a povidone-iodine-
containing mouthwash

Mouthwash (Isodine 2 mL, 2.21 g) was added to olive oil
(2.0 mL, 2.01 g). The mixture was stirred at rt for 1 day. The
reaction mixture was extracted by chloroform (90 mL) and
the organic layer was washed with distilled water (20 mL x
2), and saturated aq NaCl (20 mL x 2). The organic layer was
dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated under reduced pressure to give the reaction
mixture (1.75 g).
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3. Reaction of an olive oil with I,
Todine (1.66 g, 7.02 mmol) was added to olive oil (2.0 mL,
1.97 g). The solution was stirred at rt for 1 h. The reaction

mixture was extracted by chloroform (90 mL) and the
organic layer was washed with saturated aq Na,S,0; (20 mL
x 2), distilled water (20 mL x 2), and saturated aq NaCl (20
mL x 2). The organic layer was dried over anhydrous Na,SO,
and filtered. The filtrate was concentrated under reduced
pressure to give the reaction mixture (2.05 g).
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4. Reaction of an olive oil with I, in ethanol

Iodine (0.74 g, 5.80 mmol) and ethanol (20 mL) was
added to olive oil (1.0 mL, 0.87 g). The solution was stirred
at rt for 12 days. The reaction mixture was extracted by
chloroform (90 mL) and the organic layer was washed with
saturated aq Na,S,0; (20 mL x 2) and distilled water (20 mL
x 2), saturated aq NaCl (20 mL x 2). The organic layer was
dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated under reduced pressure and purified by silica
column chromatography eluting with hexane, and separated
by preparative thin-layer chromatography to give
iodoethoxylated ethyl ester (4.1 mg) and the C=C bond
remaining ethyl ester (3.9 mg).

fiy (074 g 580 mmol) &wwmapns (20 mL)
pimeviguieininpani (1.0 mL, 0.87 g)4 sgastsagpuies(ptmeninsl
h‘%q@mmgfﬁ‘m:mm 9B g9 ApwiunyHm Etﬁnﬁf‘ﬁmmé’ﬁﬁ (90
mL) Eummm?nEmeemamgmﬁ;n{mmjﬁxg;‘ie Na,S,0; nafn (20
mL x 2) §nfe (2(; mL x 2) Euhgrqmmjaigﬁ‘is NaCl Eiﬂéﬁl (20 mL
X 2)1 msnsingipimensyaelid NaZSO:1 méﬁttﬁthmZ.TJE‘lﬁﬁﬁ ]
thﬁﬁj?ﬁmﬁﬁJﬁn‘;mml_pn‘;ﬁ[,ﬁﬁﬁﬁgmﬂ g n{pmﬁLﬁﬁﬁgtgzLﬁmgﬁ
gjaunt silica column chromatography ywiisans §nﬁg£gzmm
tﬁlin»layer chromatography (TLC) sthmegnims uiﬁ'mmfhgi"?ﬂ AT
fiumanainy (4.1 mg) Snmdumigdsomewisimé C=C (3.9

mg)
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