CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Synthesis of alcohol derivatives

Most of alcohol derivatives used in this study were prepared by
reduction of their corresponding ketones with sodium borohydride as a reducing
agent. Further purification by ¢o! hy was performed, if needed. The
products were characteriz . R Tﬁfall synthesized alcohols was

—
btained in 30-50%.

greater than 70%, excfy ,

4.2 Evaluation of coa

evaluated by means of Grop'te ;g& '} ixture contains decane
(C10); undecane (C11); -butanediol (D); 2,6
dimethylaniline (A); 2,6-dimethiphe thylhexanoic acid (S)
dicyclohexylamine (am); and of fatty acids C10-C12 (E10-E12)
A single chromato oraphic run cture gives the information on column

)

S, ;s dity and basicity. Column

efficiency was evalua' from the average separation nt : ber (SN) values of methyl

ester peaks ( ﬁﬁl ﬁ: g ﬁ yl:ﬁ the adsorption of
alcohol (ol an wﬂm gnd sicity of column was
judged from the peak height ratio ofécids and bages (A, P, S and am). Test

ron By D DB b b

demonstrated in figures 4.1-4.3, respectively.

As illustrated in figure 4.1, OV-1701 column has high separation
efficiency (an average SN value of 29.6). This column is suitable for quantitative
analysis of monoalcohols due to no adsorptior: of ol. Nonetheless, diol (D) and
aldehyde (al) are slightly adsorbed and their analyses with this column might not be
appropriate. The peak height of P and A are rather equivalent, indicating the
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neutrality of the column. However, this column is very active to strong acid (S) and

strong base (am). Therefore, underivatized carboxylic acids and amines could not be

analyzed on OV-1701 column.

For both chiral columns (figures 4.2-4.3), the separation efficiencies
are also high with an average SN value of 26.9 and 29.4 for BSiMe and GSiMe,

respectively. The adsorption of ol was not observed but D and al were moderately

the equivalent height of weak acid @) peaks. Nevertheless, both

columns are not approprié atized carboxylic acids and

amines as S and am wef¢ also displayed their ability

to separate isomers and®enaufiofeérs as st on D 2 peaks.
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4.3 Gas chromatographic separation of alcohol derivatives

All chiral alcohols were isothermally analyzed on three columns in the
temperature range of 60-230 °C at 10 °C interval. The retention factors (k) of
represented alcohol racemates on three columns at 150 °C are compared and
illustrated in figures 4.4-4.5. It can be observed that the retention factors of analytes
on each column vary significantly depending on their molecular weight; boiling point;

type, number, and position of substitue pparent that most analytes show

higher retention on two chira mns tha 1ys1loxane OV-1701 column and
retain more strongly on the-BSiMe columin thon-on-th'GSMe chiral column. These

results indicate that the actions come cyclodextnn derivatives as

more strongly with the
leresting to note that only
pentaF provided lower nns than on nonchiral

column.

could be enantioselectively separat . erivatiﬂ and with higher degree of

separation than by GSiMe-derivative. Generaliy, on BSiMe column the separation of
¥ )

rents 50 B G e s o 20

> 2F). Nevertheless, the position of s‘ubstltuent seemed to have a stronger effect on
selecti lﬂtﬁﬂﬁimﬁﬁﬁsﬂr{ﬂj WI tituent on
ortho \a E:Lﬁed much Superior enantloselectlvmeEflhan gsse with substituent
on meta and para positions (2Br > 3Br, 4Br). Nonetheless, due to the difference in
physical properties of analytes at a particular temperature, the retention factors and
enantioselectivities could not be directly compared. Therefore, thermodynamic studies
over a temperature range should be determined to provide better understanding about

the interactions between analytes and gas chromatographic stationary phases.
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Retention factors (k') of represented alcohols on OV-1701 column at 150 °C.

Figure 4.4
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4.4 Thermodynamic investigation by van’t Hoff approach

To investigate the influence of analyte structure on the strength of
interaction and enantioresolution, thermodynamic parameters associated with the
interactions between alcohol analytes and stationary phases were acquired through the
construction of van’t Hoff plots. Almost all In k’ versus 1/T plots exhibited linear

relationship with correlation coefficient values (R”) greater than 0.998. From these

plots, enthalpy (AH) and entropy (A gould be calculated. When enantiomeric
pairs were separated, the enth difigrences (A(AH) and A(AS)) could
be determined from the relations @T Theoretically, the In a and
1/T plots should be linea mcted for some analytes. The
nonlinearity may be an'‘indi ge in the interaction mechanism between

analytes and chiral stat anged [31]. The

determination of A(AH e, therefore, calculated

The epﬁalpy valu; CKH) ndica t en@th of interaction between
an analyte and a statigfiar y phase: arg (n ofenegative value), the
2 (-AS) s@bolized the loss of degree

of freedom associated with the interaction between an analyte and a stationary phase.

Enthalpy and eﬁ)%&] ’Afw a&}%‘}w Edtaeﬂﬁn OV-1701 column

were illustrated 1'ﬁ-|ﬁgures 4.7-48. 1t gan be seen that the enthalpy \aa}ues (-AH) of

s QRN RLEAA AN 546) (42

kcal/mol. This indicated that major analyte contribution towards the interaction wouid

stronger the interaction. While the

come from the hydroxyl group. A small increase in the interaction from ortho- <
mela- < para-isomers was also noticed. A similar trend was also observed for the
entropy values (figure 4.8). Noticeably, analytes with o-(trifluoromethyl) substituents

(F4Br, F4Cl, F4F, 20, 21) displayed the highest -AS values.
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Both enthalpy and entropy values of the more retained enantiomers

of all analytes on each chiral column (figures 4.9-4.12) were not significantly
different from each other within the same column. The average -AH, and -AS; values
obtained from all three columns increased in the order of OV-1701 < GSiMe <
BSiMe, which would result from the increased interaction between analytes and
cyclodextrin derivatives. Nonetheless, the average -AH; and -AS; values obtained

from BSiMe were approximately 20% higher than values obtained from GSiMe, even

AULINENINYINS
AN TUNNINGA Y
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Enthalpy values (-AH,, kcal/mol) of the more retained enantiomers of alcohol analytes on BSiMe column obtained from
van’t Hoff approach (x = 16.74; SD = 1.08).

Figure 4.9
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Figure 4.11

van’t Hoff approach (x =13.78;SD = 1.06).
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4.4.2 Enthalpy difference (-A(AH)) and entropy difference (-A(AS))

The differences in thermodynamic values from chiral BSiMe column
for all alcohol analytes were significantly different, even though -A(AH) and -A(AS)
values showed similar trend. Additionally, the values from BSiMe column were
generally much higher than values from GSiMe column. In this study,

1-phenylethanol was selected as a reference analyte. The influence of analyte

Series 1: Alcohols with

includes bromo, chlota; flu \J 1, methoxy, cyano, nitro,
trifluoromethyl, and trﬂ.\orome : ﬂ)ara-posmon. The enthalpy
differences (-A(AH) valués)-and entropy differences (-A(AS) values), representing the

enantioseparatf) i s bt b Hhegi b B4 AEd 2ohols on BsiMe

column display &lmllar trend and aregshown in fi gures 4.13-4.14.
ARANN I lIVI'T]VlB']ﬂ t

It can be seen that the -A(AH) values of each analyte obtained from
BSiMe column are notably different but a trend is detected. In most cases, the -A(AH)
values of substituted analytes are in the order of ortho >> para > meta, except for
methoxy-substituted 1-phenylethanols where the order is ortho >> meta > para. The
-A(AH) values of ortho-substituted analytes are also much larger than that of
1-phenylethanol, while those of meta- or para-substituted analytes are closed to or

lower than that of 1-phenylethanol. Comparing -A(AH) values of analytes with
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Difference in enthalpy values (-A(AH), kcal/mol) of the enantiomers of mono-substituted 1-phenylethanol derivatives on BSiMe

Figure 4.13
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Figure 4.14  Difference in entropy values (-A(AS), cal/mol- K ) of the enantiomers of mono-substituted 1-phenylethanol derivatives on BSiMe

column.
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different type of substitution at the same position, it is found that values of meta-

and para-substituted analytes are very similar at ~ 0.5 kcal/mol or lower. In contrast,
values of ortho-substituted analytes vary significantly depending on the type of
substitution. These results indicate that the position of substituent has much stronger

influence to enantioseparation than the type of substituent.

Comparing the effect of substituent type, the -A(AH) values for ortho-

4tBu) decrease enantiy o 1 stituted analytes used in this
study, 1-(2-trifluorom k \ e greatest -A(AH) value.

Interestingly, when t omethyl to methyl as in

1-(2-methylphenyl)eth e lowest among the ortho-
substituted analytes. Th Me are compared in figure
4.15. Tt is clear that the re shorter time. Even though the
trifluoromethyl group show up: HO i rove .. in enantioseparation at ortho-
position, the replacement of me 7 'trifluoromethyl group at the a-carbon

of 4Br, 4Cl, and 4F exhibited inF4Br, F4Cl, and F4F.
T —w;_J

ﬂ‘lJEJ’J“fIEJﬂ‘ﬁWEJ’]ﬂ‘i
Q‘mﬂﬂﬂim UA1AINYAY
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(a)

(b)

on BSiMe column at 150 °C.

\

) for the separation of

Figure 4.15 Chromatogra

The enthz
enantiomers of alcohols se# ted in figure 4.16. In all cases,
the -A(AH) values acquired {§o e much lower than those from

BSiMe column, except for F4Br. 3 sie separation were observed only on

GSiMe column. Th “A(£ aiies of S lytes e in the order of ortho >
dndls where the order is
oted th@he GSiMe is not suitable
for the enantioseparation @fmefa-substituted, alcohols as only a few can be separated

withvery sma b Db YR I PR FYoticet for the entropy

differences (- A(ﬂ!;) values). The enagtloseparatlon abilities of bot yclodextrm

e 0 S ) B v

as displayed in figure 4.17

para > meta, except £0r.

para > meta > ortho. therm "
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Figure 4.16  Difference in enthalpy values (-A(AH), k cal/mol) of the enantiomers of mono-substituted 1-phenylethanol derivatives on GSiMe

column.
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(a) (b)

ot L y
L e A T T T * T ' 1

Figure 4.17 Chroma i dgrams O , 3CI, and 4Cl on{ BSiMe and (b) GSiMe
columns af 150 °C.

ﬂ‘lJEJ’JVIEWﬁWEJ"Iﬂ‘i
’Qﬁﬁﬁﬂﬂ‘imuﬁﬂﬂmaﬂ
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Series 2: Alcohols with di-substitution on the aromatic ring

phenylethanols on BSiMe and_ slumns.aré presented in figure 4.18. The
entropy differences from ¢ 1/also showed'similar trend as enthalpy

differences.

On BSi

enantioseparation, as i

bstitution show enhanced
5F,and 26F, compared to
SF, except for 34F. These

results correspond with the findjpgsfrom sei that ortho-substitution provides the

those without ortho-substi

largest enantiomer separation. I VPE.0 fs b nt also affects the separation to some
AN

extent. In this study, the <£A(AH) y Wto'decrease as the substitution

is changed from chlore or fl o Lot dency of ortho-

substituted analyted in_ series 1. Among all's€ries analﬂs tested on BSiMe column,

the highest enantioseparatign, was observed for 1-(2,5-dichlorophenyl)ethanol (25Cl),

while the sepaﬂ u@{&,{‘ﬂ ,ﬂ lﬂ'ﬁ w EI ,] ﬂ 45
Q PTGV A o

substitutéd 1-phenylethanols than GSiMe, as seen from the larger -A(AH) values on
BSiMe column. On GSiMe column, where the cavity size of selector is larger, the
enantiorecognition is relatively small and very similar. Among all series 2 analytes
tested on GSiMe column, the highest enantioseparation was observed for 1-(2,4-
dichlorophenyl)ethanol (24Cl). The separation of three dichloro-substituted
1-phenylethanols on BSiMe and GSiMe columns at 160 °C is demonstrated in figure
4.19.
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(2) 251
3
£
g
"
=
=
(b)

_A(AH) (kcanol)

position

Figure 4.18  Difference in enthalpy values (-A(AH), kcal/mol) of the enantiomers of
di-substituted 1-phenylethanol derivatives on (a) BSiMe and (b)

GSiMe columns. '
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(2) (b)

Figure 4.19 Chrom ograms of 24Cl, , and 34Cl'on (a) BSiMe and (b) GSiMe

ﬁ“ﬁsﬁhwﬂmwmm
ama\animummmaﬂ
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Series 3: Other alcohols

Other alcohols with diversed structures were also investigated. Similar
to previous study, the -A(AH) and -A(AS) values on each column displayed similar
trend. The -A(AH) values of alcohols in series 3 on both columns are compared in

figure 4.20. Largely, the enantioseparation of these alcohols was satisfactorily

achieved with BSiMe phase. Howey to analyte 1, substitution on the side
chain of alcohols tends to red (fercatiation on BSiMe. For the simplicity
of discussion, alcohols in series 3 ar @ into 4 subgroups according to
the similarity of their striié e -A(AH) values will be shown.

y : Ny

AULINENTNEINS
AN TUNNINGAY
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Series 3.1: Polyfluoro-substituted 1-phenylethanols

ethanol (pentaF). Their thesmodynamic aramiGiersiare evaluated against other
o ——

monofluoro- and difluorg-substitiited 1-phenylethanolsaTheir -A(AH) values are
presented in figure 4.2 1'/ NG -A(AS) values.
30-
25-

2.0

1:5:4

-A(AH) (kcal/mol)

05 l y————ﬁ————!_
I Im %rﬂh.._ Mz | B

1 2F F 4F 24F 25F 34F 35F ' triF tetraF pentaF

ﬂUEJ’JVIEJVIiWEJ’]ﬂ?

Figure 421 Difference in enthalpy values (- A(AH) kcal/mol) of the enantiomers of

1 O 3 Fi0 M 11 b

olumns.

0.0
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According to figure 4.21, BSiMe phase offers superior

enantiorecognition towards all analytes than GSiMe phase. The -A(AH) values on
GSiMe phase are relatively small and are not significantly different. On the other
hand, the -A(AH) values on BSiMe column vary considerably. In all cases, except for
3F and 3SF, replacing hydrogen atom(s) on the aromatic ring with fluorine atom(s)
improves enantiorecognition. However, the degree of enhancement varies depending

on the number and position of fluoro-substitution. Among all analytes examined on

1-phenylethanol are not availableto

a7

NINYINT

8%
4 6 8 10 12 14 16
time (min)

Qﬁﬂﬂﬁf

Figure 422 Chromatograms of (a) triF, (b) tetraF, and (c) pentaF on BSiMe

column at 110 °C.
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Series 3.2: Alcohols with different structures

@ﬁ”oinioi

1
<O W
4
This subgro ed awith different structure based
~
on 1-phenylethanol (1). id data foi aration of these alcohols on

BSiMe and GSiMe col

-A(AH) (keal/mol)

ﬂ‘LIEJ’J ‘YIEWI‘W"EJ’]ﬂi
W"Iﬁ STARF/M N ok 11 ES

columns.

Similar to other discovery, the enantioseparation of series 3.2 alcohols
with GSiMe phase are generally small and the -A(AH) values are very closed to each
other. Nonetheless, GSiMe provides better enantioseparation for some analytes than

BSiMe phase as in 22 and 23. It could be explained that the larger size cyclodextrin,
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GSiMe, would be more suitable to accommodate larger analyte as 22 and provide

proper interactions, thus, yield better separation and in shorter analysis time. The

separation of 22 on both columns is shown in figure 4.24.

(a)

Figure 4.24  Chromatograni$ of 22t 1) BSiMe and (b) GSiMe columns at 160 °C.

OnB '7

structure is c*— m-aromatic-(asin :3, ane ring (as in 6) or when

ition decreases when the

the structure contains ¢ytloz 4 ). When the structure

contains a naphthyl mmetliy (as in 2 and 3), the separatlon 1s obviously affected by the
position of 1- s much better than 2
(figure 4.25). ﬂ:‘y ﬁ?ﬁﬂﬂ?ﬁam 3 fl?Me phase was also
obtaine ﬁ ﬁl interaction
betweeﬁ ﬁhj ﬁgﬁiﬁi‘]ﬁwﬁ ‘ﬁfjpi Ence, leading to
reduced separatlon [20]. Additionally, they investigated the enantioselectivity of 2,3-
di-O-methyl-6-O-fert-butyldimethylsilyl derivative of a-, B-, and y-cyclodextrins
dissolved in nonpolar SE-54 (3-5% phenyl, 1% vinyl, 94-96% methyl polysiloxane)

towards the enantiomers of 2 and 3 at 180 °C. Their data indicated that the

enantioseparation of 1-(2-naphthyl)ethanol, 2, could only be achieved with
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B-derivative, while 3 could be resolved with either a- or B-derivatives. y-Derivative

was the poorest chiral selector among the three derivatives for 29 test analytes [21].

|
llf mf a\\

(@)
LK
® = =
U e | S
NS
N

Figure 4.25 Chromatogr, D &“ ‘\ SiMe column at 170 °C.
E 7
The enantiosepa ﬁ;'::::-% 4% S0 examined by Armstrong and
coworkers using dipentyl-B-eyclodexirin iy phase, without dilution in
polysiloxane, at .i?"m‘ d of 1.05 [10]. However,
analyte 4 could be sepa I ted . irjj d BSiMe column at 120 °C.

The improved separation ‘;s expected at lower temperature This indicates the greater

enantloseparatﬂ pn/y?aswajdw @wmm for analyte 4.
AN ANNIUNNINGIAY
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Series 3.3: Alcohols with different alkyl chain

@&&&w

16 20
o™
21
s s of 1-phenylethanols with
different alkyl substituent’on ghe o 8athoi \ , 10, 11, 12, 13); aromatic

alcohols with different position’d §- hirz

17, 18, 19, 20); and aromati

droxyl group (as in 14, 15, 16,
omethyl substituent at the chiral

center (as in 20, 21). v....:;;;;_‘.'.;;;.;‘-;.;;a:‘-:‘-;;-.'-;;;.:;;a;;;;;;:;:::.,-i ral discrimination of
S \
ot

U

1
£ ﬁ‘ i cohols in.seri is.relatively low on both
columns. Surp@ﬁﬂ mmmzjiﬁiohol 8 on BSiMe
show 05051&3 values to those on GSiMe column. #Aplot of In o vérSus 1/T fo

TN B 3] Ficed Fh o ey masims

is p0551ble that compound 8 interacts with BSiMe by multiple mechanisms and there

alcohols in series 3.

—

alcohol

is a change in the interaction mechanism between analyte and cyclodextrin derivative

in this temperature range [31].
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-A(AH) (keal/mol)

3
£ 0.010

uﬁl’WlEWIﬁWEl’lﬂ‘i
QW’?ﬂﬁﬂ‘imNﬁWﬂmﬂﬂ

2.2 23 24 25 26 27 2.8
1T (x10° K™)

Figure 427 Ln o versus 1/T plots for the enantiomers of alcohol 8 on BSiMe (®)
and GSiMe (O) columns.



59
On BSiMe column, substitution on the side chain of analytes tends

to decreased enantioselectivities compared to alcohol 1. All compounds, except 20,
exhibit lower enantiodifferentiation on BSiMe than 1. On the contrary, the opposite is
observed on GSiMe column as most analytes show better enantioseparation than 1.

This is probably due to the larger size of y-cyclodextrin derivative.

The effect of position of chiral center and hydroxyl group on the

analyte molecule towards the enan ioséparation is not apparent, as the thermodynamic
values are not significantly diffe: The trifluoromethyl group on chiral
recognition is worthy of note~As previously Ai on the results from mono-

substituted 1-phenyleth : ves (ser a thessubstitution of methyl with
trifluoromethyl group \\' \\ iorates the separation as in
F4Br, F4Cl, and F4F 1 : e 1 \\ \ he separation of 21 on both
columns. Nevertheless, 1 chain o extended by one carbon as in
20, the enantiorecognitio : Hm 1 ormously, as demonstrated in
figure 4.28 \
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Figure 428 Chromatograms of (a) 1, (b) 21, (c) 16, and (d) 20 on BSiMe column at
130 °C.
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For a group of isomers (analytes 8, 10, 12, 13, 15, 17, 18 and 19),

the best enantioseparation on GSiMe column is for compound 18, which contains a
long side chain with the furthest chiral hydroxyl group. On the contrary, the greatest
enantioseparation observed on BSiMe column is for compound 12, which possesses a
para-methyl, aromatic substituent. Comparing of In a versus 1/T plots of compounds
10 and 12 (figure 4.29), it can be realized that the enantioseparation of 12 improves

faster with the decrease in temperature, along with an inevitably increase in analysis
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Series 3.4: Aliphatic alcohols

2o0ct 3oct 4oct

A preliminary study on the enantioseparation of aliphatic alcohols was
also explored. Three aliphatic alcohols with different position of chiral center were

selected. Their separation will be compared with analytes 1 and 6, since they both

figure 4.30.
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Figure 430 Difference in enthalpy values (- A(AH) kcal/mol) of the enantiomers of

ARSI sy

It is evident that BSiMe is not suitable for the separation of aliphatic
alcohols, as none of them could be resolved on this column. Interestingly, larger
cyclodextrin derivative GSiMe could separate enantiomers of 3oct and 4oct with
higher degree than the cyclic (6) and aromatic (1) analytes. The position of chiral

center shows an influence to the enantioseparation on GSiMe as well. Nonetheless, a
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definite conclusion cannot be drawn in view of the fact that the enthalpy difference

values are relatively small and only three aliphatic alcohols are exploited in this study.
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