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Abstract

Project Code : PDF/18/2543
Project Titie : Properties of New Gas Chromatographic Stationary Phases for Enantiomer
Separations
Investigators : Aroonsiri Shitangkoon Chulalongkorn University
Jirawit Yanjinda Chulalongkorn University
Gyula Vigh Texas A&M University
Juwadee Shiowatana Mahidol University
Keywords : enantiomer, gas chromatography, cyclodextrin

Three B-cyclodextrin derivatives were prepared: heptakis(2,3-di-O-methyl-6-O-tert-
butyldimethylsilyl)cyclomaltoheptaose (CD-2); heptakis(2,3-di-O-acetyl-6-O-tert-butyldimethyisilyl)
cyclomaltoheptaose (CD-3); and heptakis(2-O-methyi-3,6-di-O-tert-butyldimethylsilyl)cyclomaltohep
taose (CD-5). All derivatives possess identical tert-butyldimethylsilyl substituents at the primary
hydroxyls but different substituents at the secondary hydroxyls. Each derivative was used to
prepare gas chromatographic stationary phases for enantiomer separations. Among the three
derivatives studied, CD-2, containing small methyl substituents at the secondary hydroxyis, is the
most versatile selector in terms of operating temperature range, enantioselectivity and compound
classes that can be separated. CD-3 provides good enantioselectivity but is not suitable for
alcohols, amines, and acids as peak failing was observed. CD-5, with large and buiky substituents
at the secondary hydroxyls, can be used in a limited temperature range but, unfortunately, shows

no enantioselectivity towards any of tested solutes.
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wansnluueilaFasdud dwsumAlensidiumadautalasinlnnn® vmsénwussiliou
WsuanusanInlumsuongduwuilawaiziiadn g inaiuuwimilumsssnuuveaniuiasls

€ A Aa cnad
laawandnIunfisuiaaaudaly
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1. Lﬁ'aﬁame:ﬁm&ﬂ’ufmmmm-"bﬂﬂamnsﬁw‘%ulugﬂmaﬂa‘[mma{ﬁmqﬂ‘ﬁ( ﬁﬁm\@tmuﬁﬁ
secondary hydroxyls @149 N

2. Wanssueladaesuiliniumadareiiuuuilaweidnuialasinlnnnil

3. Lwaﬂnmmwauwummmmmmummma=] mJ@mmmmsn’tummﬂnﬂaLmuﬂamas

°uaaauwuﬁmaﬂ‘ﬂﬂamnsnmummwvlm

2oULBAVDINIIIAY

Tasamaisuil a:ﬁams’l:ﬁmﬁﬁuﬁmamnm-‘tm‘[aamn*fm‘%ulugﬂmaavlaimmai’ﬁu‘%qﬂ% Tan
ﬁﬂnguﬁﬁ primary hydroxyls \flung tert-butyldimethylsilyl Lwianiis Ltdﬁﬁguﬂuﬁﬁ secondary
hydroxyls @191% 91%% 2-3 THA LIU ﬂgtmuﬁmmmﬁn (methyl) %gtmuﬁﬁﬁmmmxnzg‘w (tert-
butyldimethylsilyl) %gtmuﬁﬁ‘hjﬁ‘ﬂzfs m%a%y}muﬁﬁﬁﬁv"z (acetyl) \udn mmfummgv‘i’uﬁﬁ
Fuanenlalliesanfiwmnsnsfiluuelataodud smdumdensidsmafiautalasnlnnmi

sAnmusziFoufisuanamanialumusngduunilawaiziiade g adalas 15 1l 1w



[ a = & = ¢ € =t - L4 an
181@5@\'151]8% ﬂxtiuq(ﬂﬂ aLna3 ﬂIﬂu LLafnNagaas LaFyIal Lade Ll ATeIvanagan
udn '

NINA[DI
ar ¢ ar 6 8 A
nsduaTsiayWisvanua-lalaaandniu
v‘hmsmmsn:ﬁmgwuﬁ‘waamm-'lﬁﬂﬂamnsfmu'lugﬂmao"l,aismuas‘ﬂmqﬂﬁ lasdaulais
MIFAATZRINLENITENIBY [39,40]

HO fert-butyldimethylchlorosilane
9y O imidazole, DMF
OH 7 7
beta-cyclodextrin (1)
P
A

OH 7 7
(1) (2) R= -+-CHy
(3) R= g
by

o heptakis(6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (1)

azanpa-lolasiandvEufidiumIauuiauds 1.00 g (0.88 mmol) uaz imidazole (13.7 mmol)
¢ dimethylformamide (DMF) 20 mL luanaiwnay  fas g AUasIazabvel tert-
butyldimethylchlorosilane (13.8 mmol) 1w DMF aslumtazasvasiuen-lalaaiandnin auans
szanufigomgiveaiuim 24 Halus avsemaduinlivesufiFends TLC (chioroform-
methanol-water 50:10:1) %aﬂﬁng@masmswﬁmﬁmﬁﬁm Ry d3zant1 0.33-0.42  anaznanHiae
Auaflwinaiuds sempazneusas dichloromethane wazaiiady 10% HCI, NaHCO,, uazyin dry
8 anhydrous Na,SO, UazIsinsdazauesn ewesudeiunn 1.93 g ﬁwwﬁmﬁmm‘lﬁ’u%qw%
¢t column chromatography (silica get) lawldf chloroform-methanol 8:1 5 1:1 \fludar: ldnGa
ﬁmﬁﬁu‘%gm%f (1) 0.65 g (43%) \Hwvpaudefian Agalnmulassiwasndaimsiday “C-NMR
(CDCly): § 101.99 [C-1], 81.74 [C-4], 73.57, 73.40 WAz 72.52 [C-2, -3, C-5], 25.89 [(CH,)C), 18.27
[(CH3)sCl, U -4.51, -4.62 [(CHa),Si]



o heptakis(2:,3-di-Q—methyl-6-O—tert-butyldimethylsilyl)cyclomaltoheptaose (2)

fo 9 WUARIAZABUBY (1) 0.30 g (0.15 mmol) T DMF ssluwraiunaufidl sodium hydride
(7 mmol) fugludrabuds ausnsazany 1 42lus daunsa methyl iodide (10 mmol) adluansazans
aussazanodadn 1-3 Tl amamsdifinlduesisodan TLC (toluene-ethanol 4:1) 4
ﬂﬁnngaommamﬁ’msﬁﬁ@h R, Uszanmh 0.76  anaznauwndasmeiluihuds ssawaznon
¢y dichloromethane uszafiadienin  iaszmediviazmosen Tduasudeiun slusiam column
chromatography (dichloromethane-ethanol 100:0 - 80:20) ”L@Twamﬁmeﬁﬁu“sqw§ (2) 0.16 g (50%)
uwsasudsdon ﬂgmﬁwﬁu‘ima{maw‘amﬁwﬁﬁm "H-NMR (CDCly): & 5.18 [d, 7H, H-1], 3.65
WAz 3.51 [2s, 2(21H), OCHj], 0.85 [s, 63H, (CHy):Cl, W&z 0.00 [s, 42H, (CH,),Si]

o heptakis(2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (3)
ﬂua’lia:a'\ﬂmaaamgﬁuf (1) 0.30 g (0.15 mmol), acetyl chloride 3 mL W8z pyridine 4 mL °7i
amnnd 100 °C iluiam 4 T4 avamsauiinlivasljisends TLC (toluene-methanol 3:1)

G‘fiaﬂﬂngﬁ;mmmwﬁ@ﬁmﬁﬁm R Ursanm 041 anaznaundanmefluin-inds wdsshu
column chromatography "lﬁwamﬁmsﬁﬁu‘%qﬂ‘if (3) \uvasudsiun  Againmulensaheveinda
Aousids "H-NMR (CDCL): & 5.12 [d, 7H, H-1], 4.66 [dd, 7H, H-2], 2.06, 2.02 [2s, 2(21H), OAd],

0.84 [s, 63H, (CH3)sCl, W&z 0.01 [s, 42H, (CHa),Si]

o héptakis(2,6-di—O—teﬂ-butyldimethylsiIyl)cyclomaltoheptaose 4)

HO

tert-butyldimethylchlorosilane

0 imidazole, DMF, 90 C

OH Iy

beta-cyclodextrin

szaoim-lalasandrduiidwmyauniauds 0.50 g (0.44 mmol) Waz imidazole (12 mmol)
@8l dimethylformamide (DMF) 10 mL luwedunau A8t 9 NUATIRTALVDY tert-
butyldimethylchlorosilane (11.5 mmol) 1 DMF aslumiazaisvasiuan-loleaiandnin  ausns
seofigamgl 90 °C Whm 24 Talue asremsduinlirenjiiindan TLC (chioroform-
hexane 3:2) %aﬂﬁnmmmmmamﬁmﬁﬁm R, Uszanms 0.33-0.37  anaznawnansmailuin-in
W9 R3E column chromatography Vlﬁw‘éﬂﬁ’m‘ﬁﬁu‘iqﬂ% 4) \Dwvosudefznn Rgadnmu
Tassgsvaanianneidas 'H-NMR (CDCly): § 4.82 [d, 7H, H-1], 4.42 [s, 7H, OH], 0.92 uaz 0.83
[2s, 2(63H), (CH3)sC], Uy 0.13 U8z 0.01 [2s, 2(42H), (CHy),Sil; ' "C-NMR (CDCly): § 102,57 [C-1],



82.02 [C-4], 74.93, 72.10 Uag 71.88 [C-2, C-3, C-5), 61.92 [C-6], 26.26 [2-0-Si-C(CHs),], 25.84 [6-
O-Si-C(CHs)s], 18.85 [2-0-Si-C(CH)s], 18.27 [6-O-Si-C(CHa)s), -4.53, -4.65 [2-O-Si(CHa),], Waz
-5.06, -5.26 [6-O-Si(CHa),]

¢ heptakis(2-O-methyl-3,6-di-O-tert-butyldimethylsilyl)cyclomaltoheptaose (5)

\/
Si,
oo
\/
P ——— SI\ O
THF m
O\ 7

@ /\ (5)

AUANIAZANLVBIBUWHT (4) 0.30 g (0.11 mmol) WAz sodium hydride (3 mmol) lu

tetrahydrofuran (THF) Augluaraviudslszanas 1 92lus naunae methyl iodide (5 mmol) asluans

LAt 9 ﬂumsazmﬂ@iaﬁqmﬂgﬁﬁaaLﬂunmﬂ‘szmm 2 aramsduiiunluves
U388 TLC (hexane-toluene 1:8) %aﬂﬁngqmmmwa@ﬁmﬁﬁm R Useunns 0.93  WB§1y
seanolusnaiiuds fawldy methanol Assneaathith g tarmda sodium hydride fianniiuna
NnMsEREGItazapean  azantadudifindaluasnausii-hexane dry 5% hexane fgl
anhydrous Na,SO, UasIzlnaaYNazaIgaan  ®AIHAW column chromatography Inan Ao
u‘%qw‘if (5) \wraadifun  Agninrulasisiuenianusidag "H-NMR (CDCly): 5 5.25 [d,
7H, H-1], 3.33 [s, 21H, 2-O-CHg], 3.03 [dd, 7H, H-2], 0.87 [s, 2(63H), 3-O-Si-C(CHa)s, 6-O-Si-
C(CHa)s], 0.07, 0.09 [2s, 42H, 3-O-Si(CHy)o], ez 0.03 [s, 42H, 6-O-Si(CHy),] | C-NMR (CDCly): &
96.16 [C-1], 81.12 [C-2], 78.05 [C-4], 73.07 [C-3], 72.15 [C-5], 62.83 [C-6], 57.29 [2-O-CHj], 26.29,
26.00 [3-O-Si-C(CHy)s, 6-O-Si-C(CHy)], 18.38, 18.29 [3-0-Si-C(CHg)s, 6-0-Si-C(CHa)s], Ut -3.77,
-3.84, -4.74, -5.07 [3-O-Si(CHsy),, 6-O-Si(CHy),]

= - Pl ar &
maadeuunilarsnasuy
vnsiefeuuslainedudanusnidszanm 30 m awaiduiugudnatd 0.25 mm §eis
@ A A v W o A
static [41] laeldmiszainvasananafl Tu dichloromethane it 0.4% wiv uTTaaslunadad (44
- ' o a o . @
wansfondwesansuszniewiusveslalasiandnIuiy polysioxane Ov-1701 lauiaFualiyn
w  gad LR as € A a 6 1 & oA o a o
assuidanududunateyiusialesiandnIuluwafiuaiiriiu fio 0.12 Molar) vimsszmadah
' :‘ o { Qs o 8/ kL A {
semeludiahauquanmgd  daszmsdazmonuaudinzldingasfinm 0.25 pm efauh
nibsduluvasnaauit
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mnaravauvyfvauatarsnasvi

¥ms condition saduifiadsuldnawldnm ﬁqmﬂgi‘l 180-200 °C JUNTLNI baseline A9
nnudmassusuiavasuaaiaaduifiadonldes Grob mixture [42,43] laoldlalavamiin
uwiawn A8a 157 50 cmis (ﬂ"s”uﬁqmm;}ﬁ 40 °C) 14 split injector fiflen split ratio 11w 1:100
awnniuad injector Uz flame ionization detector Lijw 250 °C uazld n-alkanes nagayLlszEnG
mwnnﬂ%ﬁaumﬂﬁmu

msdnevisusuiilowas

fnmInasaunesuyl CD-2, CD-3 uaz CD-5 (ﬁ'm‘%ﬂm'magﬁuﬁ (2), (3) uaz (5) MuEAL)
1umnmn§uuuﬁiamas‘ﬁﬁ%gﬁoﬁﬁmﬁmw6] ﬁqvmgﬁmﬁ TasuSuuifiuuen retention factor
W38 capacity factor (k') Wae selectivity (ct) PBIMIULN

HANIINAADI
Qe Py -l ar €
nMsNaRaUAYLAYaIuATa1Tnaa Ny
Grob Test Lﬂuﬁ%maauLLﬂ’i‘Jm‘%ﬂaﬁm‘fﬁlﬁﬁagmﬁmﬁu inertness, &uUAANULTWNIAALR,
wRzUTERNTMWLaInaau  1asf Grob mixture 1U5znaudioans 12 THa NaunwlwaasdInile
A’ A %/ ] - 9/ Qs A k4 z =3 ¥ Y 1 v 1
AnnlaAnuasasudazsfialndidesiuilols FID 1w detector  §13119 12 Tile (WianBada) laun

C10 decane ol 1-octanol

C11 undecane D 2,3-butanediol

E10 methyl decanoate (i 2,6-dimethylphenol
E11 methyl undecanoate A 2 6-dimethylaniline
E12 methyl dodecanoate S 2-ethylhexanoic acid
al 1-nonanal am dicyclohexylamine

9 s, v ¢ @ o An e A dq va
813 ol, D, wae al ldnasauauii® inertness Ba3nduy lasdnwaizasfind lauazAunlann
' & a ; a o € A Hn v a4 | &
zvaniaamatanunsnifia adsorption nupaautwiIaanifilavield  anuiluwnsanuguas
ﬂaé’uﬁa:gmnﬁﬂmm@;nm/maa‘au (P uz A) UazeinIaAusun (S uaz am) &amdszBEnTnmwues
aaduiiad paldazdwamannen Trennzahl (T2) wlgszwinagfin E10-E11 uaz E11-E12  lawfl
trRo —tr4 tr = retention time
TZ=|——— -1 , _
Why +Wpo wy, = peak width at half height
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ABRNU CD-2- A
wansfilunadud cp-2 dsznauda auuT (2) 25.5% lupolysiloxane OV-1701 (Aaiflu
amadutu 012 M) flanaraunesunifiiadonléds Grob test (gﬁﬁ 2) wuheaduiedould
fils=BnBnn@ (¢ TZ 43.7) AnvaamnT ol, al, uaz am Lifdnwme taiing ussdinwilddniiouas
IndidsaruRnvaueniauniaioane’ uravhaaduiiimunsaldiensimsidnmnolszsnn wan
yinfigamantausnlelruefussBunuiilawaivaans D (@dsuysol) uaz s (Faldauyyal) ot
aL
PA 1
200
198

a b c10 E10 E11 E12
1% cit & | arfe

194 -]
i am
192

190 -
] s

188 ?

-4

184

182

T L& T ¥ [ T ~T T T T T T T T T T T T T T T T T T T T T T T T T

0 10 20 30 . i .. 40 _ 50 60 min

31J°?'i 2 Tasunlnunsugas Grob mixture Aildanasdiusl CD-2 111 31.80 m idurMgudna9 0.25
mm LafRaudbauiiut (2) 25.5% Tupolysiloxane OV-1701 fluinansfl w1 0.25 pm
condition: temperature program 310 40 f14 160 °C MBaaT 1.57 °C/min



naauf CD-3 -

12

wamafilunasuif €D-3 Usznaudn auWUT (3) 30.3% lupolysiloxane OV-1701 (Aauiln

\d A i “ ‘J v { 1 b i L2
el 012 M) ianarsunaduifiaionlddan Grob test (U 3) wuheadmfiadould

filsz@mBnwd (N T2 38.6) udinuesuaanaazed of uez D fdnwus taiing  SnnalaiUsnngiin

PYAINTAUNA S URLURUA am !.Lﬁﬂd’?maﬁlllfﬂﬁLﬁ&l’l:ﬁﬁ)ﬂ’ﬁkﬂi’]:ﬁﬁ’ﬁﬂéﬂLLEmﬂE)EIaE{ NIA UazLa

ol ] A’ a i b A s A) ] va g
flu Wasnanguiifia adsorption nuwsasfiriiai 39lidsingAnwial¥iind tailing

pA ]

4

208 .
206 -
204 -
202 —
200 —
198 -

]
196
194

192 -\

|

10

11

a E10

E1

E12

T
60 min

31!ﬁ 3 TasuInuniuvad Grob mixture fildainaaduil CD-3 811 30.23 m Lﬁuﬂwuguﬁnma 0.25

mm LaRauditaiWus (3) 30.3% lupolysiloxane OV-1701 Liluiwansfi w1 0.25 pm

condition: temperature program 210 40 19 160 °C GL88@T1 1.65 °C/min
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AauY CD-5 .
waavfiluaaduil CD-5 Usznaueas awius (5) 34.0% lupolysiloxane OV-1701 (Raufln
v A A a { v i $ s A o
anuiduin 0.12 M) lianasaunaduifiieionlddn Grob test (U7 4) wWuhaedinliiaiould
‘a o 0 o . ] ' Tk [ Py |‘J as
fulszBniniwdaudnad (fh T2 32.6) udnamlngilidnwozdmuszduninfinulunaduid cp-2
as ' - + A aoa 3 g
sz CD-3  tuznauiunamInageulszinBnneiy n-alkane Nganniidnig wuhaadudfivs:
andmwanigaumnlgs (N wiahwiwtuauy@ fidn > 3000 plates/m figamnfiganii 200 °C) uazdl
a a P a i P . . P
Uazfntniwsessiliagomgiianss (N < 2000 plates/m ﬁqmﬂgmmn’n 160 °C) uaAITLWEAIN
P w o A P A& ey v o [V 4
siaRimaudidiiiogamplidia Salitrnisldnuuauningn 2 aesud
pA
60 ,
E12
55 i

E11
50

45 E10
40
35

30
259 | ’»\ | - !
; |

w1 O N

Bt 7 g E—p G y T P T
o . B | 20 . 30 40 e 80 min

gﬂ?i 4 Tasunlnunsyusd Grob mixture fildanaaduyl CD-5 811 30.24 m WWurhugudnag 0.25
~ 9 v . « e
mm Lﬂaaumsjamgwuﬁ (5) 34.0% lupolysiloxane OV-1701 (HuWgnfi w1 0.25 um

condition: temperature program 910 40 fi3 160 °C g188a31 1.65 °C/min

a 5 o o &
maTevsuuuiilawes

g o o '

minamauassuy CD-2, CD-3 uaz CD-5 lumsusnaunuiilatainfing Watfuniiadn g

a

ﬁqmmﬁmﬁ lasFouifinuen retention factor (k') Uae selectivity (o) YINIULBNNIAMDLGEN

u

o .
Nt HAINIINARDY LLﬂﬂ\ﬂ%G\’ﬁ’N‘ﬂ 1
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a71971 1 . §1 retention factor Wwaz selectivity 2898unuilaweifiinszidunaduni CD-2, CD-3 uaz CD-5
fau | ans gauwpdl | aaduil cD-2 aasud CD-3 naanil CD-5
(°C) ko' o ko' o ko' o
1 hexobarbital L o 220 4.16 1.030 4.02 1.000 2.75 1.000
Y
o
2 mephobarbital o b o 220 4.91 1.026 4.85 1.000 3.23 1.000
. &;"(rﬂ
[s]
3 5-methyl-5- 220 8.14 1.014 7.66t 1.000 - -
phenylhydantoin "\[r:
H H
4 benzoin on @ 180 12.03 | 1.021 a a - -
O
5 benzoin methyl ~o 180 8.84 1.000 8.11 1.000 6.14 1.000
ether @ @
o
6 2-phenyibutyro o @ 160 17.42 1.008 15.33 1.000 10.41 1.000
phenone @
7 2-phenylcyclo 160 11.98 | 1.012 9.60 1.000 6.64 1.000
heptanone &)i@
8 o-bromopropio o 160 3.78 1.044 3.12 1.006 2.03 1.000
phenone @HK(
: ¢
9 4-nonanolide 160 4.29 1.033 5.58 1.040 2.10 1.000
A~
10 4-heptanolide 160 1.67 1.038 2.41 1.040 - -
it P,
11 y-caprolactone 160 1.06 1.032 2.15 1.136 | 0.54
AN
12 1-amincindan ;: 120 9.37 1.032 591t | 1.065 - -
13 a-methylbenzyl 120 2.93 1.023 | 219¢ | 1.000 1.05 1.000
amine @J\Nﬂz
14 styrene oxide ? 120 2.95 1.039 2.09 1.025 1.21 1.000
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fau | e gunpdl | madud CD-2 faawuyt CD-3 aaaul CD-5
(°C) ko' o ko' o ko' o
16 1-phenylethanol 160 1.10 1.018
OH
@ 120 6.33 1.061 3.85¢ | 1.039 1.39 1.000
16 1-(pentafluoro £ 160 0.78 1.040 - -
phenyljethanol oH
- 120 4.51 1134 | 3.64¢ | 1.027
:
17 4-fluoro-o- 160 1.29 1.012 - - = .
methyibenzyl r/()/Lon
alcohol
18 1-(4- 160 3.52 1.020 - - - -
chiorophenyl) cr/@j/LoH
ethanol
19 4-bromo-a.- 160 577 1.018 - - 2 .
methytbenzyl /@/LOH
alcohol o
20 1-cyclohexyl 160 0.774 | 1.000
ethanol O/LOH
120 4.03 1.012 | 1.88¢t | 1.000 1.02 1.000
21 3-chloro-2- /ﬁ/CN 140 2.87 1.138 - -
methyipropio a
nitrile 50 23.27 | 1.007
22 2,3-dimethyl 50 1.37 1.036 - - - -
pentane /\rk
23 methyl 2-chloro o 120 0.47 1.080 0.74 1.294 - -
propionate \/U\o P
a
24 methyl 2-bromo 120 0.84 1.169 0.93 1.077 - -
propionate \(ﬁ\o I
Br
25 methy! 2-phenyl o 120 5.01 1.016 3.91 1.009 - -
propionate 50/
RABLNG ko' retention factor of the second eiuted enantiomer

t  Fndanwoue tailing

. P ,
a ldsingfings ka9 n adsorption

- Wldvnnseet
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fin retention factor (k') wgeIdITInTE s suaRsTRatuEnsd win k' Senann
wrasfiusenizdfiuduss waaserldiamluaeduium K dwiman
k' = R-tw o tz = retention time of analyte
tm
ty = time of non-retained compound
8IuAN selectivity (o) LLamﬁammmmsn*’naoMamﬁlummﬂn@;aLLuuﬁIama{aahmnﬁ’u
win o Sehann usasigdunuiilawaiuonaniuldd win o fidudu 1 azldfansuen d

ANWIUIN

A 1 . . !
B = e il \ila tg, {47 retention time aNNNN tg 4

=3 =) L o A s =3 {

lumsusnduuufilaweidunesud cD-2 uaz cD-3 Nflawusveslalaaiandridwilunansd
‘4 ] 1 'A o as i {
(CD-2 unz CD-3 &9iing methyl uaz acetyl Llunununi secondary hydroxyls auda) wudi #
o o ¢ 3w v V) o Qs o g 3 s
panplvasmslianziiviiu smsdulngfusanszinuawiug cD-2 uaz ¢D-3 Infidsaniu (g
1 1 L3 o L% ] o o d 9o o { A
nnd K AlndiAsain) onciusnslunguiadiu (§dun 12-13) uazueanaged (§raufl 15-20) A
winszfiiuewdus co-2 ulwnndt  udnduwudieluiszusanazedliinfifidanwoe tailing
d %/ as A ) [ 3 A ) ot

\Wawsndsayius CD-3 (UM 5) anaduilunainn adsorption Tamnglu Grob test 1iuin

@AOH

(a) (b)

NH,

0 2 4 6 8 10 12 o 2 4 6 8
time (min) time (min)

“

i 5 Tasnlnunsuues (a) toflu #12 uax (b) uaaneaad #15 Mieaneidasaesud CD-2 (MW
1 ar A o
§19) wazaaaNyl CD-3 (MwWuw) igannii120 °C
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Wanfpuifisuemnumansalumauengdunsilowaiuasawiufiases wuirayius cp-2
mmsmwn@;&muﬂama*fﬁﬁwmﬁnm ldunnafianinayWus cp-3 LL@iLﬁaﬁmsmﬂ‘a’muuﬁ‘[a
ma%ﬁmmsmmn’l@"@?’anagﬁuﬁﬁmawﬁmé’q WU agﬁuﬁ'ﬁmaaﬁ selectivity 1a3msuening
(eI smﬁumimwﬁ@ﬁuyn‘lﬁamnv‘hUmﬁﬁuﬁ CD-2 (§1607) 16 uaz 24) waztnITfiefinen
ldfanndnaywus cb-3 EFuR 11 usz 23) (3'1Jﬁ 6)

(a) (b)
0 o
\(U\O/ %O/
] Br
o=1.294 o=1.077
\JU____ N UL
o.=1.080 o=1.159
L L
J N 1 T 1 7 1 y 1 I 4 1 ' I r ! ¥ 1 N ]
0.0 0.5 1.0 1.6 20 00 05 10 15 20 25
time (min) time (min)

N6 Tannlnunsuwes (a) Losnas #23 waz (b) Leminas #24 flianzidanedu D2 (mw
. o P A
§19) uazaeawil CD-3 (mwuw) figangl120 °C

1 s 1 s forl ,.J ° o 9/ 1
gauaaauit cD-5 limansauenduunilawwasnhanaseusfialaldias (@1 o= 1) 8n

ge

1 9 o o o - ﬂ‘: A’ { s A’ Q/ 9/, 1
Tldvnnasaudunuilawasdnvaeaiia netiasanaasuiiaansnlduldalugig

amndfiuauniinadul CD-2 wnz CD-3 (T9gmanniildanm ~160-240 °C)  Bnvise retention

- -

i P a a o 44 o A 1 o & A o A ¢ A i o ¢
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Abstract

Enantiomer separation of nineteen structurally related aicohols were investigated
as a function of temperature by capillary gas chromatography using heptakis(2,3-di-O-
methyl-6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (BSMe) as a selector.
Thermodynamic parameters were determined and compared with a reference, nonchiral
stationary phase. The -A(AH) and -A(AS) values of all alcohols are considerably
different despite the fact that their corresponding -AH and -AS values of more retained
enantiomers are comparable on the chiral stationary phase used. Of all tested solutes,
the greatest enantiomer discriminatibn could be achieved with 2,6-difluoro-o.-

methylbenzyl alcohol.

Keywords: gas chromatography, cyclodextrin, enantiomer, thermodynamic parameter,

alcohol

1. Introduction

Cyclodextrins (CDs) and their derivatives are among the most commonly used
chiral selectors in chromatography and electrophoresis [1-2] due to their inherent
chirality and ability to form inclusion complexes with several types of compounds. In
gas chromatography, a large number of CD derivatives have been prepared and
employed extensively as chiral stationary phases [3-4]. As various types of CD
derivatives have been synthesiied, the alkyl and acyl derivatives of (6-O-tert-
butyldimethylsilyl)-CD are proven to be versatile chiral gas chromatographic selectors
[5-9]. However, the separation mechanisms involving modified cyclodextrins have not

been clearly realized and chiral separation of new compounds on CD columns are still
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performed mostly by trial and error. Therefore, more studies on the relationship
between the structure of analytes and enantioselectivity of derivatized cyclodextrins are
still needed in order to gain a better understanding on the mechanism of chiral
recognition.

In this work, nineteen 1-phenylethano| derivatives of different type and position of
substitution were investigated on two capillary GC columns: a reference OV-1701
column and a chiral column containing heptakis(2,3-di-O-methyl-6-O-tert-
butyldimethylsilyl)cyclomaltoheptaose (BSMe) in OV-1701. The retention factors and
enantioselectivities as well as thermodynamic parameters were determined to reveal
the relationship between the structure of analyte and the chiral recognition mechanism
of BSMe.

2. Experimental

Gas chromatographic separations were achieved on an Agilent 6890 equipped
with a split/splitless injector and a flame ionization detector. The injector and detector
were maintained at 250 °C. Hydrogen was used as a carrier gas at an average linear
velocity of 50 cm/sec. Two deactivated 30 m x 0.25 mm 1.D. fused-silica capillary
columns (Agilent Technologies, Wilmington, DE, USA) were statically coated with the
dichloromethane solutions of stationary phases, an OV-1701-vi (Supelco, Bellefonte,
PA, USA) and a 25% BSMe in OV-1701-vi, to obtain identical film thickness of 0.25 um.
The BSMe was prepared as described by Takeo et al. [10]. Both columns were
characterized by Grob test [11-12]. Efficiency was also determined at 80 and 160 °C
with n-alkanes which gave N of 3700-4200 plates/m (k' > 4). All separations were
performed isothermally in duplicate in the temperature range of 80-190 °C at 10 °C
interval. Most chiral analytes were purchased from Aldrich (Milwaukee, W1, USA) and
Fluka (Buchs, Switzerland) and used as received. Some compounds were prepared by
reduction of the corresponding acetophenones. The synthesized compounds were
characterized by '"H-NMR. The structures of all chiral analytes used in this study are

shown in Fig. 1.

3. Results and discussion
Thermodynamic parameters (-AH and -AS values) associated to the interaction
between alcohol analytes and gas chromatographic stationary phases were acquired

from the relationship between retention factor (k') and separation temperature according
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AH AS
t Ink' = -2+ 22
° = prtr P M

where R is the universal gas constant and p is the phase ratio (ratio of mobile phase
volume to stationary phase volume). Aliin k' versus 1/T plots obtained from both
columns are linear with the regression coefficient (R?) greater than 0.998 (Fig. 2).

Enthalpy (-AH) and entropy (-AS) values acquired from both columns are
compared in Fig. 3. On the reference OV-1701 column, it can be seen that all analytes
interact with the stationary phase in a similar manner (similar -AH and -AS values), |
which indicated that the major contribution towards the interaction is probably from the
hydroxyl group. On the chiral BSMe column, the more retained enantiomer of analytes
interact more strongly with the modified cyclodextrin than with the polysiloxane as
indicated by higher -AH and -AS values. However, comparable thermodynamic values
of all analytes are still observed.

All nineteen alcohols used in this study can be resolved into their enantiomers
with BSMe and the difference in their thermodynamic values (-A(AH) and -A(AS)) can be
calculated from their corresponding -AH and -AS values of each enantiomer.
Alternatively, the -A(AH) and -A(AS) values were determined from In o versus 1/T plots

_A(AH)  AAS)
RT R

The differences in thermodynamic values for enantiomeric pairs obtained from both

accordingto Ina =

(2)

methods were in good agreement and the values were shown in Fig. 4. All In a versus
1/T plots are linear except for solutes 14 and 16 where curvatures were observed (Fig.
5). In spite of this, the corresponding In k' versus 1/T plots of compounds 14 and 16
were strictly linear. From Figs. 4 and 5, it can be seen that the two solutes (14 and 16)
that displayed the In o versus 1/T curves also possessed the lowest -A(AH) and -A(AS)
values. It is possible that there are muitiple interaction mechanisms governing the
enantiomer separation of these two compounds [13] and no single mechanism
dominated.

Although all alcohol analytes could be separated into their enantiomers, they
exhibit significantly different degree of enantioseparation (Fig. 4). Using alcohol 1 as a
reference compound, substituting methyl group at the chiral carbon with longer (3, 4) or
bulkier (13) alkyl group or ester functionality (14) makes the separation less favorable.
It is surprising to discover that the a-trifluoromethyl substitution at the chiral carbon (16)

greatly deteriorates the enantiomer discrimination on BSMe. This evidence supports
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that the electronegativity of substituent can play a major role on chiral resolution as well.
| Comparing the In o versus 1/T plots of alcohols 1 and 16, it can be concluded that
temperature had a strong influence on the enantiomer separation of 1 but showed a
minor effect on 16. Nevertheless, at temperature above 150 °C, the enantioselectivity
of 16 is better than that of 1, but below 150 °C the reversal was observed (Fig. 5). On
the contrary, substituting methyl at the para-position of aromatic ring with trifluoromethyl
(compounds 6 versus 17) has no effect on the separation and their thermodynamic
values are indistinguishable. ‘

The effect of electronegativity of substituent on enantiomer separation was
additionally demonstrated in Fig. 6. It was clearly seen that by replacing all hydrogen
atoms on the aromatic ring with fluorine atoms, the chiral discrimination was improved
(Fig. 6b). The number and position of substitution are absolutely important factors for
chiral recognition. In this study, 2,6-difluoro-a-methylbenzyl alcohol (12) exhibited the
greatest -A(AH) and -A(AS) values and best separation (Fig. 6¢) among all compounds
tested.

Several para-substituted alcohols (6, 7, 10, 11, 17, and 18) were examined as
well. On all three halogen-substituted alcohols, the resuits revealed that there is a small
decreased trend for the -A(AH) and -A(AS) values when the substituent size increased
from F-> Cl - Br, however, the difference in the thermodynamic quantities was not
significant (Fig. 4). This indicétes that the size of halogen at the para-position has little
influence on chiral discrimination. Among all para-substituted alcohols, compound 10
showed lowest -A(AH) and -A(AS) values. This is likely due to the increased dipole-
dipole interactions, which may lessen the discrimination ability of derivatized
cyclodextrin. Therefore, the strong interaction between solute and stationary phase
does not necessarily lead to a better separation.

Comparing the enantiomeric separation of compounds 1, 2 and 15, it was found
that alcohols with an aromatic structure (1, 15) provide better enantioseparation and
higher enantioselectivity values on BSMe column than cyclic aliphatic alcohol such as 2.
This is possibly due to the shape difference between aliphatic and aromatic molecules
and; thus, have an impact on their ability to form complexes with cyclodextrin molecule.

For compounds that are isomers (3-6 and 8-9), changes in substituent position
can also create a substantial change in enantiodifferentiation. As seen in Fig. 7, all
solutes could be separated at 140 °C except for solute 3 where both enantiomers

coelute. The thermodynamic values, on the other hand, point out that the discrimination
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between enantiomers of 3 is better than that of 4 and 5. Although, solute 3 showed
higher -A(AH) and -A(AS) values, it could only be separéted at lower temperature and,
unavoidably, require more analysis time. Therefore, several aspects must be
considered simultaneously.

4. Conclusions

A thermodynamic investigation of enantiomer separation of 1-phenylethanol
derivatives using heptakis(2,3-di-O-methyl-6-O-tert-butyldimethylsilyl)cyclomalto-
heptaose (BSMe) as chiral selector indicates that hydroxyl group of alcohols is mainly
responsible for the interaction with the stationary phases, both polysiloxane and a
cyclodextrin derivative. Nonetheless, there are several parameters related to analyte
structure, e.g. size, polarity, and position of substituent, which can contribute to chiral
recognition. It was often found that only a slight change in solute structure could lead to
a large difference in enantioselectivity. In this study, substitution on the aromatic ring of
alcohol tends to promote enantiodifferentiation, whereas substitution on the side chain
of molecule is likely to reduce chiral recognition. More compounds of related structure
should be tested in order to bring about the insight of separation mechanisms of
cyclodextrin and, ultimately, be able to predict the degree of separation of tested solutes

without several trial and errors.
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Fig. 3. Enthalpy (a) and entropy (b) values of all alcohols on a nonchiral OV-1701
(hatch)
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Fig. 4. Difference in enthalpy (a) and entropy (b) values for enantiomeric pair of
alcohols on a chiral BSMe column
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Fig. 5. Ln a versus 1/T plots of alcohols 1 (O), 14 (®), 16 (A), and 19 (A) obtained
with a chiral BSMe column



(a) «=1.036 Q)\
(b) M a=1.077 ::<Fji\
(C) M a=1.112

(d)

. i

20 25 gfo | 3.5 40 45
time (min)

6. Enantiomer separation of alcohols 1 (a), 19 (b), 12 (c), and 7 (d) on a BSMe
column at 140 °C isothermal
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Fig. 7. Enantiomer separation of alcohol isomers 3 (a), 4 (b), 5 (c), and 6 (d) on a
BSMe column at 140 °C isothermal ’
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