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Abstract

Project Code : PDF/18/2543

Project Title : 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-methy|-6-O-tert-
butyldimethyisilyl)cyclomaltoheptaose (CD-2), heptakis(2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl)
cyclomaltoheptaose (CD-3); and heptakis(2-O-methyl-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 hydroxyls, 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 suitabl_e for
alcohols, amines, and acids as peak tailing 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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1. Lwamm‘n:uagwuﬁ'uaal.um-'l‘ﬂﬂamn-nnm'lugﬂmaq'la'[‘muamu N Nnyununi

secondary hydroxyls @14¢ N4
WawiouuniladaeduidmiunsiinssvduuuilawaisoudalasnInnsmi

3. Lﬁ'aﬁnmmmﬁuﬁuﬁs:mwmguﬂuﬁﬁﬁﬂmaq nuanuauInlunsuungduuuilawes
maoagﬁuﬁmaﬂ‘ﬂﬂamn‘ﬁn‘%uﬁmﬁiuu'lGT

suieuiIfide :

1. é’amﬁ:ﬁagﬁ’ufmmLum-‘lfn‘[ﬂamnffn‘%u'lugﬂmao'laT'ULuafﬁu‘%qm% ﬁﬁugnmuﬁﬁ primary
hydroxyls Lilw tert-butyldimethylsilyl Ltﬁﬁﬂy;LLﬂu?i?i secondary hydroxyls (14 methyl,
acetyl, Uaz tert-butyldimethylsilyl LLa:ﬁgmfm'm'[ﬂ'nﬁ'lwawﬁmﬁmﬁﬁé’amﬁ:ﬂﬁ

2. m‘%’uuLtﬂﬂaﬁ?ﬂaﬁuﬁﬁﬁagﬁuﬁmaa'l‘n‘[ﬂamn*ﬁn“‘mﬁé’omﬁzwﬂﬁtﬂmwamf‘i

3. ﬁ'm'mwngjﬁuuuﬁ'[muafﬁﬁugﬁoﬁfumo=] MU Laz/M30 PUIeA19 9 NU Mpmaiaula
TasunInnn# Taolduelladnadmifiaionle

4. ﬁnmmwﬁuﬁ’uﬁs:whmy}mu?i'ﬁﬁﬂma‘] ganum-lolaaandniu fuanusmaniolu
msuanduuuilawwaisiadngg

HANIINARDI :
wwipuauiusuaswan-lolaaendriuluglveslalai as"?'iu‘%qn% 3 oila ldun

1. heptakis(2,3-di-O-methyl-6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (CD-2)

2. heptakis(2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (CD-3)

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

uazt lluanAY polysiloxane OV-1701 riauvinlUinRavuneaisunilaninadul iRl fiiuwans?
fmivmiusndduunilaweidimmaiiaudalasininnni wuhnedmimmuilansnwg
muninlFouldluzigrangdl 40-240 °C pnifunedul CD-5 AiflsrvanmpilFuuaunii (~160-
240 °C) 5nﬁo:‘1’o‘lxjmmmuungiﬁuuuﬂamaﬂﬂﬁmmnﬂaauiﬁ fFmnasud CD-2 uax CD-3
mmmuunﬂﬁuuuﬂmuas’maammmuﬂ‘s:mn 1iu Alnu taminaf taliu 1alla dwanlad
waanpaos (uau



a'gﬂuam‘m'ﬂaao :

'lumim‘%'nuaigﬁuﬁmaa'l'ﬂnamn*ﬁ’n‘%wﬁa’l’fr’uunf‘jﬁuuuﬁTaLua{fu wuisrwauaste
laaiangriu 'umﬂua:ﬂ'nui’rf}wamgtmuﬁ iauﬁqﬁﬂutuﬁamaaugttwuﬁ finasiansuunuased
unuilawweiatnan agﬁuﬁmaaLum-'l'ﬂﬂamn‘ﬁn‘%uﬁtamwnﬁmﬁm‘%’un‘lGT (CD-2, CD-3, ua:z
CD-5) ﬁﬂa‘J;Lmuﬁﬁ' primary hydroxyls mﬁauﬁuﬁaﬂq tert-butyldimethylsilyl Ltdﬁﬂglmuﬁ.'ﬁ
secondary hydroxyls UANAIAUNIBUIALEEANLTE7 agﬁuﬁ"ﬁv’ommﬁmmmmwmmm‘lumi
uunﬂﬁuuuﬂamas‘umnshaﬁu Taufi cD-2 %aﬁugunuﬁ'ﬁ secondary hydroxyls tiu methyl @]
auwaidnuazSaatan mmm'lﬁuumjﬁuuumamaﬂﬁumnwmu'ﬁﬁﬂ SnmaldAnfidautrosuunas
&3 CD-3 %aﬁugl.muﬁﬁ' secondary hydroxyls 14 acety! daftanniu mmmlﬁuunﬂ“auuuﬂa
wadldd walimunzdumsiides v 1aflu waanased  &u CD-5 -‘ﬁoﬁugtmuﬁ'ﬁ secondary
hydroxyls 114 tert-butyldimethylsilyl fﬁoﬁmmmlﬂqj wm"f'la,imm:ﬁa:l‘ﬁtfjmwamﬁé’m%’uuunQE
wwnilawaidimnafisudalasuiinniid Lﬁaomnm‘jLmuﬁmmﬂlwry;ﬁu‘%nmﬂ’mTwswﬁuni'w

ganva-lolaatandniu azfaveliasitluidaunsanssinnulolastandvIuuaz luiians
wen
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LINWA

Chirality ﬂ'nLﬂummuﬁqﬁﬁm’mﬁ'lﬁ'ryu.a:'lc'ﬁ'ummﬁulamn'luﬂaqﬂ'u \aanas
: 5un"1‘5’7ﬂﬁU?ﬁaaﬁuuguﬁumn'ﬁﬁmﬂu'[mar]aaaumm (asymmetric molecules) n3Iaduuudila
wat (enantiomer)  wihdduuufilawatazfiasflsznoumaniimisuiu wdaut@neiinw

| wldfanuiufis anauansdraiuunn Lmﬁmumwui’\muazmsﬁﬁqn%ma"'mmwumn'uﬁm

P MK AR T BTSN T B URE TR ULATIEW 61aamumw?oﬁu'lumsfﬁLﬂﬁ:ﬁm‘sﬁqndﬂagli'lu;gﬂ
vasduuuilanad ua:g"éuuuﬂamai"'uaomiméwfuwawu‘nﬁﬂlﬁqnﬁmnmaﬁ’u viu lunsénun
Wertumsiediienmainees 1édn1slEasissinn 2-aryloxypropanoic acids dlumsmuauns
113U VBINT (plant growth regulators) WUILAWE R-isomer mefu?iu.amqn‘ﬁlumsmuqu’a‘nﬁm
W# S-isomer a:'lxiuamqn‘n(x‘f (1] @ulunBtineuasndoingt ﬁﬁumuﬁamsﬁ'mmﬁtﬁﬂ
uluada (Wondininsasfls racemic thalidomide iupnounduuazszivdszam d@analvmsn
u‘smﬁﬂﬁgﬂi”aﬂﬂauﬂs:nau MENSITINDTN (S)-(-)-thalidomide lifgnTilusuounduiss uai
HalWWRIWIMIYaRdEnluaTIAAanfataTuuss 2] diudu T unmiis i unId U g
1fassmindannuidyuas chirality Sawgnsundnduliiinslioluglvasdunuilawaiivigns
G'foﬁ.:umsé'amﬂ:ﬁﬁlﬁ'uaﬂﬁmﬁtfju‘éLtuuﬁTaLnas‘u‘%qn%ﬁﬁaomnﬁmﬁmﬁm sulfanng
SereiamInauvodduunilawaiioras Sallenuddyetnibs (3-5]

Wissnnduuuilawasautanamonwuasmaadmiaunu ﬁatﬂumsmnﬁa:unn@ﬁ
wuufilowedoonainiu  lutanalsseiidiun dnddldwasimaiamalasuainnmfussdian
‘[ﬂi‘[vﬁ‘?ﬁaﬁi‘ﬁiﬂamﬁ (stationary phase) %“Eatﬂmﬂaauﬁ {mobile phase) wiaeaalaan (selector)
'Fiﬁauﬁ'lﬂ%'mv‘\’ia'l‘ﬁuunﬂ‘e‘muuﬁ]:amas' 5]  ufalasuilnnnfidwnafionilafiie szaan win
g1 uaraTsmtTunaianlad 'i'mmm:'?'i%:l'ﬁ'uun'éuuuﬂama‘f‘éun‘%'afﬁﬁmahmqaﬁ'l TNy
168 warldassaadieldsuanuion  miwondunuilaweidsudalasuninnsfaursanle 2
3% StuwsnlasmaiujiionRewAouduuuilawadliinwloussinailawes (diastereomer) g
enantiomerically pure derivatizing reagent dauflasi luhersddnwaasfisiiasssuamwia non-
chiral uadBilazaaald optically reagent ﬁﬂmmu‘%qﬂ‘ﬁgo Fandvrenuws wananfionaiitodia
waanminawnuuilawafudasdfidanmafalffiodeiu  Endiwiladunnseds
wunilawailesanlaslfinansiiniauialeds losodosudamaiamndidousznitanansii
warduuuilawaiAdsimiansiadraiuazdunauled

MddufprnunmsusnduuuilawaidsudalasanInnmi Satufimsduansiwaniid
fimulalasa (chiral stationary phase) filfusnduundilawaslémaiotseinn uasdanumuinlu
MIUBNGI AmMdowuinansfinariafieioyle fanumunsolunsuonduuuiilawafeng
AUuIN uﬂ"ha:mmaai"nm‘%auylunw?‘lmoﬁ'uﬁuuLﬁnﬁau [6.7) mmitﬁmﬁ'um*mé’uﬁ'uﬁ



sewinlesseveananifiuaranuasnsalumiwondusuilawa B ednilnatirebidmiuem
eluanil  Refswannansfidamiumsuwnduuuilowa st autiaad usaly

mﬂ'ﬁlwam'ﬁ;?’iﬁauﬁ'lﬂ’s'mﬁauung}i‘éuuummua?'ﬁ'hmﬂﬂﬁﬂLLﬁaTﬂ'su‘nTnﬂﬁW fAu13n
MWV Gil-Av USRS [8] luzqeil 1966 lanld trifluoroacetyl-L-isoleucine lauryl ester {JuiWa
Aafi LLR:LLUT’]?}E}LLHH?]ISLME]';:'BBO N-triflucroacetyl-a-amino acid esters  NISUoNGIWaRIfiTiai
L%aiﬂtﬁmmﬁnﬂjwuLmﬂGm'naaﬁuﬁ:'la‘[m'mm:who@faLLuuﬁTamafﬁmWamﬁ atnalsfiany Use
%ﬂ‘ﬁmwua:m’lmaﬁuwaanwamﬁeiaqmu.qﬁEr'mauﬁnﬁwﬁ'@ din1sWaun chiral polysiloxane
Fu oo Frank usrame [9] 16ie38a L-valine-tert-butylamide uzUvasnaded ﬁjﬁ'ﬂﬁulu'ﬁ‘a’h
Chirasil-Val &% Konig uatatu: [10] 1@3uN XE-60-L-valine-(S)- w38 (R)-a-phenylethylamide 11
Eﬂmaawaﬁma‘? ‘fmLwamﬁﬁuﬂuwaamai‘i{ﬁmmmﬁuwiaqquﬁLLa:ﬂi:%ﬂ%quoﬁu wasldin
mMaangauuuilawairosauwuiuainsaa:iluled

fau? Schurig [11,12] easounansiisialniiiddunauras msznavvodlaninsiug
fu‘ﬁﬁauﬁavlﬂ‘?a (chiral transition metal complexes) 1T dicarbonylrhodium(l)-3-trifluoroacetyl-(1R)-
camphorate  lannImdtudn g 1w Ni(lh), Co(l) nie Ma(ll) sansneouiuasysznavufidl
sutdlefadniunsuondduunilawafldimudou LL:J?‘Wwlam?i’nﬁ@i‘{mmimmng‘i“auuuﬂa
WaTleMauUssinm 1B 29uMIudines (cyclic ethers) a6 laa @lnu uazuoanadad (Judu e
ﬁiaﬁwﬁm‘%aammmﬁmdaqquﬁ %aﬁmﬁwmﬁmﬁzﬁﬁqmuqi}s‘iw (25-120 °C) Famanal¥ls
Vatwnlum e

srieduiiulfiluwansfifdsumalefadmiumsiwnsdmomeaiiaudalasunns
A dndlueurvutuasmilulaesariomoasiwiasiiarouniu ldun amylose [13], cellulose [14],
oligosaccharides [15] watlolaaiandniu {cycledextrins) [7,16] Iuﬁwmuﬁawﬁuﬁ’maﬂ‘n‘[ﬂa
mn*ﬁn‘%u‘lﬁ%‘um’mﬁuumnﬁq@lwﬁwﬂm?‘mﬁMum

lolaaiangn3u (cyclodextrin) Lﬂuaxgﬁ’uﬁmaomﬂﬂammﬁLmemmu Usznausae p-
nalag 6-8 wiae AowFon woav-, Lan-, wazunuan-lolaaandviiu audminvaamiannglaa
6, 7. URT 8 MUY @1UAAL (Eﬂﬁ 1) lolesendnduiidnwuzadotionialadin sauuantas
Tuianafauidlalasian smnvluluensiaui@lalesivin S ldloleawndviuioms
Us:nauﬁ'u‘[maqa‘é"u'lﬁwmuﬂsunn [17,18] LLa:LﬂaamnTNLaqamaﬂﬂﬂaL@n‘ﬁﬂ‘%uﬁamﬁ'ﬁ‘la%’a

Feamusnlflolaaendriulumswenlalmuaiuszdunuilauaiara g sanannwle [16,19]
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31]11 1 lansgiuaaua-lolaaiandnin mﬂs:naumungiﬂa 7 wisedanuiluog

1uf] 1982 Smolkova wazamz [20] lddnwiautidvaslolasiandvinlumslfduwnanf
sfiauaudy (solid stationary phase) Ewiumsdiansvanutalasunnnniiuaiowin  lag
azaUeani- nia tuai-lolaaandniulu dimethylformamide uduilUww@auuu solid support
wasldiuunnnaauil (packed column) Lﬁauunmiﬂs:nauﬁﬁg@ﬂmaa%”um"'samﬁmwﬁﬂumm
fdeiu  dammslslaleaandnduiunansfisiiauasnan (liquid stationary phase) s 5318
rwndausnlull 1983 Tay Koscielski, Sybilska, kaz Jurczak [21] Muaan- wia twen-lolaaiand
MIUNUUNARBRNT w‘-’iauunﬂﬁuuuﬂama{maa o- uaz B-pinene wiazuundduuniilawmeioen
nntule udlssFnsnwuasnadulitenunn %"Juh'lﬂg’m’n‘m‘%’uumﬁﬁuﬁmaﬂfﬂﬂamnfﬁﬂ%uﬁﬂu
'uaamm'ﬁmmm'l"ﬁ“lﬁﬁ’mm‘ﬂm‘%'ﬂaé’uﬁ%aﬁﬂizﬁﬂ‘ﬁmwganﬁ

Lﬁaamn'bﬂﬂamnéﬁn‘%uﬂs:nauﬁdum‘j‘lamaﬂ%a (hydroxyls) YaTiie primary waz secondary
Wuiwmann Ssmunsovdfiteufedueyiutldnanssia  Snnsanuissldauffizen
(reactivity) 11amyﬂaman%aﬁtmawﬁmLmn@inﬁ’u "fmmmmLm‘%ﬂumgﬁuﬁ’ﬁﬁwgmuﬁﬁ primary
War secondary hydroxyls é19nule uasiisngauianisiasoy agﬁuﬁ?‘iﬁm&muﬁﬁu alkyl, acy!,
deoxy and halogeno-, nitrogen containing, W8z silyl dueu [22)

Konig WasAtuL [7, 23] ‘smamﬁomﬂ'ﬁ’m‘jLmuﬁﬁLfJuTsﬁé’aﬁamuma 7% pentyl 1RDLET
aunuiaalolasiandniufiilusaanar wuidn perpentyl o- Laz B-cyclodextrins a1 LELAT U
unllaInaduille LLa:T'Eaﬂu1eﬁ’ﬁqmﬁnuﬁ§aﬁa 200 °C wananisadenunuiilaatandafidiuni
C-2 uaz C-6 G'f‘)tl‘m‘\‘i pentyl uazfisuniy C-3 fIUnY acetyl 1eiflw 2,6-di-O-pentyl-3-O-acetyl
cyclodextrins %oatgﬁuﬁ‘ﬁﬁ@dmmmumgjﬁLmuﬁTaLuaﬂﬁ%mumﬁm d2% Armstrong WaTAE
[24-26] w3 nueywutvaslalasiondrsufiiiuzesnas feglugvasasnauuasouiuiiidulols
wairiafiiiununuiieng 9 fu TaoiaFuuaywuiffimgunuiiiu dipenty!, trifluoroacetyl
dipentyl Uaz methyl 2-hydroxypropyl u.a-wu:i'}m'mmm‘m’lummmnmaaLwamﬁ“‘ﬁuﬁ’u'ﬁﬁmamﬂ
uﬂumm.mmuv\mmuﬂ (degree of substitution) athalsfianu mMaeduueuwusluzdvoIvaIHAN

i w1 ldin wazmadnunen thermodynamic parameters ia,l.ﬂummaumaqauwuﬁmwmmﬂu
83fisznay



Schurig uaz Nowotny [27] iauauuimwilmilunmisidauiutveslalaaiandniufiduvasuds
awmsaisudansioiiereanar lnonauenwusuaylolasiandn3uniy sioxane polymer fiauin
{1 ™ = “ & - " s PR o ¢ & a a P

iedvuiiueadud  Nuiimsdenmiinaasinfisuwuiuaslolaawndniudaudiany
R i g . P ~— [ a0 .
‘polysiloxane [28-30] Lmequmm'm'umumqqmuquﬂ‘lmmmamaawﬂmﬁoqmnquﬂmqum
MRBUMAIVEIDRAUT aeina lsAa agﬁuﬁﬁﬁmﬁa:ﬁmmmmm‘lummung’ﬁLmuﬁTaLuEn'@‘h
niﬁamﬁﬁuﬁﬁﬂmaomm Lﬁaamngm‘%amaluwaﬁma?
innmsﬁnmm’mmmm’lumﬂmﬂﬁﬁuuuﬂama'ﬁ‘maeagﬁ’uﬁmaa‘l«n‘[ﬂamnfﬁﬂ?ulwﬁw

A . g o a
watulfiHuun wusnenuaanTalunsuen (enantioselectivity) Iunuruiauadlolaaandniu

o
a o= oA

Tumsiauazdunisvanyunuiunlalaaendnin - wlunuiffouldiu ldun aky [27,31],
acyl [32-34] uag silyl [35-36]  widumislaiavaslalasiandninazagf C-2 usz C-3

, (secondary hydroxyls) uaUnNITuwu I TURouTiiavanunuif C-6 (primary hydroxyls) 3:&3
NRADAIUTIUITO LU TUENLTUAY [37-38)

a J o [ 8 a & & A Fa a =
lulassms39pfl azdnanzvaniusvasuar-loleaandniulusdveslolmueinuigns
U 2-3 TN T@Uﬁﬂl&tmuﬁ‘ﬁ primary hydroxyls mdaunu LLGiﬁ‘r'ia'ktJ;lmuﬁﬁ secondary hydroxyls
AINU T@U%:Laani‘ﬁﬂg tert-butyldimethylsilyl (Tunaunufifi primary hydroxyls tfias9niuaiu
faanumuisalunsugniginimiunuiisiadu [38] niwihapiusisensildiadouiy
P - o [V [ o 5 o a o a o o
waaafluiadaiinaauy smTumsiernsiaonafiaufalasnnan®d AimsansuandSou
Lﬁuummanm'm‘lum'mun@;“mmuﬂama%”nﬁ@@m6] wiailuuwuanslunmsesnuuuauWuiuosls
& A a;m md! »

TaaendnIuilisuiaatusaly

Sanlszasa

)

1. r?iaﬁamﬁ:ﬁmﬁﬁuﬁmaaLum-‘l‘ﬂﬂamn%ﬂ“‘mhgﬂmao'l.aisma.la{?iu‘%qﬂ% ﬁﬁwguﬂuﬁﬁ
secondary hydroxyls @149 N%

2. Waeisuuailainoauiamiunisiiarsraunuiloweieoufalasui inn#

3. tﬁaﬁnmmmﬁuﬁuﬁsmﬁmgLmuﬁ"nﬁﬂmaf] AuanuamanInlumTiongduwuilawad

VOIDUNUTY adlolaatandviuneionle

PaUIDAYAINISIVE
- g a '3 - 'S & €oi A £
Tasan 19304 '-J:aamﬂ:v\agwuwaomm-'l‘n‘[ﬂamnmmu'lugﬂmaa'laT‘m:ua*mmqmﬁ lay
finyunuvifi primary hydroxyls 1tluny tert-butyldimethylsilyl iniiaunu uafingunufifi secondary
hydroxyls 613114 §742% 2-3 7iia 13U Nijunufiuuiaidn (methyl) wijunuiifidanuinnzga (tert-
butyldimethylsilyl) m\.n}muﬁﬁ'lﬂﬁ'xﬁ nIaviuNuiiddn (acetyl) udu  nuukauAUTH
FouassrlalieTouiuwaanluuailarianaduy niunmaiernsvaromaiaualasuilnns i

arfinpuaziBouifisuanumuniunuendsunuilaweisiiady 9 edinlas 15 siia 11y



lalasanfueaK ozlsunda dmad Alvu uaanaaad aawmas wie wiw nieaivandan
Atueu “

nIIMaaoy
el - g & o
n"lﬁ'ﬁxﬂﬂ‘a"’l.‘:ﬁB&WNFﬂBJLUﬂ?-?‘H[ﬂﬂLﬂH‘D’ﬂTU

° [™ ~ - " a & o oo
mm-imm‘nzﬁmgwuﬁmam.lm-'l‘nTﬂamnFEmu'lugﬂmaa'laTquua%‘nmqwn lasaaulasds
MIFAATIZRINNLANTITHID [39,40]

tert-butyldimethylchlorosilane X/S\Io
B ]——o
H O

O imidazole, DMF
;\‘iif‘*

beta-cyclodextrin (1)

></s<°

Y

OH 47

1 {2) R= +CH

(3) R= }tlc])/‘}'s

» heptakis(6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (1)
srapua-lalasandriufidiunisauuiauds 1.00 g (0.88 mmol) uaz imidazole (13.7 mmol)
¢t dimethylformamide (DMF) 20 mL Tuwnanunay @89 nuaasazanbuas tert-
butyldimethylchlorosilane (13.8 mmol) 1u DMF adlumsazaoraauai-lslaaandnin aums
szaufigannfiveatiunm 24 Falus avamsduiulivan§Atendan TLC (chloroform-
methanol-water 50:10:1) "ﬂoﬂﬁngqmaqmmﬁﬂﬁmﬁﬁm R U3zuntu 0.33-0.42  @naznauHie
Austluiriuds acsnoaznaudan dichloromethane wazanade 10% HCI, NaHCO,, uazin dry
@7t anhydrous Na,SO, Wastztnpaiiazaitaan lewasudidwn 1.93 g ﬁw‘ﬁﬂﬁmfn"lﬁ'u‘%qﬂ‘“f
@7t column chromatography (silica gel) 1at1% chloroform-methanol 8:1 > 1:1 [Husm: lénda
FusTAUIanT (1) 0.65 g (43%) 1Tuvasudedun Agninulanaisainiaimeiong “C-NMR

(CDCl5): 8 101.99 [C-1], 81.74 [C4), 73.57, 73.40 uaz 72.52 [C-2, C-3, C-5], 25.89 [(CH,);C], 18.27
[(CH3)Cl, waz -4.51, -4.62 [(CH,),Si]



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

fDt 9 NEATITALAI0VEI (1) 0.30 g (0.15 mmol) lu DMF asluwiaiunanfisl sodium hydride
7 mmol) Autlusrnitugs aumsazarn 1 2189 fiaunLa methyl iodide (10 mmol) asluaTazaly
AUFTazaBFEaEn 1-3 92l asrvmiauiinluuaslfdsenaas TLC (toluene-ethanol 4:1) &9
AnngaevasmsHAaAMaTim R, 1szanm 0.76 anaznaundaineiluin-huds szanaznau
ét dichloromethane uazaiaeaotin  (fiassmodvihasaiuaean Tduasudsdng vilur 1w column
chromatography (dichloromethane-ethanol 100:0 = 80:20) 1@'N§ﬂﬁm‘ﬁﬁu§qﬂ§ (2) 0.16 g (50%)
duraaudaduna ﬁgi}ﬁmm'[mm%’wmaon‘aﬂﬁmﬁd’m "H-NMR (CDCl,): & 5.18 [d, 7H, H-1]. 3.65
WA 3.51 [2s. 2(21H), OCHa), 0.85 [s, 63H, (CH5)sC]. uaz 0.00 [s, 42H, (CH,),Si]

+ heptakis(2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl)cyclomaltoheptaose (3)
AUTMITATENLVBIBUWUT (1) 0.30 g (0.15 mmol), acetyl chloride 3 mL uaz pyridine 4 mL i
aunnil 100 °C 1fluan 4 Flus  ammidinlyuesl §AZande TLC (toluene-methanol 3:1)

%aﬂﬂngqmaamwaﬂﬁm‘ﬁﬁm R Uszanm 041 anaznoundadmailuinainds wisdu
column chromatography 1ﬁuﬁﬂﬁmﬁﬁu?tjﬂ§ (3) tUwpaud @ ﬁgﬁ]ﬁﬂﬁutﬂﬂﬁ’mmaduaﬂ

Auaien 'H-NMR (CDClL): § 5.12 [d, 7H, H-1], 4.66 [dd, 7H, H-2], 2.06, 2.02 [2s, 2(21H), OAd],
0.84 [s, 63H, (CH53):C], WAE 0.01 [s, 42H, (CH2),Si]

e heptakis(2,6-di-O-tert-butyldimethylsilyl)cyclomaitoheptaose (4)

H tert-butyldimethylchlorositane
o imidazole, DMF, 90 C

beta-cyclodextrin 4 /N

szapiuen-lalaaandriiuditinunsouuiauds 0.50 g (0.44 mmol) Uz imidazole (12 mmol)
"1t dimethylformamide (DMF) 10 mL lwmnadunay  dau 9 waamsazauval tert-
butyldimethyichlorosilane (11.5 mmol) 14 DMF adlumiazaovaaua-lolaaiendniu  aums
a:muﬁqmmqﬁ 90 °C fluan 24 T2lus m‘mm‘ss’imﬁu‘lﬂ‘uaoﬂﬁﬁ‘%mﬁw TLC (chloroform-
hexane 3:2) -ﬁmﬂnmﬂmaamwﬁﬂﬁmﬁﬁm R, 132010 0.33-0.37  @naznaukAan iUt
ula MR column chromatography 'lﬁu?mﬁ'maff?iu?qn% (4) \luvasudsdunn  Agninmu
lonaiiveniaiueidan 'H-NMR (CDCL,): § 4.82 [d, 7H, H-1], 4.42 [s, 7H, OH]. 0.92 uas 0.83

[2s. 2(63H), (CH;),C]. U8z 0.13 WAz 0.01 [2s, 2(42H), (CH2)Sil; C-NMR (CDCly): & 102.57 [C-1],



82.02 [C-4], 74.93, 72.10 Uz 71.88 [C-2, C-3, C-5}, 61.92 [C-6). 26.26 [2-O-Si-C(CH,),}, 25.84 [6-
'O-Si-C(CHa)s], 18.85 [2-O-Si-C(CHa)], 18.27 [6-O-Si-C(CH;),, -4.53, -4.65 [2-O-Si(CH,),], Uaz
-5.06, -5.26 [6-O-Si(CHa),]

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

_ . ) N/
P b
O
si?

7\ o NaH. Mel \/
o e Si O

°‘s><7 ) O 7
@ /\

(5)

ﬂumia:mumaaagﬁuf (4) 0.30 g (0.11 mmol) ua: sodium hydride (3 mmol) Tu
tetrahydrofuran (THF) Auslusrainudaszunm 1 F2lus deunaa methyl iodide (5 mmol) a8dluans
SacE0an1IT ﬂumsa:muo‘iaﬁqmugﬁﬁamﬂunmﬂi:mm 2 7 anvmsandiulduas
Ujiinens TLC (hexane-toluene 1:8) %mﬂngqmaomw‘émﬁmfﬁﬁm Re Uszunou 0.93  usans
azanolusraniuds riauidy methanol faznpaatinetn g tRaiida sodium hydride AunAune
MNRUITMOSINaTawoan  szapvedudeiinasluvesnauin-hexane dry %% hexane @n
anhydrous Na,SO, UR:THWUNNaTaunan  WaIHIU column chromatography lén&a A taid
n‘%qvﬁg (5) tlwrasudedny  Agninulaniainveinianmviaiy "H-NMR (CDCl,): & 5.25 [d,
7H, H-1], 3.33 [s, 21H, 2-O-CHa,), 3.03 [dd, 7H, H-2], 0.87 [s, 2(63H), 3-O-Si-C(CHj3)3, 6-0O-Si-
C(CH;)s]. 0.07, 0.09 [2s, 42H, 3-O-Si(CHs),]. Uz 0.03 [s, 42H, 6-O-Si(CHa),] | C-NMR (CDCL,): &
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(CH,),, 6-0-Si-C(CH,);). 18.38, 18.29 [3-O-Si-C(CHaj)a, 6-O-Si-C(CHa)s}, Uss -3.77,
-3.84, -4.74, -5.07 [3-0-Si(CH,),, 6-O-Si(CH,),]

-~ - P L -
nraRaauunt/aITRos Y

Fnmasfavuaardsaduianueniyszuin 30 m awiaFuHIUgUENa19 0.25 mm @835
static [41] Tasldasazapvaawansfi lu dichloromethane \iiutu 0.4% wiv usTaadlunadund (@9
Mam'?'iazl.ﬂwuaqNﬁu's:whoagﬁ'uﬁmaﬂ-ﬂﬂamn‘ﬁn‘%uﬁu polysiloxane OV-1701 lamadsulinn
ﬂaé'mfﬁmmL'ﬁ'mTumaoatgﬁuﬂm'[ﬂamn‘ﬁn‘%u'luwaﬁmas‘whﬁ'u §8 0.12 Molar) YN1I3znEaITin

a:mu'lud'nmmuquqmuqﬁ Wassmuaamazaionuaudlazldinansfinun 0.25 pm LaRaui
rsduluvasnadug
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mmersuayURvsIunlarTrasui

¥1M3 condition RadutALasouldranldin ﬁqquﬂ 180-200 °C TUNI=H9 baseline A
IMinTmesauauiAvasualianaduifiaionlddo Grob mixture [42.43] Tanltlalasiawiu
ufigwn Aisa i3 50 cvs (ﬂ'?u'?'iqm“qﬁ 40 °C) 14 split injector Hiidn split ratio 1w 1:100
gunniivay injector Lax flame ionization detector 1% 250 °C  uazld n-alkanes naaautlyzind
qune1§'oﬁaumﬂfnu

L o - -

msiATsvsuuLf s’
) M IMagaunaduw CD-2, CD-3 Ua: CD-5 (M@THUIMBUWUT (2), (3) uaz (5) Arud1aw)
lumsusndunudlawesindwiiaitusiiasiie g fgamniam  laouSoufisudl retention factor

nia capacity factor (k') WAt selectivity (o) BaINITULN

HANTINAADY
mmessvaulRvawnilarTresui

Grob Test kﬂu’a‘ﬁnﬂaauuﬂﬂm‘%ﬂaﬁnﬂmﬁiagmﬁmﬁu inertness, guUanNULTuNIaALE,
uarUssEmInwvssnasul  Teuf Grob mixture Ustnauduas 12 oiia nautuludamauils

J 5 o A + - | L ‘l L3 = .‘:’ - L d‘ 1 L '
AufldRnuasamsusaraialndifoeiuialy FID ({lu detector IMe 12 vile (wiauTBata) leun

C10 decane ol 1-octanol

C11 undecane D 2.3-butanediol

E10 methyl decanoate P 2.6-dimethylphenol
E11 methy! undecanoate A 2,6-dimethylaniline
E12 methyl dodecanoate S 2-ethylhexanoic acid
al i-nonanal am dicyclohexylamine

&7 ol, D, ua: al 13nagauauS inertness vasnaduil Taudnsuzuasfind ldusswudildfin
STUANIIETMETRENUTOIAR adsorption Aunaduiniaansiilaniali  aauliunianusvas
AadutazgIINAnTadgnIAAUAEDU (P URs A) UBzENIAAUAULA (S Uaz am) gaudszfmininaas
nasuifileionldsfuaniendn Trennzahl (T2) mé‘m:vx'ingiin E10-E11 uaz E11-E12  land
tg = retentiontime

1z -| R2 "R |,
Whi +Wpho w;, = peak width at half height




1

adul CD-2° |
wansfilunadind CO-2 Usznaudiy auus (2) 25.5% lupolysiloxane OV-1701 (Rauiln
anuTutu 0.12 M) flanasaunadiifiieonldde Grob test (31_11‘*'] 2) wuhneduiiaioyld
BB NG (fin TZ 43.7) AnpaIaT ol, al, waz am LN tailing uasdAuilaRniAaus
Andidsanufnuasuaatnunisieana’ waarineduilmunsoldiersiansldnaolsaan wan

. - - ' -~ ' -~
nitdimusousnlalaweiuazBunuiilawwaiuesm D (@dwauyiol) uaz S (Geliauyiod) ld
aL

ij }
200
“198

] 10

E11 E12
ol

194

] am
192 -

190

188

| ‘ ] ;
186 4 || MM e ; Ji_ I} | | J !
184

182

T T T T Al Y u T T T T T T T T T T g T T T T T i T l.
0 ‘110 2[0 3l0 4|0 50 . 60 min

- LY a v oo .
U2 Tasunlnunsuwes Grob mixture fildainaaduil CD-2 817 31.80 m LEUHIUFUENENI 0.25
mm (AfaUdaUWUT (2) 25.5% Lupolysiloxane OV-1701 wransf Bun 0.25 um

condition: temperature program 910 40 13 160 °C @288@31 1.57 °C/min
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nadud CD-3 - .
anInilunadui CD-3 Y1znaudiu auwus (3) 30.3% Lupolysiloxane OV-1701 (Faiiu

anutudu 0.12 M) danassunsduiieioulddin Grob test (JUN 3) wuiinadudfiaioule
HiszfmBnnd (fin TZ 38.6) uwdRnvauaanagad ol uax D Hanwos tailing  dnvislaUmngin
YAINTALA S URSLUAUT am uam’hﬂaé’mfﬁ‘himm:ﬁa:’l'ﬁ‘imﬁ:ﬁmmEjuuaanaaaé', nin uazid
- - . A . [ - o o ' o - . .
fin 1flasnaInguiliia adsorption uWansfpiiait T9liungAnwIolWANA tailing

ij |

208 1 L "0

l a E10 E11

i

. 1]

206 {| 1
| A p E12

2044 Nl

202 {!
2004 1

198 -

196 -

R I S vi0 [0 € 5 N U S

T T T T T T T T T T u ud T g " T =T *

10 20 30 40 50 60 min

iV e - oo «
U3 Tanunlnunsuuss Grob mixture ildanaadunl CD-3 117 30.23 m LFUHIUGUENA19 0.25
mm ARaUSIBauRKE (3) 30.3% Lupolysiloxane OV-1701 JuiWansn vut 0.25 pm

condition: temperature program 910 40 ©i3 160 °C @A 1.65 °C/min



ADAUM CD-5 -

waadnluraaul CD-5 Usznauday BUWUT (5) 34.0% lupolysiloxane OV-1701 (Aauflu

13

‘anututy 0.12 M) anasaunaduuniasunladdas Grob test QU 4)  wuiheadnifedoale

a a a ' VIR S v 4 ol . g C e [
JuszfnBnnaaud g (61 72 32.6) wdRnawlngianwusdmuasidoninfiwuluraduy co-2

uss CD-3  UsznaunuwanmiImagaulszindniweday n-alkane fignunnlieng g wuieedudiils

‘é‘m‘ﬁ‘mwﬁﬁqmﬁqﬁga (N W3adumtuanud fisn > 3000 plates/m Aigunniiganit 200 °C) uazil

dszinSninaaaaliagmnniianas (N < 2000 plates/m figuwnidndt 160 °C)  uaaainwansil

o e @ e e a s a Y . a o
'ﬁuﬂ“”ﬂ']su'ﬂ\'lﬂ']luﬂqmﬂnuﬂqaﬂ 5du'n‘ldn’i‘i'l'n\1‘1ulLﬂUﬂ’)’lan 2 ﬂaa;ﬂf

u

PA ]
60 |

55
50 -

F
F

45 E10

]

40 3

] .

359 | f . |
1 I || [ i
-5

4 | |

25

E11

E12

15 ,

| \ ; |
1] Lo | | I
i '_\JJ'\J \ J\,, A
0____ e 30 &

0 R |} 20 _

.50

s Y v . v
Wh 4 Tasunlnunsuues Grob mixture fldanaadusl CD-6 117 30.24 m iU uaRSNa19 0.25
= LY -~ bof =
mm LARaUEIBEUNUT (5) 34.0% lupolysiloxane OV-1701 fluiwgnfl nu1 0.25 um

condition: temperature program 310 40 i3 160 °C @u8nI1 1.65 °C/min

MINATIEVauLLT lataT

-4 " P Py ol ' & -~ ]
Mninearaunaduil CD-2, CD-3 uar CD-5 'lummunauuuﬂmuas'ﬂumdﬁan'nuﬁuﬂma 9

o - - - ' .. = b
NIgunAUuAIM Tﬂuuﬁuumuum retention factor (k') Laz selectivity (o) 18INMTUUNNALNNAUL

W HANTTNARAIURAIIUATII9T 1

L] h'l

=t
|
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Hsef 1 . #1 retention factor WAL selectivity vaduundlawssisemevaunadul CD-2. CO-3 ua: CD-5
ERUTTR K 2t aunnil naaxNyd CD-2 Aaauw CD-3 AaluN CD-5
(OC) kz' I (04 k;;_' a |'(2' a
1 hexobarbital I 220 416 1.030 4.02 1.000 2.75 1.000
S
2 mephobarbital o A o 220 4 91 ‘ 1.026 485 ' 1.000 3.23 1.000
GRS | |
3 5-methyl-5- 220 814 | 1014 | 766¢ 1000 - -
. phenylhydantoin % |
° |
4 benzoin " ) 180 12.03 | 1.021 a a - ‘ -
© |
? ‘
5 benzoin methy! ~ 180 8.84 ; 1.000 811 1.000 6.14 | 1.000
ether © > |
oY | |
6 2-phenylbutyro o @ 160 17.42 1.008 15.33 1.000 1041 | 1.000
phenone @ ‘
| |
7 2-phenyleyclo o 160 11.98 1.012 960  1.000 G.64 ‘ 1.000
heptanone O/© | [
| |
8 a-bromopropio 160 3.78 | 1.044 312 | 1.006 2.03 1.000
phenone @j\( 1 '
L |
1
9 4-nonanolide 160 429 1.033 5.58 1.040 2.10 1.000
o@\/\/\ \
10 4-heptanolide 160 167 | 1038 241 | 1.040 - -
|
|
| |
1 y-caprolactone 160 1.06 1.032 215 | 1.136 054 °
o‘i}\/ ‘
|
12 1-aminoindan E; 120 937 | 1.032 591t @ 1.065 - -
!
13 a-methylbenzyl 120 2.93 1.023 | 219t  1.000 1.05 1.000
|
14 styrene oxide 120 2.95 1.039 209 | 1025 1.21 1.000

4
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dweu | &g goanndl | Aaduw CD-2 naduul CD-3 Aaduu CD-5
(DC) kz' a kz’ [0 kz' a
15 1-phenylethanol 160 1.10 1.018 ‘
O#
@ 120 6.33 1.061 385t 1.039 1.39 | 1.000
16 1-(pentafluoro 160 078 1.040 - -
phenyl)ethanol F on
. 120 4.51 1.134 364t 1.027
F |
17 4-fluoro-a- 160 1.29 1.012 - ' - - -
methylbenzy! J@)m
alcohol
18 | 1-(4- 160 352 | 1.020 -1 - - -
chlorophenyl) a/@m ‘
ethanol \ |
19 4-bromo-a- 160 577 | 1.018 - I - - -
methylbenzyl /©)\m |
alcohol IS "
20 | 1-cyclohexy! 160 | 0.774 |, 1.000 |
ethanol dm ‘
120 4.03 1.012 1.88¢t | 1.000 1.02 1.000
21 3-chlgro-2- - 140 2.87 1.138 - -
methylpropio Q/\I/
nitrile 50 23.27 | 1.007
22 2.3-dimethyl 50 1.37 1.036 - ! - - -
pentane /\'/I\ L ‘
23 methyl 2-chloro 120 0.47 1.080 0.74 ‘ 1.294 - -
propionate \Iio/
“ |
24 methyl 2-bromo 120 0.84 1.159 0.93 1.077 - -
propionate \Iic’ _
-
25 methy! 2-pheny! 120 5.01 1.016 N 1.009 - -
propionate o
WUING ky' retention factor of the second eluted enantiomer

t  WNIHANWMT tailing

[} e J -
a liUsngAnss Wasen adsorption

- levanasiemed
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#i1 retention factor (k') LAAIDILIINTLI TV I eETUAR=TRAALIWAAIT WIn K D6 0N
AN ILIINITIAUdINT uatmsltia lunaduiiuin 1 kK §1uamenn
, tgp—t
k — R M
tm

Wa tz = retention time of analyte

ty = time of non-retained compound

§ U selectivity (a) LLamﬁommmmmmaawJam?ilummunﬂ‘ﬁuuuﬁ‘[amm‘aamnnﬁ'u

win a ddn usasiddunuiilawaiuonainduldd  win o fdudu 1 zliiansuen @ o
ATKITUIN

_re—tm Kk

tri—tw ki

e tg, U6 retention time VNN tg 4

wnmsusnduuufilawaidisnadud CD-2 uaz CD-3 Ailawiusvaslalaaiandnindun anaf
(CD-2 uaz CD-3 %oi’iv\g methy! Was acetyl Lﬂu%y;tlﬂwﬁﬁ; secondary hydroxyls @138161) Wuin fi
gamndinasmiiarziiyiiu ss@ulngiiiusansziniuayWus CD-2 uaz €D-3 Indifiuariu (g
FINFN K AInfAnaring pnciuasiunguaiin (EFUR 12-13) uazuoanasad (@eud 15-20) Al
wiInITAUauAUS CD-2 ulsusinin RANdUWLI LT uLazuaaNBaad IMANTAT ANz tailing
Li’iauunﬁmagﬁuﬁ CD-3 Qﬂ'ﬁ 5) @ iniunaann adsorption “ﬁaﬂﬂnglu Grob test LTUNU

(a) (b)

o5 | o

77 r— T * fr r T ' 71
6 2 4 6 8 10 12 0 2 4 6 8
time (min) time (min)

-l - v -~ &
UN 5 TasunInunsuvas (a) ofiu #12 uas (b) uaanagas #15 NIATIzRAILABENE CD-2 (MW
§79) URzAARU CD-3 (NTWLN) ﬁqmnqﬁuO °C
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maLﬁnumuummmmm'lumnmnﬂauuunTaLuasmadauwuﬁmaao wunauwuﬁ CD-2
'wmmuunﬂauuunTamammmﬁnm ‘lﬂmn'nuﬂn’nauwuﬁ CD-3 uﬂmawmsm'mau.uunh
JE]TY]ET'IU'\'J'OLLUn‘lGIG]'JUE]uWNEYIOHENTTuﬂLLR'] WU auwuﬁmaaau selectivity UDINITULNLING

Atanu unL'mmm’m'nuﬂmmn'lﬂﬂmnmuagwuﬁ CD-2 (§10Uf 16 uaz 24) wazvWTRafiuon
SRunEILaYWUS CO-3 (AR 11 uaz 23) (U7 6)

(a) (b)
o o)
\‘)J\O/ O/
a Br
k\hb{a_:mzsm ”\ UL a=1.077
a = 1.080 1 U a=1.159
] T 1 v | ¥ 1 L L) v ¥ LR h T I | ¥ 1
0.0 0.5 1.0 15 20 00 05 10 15 20 25
time (min) time (min)

N6 Tasuninuniuvas (a) Lamnas #23 uaz (b) taanat #24 AdRTsiennnaau CD-2 (MW
§19) WazRaduR CD-3 (MWL) Ngunnii120 °C
' Lo i - Y o g s - » -l
sgunasun cD-5 Limusousnduuuilaaibhumesausialalaias (A1 a = 1) 8n
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Abstract

Enantiomer separation of nineteen structurally related alcohols were investigated
as a function of temperature by capillary gas chromatography using heptakis(2,3-di-O-
methyl-6-O-tert-butyldimethyisilyl)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 discrimination could be achieved with 2,6-difluoro-a-

methylbenzy! 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 synthesized, the alkyl and acyl derivatives of (6-O-fert-
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



24

performed rr_wstly 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-phenylethanol 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-8-O-tert-
butyldimethyisilyl)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, WI, 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



25

| : ., AH AS
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where R is the universal gas constant and § is the phase ratio (ratio of mobile phase
volume to stationary phase volume). All In 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
hydroxy! 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 resoived 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 a versus 1/T plots

_A(H) A(AS)
RT R
The differences in thermodynamic values for enantiomeric pairs obtained from both

(2)

according to Ina =

methods were in good agreement and the values were shown in Fig. 4. AllIn a versus
/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 a versus 1/T curves also possessed the lowest -A(AH) and -A(AS)
values. It is possible that there are multiple 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 ele<_:tronegativity of substituent can play a major role on chiral resolution as well.
Comparing the In a 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-methylbenzy! alcohol (12) exhibited the
greatest -A(AH) and -A(AS) values and best separation (Fig. 6¢c) 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 results 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 indicates 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 separated 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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BSMe column at 140 °C isothermal
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