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, [: I(.rr,,m iBrrtr(,Jr tc(lrnrqu
c,c(rr,,\h,o,,,i,,i,!ri,r,r,\ ,( r.)), ill l,ijl"llj].":l'rr,nprt','r,^r. {,i'}. cin,rd,}
arc t.rurrrl r,r h. rlrc,i,,,,..,"1,n1.*: 

rrrts r lr(Ilnnnluc. ttqL'rd .lrr,-rmal",,rapi 
'r rill-l r:trrr<rtrirrrsms r,^J;r,;..,;; ;:',".',*,i* 'r'rral arralyn'ol c|lr..dirt-rypc c,unlr,urd\ thc

rct1r,re.. drc *r.*r o.,r, ,o,.i,Iihnrquc' 
ar-c bnc0) dr..u..cJ rn du. paper lr, tic eit.u

accordmp ro *" .;:;;,;;;';: :;i^:::'"i' 
I\ drc cl,o,(1 ,'r ,hc propcr chrrur sct.tror

pn',,1"g,'o,r *.,,r,,,.;;;;;i].#'"Tili.-A \nc' "i uh'!ral srlc(1nrs wc,c r,,.i;,";;;
. i'onre cn.lr,li,!\(.p.rtaltons ol cphcdnnc_rpe r.ompounds in r.phamraceurr.ats. drcrarv .gpp;1.msnsq' hJ:';,"i; ":::l],1",,:: ,,1 , 

.a* 
'ncrc.iat.rurnc.(crcbru\frnar,",o,"un",,illlrlil3i,..j:'n *''".,. an,] biolog,r..l sanrptcs

Introduction

- Drug acrion rj, the result.r ol 
,large 

number of phannacologrcal and
:iT::.-#J.':::xJ[:rx"i,l;'ft-","^" in rrrc ri, ing 

"',i,. ,,0 *" *rn,,
.",,p;;;; ;;; .ff J'J"::Y:' 

o I stcreoselectivit) Most phannaceur icar
brololical acrivc.,ro. r.-^-.,^--.u'o 

c'Ilccl\ Jrc due to interaclion. wrth cfulal

Xlli,f ;:.*f:**j"ffi.,,.]#:8il:1,:'iT;}::?::ffi ;"[ jr,-;
ua'in''*''Jiltr";; ;#;X"::l'::"-'le For rhcse reasons' 

'1'ugs 
have ro be

bv the Unircd t;;.'a"#;';i pure Io.. Accordinp to the euirlelines issued
Lrninrendcd .ru,;";;r;u-.;_,u,8 Adrninisoarion lFDA). drJpresence of rie
same way as any acr,rirl -or;,i". ititf*cally 

pure drug should be trcaFd in rhe

Lphedra sinico. Bl'\^ r^|^A t,t,n".;;;;il#;i:::r;l;1# *,2g. rras been uscd in rradi{ronar Chinese

:m"r:* jnl:,u:fx[,::i"8.:i:',[,Fffiim*r;:
ff rf yifi iJsi';rh:{L:i[ilii.,;;;i1;p,r;#if iji;
(.)-norpseudoephedrine ,, , ,-^;lltol::,1!' )-PE) lFigure lc). rts.:E-
mcrrryrpseudocphedri;;,, ,';#;\.';,*,lil*,"Ji ,,L11""":?,9.,,.,.,"i,r,?.l;]-
l;l;",i,1'i;l'.i,S.;Iii ,ll'"tli..l-rltrs:nii''i-,"*n"o'il,'J"'r,.,-*r

,tr{Tp:'ii:'j",ffi ;,*jil1;,;*ffi ;"ff ltri{i+ilif;
rrcse racs request fie determinadon of the orig,n of ephedrine-type

::,?'0"'1$i#*"4l,ifji5l,H:::'"a,..o-..-..,ii'ail,.,"rffi r...,o
Nowadays. eon"arr-Lr^r;^i'@x'rnB 

products' afier enanrioseoamtion.

ross ards and athrer;" p..ro.*ar16E lllts-a.re 
illicit as energy-boosters. weighr-

nnancer\. Serious side eflecrs. as well as,

I
I

t



Enantiosepa$tion oi phcnylethanolamine and phenylproparrcianunc deflvatives
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i.^."-,+ i* i*,,i- ,,n, r rn.Xt-t-t 

"ptt"atinqr-l-Ei 
t lR 2'S)-rt-norephcdrind(-FM)

:H'fRl!st:,:fi::ir'rrln,*,r,i*ii i 
'o): 

{8, svnrh'Jsrzcd ..n,611611q1" urn 'rrrril

H;i;t;;'#";""', irs.znr-r i 'pr'"a'i"uri 
r-ri' ( ls'2R)-( f )-nor ephedrrnq( ' I NE)

]I',,'iir' , ii--.,r,r1-L.6';nq1 
' 
1-MeJ rO Pscudo"?hcdrine dcrivativcs isolated liom

ill,l;1: iii,riiir+*"i*p'oa.irrctt t-rEt ( rs 2'ti-( r )-rron'eud."-phcdnnd(')'
't irti i-'oi";,irii,r:*"td-;Lp.*a'"+r,"a';i,<-l-r"rpsl; ra) s)'nthesizel ,antioners or

"r#i ^"ra"*n"a'*" 
icr.'vativcs: (rn'zn)-(-)-psc'rdo+hednnd(-)-PE)' .(lir'2R)-Q-

I""#ro[*"n"*uir""ixtEt -a t ln'xnt )-r r rctt,vlpscuJocphcdrit rd { -)-VPE)

adverse incidents (hypetension, palpitation to stroke)' and numerous

faialities were recently reported l3l'**i"""tf"t"* 
t l-n to. ,t o'lj aitttt agonistic effect on ditferent o (41' o4)

""oT'ii"-br., 
B)'receptor subilpes uJ'o-t rndirect activitv' while ( r)-E

"-rrl[r" oii;"ilii indiiect activiry' (- )-PE has vinuallv no direct adrencrgic

....r,"r'"itit;,r, and it acls indirecily' by releasing cathecolamines lrom

adrenergic neurons vesicles [4-5]

(ttr
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. Ephedrire is primadly used ln the teatment of asthma or. bronchitis, aswell as in aileviation o{. symptorns o[ cold and influenza, including nasal
congestion, cough, fever and chills [6-g].

Nowadays, only the synthetic forms of ephedrine-type contpounds are
used in commercially available pharmaceuticals.

. . 
(l R)-(-)-Synephrine ((-)-Syn) (Figure 2A) is the main adrenergrc amine

isolated with ( lR)-(-)-octopamine (C)_Oct) ('Figure 2A), ty.""i,r'" 
""a 

N-
lethyltyramine frorr unripe peeJ and edible ti"i, pn.tr'o'f nitt". Cl.ung.
(Citrus. aurafitium L. var. atnara). Thc synthesized, racemic synephrine ((+)_
Syn), becau-se of its low price is widcly present on th" _urk"t!, u" u .u*
material in the production of dietary suppleinens [9,10].

Enantiomer (-)-Syn stimulates pr.edominantly p1 receptors in the adipose
tissue and liver. with a moderate effect on the othe. .ubt1p"a oi a_ .na 6_receptors present in the body. This lcads to an incrcascd rnetaboric [arc, with
r.r'rilor ellect on hcaft rate and blood prcssure [1 I ]. For this roason, 1_)-Syn i.exlensively used in diet pills and rveight lois iornrula. 1_)_Syn undcrgoesclriral inversion in vih-o and l,? yr.vo, so Lhe enantioseparation of this
compound is crucial in evaiuation of activity of herbal extlcts and dietary
supplements, and in monitoring of O_Syn una 1*;_Syn levels in urine, afte.
oral ingestions of Cilr?r fruits or dietary_supplements i121.
_ Chromatographic methods and electromigration techniques have long
been the methods of choice in this field and suitable to. 

".iuntio."pu.utionanalysis of ephcdrine-type compounds. fIpLC can be used either inai.ectty
with chiral derivatization reagonts o r directly with chiral stationary phases

CompoLard (loDpolErd

H

cnl
( ) Oct

( )-s],n

A

(+ ),oct
(*)-Syn

B

IJ

CHr

Figure 2. Chcmical structr_re of qmephrinc-t)?e compounds. (,1) Syrcphrinc derivatives

iYl:,I1, 
( r/t1ls sp: ( l1i) {-)-o(.ropaminr((- l-Our ) a]ld { tR)-( _ )_sylcphrinE{ (-)_Syr): /f,,

:Ii::1- cnanhorrcrs ,,t natural \ynephrine dcrirarrves: (l.9)-H )_()croparrincl( +)_Crct)
and ( I J )-(+)-syncphrine((+)-Syn).

,.o1,-,-
R



Enantioseparation ofphenylethanolamine and phcnylpropatolamine denvativcs 77

(CSPs) or chiral mobile phase's additives (CMPA). In the last decades,

capillary electrophoresis (CE), and capillary electrochromatography (CEC)

have been developed for routine analysis and extensively applied for the

enantioseparation of ephedrine-qpe compounds, and the main reason being

their high effrciency and low solvent and selector consumption,
This paper present an overview of CE, CEC and HPLC techniques for

enantoseparation olephedrine-type compounds.

1. Capitrlary electrophcresis (Ctr)

1.1. Capillary zone electrophoresis {CZE)

CZE widi its high resolvi[g powcl lu-s attracted great intercst in analysing of
dilftrent classes of compounds including enantiomers. ln CZE chiral selectivity

can be obr.ained either by adding the chiral solector to thc mnning buflcr
(background electrolyte), or by immobilizing of the chiral selector in thc

capillary.
Cyclodextrins (CDs) ar-e the n'tost fi'equently used chiral selectors in

CZE. CDs are cyclic oligosacchadde molecules built up of D-(+)-
glucopyranose units via or(1, 4)-linkages. They consist of six (n-CD), seven

(6-CD) or eiglit (y-CD) glucopyranose units. CDs have a hydrophilic surlace

and a truncated cone with a hydrophobic cavity. As a chiral selector, CD acts

as a host, by incorporating the guest molecule in its hydrophobic cavity to
form a l:l inclusion complex. The depth of the cavity and the solubility of
CDs can be modif,red by derivatization process. The hydroxyl groups Ln

positions 2, 3 and 6 are available for derivatization [13].
The enantiomcrs of rac-terbutaline, rac-terbutaline uronosulphate, rac-

bambuteril, rac-propranolol, rac-ephedrine ((+)-E) and rac-brompheniramine

werc used as model substances to study tile effect ol cyclodextrin (type,

concentalion and degree oF substitution), pH and applied running voltage

on sepamtion parametcrs. The CDs used in the experimsnts were o-CD,

B-CD and dimethyl-B-CD (DM-P CD). The most effective parameterc

for optimizing resolutiou were pH, CD tpe, and concentration level.

Thc running voltage was tlle most effectivc in tuning the separation

time [14].
The use of charged CDs for enantioseparation of ephedrines often

contributes to higher chiral resolving capabilities at lower concentrations than

the neutral CDs. The high effectiveness ofthe charged CDs is the result ofan
electrostatic interaction between the charged CD and oppositely charged

enantiomers as well as the opposite electromobility of the chiral selector and

analyes. The self-mobility of sulfated B-CD (HS-p-CD), being opposite to
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th.. electiophoretic nrobiiity of 
-ephcJnncs. 

cnhances lrre sepa!.,tion factorprorrded hl tlte chrral .elccror lls.lnl 
- "" -'" 'ir\ *ii{r

Aunratell el al [17] describecl in detail the enanriomer separation ofp-agonisrs. p-anragonjsrs. phenylethylamines and alcohoi stimulants. A totalol 42 cornnounds u,cre enantio,elccrl, 
"f 

1 ,.rof rJ-J.;"n* nrd.o,.,O.rr,,,r_CD {HP p-CD) ard 20 u irh sutJoburyl .,f,., f , o ,ini.ln_li,"or enantiomeric ."o;*;;,b; ";;;,"d'.,i;;JJ,"I-H:l# *-[:modified CDs corccntration. thc repcralrorr cllicrency reaches a maxtmumu,ith a particular CDs concentration, after. which the increase of CDconce.uation causes a progressive decrease in 
"r,l."iari"_ri*rlor,Ttre degree or subsrrrurion oc .u.oo*p.,t yi_e-i'r lairltll.rl ,rn ,n"tonicslrengthlraresiqnificrntclli:ctsorrthcrcsolutionof 

some ba.ic racemicdrugs (orprerrolot, ephedrine" and aminoethyl-be;;;;l;;;;;"tive). 
Theiorric 6-CD dcrivarivcs a,creri rtre 

.i"",. .,;.r;;;;.;;o',L',',',,i'JIr"ou,u,,o,,
llj,i,.: ,n" buficr capaiity or rn. apprieaiurr;;;:',; # rak.n inrncousr(rcrar,on wrrrn rhe u orkrn- t M.f-CD concentrr,;",, 

" a.,.rr;ili j'r*j."The capillary ,.rrlo..urur" il"o plays a significant ,"i"'i. ir,," "iti"i"*, "rclrrral separations r^,;r'tr CO_CZn. i" ;,,,;.";; ;;:;;;;;;'";':;:;,,"..^ 
",subambicnt temperaturcs was reported by several 

"r,fr"^-iiS_rrl fh"
:eylratign 

of enartiomer pairs of B_hydroxy;;#yffi;, io,l.pn"a.i,,",ocropamine- norepinephrine. epinephrine 
"nd t_";il;;;;l or"'ara *r,rnvcsrigated wirh DM_6-CD as rhe chirat ;;;.,;;';;'il;;;uLlr., ,ungirgfrom -20" to 40"C. The effect of temperature on enantioselectivity was fbundto dcpcnd on rhe nunrber of orr"notic t.,ya.o^l s;;;;;;";;i:"ule . UponIorvering rhe temperature tr.m 40. to "r,t,',h";;;i"J",Jii),,, ur ,n"system, as measured bv the relarive mobit,ty alif"."rr"", i*.*r"j L*irfa f_the amincs with two vicinal nhenolic groups, whereas the increase wasinsignilicant lor rfiose havirrg ro pt 

",,oli.!.oup 
jrrj.' "-" " ' "'''

..,r..:1: fo:.,b',,ry ,for 
obtaining reversal ep-hedrine enantiomcr migrationoro\'r \\as plcsenred irr oaner hy^Schrniu et ot. 124). On p.liclptc, rf,.eediflcrenr approaL.he. cr,'h. r..,j. r;.,t1. 

"t"",,:oo.ii.l* 
"n"rI', i"i I *" rr.reversed using different additives- ln tt 

" 
*nning Uuii... s"..ra-fv]'ra"",rngdifferent CDs as chiral additives

di*c,ent scparurii; ;;;-;;;;,.-:ffi'H;::::*: Hi:i,',",lTo":i"ii;J,CDs have a great potenlial l-or rh is 
_applicat ion and addirionally conrribure tothe number of chirat setectors availaLie in CE. I;-,h" ;irl.; ;;i", i,"orn* ,rr"pH value charged CDs ofl'er oossibitity f* ";;;;;;;;...Ji0"1 pof .

,,rr"t:T:?: 3::,1^.::^,o:,, usei as chirar ."r."i".i i,'iiic",.,, *-i,gLue enantromerrc separations of B_hydroxyphenylethylamines, Biagonrsts. 6-antagonists and other l:
crta B cii trri. "---- 

*- "'rer lraslc compounds: p-cD, DM-B-CD [25,26],
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Liu er al. [28] described a simple, systematic method lor rapidly

screcning potential Cli scparatiorl conditions for small- anrine contairting

enantiomers. During nretlrod devc'lopment, 39 pairs of cnantiomers werc

investigated, and a patial or complele separation was achieved tn each and

every case. Thc screening striitegy usr:s a bare fused silica capillary and a pH

2.5 amine-modified phosphale n-rnning buffet containing one of the selected CDs:

DM-6-CD, HP-B-CD, hydloxypropyl-cCl) (HP-o.CD), hydroxypropyl 7-CD
(I-{P-y-CD), and HS-&CD.

Hellriegel et al. l2g) con'tpared thc abiliq' of different CDs for

enantioscpantion of (+)-E. and (r)-PE (&CD, hcptakis(2,3-O diacetyl)-P-CD

0IA-6-CD) and hcptakis(2,6-diacetiryl-6 sulfat-o)-ScD (DAS-&CD)), under t]]e

same running conditions: uncoated fused silica (60 cm x 50 cm x 50 pm),25"C,

120 kV, pressure injection (5 s), 194 nrn, with 50 mM phosphate running buffcr

(pH 3.0). The concentatiorrs of CDs were 12 mM for (B-CD, DA-@CD) and
j mM (DAS-&CD). The usagc of $CD, as the neutral CD showed no baseline

separation of all enantiomerc and drastereoisomerc, but the sepamtion was

sufiicient for detetminalion of the nligmtion order: (-r)-PE, (+)-E, (-)-E, (-)-PE'

The neut'al and modified CD, DA-&CD, have completely changed the mi8ration

order, causing a faster migration of (-)-enantiomers, than in case of tho

concsponding (+)-enantiomers. The migmtion time of all isomem was much

shoder than with &CD. With DAS-B-CD, again the (-)-enantiomes were

migrating fuster than (+)-enantiomers, but the rcversal diastercoisomers migration

o.J", ** obtained instead. A very high rcsolution power of DAS-p-CD has

rcsulted in the ba-seline separation ofall isomes.

For detection IJV cell in CE is easily rnade by burning off a shorl section of
tbe polyamide coating on the fused-silica capillary. However, this tiny flow cell

lirniis the detection sensitivity of even UV-absorting analytes. Morc impofiantly,

LIV is not a specific detector that can provide stuucurcl jn{brmation suitable for

characterization of organic compounds [30].
Sheppard et al [30] used ion spray mass sp€clrometry (IS-MS) in the

positive ion mode in providing tile structural charaoterization after CZE

enantic,meric sepatations of tcrbutalinc and ephedrine, while Iio el al [31'32)
used same method for identification and quantification of enantiomers of
ephedrines and amphetamines after CZE enantiomeric separatious with DAS-6-

CD, as a chiral selector.

A Contactless co.ductivity detector is successfully demonshated for the

enantiomeric separation of basic drugs and amino acids in CE The

derivatization of compounds or the addition of a visualization roagent as in

indirect optical detection schemes was not required. Non-charged chiral

selectors (I{P-B-CD) and acidic buffer solutions prepared with lactic or citria

acid were employed in case ofbasic drugs, including ephedrines [33]'
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Table l. Application of CE and CEC
rn raw-materials, phanruceuticals and

for enantioseparation
dietary supplements.
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of ephedrjne-twe compouldt

r apiflari"s rr[iiiiii
condir'",. It.t.

Nrst sRM;
(sR14! 3240

3241)

t s rnv r-rr,c.uNlllJi
L r', orlcd liBed ,rtr.a i I )rlmM poly-LSUCL buffer

conhinins acetonitrile.
30o/o (v/v).(pH 6.0)

ch \ 50 p'n),20.C:
+30 I'Vl prcssure rnrelrion
(5 nrbar/2s)i 2ja nm (60

Itau,rraL*d 25 ,nM l.EAM:Id b;6
lpll 2 tr qirh 7 5.o IIS r9
CD

tl,,"ont a n ,"al,:iiEl6
cn, x 50 cm x 50 rnr)

l.l
l0 r l -15 kv. prrsure
rU..r'uD (2t mhan5sr
200 n,n

SO,"ltt l.ta t,Cr, tufrc. r t,-"t",r GeaJ.iGi
L,'r \ 64.5.m \ 50 !m),

(pll 2.5). rvrrh 20 mM
DM d.CD 25'Ci

1:10 kV; p.cssu.einjecrjon
tptrcurtres---t:rrriers,

?5 DM Tds;ib5pl,ar._- u,,"",aa r.seai,r[i@
0 prl,airs) 200 n;n

sorurioDs. b,tr.6;i;.!,,"1;:'" racoaadrused.silica(57---6

[ii;"* ;;;,*;;1#;"" ;Ll'9;li,;,::J_he.bal :'. L: +2tr kvi pressurc
exlracts ,,!cchon (34.j mbar/Srj

m,5nmsuprrc,,,.nr\ r D. r0 Dv rM {-( r ,,;r " 
;.J f,*Jv_i-',r-?__-

ro.v s;i .o; ).;:'"" !T l6(''' ^ 'o r,.t.
lt,fo,r . r".. 28 LV: vu,uoxr

injerduD t 250 mbarr;

;;tr#rtrilrJlil:" ir:l:;:,#ffi{x
@.,0,,.,srMs 1240,rn r r, *,1'U"t'n', - 1,r"11"r.J@;r,"a-----ro-r244t it;; ;,;;;il;i;" lXl;i,Tl 

,i;,il,i "

epl",t.in"i- it,,r,;rinnJ

Eplearincs. f;-ierai

Nrsr sn-.G Z: mttl Xatt:lo. Lud

prEssurc i.iecdon 125
Drbar6r,210 nm
Uncoared tused silica(SRMs 32a0

3244)

(SRMS 1240
.3244',)

p.cssure nijcc(ioD (25
nbar/5s): 2t0 nnrNtst'strlr,n- 25 rnM Narr:Fo-lbiE l-,ncoatcd tusA;t;;

lpll 2.5). \vith 4 0% DM-4-
CD

(pH 2.5), wnh a.0% Hp-6,

sO.V ru,r,O, r,,n"irnH
2-6). \ il,h 20 hM DM-BI

(80.5 cm x 72 cm x 75
!.r)j 25"cj +t0 kvj

(80.5 cm x 72 cm x 75
rm): 25'C; +25 kV;
ptussurc injeclion (25
hbar/5s)j 2t0 nm
Uncoatcd ftsed silL;
(64.5 cm x 56 cm x j0
rrm); 20'Cj r 30 kV;

(50 mbar/lri

CD
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tiphe.1tu plant 20 mN1 phosphate hufe.
exrraci! (pH 9.0). @tuainin8 2-

propanol. 20% (v/Y),
wilh I0 mM L leucine.

Uncoa'c,l tused silica (11
cm x 38.2 c r x 50 pnrr
25"Ct *15 kV'prcssure
injecoon (il79 mbar/s)j
190 nrn

100 nrM ( )-DIKGA and

metlanorelhanol rnixture
(40 60. v:\ )

Polyacrylam ide coated
tused silica (32 cm x 23.5
cm x 50 Fm); 25"C; +30

kvj pcsure injection il5

1

mbar/5s)i 200 nm
acetonitrilc mcdtanol
mixture (80:20. !/!1.

tlCOOIt and 25,nM

(, pcDicillaminc sultunic
acid-denvcd coaled fused
silica (31.5 cm x 25cm r
100 Fm)i20"Cj +15 kvj
extemal p.cssu.c 8000

inj6lion (+5 kV/5r; 200

5!

'Ihcprc$u.c uDits in drc circd papr6 arc coD\.crred inro nrba.

CZE is widely used for the enantiomer scparations of ephedrine-type
compounds in raw material, drug fomrulations, herbal material and dry
extracts [34-40,44] (Table 1.).

Commercial HS-B-CDs ar.e usually sulfated either at position 6 or at
positiols 2 and 6, but not at position 3. The average sulfate content usually
falls rvithin the mnge of 6 to 8 per CD molecule. MS and nuclear magnetic
resonancc spectroscopy (NMR) were employed to characterize these I{S-B-
CDs. Enantiomeric sepamtions by CZE usirg HS-6-CDs as chiral selectors
and tire runrring buffer containing triethylammonium phosphate (TEAM-
POa), showed that these CDs exhibited similar chiral selectivity and
resolution of ephedrine enantiomers. Onc derivative of HS-p-CD was tested
foi- the cnantiomelic purity evaluation of (-)-ephcdrinc contaired in the raw
malerial. The quantification was aclticved by conrpalilg the conected peak
aleas ofthe minor eoantiomer and (-)-ephedrine [34] (Table 1.).

Thc CZE method using DM-6 CD as a chiral selector, and
tctrabutylammonium phosphatc (TBAM-PO4) as a cation has been
successlully developcd and optimizcd for the simultancous chiral separation
ol the amphetamine-type stimulants and their ephedrine enantiomer
precunors. The sensitivity and precision of the method were found to be
sufficiently good for application in the chir.al analysis of seized
amphetamines in both crystalline and tablet foms [35] (Table 1.).

Liu et al. [36] (Tablc 1.) reported the method for enantioseparation of
ephedrines, using DM-B-CD, with hydroxl,rnethyl aminomethane (Tris)-
phosphate buffer, in a series of drugs such as antitussive, antirheumatic
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drugs, the drug for rhinitrs and the Clhinese herbal preparari{)ns made lionr lhcplarr. 1n thq genus A74,,r,r,r (.Ma fluang i, Chi;..';i. i.i,.';etJcrion Iimits(S,N = j ) ran.:ed tr.onr .,_<_ I r, Lg/nrt-, anj',h. lrr.;. ;;;g; ;,,,."u.1, ,o , o, nnpgAnl, for pressure injecrion. 
-L .."f *,rpf.r,-t;. ;;::;",;."r';nJl,;:

and relatcd_compounds ranged fronr 97.6 ,u jO:.Syr.

,_,_ 
U-sing.the runnilg buffer containirrg HP_6_CD, tetraburvjanrnronium chhride(rnn M-( Ir and rodium d,,decyl .Lrir-ak. is;;; ;; ;;.;.; "',lJ 

..ru,u,,on,identification and quantification of t n .,...oi"._","1, if-r. 
"pn.a."" fhnily wasdescribed. Calibration plols of the ephedri*. **. f rn*. 
""", 

if.,. *n*" O , rOpglml-. The method was used in the unuty.i, of ,rutrl,iin l iupil'",rl.nr, ir ,h"torm.of canlyt5s col raining tt4o t t,,uns ltii ti:ri,t"' ;.";. 
"'"'-' ""r"'.,,

trom Narioual Insrirure ot Srandards and ltclurology (NIST) SEnJrrdRefcrorc5 Materials (SRMs) enantiomers .i"prrJir"" 
"5Jd'rrr'"rnr* rvo"

iti'rffi?; 
after extraction using differenr .r..""p1r"."ri" .",i'i,u5^ trt,,sl

. .UnrEgulated drugs, refbred to.as dierary supplemenls in U.S.A., have beenlegalty used as tonic agents, but ilticit subsLrnce;:;;;;;l;;:. were oftenj::*:l;-S=:::.llf]fq . rrre enantiomeric 
".p"*,i;;r ;;;; eprredrineu' , \ au \ (s ur rnesc r nalenats. usrng DM_[!CD 140 | (Table I. ).The apptication ot- CM_6.CD as a chirar ..i;.i;; ;;;', borare runningbuller in the CZE separarinn of difterent 
";;,;;;;;,"",-i'",'r.ro,o,n,phenytatanine. dopamine. adrenatinc 

"rd Dop;; i;:;;o,rr' .onlor,* r"opropranolol in cerebrospinal fluid and plrar.maccut icals. ,-r,r! aingt. ,u,analysis uas prcsenred by Maruczak ".t iq t t ti"ii"'1;. ""' '" 'Applications of CZF,MS [31.32], and iifnN fill (Table 2.) for thesepcralion and dctectiol o I cnanri,rr rr.ri ^, .^,,-u,.,^-- ^]^i :..:-': :urrne samples. f.o. ,.rhn*onllYIrl(rs 
ol'eplred'ines and atnphctamines in

, 
"d 

p" ;;,;- ;, ;.;' :J ;;i;:rT#;: ; : l, JT,lil:XT'f,tr 3 Xl :,..1,;:process (u.irh simple filLrarion). ircrc reponed.
rhe chrrar separation of ohenethylamines i. a cD_cE_basecr forensic

lll]r.ir: -d^ its prerirninary apptication r" th" ;lyri;i;"liu,l"urir" uraIrar. using B-CD. after Iiquid_trquid extraction p.;;;;; *".'i"lfirfr.a i,1997 [a3) (Tabte 2.).

^The 
separation and detemination of ephedrine enaatiomers by CE wasperformed using I-leucine as a chiral ,.f""ar. rrri.- *.,LJi, .r,,iilf" ,0. ,fr"analysis of ephedrine and related compounds 

", 
pn"arr- piurt'.^:t^"t" 

1++1(Tabte 1.).

Crown ethers are macrocvclic polyethers known to form host_guestcomplexes wirh alkali- and eani_metal ion" u. *.il u, o"#io'_r_"r,r,cations. If a chiral crown ether is used, the inclusion of primaty amines isstereoselective. The formation of hydrog.n Uord. Uinu.;n i't rll.g*.rr. 
"*"rr"a

EElg
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Table2.Applicationol.CECECtbrcnantioseparatiol<fephcdrine-$pcconlpoundsin
bioiogical samPles

-i;it-iiii-"a,"ori.g c-,ai'i'"'r

Iiarct- ns.a rtica t t o0 cm x 50 Prtr

,,, t!,1,,.r,,,'',,-, Y;1;;;;;ia;a;;i;;;tioo;;;;oi;;ii i,I tll llaoi)lt,I N1

],1], 0.,, "*, 
oor- llotiu. ,**.. ,,.o,-,'o '*'' *"

HCOONHT (PH 2u) 20'C

,io"oi ' 
:, '*,,r, : 'ro\v fre'dc nrrtrd 

' 
\0 mba' rr'l

n pn ra^i"o' l-lrinc

tlsmiu D,AS , CD

,\"ffi**rt.;, - L*r*r*r :n 
*111'l::' iii*-iiiiiiilti"u os.,, 

^ 
os c' * sir

en[€dritre nuid
Phtma'eunLals

rn),,@nt rcdp. +lC kv' hydrosbh'

",lii:d'.u cra-B' inrccton(5s)i zra nm

a@ted lscdr rca (a8 5 cnr x a00n x

I5), snn l3.l nrM +lij kv, r6s@ ior(uon (25 flb /los)r

i)II ; CTJ
irn6ca6"ilir,.o ('1r.- * ao 

''n 
* so

Nith 15 nM B CD ild kv. prEsue irl{uon (la t mb"/5srl

A.'u5.ir !JprlliD (60.m\ 5'i r'm' I'r
pm). ro.n lemrcralurq +lf kv:
;ydroshric !.j.cti.n (2s):2la 'm

'Theprc$ue unns in lne cned Drpec it c! \cnqj irl'nrhr

to the nitrogen ofthe analye and dipoles ofthe nracrocyclic ether oxygen are

;;ill;i; the rnain inte.acrioru. Adrlitionalty, crown ether i,ubstituents

"."-p".p""af*f "t 
to the plane of the uracrocyilic ring' forming a chiral

barier, which divides the spacs available for ihe substitucnts at the chiral

"".trl'"i ,fr"'"""fyc into tlo domains Thus' two different diastsreomeric

inclusion complexes are lonned l45l'--'-'it 
" 

onfy'or" chiral crown ether used up lo rrow irr CE is ] q crown-6

,"tu"-bo,.yii" acid (18C6H4), and that had found application in the chiral

,.f 
".ution 

of .yrrpathomimetics.and aminoalcoliols [46'47]'

Dual seiector systems contanillg crther two chiral selectoni ol one chiral

s"iector an,l a scpamtion-suppoding egetlt have hcrrr found to Implove or evl]n

.n"it" urtro alcohols enanti'csepalti6n in se'erul cases' by fonniug rlle'lhree

r,,-,Juii 
"nrrrol.^as 

bctween (he amrnc group CD dnd l8ChH4 Thc enanttomers

ilir.*,";';;*;;,J ;n.. tpr"atinl and pscudocplredrin'^ u'q, e sepamtcd bv

&1" l,J"l"-r"f.incd device (nricrochip-bE; The detection was carried out

withanowtwo-electrcdeampelolneh.icdetectot,ellminatingthene€dfor
il,iiuia,-rui- 

"ou,r,". 
and refeteirce electrodes The separation of investigated

;"";;;;;d bv emploving CM-p-CD, as a chral selector in the buffer'

oanlv with thc additional inclusion with l8CbH4 L48l'* "il;;"il;"iiui"i;... 
ri lamvc ins' have a hig-hlv substituted aliphatic

brid;;,;;; th"y differ in the type and location of the substituent in their
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naphthohydroq u jrr)n( ring. Rifanlyciu [j. as the nlost exploited rifalnycrn in
separations ofelalti()rners. has nure stcrcogcnru ceriLres. and in addition to its
aronlatic rirrg systcnr\. il has four hydroxyl groups, one carboxylic acid
moiety, one car.boxvrnethyl group. and one amidc bond. The semjrigid
ba.sket-shaped aglvcar. having hvdrophobic properrics, enables the {bmatiol.l
of host-guest inclusion complexes and due to pcndant polar arms, which can
form hydrogen bonds. Ionic. dipole-dipole. tr_r, hydrop'hobic interactions and
steric repulsion are assumed to have elfects in complex fonnation [49].Armstrong el ol t,501shoivcd that negatively charged r ifamyiin B could
associate with scveral chiral amino alcohols (including (t;Syr, 1i;_O"t, 1+1_eand (+)-PE) and enantioselectively resolved ttem.-tn ie.ol.,;,rj overcome
detection probleins arising from the strong flV_absorption ol thJ selector. a
counter-curent proccss has been applied. Thc mi$?tion tirnes, eleckophorctic
mobilities and. ena ioselectivitv were controlled and ontimized by adjusting
the concentration of thc chiral sclector (25 mM) in rhe running buflfer, as well
as the pH (7.0), oryanic modifier type (2_propanol. 30% iw), buffcr type
and capacity (0.1 M phosphate buffer).

1.2. Chiral tigand exchange capillary electrophoresis (CLE_CE)

CLE-CE has been showed to be a simple and rapid approach for
the chiral resolution of chelate conplcx-fonn;tting courpounds.'The basic
separation principle was found to be applicable to the capilLry electrophoresis,
by simply using the chiral selector-metal complex. a.s an additive to the
elecirolyte.

An l/-(2-hydroxyoctyl!L-4-hydroxyproline (OH_L-Hypro)_copper(II)
cornplex in molar Iatio of 1:2 is found to be the most emcieni for enantiomeric
sepamtion of amino alcohols (sl,mmphatomimetics and B blockers).

Ootimal pH value for the complexation of these amino alcohols was
found to be 12 in the running buffer containing ammonia [51]. For R_(-)
enantiomers rvere lbund to clute beforc the ,S_(+)-enantiomers. Schmid ef at
[52] lound and commented that the selector is negatively charged at high pH,
and migrates in opposite direction than the EbF. This riults in lower
anal,,tes migration velocity than the EOF [52]. The conclusion that the more
strongly retained S-(+) isorner must sltow higher affinity to the selector does
not seem to be logical. The moment when the selector foms a temary oopper
complex with th€ anallte, the total charge of the new species becomes neutral
or positive, depending on the dissociation of the amino alcohol hydroxyl
group. Therefore, the stronger bound enantiomer should be expected to move
faster, as a component of a [eutral temary complex, not as a free anton.
In any case, one must consider relative charges and possible electrophoretic
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nrobilitics of tlie anal)'1c-co1'ltaining spccies only, not lhose of thc selector

itscli it is rlotewoflhy thal drugs haviug ortc (c.g. octopamine) or tu'o (e'g

orciprenaline) weak acidic phenolic groups migrate substantially slower [53]'
fire onanriomeric resolution of ephedrine and pseudoephedrine, using

L-or-nitine (L-Orn) arrd copper(ll) in constant molar ratio of 2i l, with acctate

bufler at pH 8.0 was reporred [54].
The crucial parameter for an optimal complexation of L-tartaric acid and

L-threonine (as chiral selectors) with copper(il) for enantioselective CLL-CE
of drugs containing amino alcohol strxcture was the pIl value of l2 In the

casc of tailaric acid, a selector,/collpe(Il) mo lar ratio of 2: I was found to be

optirnal, but in the case of tbreonine the optimal molar mtio was about 4:3 [55].

1.3. Non-aqucous CE (NACE)

Non-aqueous solvcnts show several advantages regarding solubility of
chiral seleotors or samples and reduce undcsirablc interactions with the

capillary watl. Often an increase in selectivity can bc observed in non-

aqueous solvents. Different forms olchcmical equilibria in aqueous and non-

aqueous systems can lead to different selectivities. Weak interactions

disrupted by water can become eflective in non-aqueous systems. A lower

Joule heating is produced and so a higher voltage can be applied, with
resultant shorter retention times [56].

Vincent and Vigh demonstrated the advantages of use of a single isomer

DAS-&CD in pure methanol for the chiral scparation of basic drugs,

including the ephedrines [57].
Hecieland et al l58l (Tabte 1.) presented the validated method lor

determination of enantiomeric purity of the (-) ephedrine raw material

using 2R,3,S,4.R,5S -(-)-2,3:4,6-di'O isopropylidene-2-keto-L-gulonic acid

[(-)-diisoploylideneketogulonic acid; O-DIKGA] as a chiral ion-pat selector

in NACE. Using l.t 4n-(+)-ketopiuic acid, as a chiral iou-pair selector in

NACE was not efficient for enantiorcsolution ofephedrine.

2. Capillary electrochromatography (CEC)

CEC can be regarded as a hybrid method betwecn CE and HPLC

combining the efficiency between the CE and selectivity ofstationary phases.

While in I{PLC a conical flow profile is produced by the hydrodynamic flow,
in CEC a rather ptug-like flow profile is generated by electroosmotic flow,
resulting in higher efficiency. A chiral selector can be covalently attached or

coated on the imer surface of a capillary (open tubular CEC), or an achiral

stationary phase is combined with a chiral mobile-phase mode (CMP) or a

chiral stationary phase mode (CSP), (packed CEC) [13].
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Bicker c/ a/. [59] (Table l.) rcporrcd the validated nonaqueous CEC
nrethod lor the cnantioselcclivc inrpur-it1 proiiling oi.D-ephediinc- usrne a
low^-rnolecular-weight strong chiral cation .rchanger. based on penicillamine
sul[onic acid, immobilized on thiol-nrodilled silica particles (3.i gm). Uncler
the_opdrtized conditions, the ephedrine enantiomers were separated on this
CSP, rvith an enantiose lectivity of t.il- resolution value of 4.77, and
satisfactor)- average efficiency. i-or L_cphedrine raw material the srong
cation-exchange (SCX)-type CSp u,ith opposite configuration was utilizcd,
so that thc cnantiorneric impurity clutcd beforc the mairicomponent pcak ar)d
yielding similar results in terms of separation and validation [59].
_. Hebenstreit et al. 160) synthesized and evaluated SCi Cips uased onp-amino sulfonic acid,terminated dipcptrde derivativ". u, .hi*l r"l""to.r,
immobilizcd on thiol-modificd silica particles (3.5 prm), for enanriomer
separations of chirar bases by cEC. These studies includei a vadation ot the
acid-lerminal amino sulfonic acid rcsidue, a variation of the configurctions,
r.e., a comparison ofthe diastercooier ic (S.J)- and (R.S)_configurations ofthe
sulfopeptides, and finally a comparison of sulildipeptide selecton witll
coresponding p-amino sulfonic acid analocues

^ P-"."1 " 
al [61] used sphcrical moleilarly irnprinred polymer parricles

for full baseline separation of racemic ephediine wittrin iO min. .tnalysis
were performed via a paftial filling technique using (+)_ephedrine_irnprinted
milgsgherys (100-200nm), which were poty-".tl"j from methacrylic acidand 1,1,1-Tris(hydroxymethyl)propanetrimethacrylate, using acetonitrile as
the solvent.

2.1. Micellar electrokinetic capillary chromatography (NOKC)

MEKC is the mode of CE which lras the ability to separate chargedand uncharged compounds simultaneously. Ll ,aaltion, the MEKC
approach facilitated the separation of several equally charged analytes.
Urrriel conditions.of MEKC, partition of all components in the istem occurs
between the bulk solution and the ,,pseudo_stationary phase,,, micclles
fo*:l^b, the surfactant [53]. Analyei in the mobile tOF are'separateaby differential interactions with the micelles and their electrophoretic
mobilities.

Bile sals do not allow reversal enantiomer migration ordeq and because

:f:hci: Igy aggregation number, they have only-found tfre uifii"ution fo,
hydrophobic analytes [62].

Aumatell et al [63] described attempts to resolve enantiomers of B_
agon ists..P-an tagonists. phenylethylamines and diclofensine using Hp_p_CD
wrth sodrum taurodeoxycholate and sodium SBE_p_cyclodextrin with SDS.
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The resolution lactor ralues of nrany phenylethylam ine and anrino alcohols
(e'phcdlines) with concentratiols ol' 60 and 120 mM llP-P-(ID (average MSs
0.6 and 0.8) in 50 mM sodiurn taurodeoxvcholate solution (anion surfactant)"
5Yo (v/v) l-propan-ol and 50 rrlM borate buffer at 9.5 u,cre 0.98. This result
pointed to a weak interaction present between the drug and ncgatjvely
charged sodiurn taurodeoxycholate at pH 9.5 and positively charged
molecules ofdrugs (pX* values betrveen 9.2 and I 1.0).

Synthetic chiral surl-actants, with a chiral head group: (.9)- and (R)-N-
dodcoxycarbouylvaline (DDCV) u,cre thc most used for achievir.rg
enantiomeric separations of basic pharmaceutical compounds by MEKC. For
iorrisable compounds like amines, enantioselectivity rvas optimized by
changing the composition and pI{ values of the runoing butfer. The
parlitioning u,as optirnized through the sufactant conccntmtion, organic
additives and pl{ value f641.

MazT,eo el a/. [62] described the scparation of ephedrine enantiomcrs in
urine, using 50 rnM (.')-DDCV and 25 mM Na2lfOal25nrM Na2BaOT
buffer, pH ti.S. 'l'he only step in a samplc prcparation u,as a simple filtration
procedure (Table 2.).

It has been shown that by using the two enantiomcrs of DDCV
individually, a reversal enantiomer migration time can be achieved. For the
quantification of enantiopurity ol raw material or phannaceutical
formulations, it is desirable that the trace enantiomeric impurity be eluted
hefore a tailed parent enantiomq peak. Conversely, in the case of fronted
peaks, it would be desirable for the trace enantiomer to be eluted last. Thc
reversal enantiomer migratioo order was found to be benet-rciary for the
idcntification ol'enantiomeric compounds in a complex mixture [65].

'I'hree monovalent counterions (Li', Na' and K*) influence on the peak
shape, efficiency, selectivity and retention in amino alcohol enantiomers
scparation with DDCV micelles. A much better (morc symmetrical) peak
shape was observed when Li' was employed, due to a better, but still
imperfect match of analyte and counterion mobilities; average asymmetry
factors in LiDDCV, NaDDCV, I{DDCV buflcrs were 1.9, 3.7, atd 4.2,
respectively [66].

Pascoe and et al. 167l studied the application of formed mixed micelles
with DDCV and the second anionic surfactant, SDS, as well as vesicles
containing DDCV and cationic surfactaot ce tyltrimethylammonium bromide
(CTAB). Enantioselectivity, as well as other chrcmatographic and electrophorctic
parameters were compared between the mixed micelles, vesicles and DDCV
micelles. The hydrophobocity of the DDCV system was also evaluated as a
predictor of n-octanol-water padition coefficients for l5 investigated B-amino
alcohols.

r:-
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Complete e\lractil,ll prLrcedurcs. cnantl oselec I r ve \eparalrons, wrth I\4Sartd UV derectron and quanrrfrcalron of r.n .nurr,o..rl oi'"rn.a.in" urOrclatcd compounds frorn NIST SRMs. ,r,rg N4EK;;a,"# oJ,rrod,u, ,_
Hff;:lTr*'o""yr-L-teucinate tporv r silcit *".e u"*.lu!] ,, a"o,r frl

Some applications ofCE and CEC_for enanrroseparation ofephedrines inra* mareriats. pharmaceurrcels ,rg !S".r1ror*il,; ;:: 
.jr.."n,.d 

,3uf ," whire Lhe appticarions of CE and C;i;;;';;;:pararron orephcdnne_rype conrpounds rn biological *rpf *l* *,"*,r,ili* ,.
3. High performance liquid chromatography (HPLC)

HPLC for the enantiomerir
directly (with ;;;i'#;r"* 

sepamtion of ephedrines can he usecl either
inao""try1*,tr,"ti;, ;;,;"r,,:,,r"x"J;3i,r"f,.u, 'noor. phase serector) or

3.1. Chiral ligand_exchange chromatography (CLEC)

.#::":;il:J:1r?.i:':lf" in.the earrv seventies' was rhe nrsr riquid
,.pu,^,,ion" oi op,i.ui',."1*.::T::l "v 

applied.in a complete and reliable
andylherJ;;;i;l;;trff"i;,'*;,Hi:y,:::tffiilTL",f*
meral ions (coppe(Il) is most frequently 

"*al. if,".lfri*i ""l"iJo, _", o"
L',:l' ;;"::' #:?:te.ffi 

el.r'r rr' c;"a 
""'r'.,"i,",,o' ri',,.,.n,*,

(csp). in ciec. ir. ;i#:#,T.',T."":i,il::il?ff $*:fnl* IXXdoes nor occur in the direct contact. The i",".";;; ;;;;;;;.ty u metat
:"-i-.Y^Th 

coordinares simurtaneousry 
^ 
with a chirar serector and rheenanuomers to be separated wr

complexes 168,69j 
wrth {he lormation of temary mixed-ligand

." J:f#,]"" ;:, fl;, i 11',:,:"g:::' 
norab,r v^ s i mp re meth od o r co n verti n g

.t, ;.ul I ig,n j.i"ia;;:;, ;;;il-.'::: TIPLC colurnns. into h ighlv erfi cieni
ff-u*vt-Llva.o^ri;:;;;."ir:;i']"*'' coahng or complexins chiral selector

ff :ti:,:.l,;;r jri.J;;#:#TJ,ff I.[:[[.I;ffi,"",::T,:JJ"*:*oerween rhe N_atkyt substin_ren, oi *,. ,"r."ro...ij. 
"li"?L""lj.o ,,r,r,groups. whereas the hydrophiric oart of rhe .r."to. ,"iruir,.i'""^iol"o u, ,r,.

i;[frlTf[[} j;1p',::fl i*,-a'orut.',or"",]r'.,.v*i#)a,;*,t.
(c, rHvp) r"air,"J .l'J^"al;;';lntt" 

of a'A/-z-dodecvl-L-hvdroxlpro Iine
ov .."oi,;rg ;;ililJJfiloctadecvlsilanized silica (RF c,s) columnc norephedrine and its analogues, wilh
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aqueous solulion containing coppcr(II) as tltc nt,rbilc phasc. u,ith pll valuc= of
6.0. The enantiomeric separation of underivatrzi'd aron.tal,c and aliphatic
amino alcohols rvith a primary and secondary alcoho) morety on a column
packed u,ith C12-Ilyp-coated RP C1s was improved by addition of barbihl
(BB) to the mobile phase containing coppe(ll) {71 |

Oi at ul. l?,{] intloduced neu, chiral lieand. Schifl' base of amino
alcohol (N-salicylidenc,(R)-amino- 1 ,1 -b is(2-butoxy-5 -tefl-butylp hr:nyl)-3 -
phenyl- 1 -propano l) for an eflicient resolution o1' racernic anrino acids.
hydroxyl acids, amines and irnportant amino alcohols. The same resealcl.r
group [75] enrployed,V,S-dioctyl-D-penicillanrine and N,S-dioctyi-N-methyi-
D-penicillamine as chiral coatings on a RP Cr3 column to obtain chiral
columns capable ofresolving different classes ofsubstances (including amino
alcohols).

Detenninations ol synephriue cnantiomcrs u,ere achieved using
commercial columns u,ith CCI,: Sumichiral OA 5000 (based on D-
penicilami[e) [76], or Surnichiral O,4-6000 (based orr I--ranaric acid-l-(R)-l -
(a-naphthyl)-ethylarnine) 1771, on IIPLC systems with electrochemical
detection. The method described in [77] (Tabte 3.). with mobile phase
containing coppe(Il) and ammonium acetate buffer (pH 6.4), was applied lor
syneplrrine enantiomcr separation it Citrus unshiu ffltit. marmalade and
samplcs of human urine after intake of C. unshiu pulp.

CMP includes the system ofa conventional achiral Rp C16 column with
an eluent conlaining the chiral selector. CMP differs from the CCp only in
that thc selector prcdominantly loaded in tlic statiorEry phase in the latter
systems, whereas it predominantly moves with the mobile phase in CMp
systems- Thc impofiant consequence of these patitions is that the enantiomer
more strongly bounded to the selector will be retained longer in the CCp
column, whereas it will elute first with the CMp. There is also a whole
palette of intemediato systems in which chirai scleqtor paftitions betwel3n the
mobile and statiorar] pllases and acting in two opposire directions. CMp
mode of CLEC is not convenicnt for enantiomeric separation of amino
alcohols, because the pII optimum for the complexation of amino alcohols, as
mentioned, is about 12, but pH values of mobile phase higher than 7.0 leads
in destroying of the conventional RP C16 column. In contrast to CLEC, in
CLE-CE the usage of high pI{ enables optimum complexation equilibria of
amino alcohols and improved separations [51,52,55]. Despite this fact, the
enantioseparation of amino alcohols, using RP C1s column and a chiral
mobile phase containing copper(Il), L-proline and barbital was achieved.
Although barbital is achiral, addition of BB to the mobile phase was critical
for tlre separation [78,79]. Tanaka et al [19] supposed that barbihrrates
participate in the formation of the mi'redJigand temary complexes responsible
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recognition and in such a wav affecr on the selectivity of

'0u,.u"1?"", ?Jr tll'l;,:i;f" :li:r. Procu, corumn sugsestcd a general
uin;no fun"iion *t;;;;;::, 

amrno alcohots after derivatization Jf their
l'he achiJ r,;";;';il;::::ic 

acrd' which. convens the latte'nto slvcine.
;, * 

" 
N .,uii i*",, ;;ilffi*' 

* 
:"fl:i :1 i _:.."#:i if i.ffi :*:T

1ff.ff:fl;":::X*^r:,::o B-uio.r.-g-ug",i.'r,",j,* ?_l-..,,".n.,J\\v,u4,y d,rrno€ruups wcrc lesolved in this manner wrth ol;#:ili.I, i,'"lyl;# H;,IT r*'r',",. i-, n*l oi o i i ll',i o, ","* o,
,,,,^. ril,i,..1 ..p#il::,8il:j,[I,i.J:S,:J.",,r;#:ilJi:l;ffil:

Bazylak [gl] reporled the HpLC method for enantiosoparation ofprltnary and secondary amino aLcohols ;,"t,,.ti-^ ^-L^r , i
acetonitr.e-watcr as the mobile- ph{:^;;:U:#,::l:tffi:TT:.X,:ji
il t'"-i:iliJ,l;i:"J lil.*U* 

n i' t^' rrn t 
"r'iu 

r 

" ?n. r'r,.il J'", . n",r*
rate on the observed 

"nun,,o."oulln1ol,t,if,;,:"":1ff:.",r,rire) 
and the fl-ow

3.2. CDs as a CSps and a chiral selectors

CDs can be immobilised on,columr. giving a chiral stationary phase, or
:[il?rn,#i:X.l'd,:lJ::' serecror- ro ;;';;;r;;h::'rr, 1 rn.
lJ-L D colurnns was rcporkd ,ra , 

t""o*'" and some adrenergic agonists in
Pumera et al. fsaf ',

pseudoephedrin-e rrj,o,lJ.-j*"tlintioselectiveiy separated ephedrine.
modifier to ,n. ".r,,.'r"","",1;il.':;::"'i:glC 

bv linkrng the 6-cD
and u ri ne were enanrioserecrrra, 

"".p"" "Jilv ;"Jffiffi ;::-;il#:trtwenty p-adrencrgics, 
6-blockinp

fi ::"l*tri.*i1i*ffi fu*:iil::,T:i-,r*l#H:.ll::TJ#*.ru," ..p,*ti* " oiil';;ffi;:::,",X.TlX;*j,."*:.";l 
$;".#i:,,ri"lrmpunty profiling in the metia

maknal, with phenyl-&CD ,.,rrr. ^lnt*tnt. synthesis pathway and mw

A,:,bg:',;;dili;?,:""#;;:i:H:11.ffiT,iffi tr:2)T',A
. CM-B-CO and carboxvethvt-&CD^ (CE_p_CD) have proved [o beellective chiral mobile phase adiitives for the resolution of enantiome.s ofephedrine, hexobarbital and an aminomelhylbenzodioxane derivative.

I

I

I

**t"-::L-



Enanl(,scparatxnr of phenyl cthano la rninc and pheny$ropanoJamine derivatives I1

I'he typc and concentralion 01'the Clls. pl{ and type o1'basc uscd to adjust
the plI valuc u,cre varied in order to optimize the method Fot' the

enantioseparation of ephedrine using ofNucleosil 300-5 Ca canridge column,
with nrobile phase containing 5 mg/ml aqueous CE-P-CD solulion-ethanol
(90.l0 v/v) and pll 5.0, adjusted with triethylanine (TEA) gave the good

results 1871.
Pseudoephedrine was selected as a model conpound for evaluation of

differert strategies for tl.ic quantificatiort ol partially coljluting optical
isomers. For HPI-C, LiChrospher 100 RP 18 column, mobiie-phase
consisting ol methanol and 2.0 g/L solution of CM-p-CD (pll 5.2 adjusted
with triethylamine) and IJV detecior set at 215 mn wcrc used. The results of
sturiy demonstrated that the best mcthodology lor thc quantification of
parlially overlappilg IJV peaks of enantiomers and for obtaining the
enantioneric excess is the usage of plincipal component regression (PCR)

model with peak heights, perpendicuiar drop peak ateas and deconvoluted
peak areas as the original variables [88].

Hcnacz-lIcm6ndez et al. 189) investigated tu,o possibilities lor
er)antiosepalations ol ephedrines: application of a CSP consisting of
immobilized 0-CD, and use of B-CD, methyl-P-CD (M-P-CD), CE-6-CD,
CM-6-CD and HP-p-CD as different mobile phase selectors. Ihe results of
thr: study demonstrated that the applying of immobilized B-CD provided
better enantioseparation in shorter timcs ofanalysis.

3.3. Miscetlan€ous CSPs
(R)-l-naph rytglycine anC 3,5 dinitrobcnzoic acid as a Brush-type

(Pirkle-type) of CSP was used for baseline enartiomeric sepamtion of
ephedrines with n-hexane, 1,2-dichlorocthane, methanol and acetic acid
containr'ng rnobile phase [90]. Newly synthesized polysaccharide-based

[91,92], cellulose/amylose based [93], and cation-exchange [94,95] CSPs
have enabled an ena[tioseparation of many drugs, including ephedrines with
revcrsed-phase IIPLC, but Matthij cl. a/. [91] and Caccamese et al. 192)
demonstrated that polysaccharide-based CSPs could be used in nonnal-phase
HPLC. The adsorption ol (+)- or (-)-camphorsulfonic acid on Chiralcel
OD column (silica gel coluntr, coated with cellulose tris (3,5-
dimethylphenylcarbamate)) has significantly impoved the enantioseparation
ofephedrines [96].

The separation of synephrine enantiomers from Citrus liuit and dietary
supplements, using Chiral CBH column (protein based CSP, with
cellobiohydrolase as the chiral selector), with 2-propanol, phosphate buffer
and disodium EDTA containing mobile phase was repoded by Pellati et al.

[97] (Table 3.).

I
I

I
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3-4. Indirect enantiomeric separatiofi

lndiroct methods have been traditionally prefen.ed for the analysis of
ephedrines at low concentration levels, for example, in biofluids. The reason
being that, owing to the low UV absorbances and a very little natural
fluorescence, a derivatization reaction is often needed to overrcome the lack of
sensitivity. Therefore. derivatization can also facilitare enantioresolution of
ephedrines. In this respect. derivatization of the amino groups with a chiral
reagent is the most conmonly used approach becarse thl srcreorsol1lers
originated can be resolved in conventional (achiral) stationary phases [9g].These reagents are capable of reacting under miid conditions only withprimary and secondary amino groups, and no application" to tlr"
enantioseparation of ME and MpE have been reported. Successful results
have been obtained with the chiral reagents:' 2,3,4,6_tetra,O_acetyl-B_
glucopyranosyl 

-i_s91!iocl,anate [99], ( l&2R)_ l-acetoxy_ t _phenyl_2_propyl
tsothiocyanate. It00]. 6-( +)- I -(fluorenyl)ethyl chloroiormate 

-t10ll, "9_

tluorenylmethyl chloroibrmate-L_proline [102], O_l_(9-fluorenyljethylchloroformate [103] and a-@,5-diphenyt_iH_irniaurot"-Z_f9-6"nror1
chloride (Dansyl chloride) [104,105].

Some applications of HpLC for enantioseparation of ephedrines in real
samples are presented in Tabte 3.

Table 3. Application of HPLC for enantioseparation of ephedrine-rype compounds in
real samples.

C0lun,ns ztrd rtrDning cond,tn,ns
:o ^- r cl,coonu. uniilErt- sut"r..r ,r,,gu";ir ,ll; ,Gi-i olii

x5!m)iltmP nrsPN'fien,5!1.
I 5 hl./mtnr e'nro.tEmi6l ddni.i

Eph.arln.s, R y* qi.r 20 { (H:mr (!H .1 6) ,*roniht.

cr&,6uiqdid:,.) ro nv ,A;;h*Gj" t ,ri", @HluPflmab 6 0), sr,]l 2 mmol r i% Btu.,nd
_ 50 dv1 d,.ociw fm^

l.cr 1uL. o rn,Lru, ?ronr
c,,",t,:eH' r-*. ru *,rtr,r,
20.C.2i11,0^mL,m[])5rt"

Summary

^^ 
Electrcmigration techniques (CE and CEC) and IIILC reprcsent the mostefficient methods for a chiral phamaceutical and biomedical analysis of

ephedrrne-typc compounds.

. Ig the cited techniques, the crucial factor for chiral separations isthe choice.of the propel chiral selector, according to the ltmcture otthe ephedrines and other amino alcohols. A seriJs of chiral selectors
providing a sufficient resolution in CE, CEC and HpLC techniques were
presented.
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Apart from rhe general advantagcs of CE and CEC (high separation
efficiency and slrofi analysis times) in CE and CEC enantioseparations the
amounts ol samples and running buffer are muclr lcss than those used in
HPLC, the chiral selectors are dissolved in the running electrollte, and thus
the expensive chiral columns arc not required. On the other hand the
disadvantages ol CE and CEC enantiosepalations, in comparison to HPLC
are lower reproducibility, lower sensitivity and fewer possibilities of the
prepamtive applications.

The process of derivatization, in an indirect TIPLC mode of
enantioseparation of ephedrines requires the usage of high enantiomeric
purity derivatization reagents, and this reaction represents an additional step,
which can involve undesirable side reactions (formation of decomposition
products and racemisations),

The direct mode of HPLC, with commercial columns, containing CSPs is
more coflveri€nt and applicable for preparative purposes also, but high
column prices limit their using ln a routine enanrioseparation analysis of
ephedrines. The CMP approach represents a simple and flexible altemative,
which is, however, not always applicable in ephedrines enantioseparation.
Beoause of large amouns of CMP selectoni in mobile phases necessary for
the €nantioseparation, as well as the impossibility of reusing the CMP
selectors, this mode is not applicable in a routine analysis.
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