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ABSTRACT 

Prerolumn dcrivntizution with r+phth:tldi:rldchydu ;md iln crptically Wiw thiol has hitherto bcwn us~ul mainly for tiquidchmmato- 
yrnphic ehirul sqwrittiim of nmino acids. Chiritl srpuration ol’ non-amino-acid primary uminc?, ~~pcxially of plicmn~r~llcr,cctilwb via this 
;rppr<>i\ch has ~WI fitrgciy ignorcti. WC hnvc thrr&‘ore cxrtmin& Qc upplicrtbility of the msihod 10 the chirtrl wsolulion oi’ scvcml 
phurmaccuticnl umincs. ci-Phthaldi:rldehydr: and Ibur commcwhdly avi\ilabic homochirut thids were us& tcr study the scpmtion of the 
snimti<>mom aramphutaminc. p-hpdroxyi\mphutanrinc. p-chlom:tmphct:lminc, .t-umino-l -phcnythutanc. &m&x>- I -(J-hydroxyphcnyl)- 
hutune, muxiictinc. tocninidc. tr:lnylcypmminc and rimnntidinc. The twulting highly tluorcsccnt isoindotc durivutiws wrc rcsolw~ on 
at Waters Nova-Pnk C,, rvrlunrn using mobile phlscs consis&l: of mixtuns or mcthunol. $1 sudium uccl;rtc bulGcr and uatonitrilc. and 
the column clHucnt ws monitor& using lluorcsccnw or UV dctcuiion. In some s;tw the ilumwcxnc~ andfor Ihc UV absorbance orthe 
Iwo diastcwomcrs wcw unequal. tt \WS found that the wsolutiun oi’most of the amincs could bc optimized by varying Ihe homochiwl 
thin1 in rhc dcriva~iz;r~ion step. This method of chirul separation mu?, have wide appliarbility in unantiospccifrs drug imidpis of 
non-amino-ucid primary nmincs due to its simplicity and the high scnwtwity it provides. 
--. - -_- . _...._ -__ ----_.-. ----. _“.. ._--- ..-.. --.- 

IN’I-RODUCT1ON 

In 1971 Roth [l] described a sensitive analytical 
method for amino acids based on their reaction 
with o-phthaldi~~ldohydc (OPA) and a thiol. t-mcr- 
captocthanol. The reaction produces an intensely 
fluoxsccnt isoindolc derivative of the amino acid 
atld is specific for the primary amino group [X3]. 

Early applications of this method used an amino 
acid anatyzcr in conjunction with postcolumn 
dcriva t iza tion [ 1.41, but subsequently prccolumn 
derivatization combined with high-performance 
liquid chromatography (HPLC) gained popularity 
[S-S]. 

Marc recently. the OPA method was cxtcnded to 
the cnantiospccific liquid-chron~atog~phic analysio 
of antino acids by substituting a homochiral (single 
cnantiomcr) thiol for 2-mcrcaptocthanol in the 
dcrivatitation reaction [9-141. This results in the 
Formation of two diastereomcric isoindoles derived 
from the enantiomeric amino acids, respectively, 
and the derivatives are then separated on conven- 
tional fnon-chiral) HPLC columns. This approach 
to enantiospecifk chromatographic analysis, i.e.. 
deriwtization with a homochiral reagent to form 
diastereomers prior to chromatography. is often 
termed the indirect approach because the 
cnantiomers are not separated as such but as dia- 
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slcrcotncric dcrivativcs [IS]. The ratio of the die 
stereotncrs formed can bc used lo obtain the 
cn;tntiomqic ratio of the starting analyte mixture, 
provided that cttrc is taken tc? t!void the pitfalls in- 
hercnt in the indire& nicthod [IS]+ 

Many drugs, intcrnlcditttes in drug synthesis, and 
mctwbotites of drttgs arc primury smincs, and thus 
sensitive cnnntiospeeific analytica methods for 
compottnds containing this functional group arc of 
considerable importance. 1 t is surprising, thcrcforc, 
that the applicability of the cnantiospccific OPA 
method to non-amino-acid primary amincs in gcn- 
erul and to drug analysis in particular, hus been 
ncurly complctcly ignored. Indeed, it appears in this 
rcgrtrd that the cnantiospecilic OPA method has 
been trcurly exclusively limited to amino acid unaly- 
sis; the few cxeeptions to this gcnerulization involve 
the applicution of the method to umino acid deriv- 
utivcs such us dipcptidcs und an amino acid ester 
[16] (poor rcsolrltion was obtained in the luttcr 
cusc), amino acid amides [17], and to amino alco- 
hols mostly dcrivcd from a-amino ueids [I I, IS]. It is 
indeed noteworthy in this rcgttrd that the only pub- 
lishcd itttcmpt to resolve ;t chiral aliphatic amine 
fuilcd [I I]. 

Many primary amincs of phurmacologieal intcr- 
cst urc ncithcr umino acids nor amino alcohols, and 
it is clear thcrcforc that a broader appticubility of 
the OPA/homochiral thiol method beyond the anal- 
ysis of amino acids or their dcrivativcs would bc of 
considerable interest. Since the OPA dcrivativcs arc 
usually intensely fluorescent and are therefore dc- 
tectablc with high sensitivity, this method would bc 
vi~luublc in cnuntiospccific drug unulysis in general. 
provided thut the diastcrcomcric derivatives oi 
drugs could bc scparatcd ohrot~~atographically. WC 

thcrcforc undertook to study the :lpplicability of the 
cnantiospccific UPA method to a variety of pri- 
mary-amine drugs, 

EXPERIMENTAL 

o-Ptltt\lditrIdcltydc, i-!hin-P-u-glucose (TG) sodi- 
um sitlt and N-acctyl-L-cystetlrc (NAC) wcrc ob- 
tained from Sigma (St. Louis. MO. GSA); N-ncctyl- 
I>-pcnicillaminc (NAP) was obtained from Fluka 
(l3uchs. Switzerland); ( f )-/~-cltloroamphctaminc, 
( f ~-1-mctl~yl-3-plic~~Ipropyl~~~~~i~te (hlllillO*t- 

phcnylbutane). 2,3,4,6-tctrit-0-acctyl-I-thio-P-r,- 
glucopyranosidc (TATG), quinine sulfutc, g-an- 
thraldchyde und AC!&gritdc sodium hydroxide 
wcrc obtained from Aldrich (Milwuukcc, W1, 
USA): (f)-toeitinidc was obtained from Astrtt 
Pharmuecutiettl (Worcester, MA, USA); (;1;)-, (+ )- 
and (-)-mexilctinc (MEX) were provided by 
Bochringer fngelhcim (Tngclhcim, Germany); (i )- 
ttmphetrtminc. ( - )-amphctaminc and (-i )-p-hy- 
droxyamphctantine wcrc obtained from Smith, 
Kline and French Labs. (Philadelphia, PA, USA); 
tmnylcyprominc wets purchased from Rcgis (Chieit- 
go, IL, USA); rimttntadinc (RIM) wits provided by 
Hotl’mnntt-Ltt Rochc (Ntttley, NJ, USA); HPLC- 
grade methanol and acctonitrilc, and sodium borate 
decahydratc were from J. T. Baker (Phillipsburg, 
NJ, USA); ACS-grade glttcial acetic ncid WBS ob- 
tuined from Fisher Scientific (Pittsburgh, PA, 
USA). 

Tlte synthesis of 3-amino-l-(Chydroxyphcnyl)- 
butunc wits described curlier by Gal ct RI. [l9]. 

The dcrivatization solutions were prcpurcd its fol- 
lows: OPA (13.40 mg) and un cquimolar amount of 
one of the four thiols wcrc placed in it conical tube 
and dissolved in I ml methitnol. The quantities of 

the thiols were: NAC: 16.3 mg; NAP: 19.1 mg; TG: 
21.8 mg; TATG: 36.4 mg, The tubes were capped, 
protcctcd from light and kept on ice. The solutions 
were kept refrigerated when not in use. Fresh solu- 
tions were prepared cvcry other day. 

Tltc antinc to be dcrivatizcd, in salt or free base 
form. wus dissolved in 0.10 M ltydrochloric acid 
solution to obtain ~1 concentration ofO.25 ntg of the 
ttminc w free bilsc in 50 /tl of solution. 

A 0 1 M sodium borate buf’fcr wus prcparcd and 
tltc ptl adjusted to 9.50 with a 2.0 iM solution of 
sodium hydroxide. For the HPLC mobile phase, a 
sodium acctutc buffer wus prepared by diluting 3.0 
ml glacial acetic itcid to I liter with water and ad- 
justing the pH of the bult’cr to 7.20 with a 2.0 M 
solution of sodium hydroxide. The buffers wcrc 
vitcuum Iiltcrcd prior to USC. 

A SO-/d aliquot of the amine solution wus placed 
itt u conic211 ccntrifugc tube and was trcatcd succcs- 
sivcly with SO /tl of the borate bufTcr rend I00 gl of 



the dcrivatizntion soiuticw. IIc contents ot’thc wbc 
wcrc swirl-mixed for one rninutc nnd the tuhcs wcrc 
then placed on ice turd prolcctcd from light. After a 
dcrivatization period ofcxactly 5 min the contents 
of the tube wcrc diluted with 2 ml of mobile phase 
und aliquots of S @ wctr injected into the LC sys- 
tem. The tubes were continued to be kept on ice and 
protcctcd from tight. 

The cnantiomcric purity of ( f )-norcphcdrinc 
wits determined using the homochirnl isothiocyu- 
IIiitC 2,3,4,6-tCtr;~-O-t~CCt~l-~~-~~-~l~~COp~~i~~~~~yi 
isothiocyunntc (TAGIT) of high cnnnliomcric puri- 
ty ( > 99.90%) [ZO]. ( + )-Norcphcdrinc l’rcu: base ( t 
mg) wits placed in a conical tube. TO the tube \vils 
added 3 mg TAGIT in IO0 rtl acclonitrilu. The con- 
tents of the tuhc wcrc swirl-mixed nnd dcrivstizn- 
tion NW nllo\vLti to take pl;\c~ ;11 ~WOW tcnpxxtttrc 

for 30 min. The x&on mixture \vibS diiutcd with 
900 ill mobile phase (tncthanol-wuter, 4753, v/v) 
und aliquots of 10 rtl wcrc in,icctcd into the LC SYS- 
tan. The dcrivativcs wcrc monitored by UV dctcc- 
tion at 254 nm. 

( + )-Norcphcdrinc was dcrivtrtizLd with OPA/ 
NAC and nntllyzcd as dcscrihcd abo\‘c. The mobile 
phase employed con&cd of methanol-HPLC buff- 
cr-acctonitrilc mixed in the ratio of 40~60: 1 (v/v/v), 
and the flow-rate was I milmin. The clucnt \vi\s 
monitored at 254 nm with UV dctcction. 

Sftrdim mt tltr~.for7ttati~,rt trrtti stctbiliry of A# EXI N.4 C 
( zt )-MEX HCl (l n1.g) in 400 ,ul methanol was 

plwcd in a Rcacti-Vial, and ws trcatai succcssivc- 
iy with 400 Ed borate buKcr and 200 yl of the NAC 
dcrivatization solution. The dcrivatization was Ci\r- 
ricd out as described ttbovc. and after a dcrivatizu- 
tion period of exactly 5 min, \hc external standard 
solution, containing 5 mg quinine sulfate in 200 J~I 
of a \:I (s/v) solution of acctonitcito and ethanol, 
was added to the vial, the contents of the vial swiri- 
miscd and placed on ice in the dark. Aliquots of 100 
~.rl were withdrawn from the Rcacti-Vial at 5, 10, 15. 
30. 60. 180 and 360 min. and immcdiatclg diluted 
with 2 ml of mobile phase. Aliquots of 10 /tl of the 
diluted samples wcrc injected into the LC systcnt. 

( it )-MIX hydrochioridc ( 1 mg) in 400 rtl mctha- 
not was pkuxd in a Reacti-Vial and dcrivatimi with 
InPA/TATG us dcscribcd in the preceding section, 
After the S-min reaction time 100 ~rl of the external 
stendard solution containing 9~anthraldehyde at a 
concentration of 1 mg in 10 m1 acetonitrilc was add- 
cd to the vial, the contents of the vial swirl-mixai 
and placed on in: in the dark. Aliquots of 100 ~1 
wcrtz withdrawn from the Reacti-Viut sit S. 10. IS. 
30, 60, 180 and 360 min. i\nd immediately diluted 
with 2 ml mobile phusc. Aliquots of SO id wcfc in- 
jcaztcd into the LC system. 

The HPLC system consisted of a Wutcrs Associ- 
t\teS (Milford, MA, USA) Modrl U6K injector, ~1 
Model 6000A solvom d&wry system and a Model 
X20 tiuorcscwncc detwlor czuippai with it 33X-nm 
cxciwtion filter (band pass f 6 ntn) und a 45nm 
long-puss emission lihw. In some cases the Ruorcs- 
ccncc dctcctor used was a Hitachi-Pcrkin-Etmcr 
Model 204 A. The dctwmin~tion of the cx&tion 
i\nd omission maxima of the RlM/TATG dcrivu- 
tives wits carried out on a Waters Model 470 fiuo- 

rcsccncc dctcctor. UV monitoring of the HPLC cf- 
Rucnl wus performed at 254 nm with a Wlrtcrs 
Model 440 or a model Lambda-Max Model 480 dc- 
tcctor. 

The scpurtltions wxc carried out on i\ Wiitce 
Nova-Pnk Cl& CO~UIIIII. 1SO mm s 3.9 mm. with 4 
~II~I parti& size. The mobile phases used for the 
separation of the amincs (Tahlc 1) wcrc prcpnr& by 

TABLE I 

~‘Ohlt’OStTtON OF MOBILE PHASES EMPLOYED FOR 
THE RESOLUTtON Ot’ PRthtARY-AhltNE DRUGS 

A Ss:ls:O G 60:4&1*5 M SO5U:‘S 
l3 7S:‘S:O H 60:40:0 N 50:50:LO 
c m3u:o t s&x?.5 0 .50:50:0.5 
D 57:32:0 3 fik.tfi:2.0 P 4u:605.0 
E 6h:34:0 K s3:‘t7:x Q 1O502.0 
t : 653fi:O L 50:Su:S.0 R 2w%k’O 

___ ..------ -- ____--- 

” Mobitc phase co& for Table 11. 
@ The ratio mtthatlol-sodiusn rtwtatc buikr. pt-t 7.3 ncmmi- 

Iritc. tnisrd 1 v v. 



first uncuum tiltq4ng th? individual components 
und then ~i~~n~~th~~:~n the:~ppr~p~ute ratio. The 
buffer used was. 50 mN sodium ucctute, pH 7.20. 
The mobile phases were delivered ut 1.0 ml/m& 
and the effluent was monitored with a Auorcsccncc 
or it UV detector, 

RESULTS AND DISCUSSION 

Nine primary umincs of ph~~nco~o~ic~l interest 
were studied (first name given is that from Chcmicul 
Abstracts Service): a-mcthylbenzenccthanaminc 
(umphctaminc, AMP), 4-chloro-a-methylbcnze- 
neet~n~m~ne ~chloronmphet~n~~ne, WA), 4-(2- 
~minop~pyI~pheno~ (hydroxyamphctaminc, 

HAM), cx-mcthylbcnzunepro~~n~~minc (3-iimino- I - 
pheny~but~~e, APB), 4~~3-#~~nobutyl)pheno~ f3- 
#minonln~4nhydro%yphenyl)but~ne, AHB], rr~vr.s-2- 
pheny~cyc~oprop~n~m~ne ~tr~ny~cyprom~ne, TCP), 
2-~mino-N-~2,6-dimcthy~phenyl)prop~n~mide (to- 
c&nide, TOC), t -(2.6-dhnet hylphenuxy)-2-props- 
naming (mexilctine, MEX) and a-mcthyltricyclo 
t3.3.1. I 3*‘]-dccane- l~meth~n~rn~ne ~rim~n~dine, 
RIM) (Fig. 1). 

RIM is a simple ~~~ph~tic amine with n bulky al- 
kyl group near the primary amine moiety, AMP, 
TCP and APB are simple ury~Ikyl~~mincs without 
any hetcroatoms in their structure; HAM und AHB 
;tre the p-hydroxy derivatives cor~spond~n~ to 
AMP snd APB, rcspcctivcty: it is noteworthy that 

PCA HAM 

HO 



the hydroxyl group in tltcsc plwttols is itI it pmitiotr 
rcmotc from the primary umino group, unlike the 
hydroxyl group in the /?-&no ulcoho\s previously 
studied [I 1, IS]. In PCA u p-chtora group is added 
to the b&c structure of AMP, MEX contains an 
ether linkugc between the aromatic ring and the side 
chain with the primary amino group, while TOC 
contains a curboxamidc moiety bctwcen the are- 
matic ring und the primary amino functionality in 
the side chain. In all of the drugs the primary amino 
group is nt the storeogcnic center (in TCP, ut one of 
the two stcrcogcnic ~xntcrs), and all but one (TCP) 
of the drugs have a methyl group nt the stcrcogcnic 
center which also bears the amino group; this is rep 
rcscntativc of many chiral drugs, inasmuch us a rc- 
view of the USAN crttd USP Dic~riomary qf Brtr,q 
Nmw.s [45] indiurttcs thilt the vast majority ofchiml 
primacy umincs that arc not amino ucids or dcriv- 
ativcs thcrcof have such an urrungcmcnt at thu stor- 
cogcnic ten tcr. 

From the phurmacologicul standpoint, the drugs 
sclcctcd rcprcscnt a variety of classes. AMP, PCA 
and HAM urc bused on the I-phenyl-2-uminopro- 
pant (amphctuminc) structure: such drugs display B 
vtlricty of phurmncologicul activities [21-231 de- 
pending on structural details. and stcrcochcmistry 
plays ztn important role in the actions and biolog- 
ical disposition of such drugs [24-261, HAM is not 
only 8 drug in its own right but is also u mctabolitc 
of AMP in some spccics f2?], APB is a symputhomi- 
motic amino. und both APB and AHB arc motabo- 
litcs of the antihypcrtcnsk drus labctalol[l9]_ Fur- 
thcrmorc, WC have found that the mctubolism of 
labctalol to APB is sturcosclcctivc f%]. It is also 
noteworthy thnt the b;tsic skeleton of APB and 
AHB -the 3-aillino-I-pltenylbutan~ moiety- is 
present in a number of drugs in addition to labcta- 
lol. 4.5.. bufcniodc, butoprtminc, dobutaminc, mc- 
drosalol, sulfh~lol, etc. In analogy with Inbctalol, 
some of these drugs may be metabolized by N-dcal- 
kylution, a common biotransformation, to the pri- 
mary amine APB, AHB. or a derivative themof. 
and thus the chromatographic resolution of the 
cnantiotncrs of these compounds is of interest. TCP 
is an inhibitor of the enzyme monoamine osidase 
(MAO). and is used as an antidepressant drug. The 
two cnantiomers of TCP differ in their biological 
ellkcts 1291. TOC and MEX arc cardiac antiarrhyth- 
n-tic drugs that display cnnntiomcric diffcrcnczs in 

their uctions 1301 irnd disposition [3 t 331. RIM is ;\n 

antiviral agent WX! clinically as Ihe racemute: pre- 
liminary evidence was recently published suggesting 
that the drug may undergo stcrtzos&ctive metub 
lit conjugation 1,741. 

Four chiral thiols were used in the deriwtiz+ 
tions: N-acctyt-t-cyst&w (NAC), N-accty?-P-pen- 
icillamine (NAP), 2,3,4,~-tc~~acetyIul-thion~a 
u-glucopymnosidc (TATG). und I-this-/I-wglu- 
cosc (I%) (Fig. 2). NAC und NAP arc a-irmino- 
acid derivatives, while TATG and TG arc dcriv- 
ativcs of glucose. All four reagents arc commcrci~l- 
ly available in the homochirul form. 

In gcncrul. it is often observed that homochinl 
reugcnts that arc natural products or dcrivatiues 
thcrcof, arc available in high cnantiomcric purity. It 
is noteworthy in this regard that all four reagents 
used in the pruscnt work WC twed on nutuml prod- 
ucts. The ennntiomcric purity of p srrmple ofTATG 
obtuincd from Sigma has been previously dctcr- 
mired f12] using homochiral tyrosinc to be 99.9%. 
Our sample of TATG wus also from Sigma, and we 
did not examine in detail its cnantiomcric purity; 
however. dcrivntization of homochirul samples of 
AMP and MEX with TATG followed by chro- 
matogruphic analysis of the dcrivativcs showed that 
the reagent was at least 99.0% cnantiomerically 
pure. as I .O% of enantiomeric contamination 
would have hecn detectable under our chromato- 
gmphic LWnditions. 

The cnrrntiomcric purity of NAP obteincd from 
Fluka has bea previously dctcrmincd using homo- 
chiral amino acids and has been found to bc 99.9% 
[ 1 !I. Our sample of NAP was also from Fluka, and 
uttulysis of AI\IP and TOC with the reagent showcd 
that it WZG at Icast 99.0% cnantiomcrically pure. 

In order to dctcrminc the enuntiomcric purity of 
NAC, the rcagcnt was rcucted with OPA and ( + )- 
norephedrine of known cnuntiomeric purity, and 
the product mixture was analyzed by chromatogra- 
phy. The cnantiomeric purity of the norephedrine 
sumple ws determined via derivatizution of no* 
phcdrinc with the homochirzl isothiocyanate TA- 
GIT [ZO]; this reagent is based on u-glucose and is 
cnantiomerically pure within experimental dctcrmi- 
nation. Using this method the enantiomeric purity 
of NAC wx found to be > 99.0%. 

The cnantiomcric purity of TG used prc: sioudy in 
the HPLC resolution of amino xids [35j or amino 
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dcol~ols [IS] was not qxificd. WC also did not us- 
amine the cnantiontcric purity of TG. but it was 
clear from the analysis of the sitl6lc-ctlttnlion~~ric 
forms of AMP that the rcagent was at lcnst 99.0%. 

The rcaction of a raccmic primary amine with 
OPA and an optically active thiol produces two 
diastcrcoisomcric isoindolcs: this rcuction is known 
to bc rapid, and is complctc in a few minutes or less 
fl 1,141. The chemistry of the rcnction of OPA and 
NAP with ( If;)-AHB is shown in Fig. 3. WC csam- 
incd the time course of the reaction of NAC and of 
TATG with ( f )-MEN. Aftcr 5 min. the first time 
point, thcrc was no furthor product formation: the 
dcrivativcs wcrc found to bc stable over a period of 
6 h while kept in ice in the dark (Fig. 4). 

A great deal of data in the litoruturc shows that 
the OPA dorivativcs of amitto acids and r&ted pri- 
mary rimincs with thiols iltl! gcttcrally highly fluo- 
rcsccnt. and cscitation and emission wuvclcngths in 
the rang3 of w. 330 350 and 400 4X0 nm, rcspcc- 
tivcly. arc typically monitored during the analysis 

of OPA dcriwtivcs. the csact vul~kx in cuch cast\ 
dcpcttding on the identity of the thiol. the amine. 
and the solution medium. Wu detcrmincd the csci- 
tntion and emission maxima of the TATG dcriv- 
atives of RIM to be 338 nm and 420 ntxl. rcspcc- 
tivciy, values wry similar to 342 and 410 nm. rc- 
spcctivcly. found for the TATG derivatives of ami- 
no acids [ 121. 

The rcsolrrtion of the lktc drugs with the four 
rcrtgcnts is summorizcd in Tublc 11. The scpamtions 
wcrc achiuvcd on Waters Nova-Pnk octttdccylsilanc 
HPLC columns. and other brattds wcrc not ovahut- 
cd. The thiols varied in their ability to rcsolvc the 
nine drugs (see below). but it was found that for all 
hut one amine (TCP) ut lcast OIIC homochiml rc- 
agent prwidcd witablo resolution. i,c.. basclinc 
separation (rcsnlution factor K, 2 I ,S!‘, 1371) within 
;\ reasonably short run time (T&lo II). For TCP. u 
war-baseline value of 1.30 was obtained for the rcs- 
olution factor K, with NAC at rctcntion rimes ot‘w. 
25 min. Rcprcscntative csamplcs of separations arc 
shown in Fis. 5. 
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In gcncral. good peak shapes tvcrc’ obtained using phase is important, as WC found that other mobile 
mixture.; of a sodium accta;c bu0kr pW 7.2. mctha- phases, P.S. a 0.02 31 ammonium phosphate buffcr. 
nol. and acctonitrilc. The composition of mobile pH 4.50. gave broad and poor chromatographic 
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TABLE 111 

DlASTEREQMERlC 1SOlNDOLE DERiVATiVES WITH 
UNEQUAL FLUORESCENCE AND/OR UV DETECTOR 
RESPONSES 

AMPiNAC 
AMPINAP 
AMP/TATG 
AMPITG 
HAM/NRC 
HAMITG 
PCA,‘NAC 
PCA/NAP 
PCA/TATG 
PCA/TG 
APBjNAP 
AI-IB/NAC 
ANBiNAP 
AHBiTG 
MEX.iNAC 
MEXjTATG 
KK/NAC 
TOCiNAP 
TOC!TS 
RIM TATG 

peak shupcs. Furthcrmorc, it has also bcon reported 
that the fluorcsccncc intensity and stability of some 
OPA derivatives arc dcpondcnt on the nature and 
pH of the medium [38]. WC obscrvcd that the prcs- 
cncc of acotonitrilc in the mobile phase improved 
t1.c’ peak shapes, but in a few cases (Table 1) accto- 
nitrilo was found to bc unncccssary bccausc good 
pcnk shapes wcrc obtained using only misturcs of 
the bufI’cr and mcthttnol. 

Individual cnantiomcrs wcrc i~vuilablc for AMP, 
HAM, TOC, and MEX. and were used to dutcr- 
ntinc the order of clution of the diastcrcomcric dc- 
rivativcs (Table II). All four of thcsc drugs have the 
S-( + )j R-( - ) absolute configuration. The NRC&- 
rivativc of the ( f )-cnantiomcr of HAM, MEX and 
TOC clutcd before the dcrivativc of the corrcspond- 

ing (-))-cnantiomcr, while the rcvcrsc order was 
seen for AMP (Table 11). For all four amincs the 
order of elution of the derivatives was reversed 
when NAP was the dcrivatizing agent, a rcvcrsal 
that is not surprising since NAP and NAC have 
opposite configurittions, NAC being the L 
cnuntiomcr while NAP is the 1~ isomer. The lcvoro- 
tatory cnuntiomcr of AMP clutcd first nftcr dcri- 
vatizution with TATG or with TG. Intcrcstingly, 
howcvcr, thcrc was a reversal of the ordur of elution 
of the HAM derivatives bctwccn TATG and TG. 
Our data obtained with the individual cntmtiomcrs 
also indicated that no raccmiztttion of the starting 
matcriuls (ix, the thiol and the drug) or cpimcr- 
ization of the dcrivativcs occurred, since u single 
peak was obtained in every cusc whcrc a sin& 
cnantiomcr was dcrivatizcd, Dctailcd studies of the 
mechanisms of the chromntographic diastcrcosclcc- 
tivity will have to bc carried out bcforc wc can prc- 
diet the order of clution of the diastercomcrs. 

It was obscrvcd in scvcral casts that the two dir\- 
stcrcomcric dcrivativcs exhibited unequal fluorcs- 
cence intensities (Tabk III). Among the potential 
cuuscs of this phcnomcnon arc unequal rates of for- 
mation of the two dcrivativcs (kinetic resolution), 
unequal rata of decomposition of the fbrmcd dc- 
rivativcs. nnd an unequal rcsponsc by the dctcctor 
cmploycd. The dcrivatizing rcagcnts arc used in cs- 
ccss with respect to the amine. and the rci\ction is 
known to bc rapid, usually complete in a few min- 
utes [ 11,14& It is clear, thcrcforc, that unequal for- 
mation rates could not account for tho uncquat Ru- 
oresceta intcnsitics. This conclusion is confirmed 
by the data prcscnted in Fig. 4. Furthermore, Fig. 4 
also indicates that diustcrcosclocti\tc decomposition 
of the dcrivativcs also dots not occur and thus c&n- 
not cxpluin the dift’crenccs observed. Thcsc consid- 
cmtions and results suggest thcrcforc that uncquul 
peak areas wcrc the result of unequal rcsponsc by 
the ftuoresccncc detector, ix.. the diastcrcomcrs dif- 
fcr in their tluorcsccncc properties. This conclusion 
is further supported by similar observations rcport- 
cd for some amino acid OPA dcrivativcs [9,11.13]. 
When UV absorption at 254 twl was used to mon- 
itor the column cfllucnt, it was found that the diffcr- 
cncc bctwccn the diastcrcomcric rcsponscs were 
considerably smaller in most casts, and for scvcral 
rtmincs rcvcrted to the 1: 1 ratio (Table i II). Intcrcst- 
ingly. howcvcr. in several casts Cuorcsccncc dctcc- 



tion gave equal-area peaks for the dinstcrcomcrs. 
while UV dctcction gave unequal peak arcus (Tnbic 
111). it is ulso to bc noted that for all of the drug 
except TOC, APB and AHB, at lcast one of the 
dcrivatizing ugcnts produced diustcwomcrs that cx- 
hibitcd equal fluorescence. 

Unequal dctcctor response to diastcrcomcric dc- 
rivutivcs, when it occurs, is a signiticant disadvan- 
tage of the indinwt approach to chiral separations. 
It is indeed undeniable that an equal response to the 
dcrivativcs is highly prcfcrablc, and this is one of 
the fuctors that make the cliw+r approach to awn- 
tiospwitic analysis (Le. homochirul stationary or 
mobile phase) superior in principle to the indirwt 
method. It should be noted, howvcr, that an un- 
cquul detector rcsponsc does not ncccssurily render 
un indirect scpuration usclcss in many applications, 
bwausc in quantitative enantiospccific drugs am\ly- 
sis it is usually ncccssary to base the qUantit%X- 
tion individual calibration curves for the 
cnantiomcrs. a proecdurc that accouttts for unequal 
dctcctor response. The oc’curwnce of untyual dctcc- 
tor wsponsc by a given pair of diastcrcomcric dcriv- 
ntivcs can bc dctcrminod without diSculty by dcriv- 
atizing the raccmatc and ruling out othor potcntinl 
sources of uncquai peak heights, as WC did in the 
prcscnt study (SLY: above). 

It was obscrvcd qualitatively that the NAC d&v- 
atives appcarcd considerably more ftuorcsccnt than 
those of the other rcagcmts. This ~~CIVXIX~IOII w\‘~\s 

not cxamincd quantitatively. but sinGlat obscrva- 
tions have also been rcportcd for amino acids. Eu- 
crby et al. [39], for csamplc. found that the NAC 
dcrivatiws of some amino acids wxc more intcnsc- 
ly lluorcsccnt than the corresponding NAP dcriv- 
ativcs. Such ditfcrenccs may bc important in maxi- 
mizins the sensitivity of the method, and thcrcforc 
dcscrvc further study. 

The minimum dctcctablc amount was 120 pg for 
each cnantiomcr of MEX/NAC derivative at a sig- 
nal-to-noise ratio of 3:l when the Waters Model 
420 dcttxtor was used. With a more scnsitivc fluo- 
rcsccncc dctcctor equipped with a xenon lamp (Hi- 
tachi Purkin-Elmer) the minimum amount dctcct- 
able was 75 pg per cnantiamer. The minimum 
amount of RIM,‘TATG dcrivativcs detectable using 
UV absorption at 254 mn was 6 ng per cnantiomcr 
with a signal-to-noise ratio of 3: I. 

The purpose of our study was to csplorc the ap- 

plicubility of the cnantiospccific OPA method to 
non-amino-acid drugs and to cstabtish suitable con- 
ditions for such anatyscs, and a systematic invcsti- 
@ion of the struc&ue-resolution relationships of 
the method remains to be curried out. Ncvcrthcless, 
our data allow scvcml observations about the intlu- 
cncy: of structural clcments on the tewlution. In 
gcncru1, the amphctnminc derivatives (AMP, PCA. 
HAM) wcrc well rcsolvcd with all of the rcugcnts, 
with the wxption of HAM. which was not well 
rcsalv~ti with TAT6 and only slightly better with 
NAP fTttblc 11). In HAM the para-substitucnt on 
the phcnyl ring is clkxtron-donating (OH) and in 
PCA it is electron-withdrawing (CI) with respect to 
the unsubstitutcd analoguc AMP, but D uniform nz- 
lationship bctwccn diastcrco~whxtivity (r in Tublc 
11) and the clrctronic propcrtics of the substitucnts 
was not discwniblc. AMP dillcrs structurally from 
APB in that in the taltcr an additional mcthylcne 
group separates the chirzd center (and the amino 
group) from the phcnyl ring (Fig. I). As seen in 
Table II. in wcry case bcttcr s&wtivity (x) ws ob- 
taincd for AMP than for APB. Indcwd, APB was 
poorly or not at all rcsolvcd with three of the four 
n\agcnts. ivhilc good to excellent resolution was 
achic\& for AMP with all four rcagcnts. Thcsc ob- 
scrvations indicate an important role for the phenyl 
ring of the analytc in the separation. and show that 
its distance frotn the chiral ccntcr or from the amino 
group is important for the scparution of the dia- 
stcreomcrs. lt has been suggested [4Q] that did- 
stcrcomcr separations depend on intramolecular in- 
tcractions (rag., via hydrogen bonding, hydropho- 
bic forces, dipole interactions, ctc) that result in a 
reduction of the conformational mobility of the 
molcculc. which may in turn result in incrcascd 
ph@cochcmical diffcrcnces bctwccn the dia- 
stereomers. Such differences arc, of course. respon- 
siblc for the cxomatographic separation. Clearly. 
the ability of the phcnyl ring to participate in in- 
tratnolccular interactions (e.g. via its z-ctcctron sys- 
tcm) is dependent on its particular position in the 
molcculc. and our data show that the phenyl ring is 
bcttcr disposed in AMP than in APB to cnhancc the 
separation. 

That the situation is rather complex. howcwr, is 
shown by an analogous comparison of the dia- 
stcrcomcric separations of the derivatives of HAM 
and AHB. i.e.. the p-hydrosy analogues of AMP 



and ,APB, rqcctivcly, As seen in Tubtc II, in one 
cusc (TATG deriv~~i~~s) the Q VU~UCS tiw the two 
drugs were idcnticul, und for each of the remaining 
three rcugcnts the a( vuluc of the AHB dcrivntivcs 
wus always greutcr than that of the NAM dcriv- 
ativcs. Thus, in u rcvctY;ul of the Rndings for the 
AMP/APB pair, the p-hydroxyphcnyt ring in AHB 
is in pncral better nblc to influence the scparution 
--possibly through Some diastcreosclcctivc itrtra- 
molcculstr intcritction- than the ~-hyd~.oxypl~cl~yl 
ring of HAM. Also rclcvunt in this rcgilrd is the 
observation (Tublc 11) that the dcrivutivcs of AH6 
were always bcttcr separated (as judged by the 01 
values) than those of APB, suggesting that the in- 
troduction of the p-hydroxy group either diastcrco- 
s&eztivcly cnhanccd the particular intramolecular 
intcrnction involved, or in fact caused the prcdom- 
inancc of an cntircly dill%rcnt interaction. When the 
AMP/HAM pair is similarly cxamincd (Table Ii), 
howcvcr, it is seen that the introduction of the I’- 
hydroxy group into the ~~t~~ph~t~~t~~i~~c structure 
caused it &J~VYYLKJ in the IX value in three of the four 
cascls. suggesting that the potcntiai intrmnolccular 
interaction(s) involved may bc significantly dill’cr- 
cnt from those operating in the APB/AHB ease, 
Furthermore, introduction of the I?-hydroxy group 
into the amphetamine structure also caused the rc- 
versa1 of the order of clution of the dcrivativcs for 
three of the four homochiral derivatizing agents 
(Table II), suggesting a change in the nature of the 
predominant interaction(s). 

It is also instructive to compurc the rcsoiutions of 
TCP with those of AMP. The former compound. 
rr-rrrts-phcnylcyclopropylaminc (Fig I ), muy bc con- 
sidcrcd a rigid nmkloguc of AMP. An inspection of 
the relevant [x vulucs (Table Ii) shows that in all 
cases AMP wus bcttcr rcsolvod thun TCP, suggest- 
ing that the conformutional rcquircmcnts for the 
resolution of AMP arc not well mitnickcd by thu 
rigid unuloguo TCP. Clcurly, further dctuilcd stud- 
its will hutc to be carried out to cxpli\it\ fully the 
role of phgsicochomical and structural factors in the 
above separations. 

it is i\IsO intcrcsting to considcr the role of the 
clwmical structwc of the hotnochiral thiols in the 
resolutions. The two amino acid dcrivntivcs NAC 
and NAP arc ~loscly rclatcd. the latter bcitlg tbo 
/L~kiiWA~yl i\tli\lOgUC Of the former (Fig. 2). The 
two sugar dcrivstivcs 81-c also rclrttcd. TATG k&ng 

the ttStraarctylutcd unaloguc of TG (Fig. 2). TATG 
is clearly less polar and more hydrophobic than TG. 
To ob&ain a rough index of resolving ability for the 
magcnts, WC ctrlcultttcd the mean R value for each 
thiol, using u = 1.00 when no resolution was ob- 
taincd, The results wcrc: TG mm et =: 1.08, NAP 
I *IO, NAC 1.13, TATG 1.16. Thus, by this stun- 
dard, the best rcagcnt wits TATG, Lc. it molcculc 
with a bulky hydrophobic group attached to the 
thiol moiety, in agrccmcnt with suggestions that 
such groups tan mitsimizc physicochcmicul dill&- 
cuccs bctwccn the diastcrcoisotncrs [40]. tt is intcr- 
csting in this context that TG, probably the most 
hydrophilic molcculc among our rcugcnts, proved 
to be the poorest reagent in our scparutions, raising 
the question of the role of lipophilicity of the rc- 
ugcnt in the resolutions, Howcvcr, thut lipophilicity 
may not bc an overriding fuctor is indicated by tho 
comparison butwecn NAP and NAC: the former 
compound, being it dimcthyl dcrivativc of the latter, 
is more hydrophobic than the latter, but exhibits ik 
lower mean r value. Our limited duti\ do not, how- 
ever, allow dctuilcd conclusions about the role of 
the structure of the thiol in thu resolutions. It 
should be cmphitsizcd illso that thu mcun 2 vitluc for 
11 rcugcnt is only iU1 i\VW~IgC index of resolving pow- 
cr that dots not predict the scpurtltiotl i\chicvcd for 
any specific raccmutc. Consider. for cxatnplo, thw 
cast of APB: this compound could only bc rcsolvcd 
with NAP. It is noteworthy in this contest thnt scv- 
crut other homochiral thiois have been mploycd in 
sopurations of onantiomcric amino acids, c.g,, a sc- 
rics of N-acylcystcincs [(rl]. While some or thcsc rc- 
agents produced good resolutions of some amino 
acid cnuntiomcrs, they sull’cr from tbc major disud- 
vitntagc that they arc not commercially uvt\ilablo. 

As mcntioncd curlier, 3 previous attempt [I I] to 
rcsolvc B chiral illiphi\tic mninc failed, prompting 
the authors to spmdnte thut the hydroxyl or car- 
boxy1 group of at1 amino nlcohol or atrtinc> acid, 
rcspcctively. is rcquircd to scparatc the diustcrco- 
mcric OPA dcrivativcs of chit-al aminus. Such sug- 
gcstions arc incompatible with our rcsrrlts. as our 
dittct clearly show that the OPA/hotllocl~~r~~l thiol 
method is uppliti~blc to i\ variety of primary itmitlcs, 
including alkyl- i\tld nrylalkyli~~~~i~~es. 

It is atso elcar from the above discussion th;it in 
applying the cnantiospccific OPA mcthod to a given 
compound the anulyst should i\dnpt ;I tlCr;ihlc and 
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empirical approach. Thus, a given raeemate may be 
resolved with several thiols, but the resolution 
should be optimized with regard to extent of sep- 
aration, detector response, analysis time, etc.. by 
the judicious selection of the homochiral reagent. 

Pre-column derivatization of primary amines 
with OPA-homochind thiols offers several a(:an- 
rages: commercially available reagents and chro- 
matographic columns are used: the reaction is sim- 
ple and rapid, specitic to primary amines, and is 
applicable to a variety of primary-amine drugs: the 
derivatives ate gcnendly highly fluorescent and the 
reagents ate non-fluorescent, providing for sensitive 
and specitic detection, and the procedure can be 
readily automated till.  Furthermore, the OPtS 
isoindolc derivatives have also been shown to be 
electrochemically active [42.43], thus widening the 
scope of this approach. A signilicant disadvantage 
of the method is the possibility of um.'qual detector 
response. This was observed tbr some of the dia- 
stcrcomcric pairs in this study, and both tluores- 
ccnce and UV detection suffcred from such diffcr- 
cnces, thc lk~naaer more f~qucntly and to a greater 
extent than the latter. It is important to emphasize, 
however, that for a majority of the amines at least 
onc thiol provided diastcreomers with equal detec- 
tor response. Furthermore, even when unequal de- 
tector response is unavoidable, suitable calibration 
curves readily allow quantitication of the enan- 
tiomers. 

There are many therapeutic agents that are pri- 
mary amines. Furthermore. many non-primary- 
amine drugs arc metabolized to metabolilcs that are 
primary amines, via such biotransformations as N- 
deaikylation, amide hydrolysis, reduction of azo, 
nitro, nitroso and hydroxylamino groups, etc. it is 
reasonable to expect, therefore, that this method 
will be valuable in the area of enantiospecific phar- 
maceutical analysis and in drug metabolism and 
pharmacokinetic studies. It is interesting to note 
here that a preliminary attempt to apply the OPA 
homochiral thiol to the enantiospecific analysis of a 
drug --baclofen, a ;'-amino acid-- was described 
[44] several years ago: while the procedure appeared 
promising, diflicultics in the derivatization reaction 
were encountered that could not be explained [44]. 
Nevertheless, our resuhs suggest that the OPA 
method should be further investigated in cnantio- 
spccilic drug analysis. 

la summar2~, then, the OPA, homochiral thiol 
method ot'enantioslx~eific analysis is applKnable to a 
variety of primary-amine drugs representing a va- 
riety or pharma~.~logical daises. We are currently 
investigating applications of the method to prob- 
lems of stereoseh.'~tive drug disposition. 
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