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:.and CSP of Ch1ra511 Val (Frank et al. 1978b)

f?Solutlon conformers of d1astereo1somer1c ,fr"~ E
ﬂ;gamldes and carbamates (Sonnet .and" Heath f982) T

"ructural formulae of propranolol (1)

- re- prenalterol (11) ahd prenalterol (111)

viecheée for m1crobrolog1cal ox1dat1on of =
"sulf1des (Smlth and Rosazza. 1975)

feScheme for N dealky]at1on v1a arb1nolam1ne
-f“format1on SanenUE h_ _**jf.;;-" e

T":~Ep1mer1zat1on mechan1sms of R- APAI : e
'7‘(R APY‘proplonlc ac1d 1somerase) (Wechter et BT

1974)

_VProposed pathway for the 1nvers1on of Lo
- .deuterated. arylprop1on1c acuds in. hUmans S
'JC(Wechter et al. 1974) : N

'fﬁProposed mechantsm for stereoselect1ve :
:.isomerization of R- (-)-1buprofen to -s- (+)-

:htdbuprofen(NaKamura et al. 1981)

Proposed Tnversnon mepbanrsms for C1C]Oprofen:;.

‘r~(Lan et al. 1976)

R I

ﬁ;Proposed mechanISm of the 1nvers1on react1on

of R~ (-)- to S- (+)-1buprofen (Lee et al

. 1985) .
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_Etodolac

T1apN°fen1c ac:d f~:ef"“;

iA typlcal methodology for 1ncubat1on and
~sample loading of mlcroorganrsms for"a“
.*_metabol1c studles v
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,f{Pdptocol for HPLC analys1s of
:;adﬁd and” its sulfaxide ‘_li._WE,__

Vfu?i;'iéfAL1QU1d chromat ram of C echtnulata cultures

7. incubated with ‘7-|phenoxy)- ~
o acetamudo]desacetylcephalosporan1caf1d.‘
ld;methyl ester (CS) e
t:-17A;Rate of CS uptake at CS concentrat1on of 25

o ug/ml S . e ._','4.‘;

'fif7BfRate of CSO format1on at CS concentrat1on offfy

?£;25 ug/mL

‘tlf;thtQAfRate of CS uptake at CS concentrat1on of 1005,[

“"; ug/mL

. vFjéﬁfRate of CSO format1on at CS concentrat1on ofgf

*ttvﬁj; v,g100 ug/mL

t;t{tgaﬂRate of CS uptake at CS concentratlon of 200ft

(ug/mL

.'fiﬂf:ﬁngRate of 6%0 format1on at CS concentrat1on off>

.. .200 ug/mL

: 'é>>‘20AnRate of CS uptake at CS concentrat1on of 400;

ug/mL

l¢55”2051Rate of CSD formation at\CS concentratxon of’t

v 400 g/m:

'yuf}2ﬁijroposed K1net1c model for C :
- .. echinulata med1ated metabolism of CS

. :t'22‘bThiobenzam1de

ttipf"233:Gas chromatogram of der1vat1zed extract of

~.incubate containin?zpre prenalterol (1, 5. 09;”

5 min), prenalterol 6.14 ‘min). and HEEN
: "jpropranolol (3 8.34 mxn) R »a*,{
24 *Proposed structure for major mass spectral
... fragments.of N,0-bis(trifluoro- o
S R -acetylated)pre-prenalterol {1}, N,O- bisrf‘
o -;'(trifluoroacetylated)propranolol (§i)-and

N,O0,0- tris(trifluoroacetylated)prena1terol.“f

| 'a‘(111) R

cegka1osporan1c
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“”1i25fﬁM5 Izne d;fgram of oy e "",iﬁ'{fﬁ7ff?1f?f§

| Ejf;;ZSB MS-Tine d1agram of -

4§»D b1s(trgfluoroacetyl)pre prena1terol

Ee ., g

"_.N 0 b1sk§r1fluoroacety])propranolol iffﬂ-]*”
) v‘ : B lj “ﬁ‘ o e

];f;t;_ZSC'MS Vine d1agram of 'N,0, 0- trxs(tr1fluoro-a"'lf;tf @QZjitj

‘yz5acetylated)prenalterol

14ﬁ26[fConcentratlon t1me curves for pre prenalterol ’-55gf213“%
L cand-cumulative: concentration of prenalterol R
: ;w,fobta1ned after initial’ substrate
o aconcentrat1on of 100 mg/L "'_’_
v'27;fConcentrat1on twme curves for pre prenaiterol S 214
© - --and cumulat1ve ‘concentration: of prenalterol, _._Qa o
. -obtained from 1n1t1a] substrate concentrat1on— R 2
;;gof 200 mg/L S _ . S A
- 28 Concentrat1on t1me curves for pre prenalterol R % -
e -and ‘cumilative concentration:- of prenalterol, S
. .obtained from 1n1t1al substrate concentrat1on R
' - of 400 mg/L S . L

.‘-7;,529*,C ech1nu1ata med1ated g hydroxy]at1on ‘j'-“°il' . .216 i

i 30 Structu_es of amhetamine analogs resolved | '2,1“7.'

- .after-derivatization with-
N- tr1f1uoroacetyl L prolyl ch]or1de

31 Structures of der1vat1zed N TPC d1astereomers-~=.-*‘-218rt
.. of {i) amphetamine, (ii) methylamphetamine, ..~ = .
o e ) fluoroamphetam1ne.,(1v) fenfluramine B
S ooand tv). norfenfluram1ne - R R B

.f;“32;[Gas chromatograﬁs of R S amphetam1ne N TPC f! gjg ,
' ,?M‘dlastereomers,f . _ , s_v»_ o

7;133T:Resolutlon of d1astereome ‘c.derivat1ves of v S ng_
" " amphetamine analogs ina s1ngle R : L
,_jchromatograph1c run . )

34 -6C trace of resolution of o L o 0

R,S- methylamphetam1neN TPC on ov- 101 packed_:f"‘_ﬂf"*
,column . R

L;-. 35‘MProposedwstructures for the'MS fragments of 9:'ﬁ“”’f'221:;

- RyS- amphetam1ne‘(-) camphan1c acid chloride
g derivat1ve - 5



j§£*36 ,,,,, ,MSr]ine diagram of R,S- amphetam1ne (-)-i““ 7fﬂf-”’fé22fff
PR _5 camphan1c ac1d chlor1de der1vative gﬁ¢bﬁ,gf;“:;j;f,';gfs

“W'fﬂ‘37 “Total ion: GC MS trace of i “’15.%~fi.222'4?
- ..R,S-amphetamine- (-)- camphanlc acidjihlor1de S S
",;derivat1ve_;{'b o e T A

38 “Gas chromatograms of N-TPC derlvatized -”fﬁjﬁ_; 2231;%
. - .enriched isomers of (A). S={+)- amphetam1ne and R
P o AB) Re(=) amphetam1ne N - e |

:”jf;}éSjNGas chromatograms of - N- TPC derlv%tjzed LN: f?dfldézdf
© o venriched somers of (AT R-(+)-fluoro- Lo e
““g;3amphetamine and (B) S A{- ) fluoroamphetam1ne ,

. ”ﬁ4QT_Proposed structures for MS fra ments of - "1'+g 1225

<+ " -diastereomeric. derivatives-of (i) = . o
amphetamine, {(ii) methylamphetamxne and (111)
;fluoroamphetamIne o o

‘N,4i Ms- 11ne dlagram of R S amphetam1ne N TPC ffd:*de'éésf1
: _A_dlastereomeﬁ L : , L ‘ ,‘_‘_E.‘f, e
42" MS-1ine diagram of ‘fw' R Y T
- RyS- methylamphetdm1ne N- TPC dwastereomer S
~ﬂ43'iMS Tine. dlagram of 1 “”" T 7*' L '2275d
R, S fluoroamphetam1ne N TPC d1astereomer ' s

“”f 44iHGas chromatogram of N TPC der1vat1zed extract'
'-‘ﬁ;of R S fenfluramlne dosed rat (bra1n) sample ‘

"71-453fRat brain Ieveﬁs of S-(+)-.and =
. . R={-)-fenfluramine after intraper1toneal
-fadministratlon of racem1c fenfluram1ne (40

i mg/kg) i

.48 iRat brain levels of R (-)- and ‘ o ) ‘-'[230
o 8-(+) norfenfluram1ne after 1ntraper1tonea1 C
.. .administratjon. of racem1c fenfluram1ne (40
ffmg/KQ),_//’yo~ : S ,3"“

'*_iv47iﬁRat l1ver levels of (+)- and -
. R-(-)-fenfluramine’ after 1ntraper1tonea1 ,
'::adm1nistratlon of racem1c fenfluram1ne (4 P

e

ZON




'fRat 11ver levels of R-( )- and O
S={+}-norfenfluramine: after 1ntraper1toneal
‘ adm1n1strat1on of racemic fenfluramine (40

U{;l'mg/kg)

sv

58

~MS= l1ne dxagram of R S fenfluram1ne*N*TPC

vStructures of arylalkanoic ‘non- ster01da1

Gas chromatogram of (R S)-tbuprofen j,?~g;>v*

S=(+)-a- methylbenzeneethanamtne der1vat1ves

EE \prepared via acid chlortde intermediate -
54

Gas chromatogram of (R, S)-1buppofen'__;.jiw-

S ) - abenzeneethanamlne der1vat1ves preparedp7i;-f“~

by condensat1on w1th 10 ug CDI

" Gas chromatogram of (R S)-1buprofen ARt
CR=(-) - methylbenzeneethanam1ne der1vat1ves
prepared by- condensatlon w1th 10 ug CDI

Gas chrgmatogram of (R S) fen rofen,

~(+)~a- methylbenzeneethanamtne der1vat1Ves

prepared by condensatton w1th 10 ug CDI

Gas chromatogram of (R Sy fenoprofen,v S
CRE(-) ~a- methy1benzeneethanam1ne der1vat1ves
prepared by condensation W1th 10 ug- CDI

Scheme for preparatlon of a*methyl-ﬁ‘-
. benzeneethanamides via acid chlor1de
acylatlon of arylalkan01c actds :

rxxi

Proposed structures for fenfluram1ne (1v) andfff7°
*_norfenfluram1ne (v) N- TPC s fragments R
- 50
"°;5i;lMS 11ne d1agram of R, S norfenfluram1ne N- TPC B
52
. _antiinflammatory drugs. Ibuprofen. (i);

';Ketoprofen (11).'naproxen {ivi);, fenoprofen
vy flurb1profen (v); purprofen {vi)s;

:ch1gloprofen (vii); t1aprofen1c acdd (v111)
',letodolac (ix) : Ao
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59

'\.

‘ 't\',-‘;:\

*:jﬁb

‘.'Gas chromatograph1c resc 1ut1on of E
- R, S) ibuprofen wwth R +) MBA o

fuefp;163r*Gas chromatograph1c resolut1on of

(R, S) fenoprofen w1th S+ (-) MBA
hgr B4

SChm for pr‘epapat10n Of a-methy]-' LaEEL
arylalkanoic acids w1th cor

as chromatographic resolut1on of

Gas chromatographxc resolut1on of

oGas chromatograph1c reso]ut1on of :"?;‘fif'f;7€jﬂj

.-".j;(R S) fenoprofen w1th (+) MBA

656
- derivatives oF S-(+) -ketoprofen (A) and SR e
* racemic ketoprofen: (B) enr1ched w1th theHAijQ'\g_:orw”va

ﬁGas c\romatograph1c resolut1on of S (+)-jffiff_
- 'naproxen;containing trace’ amount¢ of the: -

u“‘“R-(-?-1somer after reaction with S- (+)-7“*”z"

Gas chroﬁatognams of S (+) amphetam1ne a

S- (+) i somer

.,._';}yé.ianphetam‘lne(A) and R= (-) anphetam'lne(B)

6T

,& 59“'

GC- trace of (+/- N ET S (+) Amp L
‘f;an1astereo1somers B £ S R
’“5_68,7Mass spectra of ibuprofen S (+) AMP 'LJ“:"'

'~“diastereoisomers e _ , S .

-Postulated structures for the MS fragments off“
»”d1astereomer T 1buprofen benzeneethanam1des -

oo IMET) fragment observed:in the mass. spectra S
~t°f al1 APA aMphetamine d1astereomers SR v

Probable mechanisms for the formation of the’fi‘

;CGC trace of S (+)= amphetam1ne der1vat1zed S
'faplasnm extract obtained from a subject dosed" \

"f;(GOO mg p. O: ) with racemic ibuprofen (Motr1n)

B fxxiigﬂg-"

B (R,S)= ibuprofen: wrth §* 1+) -AMP . after react1onljif7*fff
“vymmsowwm S e R e T T

“AR, S)’ibyprofen ugth 8- (-) MBA SRR

" benzeneethanamides by condensat;on of e

s
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'u“?idié GC trace of S (+) amphetamine derivatized
-pg;- ‘urine’ extract obta1ned “from. a. subject: dosed i
(600 mg p o.) wlth racem!c lbuprofen (Motrin)

73 (R)- and sk buprofen’ blasma L *':?*észwf
U7 concentratiod-time curves for a- subgect dosed

- with Motrin 4600 mg.p.o.) (A) and SRR
Apo Ibuprofe,AIB):[;;w_, 3

'7ff1f74 Urinary excretion rate, ;uc' “of- R '
o7 . R-ibuprofen.aftef. adminj, ion (600 mg- ...
p o. )-of Motr1n (A) ) Ibuppofen B)gyﬁm{n,;3:~

uﬂf?‘;]fZS Mean plasma R- and~§ “5*'9;;
S e T concentrat1on t1me curves

:lfs;§<f76~ Gas chromatograms of p1asma extracts from a LT 285
“ooo N s rsubject dosed: (200 mg p o. ) w1th t1aprofenic;@ejrg_;aaax
5 actd (Surgam) o L T s

R & Gas chromatograms of ur1ne samples from a 1'{Wufﬁl-?3§6jf
e v subject; dosed. (200 mg p o. ) W1th taaprofen1c‘[;lff'n.,;-
L actd (Surgam) : S e
"iiff78 Gas chromatograms of synov1a1'#luid extractsj.;i?}:_257;]
07 from.oa subject dosed. (200 mg p o. ) with e e T
t1aprofen1c acid (Sungam) DA T

Steady-state p]asma-concentrat1ons of .T‘ViauffjggSQ"
. tiaprofenic acid’ enantlomers and. urinary L e
- excretion rates. of: the' ‘enant iomer conJugates e
after 200 mg/8h doses to subJect #4 SR

Gas chromatograms of" S (+)-amphetam1ne-~f 'ﬁyﬁA_;ffHQSQf,
dertvat1zed samples of blank: plasma. (A), BRI S
; Yo} ‘(+)-etodolac 1B) and a"

‘plYasma . sample from a- subJect ‘1. hour: after .
adm1n1stratﬁ, of racemlc etodolac (C) N

R ¢ e

81 Postulated structures of MS fragments of ~--f'i2607
S TL'”: etodolac. (ET), metabolites (i) and {ii) after L
[P derwvatlzatxon w1th S~(+) amphetam1ne

.

SRR e e
T T T




, ;ﬁLiquid chromatogram of blankzurlne (A and B)
and’'urine from’a: subject after a 200 mg.p.o. '»»

dose. of racemic-etodolac before (A: and C) and “<::7

?after (B and D). alkaline hydre1ys1s e g

| ';;+)-etodolac and ( ) etodolac

[ tFation-time. curves follg 1ng LS

_;fpadm1n1stration ‘of gingle. (A} al repeated ,B)
L,p200 mg:. doses.of racemic etodolac : -_.»*h

,[”{pafgstruchres of ‘B, 8- dehydr enated etodolac "55nﬁfzé3?%f
‘;ggyﬁ¢;{i)i)Némethy?etodolac<(i1 and 71- H etodolac R

*;Gas chromato?r of bl
.+ “spiked: with’ étodolac™B), and. urine
,_;AfT,samples from a: subjeét 1 hour-after p.o.

-:H;gadmin1strat1on of 200 mg, racem1c etodolac

i '_\. T

urxne (A) ur1ne_‘ »'£9*5?§4?f?

h"JMS total fon trace cdhtain1ng etodolac the ‘55»”'f:255?71
o ?'pﬁdehydroqenated metabolite and the N-methyl e e
\ .uyymetabol1te ,1-"rxxwac e “?__» : .

87 MS. selected ion traces fah. the determ:nation L0265
- of ‘the dehydrogenated metabolite of: etodolac SRR
coom/z (M+) j404 characteristic for etodolac and ..}}r;'ﬁ““i”

oo mize M) 402 characteristic; for the RN
"'tgdehydrogenated metabol1te SR

h.f_;h3§MS line diagrams for d1aster e 2todg
o ai(A) 08,9 dehydrogenated etodol-a {B): ', d-
L ONs methyletodolac (C) v: o

‘77:?}Par'1a1 profbn NMR spectra of etodolac (A)
o .apd)? -hydrexyetodolac (B) u , S
2’90 P stulated structures for DIP-MS fragments of

R hydroxyetodo!ac ispLated.from4ur1ne and
- purified’ by cqumn chromatography o

5;*»*e;ffDIP-MS line dlagram of - hydroxyetOdOIaC iy
iftfﬁséﬁanstulated NS fragments of . tr1f]uoro-:51-*' }“‘7'}L??i7dﬁ5J
fj;"ﬁﬁaﬁacetylated'diastereomer1c 7'hde0X¥et°d°]a° SRS
E



-. jGC-MS 11ne d1agrams (CI and El) of

o & hydroxy etodolac derivatized. w1th

L S=(+)~amphetamife - followed by4
f;trlfluorqﬁ”'A'1at1on _

1ﬂ fkaC+ﬁ$?t51éi7§”” trace of 7- hydroxyetodb1ac33ﬂﬁ7f
.. derivatized with S-{+)-amphetamine follow
'“'*ﬁ.bby tr1fluoroacetylation (peaks 363 and*41

'u-Y;'SSWGGas chromatograms of standard etodo1ac (A)
~77 and 7+hydroxyetodolac {B): derivat1zed w1th

o '8=1(+)-amphetamine - followed by .

-*f,jtr1fluoroacety1atwon e
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.AMP val:‘ ul" im».
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laie o \ B N T
'farea under a. pl&iwa concentrat1on t1me curve

”,quotient of eud1sm1c aff1n1ty  :-§-.
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’”'~7 [(phenoxy)acetam1do]desacetylcephalosporan1c ac1d methyl

- ;esten

51&cx0

“R sulfox1de of CS B RIS R A
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&cyclodextrin - f,vff_g{.~;' Ce '
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.._DIP MS _ - '
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;eud1sm1c 1ndex ,j_” : el S sl
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e . S v A AR
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e e .
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l O O 0 0 GENERAL REMARKS

f)L

”the d15cr1m1natory capacmty w1th respect to the1r molecu]ar_ﬂ-;;‘
A;s1tes of act]@n : more spec1f1cally the _receptors Thls::ftp'
:aff1n1ty between the drug and the s1te of blnd1ng on the;ltvﬁ
‘freceptor molecule 1s based upon chemtcal compl1mentar1ty.’3§;
dApart from the phys1cochem1cal aff1n1ty or d1saff1n1ty of*;a.f

the groups 1nvolved 1n 3* drug receptor .1nteract1on :.the';u*targt

~ A” 1ntr1gu1ng aspect of b1olog1ca}]y act1ve agents ssﬂ?'”"

Tspat1al Configurat1on °f these QPOUDS plays ‘an. 1mportant:t:f'""

frole 1n the process of compl1mentar1ty Th1s role becomes;"ii

- H

;more cr1t1cal 1f the drug 1nvolved has an asymmetr1c centre;iV

':(u3ually carbon but also n1trogen phosphdrus or sulfur)r7{

;fthereby lead1ng to the phenomenon of stereoselect1v1ty 1n"vf

'tHe drug receptor 1nteract1on

Stereoselect1v1ty the extent ~toiﬁhlch enzymes'Ors?"f-“

gother macromolecular structures (tth;receptors) exh1b1t m'
»aff1n1ty towards one’ molecule of 2 pair of stere01somers in ,??

_,comparrson wjth and in contrast to, the other moleculef.‘

flRauus.vl1983l‘ Stereoselect1ve aff1n1ty 1s therefore only

4apparent vi? -the drugi jsd present ,as a - mtxture "6f TR
' stere01somers 'Althbugh“several,;lsomerlc relatlonship5§7*

‘betweenmmoleCUles'arefknown,Vfurtherf. L »commentShfare'ﬁ
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'3f_restr1cted_ primariiy to enantiomers in which the5toUr“7“H

L’jvalencies of a carbon atom are occupied by four different;_ff;%?tf

'5"groups p(irefjian asmnnetric carbon) These enantiomers aregr-u“::"

:_icharacterized by their non superimposable minror image*__“tc"'

glfrelationship The drug haVing an— asymmetric carbon ortffg:=

'rijcentre in 1ts molecular skeieton w1]l be present as a 50: sof“ e

Af;fmixture of enantiomers (racemate) Depending upon theiri_5.'u*g

- Lndiv1dua1 ability to rotate the plane of polarized iight _b‘

t‘aone 1somer is 1dentif1ed as the (+)-' d-, or dGXtﬂOPotatoryf,

' ,ienantiomer while the other 1somer Jisi the (-)- -, 'drf?gl"

"flevorotatory enantiomer

Stereochemistry 1s 1nherent _1n' biologicaiftprocesses,"h.

'.foecePtors - and enzymes are entities understood to. beg

“qffcomposed of proteins ori 1ipoprotein coﬁbonents that :aregﬂ'

"“finQ9grated into the membrane structure (Lehmann,‘1976)

o ;native asymmetric properties of the unit components of th o
‘venzyme og receptor confer stereoselectivity in drug action

';‘Kh 1nteraction between the enantiomens of the racemic druggi;

:tand the biological entity. w111 resuit in the formation of{ff'

a pair of diastereoisomers which now contain at Ieast 3tWo

Lasymmetric centres | Un]ike enantiomers. diastere01somersf--'

- .will have 'different phySicochemical properties Severai;

N types of 1nteraction between ‘a drug and its Peceptor are ;‘;

pOSSlb]e these 1nclude hydrophobic. ionic.- dipole dipole.f‘
‘y”-and hydrogen bonding forces (Ariens, 1983}tkﬁhe nature of ‘




““Q%[»rious substituent groups the | v1c1n1ty -'ffiffﬁém7flgﬁ7~”

-ﬂﬁﬂasymmetric centre may s19n1ficant]y 1nfluence these forces}-””

-f?fof 1nteract1on thus maklng stereoselect1v1ty an - even more;;rf':**i

,..-‘

~%f11ke1y phenomenon

Stereoselect1v1ty.‘~;],for'itjtfnore 7ff’ spec1f1ca]1yj

jf”;enant1oselectiV1ty.__h' been expressed 1n a mathemattcaljvf T

'it,form proposed by Lehman (1982) In th1s nomenctatuqe hetfgdg"""

"ﬁaenantlomer w1th the ‘more pronounced receptor aff1n1ty of'*"i""“

Vﬂobtologtcal acttvity 1s descr1bed as the eutomer wh1fe the{;,jlj_;.

'V"enantiomer w1th lower aff1n1ty or act1v1ty is Known as thef'ﬂ7‘t"

”d1st0mer { The rat1o of act1v1ty of the eutomer’.to o

"f;distomer ']is expressed the eudtsm1c rat1o vendfifﬂ;fffb

Qd1fferences in the logar1thm1C' aff1n1t1es of eutomer ,to,'”

"}tdistomer TS‘ descr1bed fthe' eud1sm1c 1ndex ;: Thef132;

&[frelat1onsh1p between the eud1sm1c 1ndex and the eutomerlchxﬁf

v. ,affintty: or act1v1ty ej def1ned by the equat1on of ai?

EI a . b]ogAE o 5

eud1sm1c index

. where  EI
b
o

eudtsmtc aff1n1ty quot1ent

.afftnjty‘of the;eutomer_h.

: Thefpotenoy of a racemate is oftenjexpressed*esf;



i‘ﬁ}Pfleffer s rule (Pfteffer 1956) WIthin the 'framework of
5?@hth1s d1scuss1on,; the terms afF1n1ty and act1v1ty are not e
‘;iSisynonymous §For example as a result of d1fferences in’.: ’
’:Tafflnnty, “ ane;j enant1omer may exh1b1t potent agoqpst
f[;fpropert1es 2wh1le the other 1s 3a weak agon1st (e g AT
'?'muscar1ne 1somers) (Dahlbom.v 1983) However 1t is alsof;:'””u P
“g;pOSSlble that enant1omers may have the same degree ofd i&;n;:d;
'hﬁaff1n1ty but exh1b1t 'an agon1st antagonlst relat1onsh1pht“
{ﬂ«}(e.g. .1soproterenol_ 1somers)(Portoghese.. 1970) fthe"
- 5hbasts'_of these' cons1derat1ons 1t has been suggested thatfﬂi:fk“f
Lracemtc drugs are pseudo hybr1d"products (Ar1ens,.1984)
| Enantxoselect1v1ty ~;in~f'av’ drug receptor~ (enzyme)-.;th‘.
'g{ 1nteractlon may result 1n the stereoselect1ve ahsorpt1on o
Yd1str1but10n metabol1sm and excretaon of drugs Each ofﬁi
' these proceSSes.,alone or 1n conJunct1on w1th others. ican-

~v‘s1gn1f1cantly a]ter the pharmacok1net1cs of a xenob10t1c

*{Therefore enant1omer 1nduced select1v1ty dur1ng the ‘VIVOftf;i

iproce551ng of a racemate may lead to pharmacoklnet1c.;h
f'stereoseleot1v1ty Ft s of 1nterest to note that there ftsfy'?n
-'“Q_v apparent ' assoc1at1on between pharmacologlcal and';f
e pharmacok1net1c stereoselect1v1ty For example eVen though-;i'-
"hhanorect1c act1v1ty pr1mar1ly res1des w1th the (S)~1somer of
_fenfluram1ne, the pharmacok1net1c d1spos1t1on of".the

>_1somers isf 51m11ar tn’ humans (Cacc1a et 1.,h 1982)'7

ﬁi’tonclus1ve determ1nat1on of pharmacok1net1c




S

5fftstereoselectiv1ty iisif dependent qpa' the a alyt1cal;faf
f;;ftechnique employed in: mon1tor1ng the t1me course of the .
iﬁifbiofog1d%l leVels of the xenob1ot1c Pharmacoktnettc dataf“w
fffggenerated by analyt1ca1 procedures that measure total drug”e

-ffﬁconcentrat1on'v (eutomer plus d1stomer) - rather than_*

"f:1nd1v1dual enant1omers may result 1n' m1slead1ng._ﬁ1f ot

'}'t1ncorrect - 1nformat1on (Ar1ens,“ 1984) q:'1s thereforeh~'ﬁ_
’ﬁ=71mportant that such stud1es be based aon analytlcail}df ST
<5'techn1ques wh1ch are rellable not only fbr the1r prec151on,_

'~:¥aCCUracy and reproduc1b111ty but also for the1r ab1l1ty to**d

“fﬂ'quantify each enant1omer 1ndependently

Thus.,.fan-' apprec1at1on "Lfor‘-‘the'. 1mportance ':et_f'uf
'fenant1oselect1v1ty n_ drug actlon .and the need forﬁ

“57,development of gas -chromatographlc methods capable of,

j separat1ng and quant1fy1ng enantlomers formed the'basts of

?‘Vthe 1nvest1gatlons described 1n th1s thes1s
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- The  se1eotfon'*of a. chromatograph1c_ method from.the&?eﬁ B

-f,mvar1ous avaf1able techn1ques ;1. fpequent]y made _ oer-""'

*5g[practuca1 reasons The requ1rement of large sample s1ze andeﬂ .j~f

'Hﬁted1ous work up procedures makes the poIar1metr1c_ method j'r1.z

'.?unsu1table for Qetabol1c studres : S1m1lar1yv C‘PCU]a’. :
"",.'7';:~,d1c?=wowsm. Cotton curve effects. Xeray crystallography and;‘ L
im:enuclear@ magnet1c.f resonance ;aref;'_f D"eparat‘ve *aﬁd'f"

v{_'qual1ta41ve . s1gn1f1oance o on]y _ Stereospec1f;cfi

}}ffrad1o1mmunoa85ays do not have general appl1cabul1ty and-
:rtend to be costly Most drug metabol1sm 'and analytical
'}aboratorles are equvpped 'w1th a gas chromatograph (GC)

‘7£{and/or a h1gh performance 11qu1d chromatograph (HPLC)

”65 Mathematmcally,
. a='RT, - RT.

' “ ‘O

'RT. - RT, Co

T e




"'aohromatograph1c technidues (GTt-Avhet'a_l

77,fwhere sz and RT' are retent1on t1mes for the f1rst -dign:??afﬁ

':;asecond components reSpectively and RT. the retent1on t1mefgjrﬂ R

fp? for the inert gas The term @ can also be related thec,f”;u>fh
‘;i?gas l1quid part1t10n coeff1c*entsfﬁ.9: free energyfgiwfafu.
”';dtfferences Jof the d1astereonsomersf . | case ;.efkﬁjgnydfiii:@]
fl;?is;thermal r (Schur1g. 1984) enthafpy and entropy:7rf:f%.m

h'ndUP1ng a programmed run (Bevtler and Fe1bush J'WG), and to{tﬁ; R

“5[3vapour pressure and act1v1ty coefFrcwent of the selectand o

( th,

??:and.Souter. 1975)

In the ensutng d1scu551on the terms opt1ca1 resolutlon.

"-‘enantiomer separat1on or resolutwon and ch1ral resolut1on R

‘iacemic m1xture) dur1ng d1rect resolutlon '(Lochmu]]er-_j,f

4?or separat1on have Been used synonymousdy and denote thep ”fffa‘f

| dfchromatograph1c resolut1on of enantlomers ,Eyen ,though S

: eh1ra1 separat1ons have_;beenx achleyed'r-using » vartous;

1964 Koenlg et

1970 Frank et al 1978a Armstrong and DeMond 1984 N

vFrancotte et al. 1985b) for the purposes of thls thes1s,'”
o emphasis has been placed an GC.uand when appropr1ate. on
”fHPLC as wel] |

R ‘.-_2_-.,1..1..0..0 ~ Mstuodsjm 'cunmtmnApﬁlé RESOLUTION .

-Chiral resolution of a racemate can be ach1eved by two'

Ce .

chromatograph1c methods, nameﬂy
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the. ‘indirect method: (Gﬂ Av ethal 364
Pollock et alf'f.';tgss PoHock 1966). and '

) the d1rect method (Koen19 et al v1970

"“75 Nakaparks1n et aF‘; 1970) AI}"%gfif*‘“'

il

- :gngrgr.mu‘:-:g:_gg_ W'

R PR
A

Th1s, method 1nvolves conve;

enant1omers ;-1nto diastereomeomers,, us1ng a su1table o

Lo aux1l1ary ch1ral reagent FolTowed by chromatography On an

T, \} e

’“.fach1ra1 phase The f1rst rev1ew.dea11ng w1th the resolutron e

iof d1astereo1somers by GC appeared 1n 1974 (Gil Av‘ and'ﬁpfét

f'”lof d1ast¥

K4

K
- _Nurok 1974) The chem1cal events 1nvolved in the format1on

'1somers may be represented by\q/d/

A A; + B* —'——-——9 A B* + A B* '
1Wherﬁ f A, A, 's: the racemate conta1n1ng thé;;

enantlomers A. and A:

“ﬁ; h.fbsolute opt1cal pur1ty, and—-‘r

--!

reactlon

Cd

| A, B* and A B* r‘epresent a\ pa~|r . O'f e Ry

“ d1astereo1somers formed by the . chemical' -



~i;Except for their ab1litygto rotate a, plane of polar1zed

g

"?fiinw °Pposite i .jons_ enantnomers have 1dent1calﬁ]5“"'

fﬁhysical and chem1cal
_separatton of a pv‘
fenv1ronment 1s therefore~
. _f,

freports clalging ch}rala

¥ <

icircdmsgances (Sczepan:ak and"cfszewska. 1982ff1984 Kundyjfl{j}
~and Crooks, 1983" Charles andffﬂ11 Av 1984) should be "

;interpreted caut1ously (Schur1g. 1984 Davankov ; andffff?f

;Kurganov.v 1983 Bayer. 1984 ) After the 1ntredbct1on of aﬁ?.“

fsecond asymmetr1c centre, present 1n the auxwllapy Chlralfa""’

»ae,reagent"effthev resu1t1ng pa1r of dlastereowsomers‘ are}.v

:?;;theorettcally seﬁarable because the have diffe’e"tiul:
Lh, DhYSicochem1cal propert1es _ﬂ?.;f.‘?lf ; {3;;4?*1*5'*1

'*-1 2. 1. } DIASIEREOISOMERIC - DERIVATIVES-STRUCTURAL *,

DIastereo1somer, fof ”tion 1s not the only requ1rementﬂ#~"'

'3.;for the resolution of enant1omers ,nor can i be- ,assumed
that dlastereoisomers.f,are" always separable Several.aft
,ltASt’UCtu’a‘ features appear to play a slgn1ficant role Fn‘ oy

] determining the degree of resolut10n These features are';; K

L jscussed | %{the follow1ng Sect1ons 1 2 1 1 1 1 a ;té_ o
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) Rssownou

‘Vh';the separatxon Of 91astereoisomeric amldes\and esters Uith¥7f5'ﬁ
ester) derwatwes. represented byahgure 1 1t was observed\f,:
~that opt1mal resolut1ons were obtained by the comb1nat1onfgfz¢t
;fof a small and a. branched alky] group' g =.-methy] nd'3t7;*
"fr7R'-‘S°pr°pY] QPOUDS respect1vely A further 1mprovement 1hff755'
;”;)Separatlon was ach1eved when one of the asymMetrlc centres;ff '
:;{' was part of a rlng system A s1m1]ar sltuat1on was observed;_,
. w1th structura1ly related am1des_(Karger et a] 1967) |
| félf theme fin’ these stud1es i‘ that conformat1onalr€?:,
“rv1mmob111ty (by branch1ng or r1ngs) ass1sts 1n the c'éatlonigft{f
E of as§hmetr1c. env1ronment around the ester or amyde-;ﬁ;_a,i
fﬁh fUﬂC¢1on Th1s asymmetry DPOV1deS -f¢rf’ nonGQvaalent;j,rt_
- access1b1]1ty of the ,functional group ot each of " the?f}%}?
d1astereo1somer1c pa1r for 1nteract1ons w1th the statlonaryi’;;u

G S L R e T
1 2 1, 1 . b EFFECT o CHIRAL CENTRE INIERDISTANCES ON mr-:-; Ot
R j RESOLUTION OF omsrsaso;sousas
1'.AstStemﬁtiomeVement_of-thefasymmetricgqentres'away-v‘



from each other,‘ wh11e Keep1ng the molecular ‘weight :7

- constant . may 1ead to a loss 1n resolutlon Rose et al

| “(1966) 1nvest1gated a ser1es of d1astereovsomer1c esters to--

determ1ne the . effect of ch1ra1 centre 1nterdlstances on 5

/

1; resoLgt1on They concluded that the d1stance between ch1ra1v

,."centres 7rand'3 conFormat1ona1 1mmob1l1ty are. f1> fact

i.'f1nterre1ated parameters Wh11e 1nvestvgat1ng the resolut1onf,

character1st1cs 'of dlaste%§01somer1c Jgester (1actate)id :

der1vat1ves of cyanohydr1nst ;dul1a and' Sans (1979):;;

conf1rmed the observat1ons made by Rose and co workers

,ek-(1966) However in. ,the stud1es descr1bed above, uthe,u,;

systemat1c d1sp1acement of the ch1ra1 centre away from thep‘_f

9ester”11nkage resulted only 1n poor resolutton rather than

;»1ts comp1ete 1oss The mechan1sm was rat1onal1zed us1ng the.';

| dt}ferent1al 1nteractlon and conformat1onal ? 1mmo§1l1ty',_"';'t
itheory or1gtnal]y proposed by Karger in 1967 ReplacementrgrA

‘~f’of 'H' by 'ai-’CN" group: 1ncreases the dlfferences fﬁnng

= propert1es between pa1rs of d1astereo1somers and;,thus: o

substantially overcomes the lo$s of 1mmobll1ty
4

"fjfi From -the preceedlng d130uss1on it is apparent that the.'f

N

‘3gresolut1on of d1astereo1somers 1s lnfluenced by several'

;ster1c 'factors,_ subst1tuents whlch confer conformat1onalwiﬁ--"

'1mmob1l1ty' e1ther by v1rtue of the]r cyc11c nature or’

',ster1c c bulk _ mprove resolUtion . ~Stud1es ‘,IOn ;

“dﬁastere01somer1c am1de der1vat1ves of var1ous am1no ac1ds o

. SR U - T
o e w'k,' B S S e

¢



/.' ‘ .' > PR " -

haVe resulted n, the _same conclus1on (Iwase and Muralrt"'u

j1974a 1974b Iwase, 1974a 1974b)

It ‘1s unfortunate that only a: few stud1es w1th var1ous o

.‘f >

vother funct1onal groups have been ic?nducted Th1s would L

3i;;have led to an uhequ1vocal conf1rmat1on (or d1sproval) %f~

Lthe above postulates Another aspect wh1ch has - ‘not . been:

EE 1nvest1gated g js the comparat1ve behav1our of: "ar1ousll .

funct1onal group l1nkages for analogous der1vat1ves : Th1s_ o

:;{s'j1mportant as_ the postulated forces of ! bond1ng betweent‘-

fvarlous lwnkagessand chromatographlc statlonary phases w1ll'

.il:hét' be . -1dent1cal Anw- benef1ts obtalned through bU]K:F..

"asymmetry and subsequent nonequ1valent access1b1l1ty would

}>1 bé:-lnned1ately lost due to a weak 1nteract1on between théffbf

lligroup l1nk1ng the 1somers and the stat1onary phase The‘v.
1- naphthalenemethylam1de derfvat1ve . of 1buprofen was;”

-resolvable on a chlral column whereas wthe 1?naphthalenei

~;7methyl ester der1vat1ve was not (Wa1ner and Doyle. 1984a,vf~'

;ll984bl.. The d1pole moment of an ester _is‘ apparentlyt“
t one-half ~that of‘ an amlde and not strong enough for

‘1nteractwon w1th the stat1onary phase

'A'Var1ous other’ mechan1st1c- aspects of resolut1on of

'fd1aster%§1somers has been rev1ewed by - G1l Av and Nurok'i'h

(1974) . An lmpetus to use dlrect resolutlon chromatography',~

in recent years has taken 1ts toll w1th regard to rev1ews

~.and Cr1t1cal evaluat1on of d1astereolsomer1c separatlon

. q



-,1The Karger Halpern Westley mechan1sm 1s st1ll va}*d "a;

,-var1ety of. d1astereo1somers One of the advantages of this e

"»mechanlsm 15_1is_abll1ty to pred1ct and corre]ate the order.7

";of elut1on w1th conf1guratlon.d pr1or to chromatography

v~(Karger et al. 1967 Westley and Halpern, 1968) Th1s,"of4;j"

course,' also enables one to choose an appropr1ate ch1ra1:,_f

‘der1vatlz1ng agent (CDA)

. ] : S
127101 1 c ADDITIONAL CHARACTERISTICS OF -~ AN . IDEAL o

DIASTEREOISOMER R { Ui e

.‘I add1t1on to reso] ab1l1ty'_ theA d1astereo1somers::’h
;-prepared for chromatograph1c separatlon should also sat1sfy;
ﬁjthe ﬁollow1ng requ1rements (1) fac1le and quant1tat1ve'
format1on with e1ther conservatlon or COmplete 1nvers1on of'
| conf1gurat1on ‘faf« 'the-, enant1omers - from ' wh1ch fthe"
r:d1astereo1somers are der1ved (2)° thermal stab1l1ty for GC

or compat1b111ty ‘with  the mobile phase for HPLC,‘ (3)~

'absence of racem1zat1on .dur1ng chromatographyn hand t4)fy'

B :although not cruc1al -but often des1rable for preparatiVe{jpf

purposes. reconverSIOn of the dlastereOISomers, in h1gh”

PR

7fyie1ds,vto the const1tuent enant1omers
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| 1200012 AUKILIARY CHIRAL DERIVATIZING AGENTS (cDAs), &
13The; 1mportance ‘of ease of format1on and qdant1tat1ve,f:'”
'yﬂfproduct y1e1d often determ1nes the eho1ce of an appropriate'v
‘r»QDA;= Many c11n1ca11y s1gn1f1cant drugs conta1n an am1ne‘
‘Kpr1mary "qﬁf' secondary9 ”‘alcohol '6#;, a subst1tuted‘ihA
carboxyllc a¢1d .funct1on It is. therefore not surpr1s1ngf

A

'fbfqgn.lncorporatg rgaé*‘ve fgp¢t1onal gggups suck’

a§¢ ac1d chlor1de. 1socys@§te 1soth1ocyanate or- am1no Thejai
: ; e, R
ac1d chlorldes re&bf ‘with aﬁ1nes to yteld amldes or .w1th

\‘b

*'_alcohols to g1ve esters Slm11arly, isocyanaﬁes afford drea h "
"dertvat1ves ‘ w1th‘; am1nes ‘Hand' carbamgto H (urethane)

fderlvattves w1th mf(v1de 1nfra) ;

' ?the' ease .éf:vodlastereo1sqmer forhathn‘é w1thout
vracem1zat1on ) makes : N tr1f1uoroacety4‘§ prolyl Ch]OPlde _
(N- TPC) a CDA of ch01ce :fQE ch1ro opt1cal pr1mary d"v'
secondary amlne§ a& 20 ale] esters of am1no ac1ds (Karger

et al. 1967 fWase’::d Mura1. ,13;4a,' 1974b Man1us and“ B
198 |

Tscherne. '1979 L1u :et al

) The votat1l1ty ‘of the
perf1uoroacylated _ prol1ne ' 1n conJunct1on ' w1th "~thef;.'
conformat1onal r1g1d1ty of the prol1ne r1ng maKes N‘TPC a

e

valuab]e der1vat1z1ng agent : fOr' ‘gas{- chromatograph1c .

e

'analysxs The nat1ve .fluorescence property of , prol1ne
"'enables N- TPC to be used as a su1table reagent HPLC

thh the poss1b1l1ty of 1mproved sens1t1v1ty (Sankey et

oo
el



1984) : S o
'*_pThéef stab1l1ty of N TPC has caused some concern

'Although ne1ther racem1zat10n nor: asymmetrxc 1nduct1on _was
-

: observed dur1ng der1vatlzatron (Man1us and T5cherne. 1979)

k-]

o racem1zat1on dur1ng storage (4 C) or synthesxs could not bev

: i completely ruled out (Gal and Sedman. 1984) Adams and"

' .4co workers (1982) attempted to overcome the problem vof

| _1985) and B- lactam (P1rkle et al. "1984c)_drugs as well

jracem1zatvon _.by;; ut1l121ng N tr1fluoroacetyl’ prolyl
yanhydride or N- tr1fluoroacetylprolyl 1m1dazol1de._they were. ‘i.f
h»indm.completely successful as there was part1al racem1zat10n ; .
:and compared to N TPC 3 these; alternattve reagentsv were
'i slugglsh 1ﬁ‘terms of react1v1ty h S .

It has been=suggested that storage of N- TPC at,,?zo‘gﬁ

'4gunder *j' njtrogen atmosphere prevents any racemization;”f'ﬁ
;?7;(D1eterle and Fatgle._1982) | B ‘_‘ ol _)'

A}" Both 1somers’ of ‘a- methylbenzyl lsocyanate (MBI) are
"H;commercially ava1lable 12 h1gh opt1cal pur1ty The problem ,
of racem1zation 1s not enCOuntered Wlth these reagents and :

‘they are quite stable chem1cally (Thomson et al. : 1982)

':NSeveral ﬁ block1ng (Thomson @m;gl 1982 Gula1d et a:
é

F-"

1971 Géﬁ et ?rﬁ
‘ ; R f S '0. [ )
1981. Prelusky et al 1982) have been separate& as»;f”

“ var1ous secondary alcohols (Per1era et al

i

‘d1astere0150mer1c urea or carbamate derwvataves

In theory, any enant1omer of h1gh opt1cal pur1ty, ; o
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& ;posseSSinQ"e- react1ve 'funct1ona1 group. may be used as aﬂ‘\

'!CDA-

L1sted below aﬂe several ch1ra] der1vat1zvng agents !

. wh1ph have been reported 1n the recent }1terature

LA

A

'«::1soth1ocyanate (GITC) (N1mura et 5a_ 1980 "vend

';wd1oxaphospholane 2- ox1de

'.Reagent}(Anderson and Shap1ro, 1984) .

. 2,3, 4,6~ tetra 0 acetyl B D- g]ucopyranosy]

,Murphy,r1984 Grech Belanger et al. 1985)

T

(S)- -a- methoxy a- (tr1f1uoromethyl)phenylacetyl ¢hlbride§7
f(Sedman and Gal 1984) 1; 5_ o f;‘fﬁ'f-?' T

. ra B
e LT

R- (-) 0 methylmandeltc 'acid f6h1drfdei(Hd??hdn et2gL:3fr'
111983) Lo L

PR .
| e

3

LlSa1vesen 1984) _‘.;v‘r'. TA'_fj,'-;_iV._,g;"'

o !
e

L1 "’e"thw chlorofomate (ﬂp-remski?,e‘t-';.-_t,ar-,f;".,1’982';'-'
7deyara3 and Porter. 1984) '.H ';;‘ ;:f“,,_ I

v ' G

. {

v

'~-1984) SR N gl"’aﬁ;af{ " ﬂff<*w..';
. (-)-1-(4 d1methy1am1no 1 nqphthy?)ethylam;he

' f(DANE)(Goto et al. f 1982)i%§
e, 5R)-(+)¥

3

c - .

[
o

1( ) - camphan1c aCid'?cnlbrfdeij (RaudfcnrjspgnSenfifandf"

2*chtoro 4,5 dvmethyl v 3.2

. (R) “a- methylbenzyl '-1sotnyocyanate _}Ga]r:andjTSedman;'l"
: }_:1984) : - " |

.,fN carbobenzyloxy U—prou1ne (Banf1eld andvRowland jQSS;?f@ﬂ

(Anderson Shap1ro R

BTSSR
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', ' 1 2.1. 2 o o s DIRECT | METHOD d CHROMATOGRAPHIC_- i

RESOLUTION OF ENANTIOMERS

The direct method ,f, chromatographlc . enant1omer;*

’-f;resolut1on;.1nvkoes' the separat1on of 1somers on a chlral.g

f?fstationary phase (CSP) in _whlch hx 1ncorpor§ted fan}'

aukiliary resolv1ng agent of high " (but: not - necessar11y;'

complete) enant1omer1c pur1ty Ch1ra! recogn1t1on is caused_J<

o by the molecular associat1on between the racem1c selectandﬂu
"~ and the’ opt1cally act1ve selector 1n the stat1onary phaseyh
fr(Schur1g., 19847, The chem1cal nature of the se1ector:ff
'stdetermines the type of b1nd1ng forces that br1ng about ﬂthety}7t
__'molecutar assoc1at1on requ1red for enant1omer1c resolut1on
>In th1s respect d1rect chromatograph1c resolut1on .may. be"'
-_accompl1shed by e1ther | of two,i Well establ1shed L
'*’compl1mentary techn1ques (1) resolut1on of enant1omers onr
:’.opt1ca11y—-active 'am1no ac1d or pept1de selectors by means?
| “of hydrogen bond1ng (th -Av, 1966 Frank et a ;n‘ 19783ri‘n
;1bBonner and Blaxr.h 1979 P1rKle et al 1980 1981; Kon1g
v.and Benecke, 1981). and (2) resolut1on of enant1omers on
‘ opttcaJIy- g act1ve : meta] f chelates :fby ' co ord1nat1on
'”:'chromatography (complexat1on chromatography ror. l1gand‘y»;
”»exchange.:chromatography (LEC)) (Rogozh1n*°and Davankov |
'::t971 Schur1g.\l?77 Mor1yasu et at;; £ 1980) . ‘The f1rsti¢

-7ftechn1que is perhaps more popular because of the commerc1nﬁ_;;”

e



s

F7;_avallab1l1ty of several types of ch1ral (espec1ally HPLC)

A'rout1ne enant1omer1c separat1on 1s resolutlon by ch1ral IR

)

" ion- pa1r1ng reagents (Pettersson. 1982 1983 1984 L1ndner

' et al 1984) Thls_techn1que.rs presently restr1cted tb.ffr

e.HPLC - ;"f_".J |

»i;v1;2,1.2.1.0 ' MECHANISMS OF RESOLUTION o~ CHIRAL STATIONARY
o PHASES (CSPs) |

it

'fdfcolumns A th1rd alternat1ve that may soon be avallable for:i'

TSeparatlon of enant1omers 1s ach1eved by the formatxon"

"of a trans1tory d1astereo1somer1c complex The development

;,of most CSPs ]is' based upon the oruglnal postulate of .}.

’ _Dalgl1esh (Dalgl1esh 1952) For separat1on to occur Hitg

j'Was5 suggested that a m1n1mum of three 51multaneous

_1nteractlons between the CSP (selector) and the solutef‘
' (selectand) are requ1red and that at least one of these"'

plnteractlons must be ‘stereochem1cally controlled {as . a

: result of e1ther attract1ve or repuls1ve forces) Whenvsuch

i_*fan assoc1at1on takes place, a part1cular conformatipn is

'_1mposed Ion the solute in wh1ch the selector and selectand‘”'

)

~t&form parts of a sp1ral turn, the handedness of wh1ch

5_determ1ned by theA conflgurat1on -oﬁ the selector 1n the‘A

“‘stat1onary phase} :The;' enant1omers ' thus ' become¥

‘r]ponformat1onal d1astere01somers (Felbush and G\l Av.‘1970)/

a

A
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.

”ﬁ:Théf-f°PCé51'fhatT_ brihg | about fhesé“ three p01ntﬂ'7iT

.Tnteractions may d1ffer from CSP to CSP The varlables and ;

alternat1ve mechanlsms w111 be dlscussed 1n more deta1l in

'Tthe Sect1ons follow1ng

1.'2.1.2.2~.»1' THE -'G'As":j CHRMATOGRAPHIC »cQLuMN‘_s-c_:sps -'
R CONTAINING PEPTIDE PHASES .

N ; I : ,
~The gas chromatograph1c columns wh1ch contaln amlno

:f?faCIds as components of the chwral stat1onary phase may be
i further categor1zed 1nto three types o o | o
-Q'i-p 11;4: peptqde phases (G11-Av et al ; 1966“FetbushTand.x
:v"i, o TGfT-Av; 1970 Bonner and Bla1r. 1979) R
T ‘2;r'}d1am1de phases (Trank et aT : 1978a, Kon1g et al
o 1e81) S L S T
’3;;" ure1de phases (Lochmullér and Souter, 1975) .
The development of _these phases has been reviewed'

“J(Lochmu11er and Souterr‘ 1975' Liu and Ku, 1983;. Schur1g,

:'1984)T.The”forces‘ respons1ble for, selectand assoc1at1on- .

li.with»'the above‘ selector phases are generally of 'the o
; ‘hydrogen bond1ng type although d1pole d1pole }1nteract1ons
vand dlspers1on forces should also be cons1dered (Stolt1ng.,.-

1976; Abe, 1978). ‘, | e

:v—/»~-The Ch1ras1l Val 'and -RSLrOOT columns”‘are the onlyki,“

products presently available commerc1ally The former seemsi'~



- ':._,J oy Ll o T

5 e e
.

| -,io be more popular probably because it ‘was aVaTTabIe:5.~d
- sooner Ch1ra511 Val 15 a co polymer of\ dtmethyls1loxane -
r“"and (2 carboxypropyl)51loxane coup]edw w1th e1ther L- or,f* g

"D vallne t- buty]amlde‘ (Koppenhoeffer and Bayer.u_ 1985a.’_fd

,':f1985b) The ch1ral centres are separated’by approx1mately‘

’f”seven d1methyls1loxane un1ts, hydrogen bond1ng 1nteract1onsﬁf‘
between ne1ghbour1ng 'va11ne reswdues are thus avo1ded Ifi

' the: separat1on 1% decreased : the co operatlve effect.;Lf’
" between the guo ch1ral selectors ‘for the enantlomer1c:
-d1écr%m1natlon of the selectand beglney to decrease ’The‘“

vmonomer1c» form 'off‘ d1am1des have greater 'resoﬁ?@f;'

propert1es Accordwngly. the probab1l1ty of -1nterca]a,,
,of 'solutes 'between two. d1am1de res1dues depends'Lpon’theﬁd"ii
'“d1str1but1on funct1on for‘ the 'ch1ra1 groups and  the

» geometry of the polys1loxane_ghaln (Koppenhoefer and Bayer
1985b) Geometrﬂcal and mathematlcal - alculat1ons d1ctatef

T that the dlam1de in the Ch1ra51l Va] _can ex1st e1ther inan

3 R a- p]eated he11x or a. B p]eated hel1x The conformat1on'/:

adopted ‘was- the one which formed a’ su1table complex w1th a

"Lg1ven solute v1a 1nduced fit.

i In F1gure 2 s dep1cted the format1on of a B pleated;"..

eheet by 1nteraction with a ‘lactic ac1d der1vat1ve (Frank:

'i',et'al 1978b) TE;S structure may ‘be further stab1llzed byi:
"Van der Waals forces (Liu ‘and Ku, 1983) '

The oxygen conta1n1ng enantlomers w1th no am1de

el




v7least two ester carbonyl groups are present (Koppenhoefer -

:JEfunctlon howevegggcan be oompletely resolved only 'f at‘f

&

v'and Bayer.,1985a) The separat1on of _such btfuncvﬁonal"'

{ioxygen conta)n1ng selectands occur in the a he11x of the f

"fnl1nked to cyanoethyl s1de chains of polys1loxane XE- 80_T?*‘

ffdevelopment of d1am1de CSPs wh1ch exh1b1t 1mproved thermalfzu_”
| {stab1]1ty The 1ncorporation of L val1ne -t- bUtylamlde 1nto‘j,j:
": OV 225 d’d f‘ improve thermal stab111ty a1though the -

A

: The Ch1rastl Val column has the dtsadvantage that 1ts¢n;’t
tove” em%Frature range 70 230 C. although itr may be‘
“}ope?éé%%

'of the L- valtne component at 230 C (24 hours) about 3%‘,

2504C for short perlods of t1me Racem1zat1onA

. eepah o . - -
rank et al 19780) "R- ; "‘0»' .f'.f‘&ffif' S
bine RSL- 007 (Chron'pac) column “liKe If-'-vcmras’il-‘Va'l o

1ncorporates e .[-;'a o e d1am1de ’ .“;, phase

L Va11ne S-a- phenylethylam1de “as'a selector, is covalently -

(Kon1g et al | 1981 1983) andg;cannot “be 'operated,cat:fV
temperatures above 165 C EETEEE IR

'1 2 1. 2 3 0 _ RECE”T TRENDS IN GAS CHROMATOGRAPHIC CHIRAL .'

STATIONARY PHASES

Much J_of:.'the recent l1terature deals with the_

? resolutjon. ,properttes A were 96Mparable : fét that of
7'j:Chirasi13Val~(Saeed‘et.aj.;f1979) Stmllarly,br‘ ’ ?



"'(R) N lauroyl - (1 naphthyl)ethylam1ne (Watabe ‘and G1l Av,

N R RPRRT

"IN lauroyl L proltne tJbutylamlde ahd hxgher alkyl diam1de1

:,3 phases based on L val1ne or L leuc1ne (Charles and watabe.'f!’_
f;‘}1984) d1d not offer any advantages over Ch1ras1l -Val. Other?.; l

'recent .reports descrxbe N (1R 3R)-trans chrysanthemoylf'

. f-(R)-l-(a) naphthylethylam1ne g (01 " et :;”al.»‘ 1981)

-’1;1985) and carbonyl b1s(am1no ac1d) ester (Lochmuller and_

ﬁ_ H1nshaw, 1980) CSPs A rev1ew of CSPs has’ 5recent]y ,bgen_bf -

publ1shed (01 1984)

Q1_1;2,1:2;4.o

iy, ; e
' R

In contrast to GC CSP columns,‘a var1ety of chem1cally ‘

HIGH P_;FORMANCE Llouxd CHROMATOGRAPHIC csp_f.

f’gdvfferent HPLC CSP co]umns are commerc1ally avallable th1s'ff"'

‘nrepresents a" sxgn1f1cant advantage w1th respect to:fne_f-f'

jgselect1on of an approprlate phase for the fsébaratiqq'yof.~

'enant1omers

" The f1rst commerc1ally v1able HPLC CSP column was :the'

':j_One 1ntroduced by erkle 'in: 1981 P1rkle columns are'

v"\‘/

:ava1lable as Baker Bond Ch1ral Phase columns in 'which the;

.:, selector ' (R) N 3,5- d1n1trobenzoylphenylglycxne.-:1;iis -lf;

}lon1cally or* covalently bonded to aminopropyls 5111can
a‘*pack1ng (Armstrong et al 1984 Wa1ner and’ Doyle, 1984a.
1984b 1984c) Chem1cally related DNBLeu columns. also

R A

: -'1.,";; .



d‘a combinat1on of pi ac:dity. hydrogen bonded receptor 51tes:;i;3

g enantioselectiVitY§ mm'~Recent . __deveiopments ]_"anUde n

'alcohols and amino ac1ds These phases contain s- (1)- N

e

lfoarboxylic acid esters,

et a}f. 1981 19844, 1984b 1984c,:

available - ‘V}}fﬁom-”gfpl Baker 5=5';_1ncorporate' 4 ufah__ :

(S) N 3 Srdinitro benzoylieucine phase. These CSPs; utilize;}7:“

and hydrogen bond donor sites to fulfil ,the three pOinth
interaotion requirement Dipole drpole | 1ntercalat1vev'

processes | pTay ‘fane important role’ in_ determining

conformational]y PTgTd urea- and"hydantoinjbased‘_.Cst
(PirkleL ~1985d) : As discussed earlier.‘-conformitional-:

rigiddty is expected to 1mprove 1somer‘ separation (Pirkle

1985a, 1985b y985c) o o L
' Oi“'* ,e»t' (1983a. "' 1983b) axd 0i and 'Ki“tahara‘-*(figea)4-_"_,;
have developed a series of chir T; stationary phaSes'_‘

partidUTarly de31gned for 3,5- dinitnophenyl derivatives of-‘

e (naphthy])ethy]am1ne or 2-(4- Chlorophenyl)isovaleric a01d?‘d i

bOnded to aminopropyl siTanized silica ThTs research group_'

is also responsibie for (1R 3R) trans chrysanthemic ac1d-,5~'

' and amide derived stationary phases (01 et 1aT;;A'1983c)

These phases have 'exhibited good resolv1ng properties,f

.towards amines, . esterified amino ac1ds.j aicohois d

384d; Pirkle and Hyun,



”*f.1,2[1,2;5;oﬁ*7ﬁovs1‘és#s'IuianC”lf'

The poss1b1ﬁ1ty thai prote1ns m1ght adsorb enan;iomers“e.hl
dlfferent degrees led to ‘. the development ofﬂj“:'

n_iprote1n based columns /Hermansson (1983l reported 'the useeédh

h;Bomgren (1982) and Qllenmark et al ' (1982) demonstratedf”

’;the ‘use of agarose album1n as chlral stat1onary phases for’

benantlomer separat1on v1a affin1ty chromatography These

'CSPs depend on hydrophob1c forces ’or selector selectandfn.ﬂ

"1nteract1ons and therefore pH mob1le phase composation

”jf of Sy s acxdglycoproteIN» (orosomucoxd) and AllenmarK and-;’k

v'.'(Hermansson, 1983 Allenmark and:: Bomgren.v1982 Allenmarkl"’

' :et' al.;' 1982 1983 1984b) and prote1n concentration[l

| '(Allenmark ei al. 1984a) in luende the stab111ty of threela

: po1nt 1nteract1on bondp S L o L "1,:;' R

o Althodgh everal cellulose derwed CSPs ha.‘,\‘/'e A be. ﬂ" v
;developeda(Luttr1nghaus et al 1967 YaUSa et 74i51974‘f‘ﬁ
o 1979) N only?""

'"”acetylcelluloses presently have pract1cal iand commerc1al;s§‘

1

, Hess" ‘et al ' 1978< i Hakl t ‘fa}

§v1abllity (L1ndner an Manschrek 198U_—Blaschke 1983) ..

,Trwacetylcellulose HPLC phd%es. as well as correSponding_

FE

.5:jcross l1nked o caplllary GC‘ : phases (Klem1sch and'ff

7f'fVahHodenberg.‘1985) depend upon crystall1n1ty for! chlralf'”

d1scr1m1nat1on (Hesse and Hegle, 1973,:pJ976a. ;1976b;7ﬁ

lthKamato et al 1984a. Francotte et al : lQBSa),nIn'HPtc;;sn'
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Do

w,pzs‘f
:f@'thehmehromatpéraphte Isébakatiéhg',afep 1nfluenced by ;iﬁéif':”
11near velocaty and comp051t1on of the mob1le phase{
(Mannschreck et al. 1983) v';Wd | | ' _‘ | |
‘ The tr1acetylcellulose phases have been 'used fOr the'
. tfstereo1somer1e separat1on of geometr1cal 1somers (Pre]og
f“:'ahd Wetdiund“t984 Mannschreck et al ., 1983; Shlog] and' '
;}iWIdhalm,' 1984) f compounds of metabol1c 1nferest such as
'hpephedr1ne mandellc ac1d esters as well as such drugs as |
.‘Qmp1prpzolln._ etozol1n ﬂand_ ox1ndazac '(Klemlsch -vand‘rV

ﬁVanHodenberg, 1985 Franootte et al. 1985b)
"_"',1_.4_.'2'..,1..2.-‘5'.0' DIRECT RESOLUTION BY compLEXATmN IN GAS :
e | CHROMATOGRAPHY B

;TResplution“'by compTexatidn_v reiies.”;dn.p’fastsﬁfand
e;.rébafsibiéi 1nteract1on (Cpmpiefatidnp drdJCOfprdfnation!t\l:
:fhipetueen “the * so]ute and transttionir\meta1fj'additiveé;: g
niSelect1v1ty j dependent upon the proper select1on of an
"f:appropr1ate metal chelate (Schur1g and Weber, 1984},_ . |
- Schurig . (1977) - accompglshed B th? :first”” gasf,;-
:Trchromatographlc resolut1on of enant1omers' pn a cap1llary ‘
};5'column loaded with a squalene solut1on of opt1tally act1ve
'?_ed1carbonylrhqd1um (I) 3-tr1fluoroacetyl-(1R) camphorate |
h@“-h'f Recent developments 1nc}ude the use of thermally stable

»fb1s 3 (perfluoroacyl)-1R camphorates of manganese (Ifﬁ



o2

":cobalt (iI) vand n1cke1 (II) for the resolut1on of var1oos:trff
_ ECghpounds of natural and synthet1c‘ or1g1n (Schur1g and -
’hsBurkle,_ 1978 Schur1g et a] 1979 Koppenhoefer et al.
"»,1930 schur1g and Weber.j1981 Weber and Schur1g, 1984)

,lIntroduct1on of fused s111ca columns w1th act1ve metal

Tfpfchelates w111 avo1d any 1nteract1on between metalllc tub1ng J"“

fi_mater1al and the- chelate (Schur1g and Weber. 1984a) and

f.fthereby perm1t charge transfer 1nteract1ons on1y betweenff:v

f:ﬁthe selector and the selectand (01 et a1 1981a)

The mechan1st1c aspects of chromatograph1c Lseparatlonpyyy

»on opt1ca11y act1ve meta] comp]exes has been recently"ssu

“=rev1ewed by Yoneda (1985)

5‘,,112@Jt2,759ff%bIRECT.RESQLUTIONZBY;LIQANDrEXQHANGE:tN“ﬁPLCi o

v'There‘:aref"baSidaTiy two 'approaches fo the ch1ralaf-s

.ltresolutlon of | enant1omers by l1gand exchange HPLC :Ihe ;

_ch1ra1 selector *iS e1ther present ‘as a chem1cally bonded‘ﬁf?

“HPLC phase or as an add1t1ve the moblle phase vThe'"

-bonded phases ; are ut111zed .fo both analyt1cal 'andehi'

_preparat1ve purposes (Fe1bush et al 1983) The presenceg"

tfiof a ch1ral selector in the mob1le phase frequently resultsf'

‘fé1n h1gh enant1ose1ect1v1tyrand eff1c1ency In add1t1on the1"

'h“'resolv1ng agent*1s eas11y removed thereby allow1ng the.'

e



?[l COlumn to be used for acharal pyrposes (Lam.'1984)

ngand exchange chromatography (LEC) columns for HPLC“'

““(Bou e et al 1981) conta1n an ‘opt1ca11y act1fez |
i'3pack1ng mater1a1 frequently composed»of copper complexedfjhiw
L-amigl a01ds e1ther chemxca]ly bonded (Gubltz et 1 ”-.
; 1981b) r~:s1mp1y coated on s111ca beads Cyo];cvr‘

i acids,  as Se‘ecto"s in. LEC, * have aiso  been
“successfuily employed (Davankov et ff}g?gtaGQbité eﬁ;ff
1982 Busker and Martens, 1984) A

l1gandgif'

:}Ih process fOf chtral recogn1t1on 1nvolves,:theiffr

”e.iformatlon of K1net1cal}y 1ab1le b)dentate complexes on: theo

”j}stat1onary phase (Rogozh1n and Davankov,‘1g71) D‘fferences;’_'

:h1n the stab111t1es of the comp1exes lead to- separat1on ofﬂh{ff

" the enant1omers MgGub1tz et al l 1981a.r1981b) The pH ofn |
h},the eluent often determtnes ‘the. ease- of formatlon of thef;'
‘complexes (Davankov aﬁd Kurganov,:1983) wh1le 1on1c contentzsi
'sf'1s more 1mpoptant for peak shapg,an%ﬁisymmetry (Gub1tz etl;}?
11'a} 1981a, Davankov et a] f983) The metal jon 1usually-.j?

"'copper, but also mercuryf may compete for the protons from,pgﬂ

_Qb.the selectand (L1ndner et al J 1979 LePage et al 1979)jtt

'“and therefore 1nfluence the capac1ty factor (Lefebvre fetgii.

1978 Sugden et an{.'1980 1981 Charmot et. ‘L;;g;p

.d5f1935b) It has been demonstrated thatfa,.metal to chelatetttf

yf"at‘o Of 1 prov1des opt!mal resolut1on VFe1bush 3 al;-i'7;

. 1983) Introduct1on of compounds,‘such as ammonta Wh1c“njf .
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o

1”-_are 'capable of form1ng monodentate comp1eXes w1th metall1c

r?1ons can also s1gn1f1cant1y 1ncrease the HETP va\ues
f(Charmot; 1985a._ 1985b) L e KOTSRS
An alternatlve techanue 1s tp add the optfcally act1ve
~,ﬁ11gand d1rectly the mob11e phase (1n a metal to am1no

d;;}ac1d/moﬂar rat1o of 1 2) for elther an 1on exchange (Han

'g:;and Gil- Av 1979) or reversed phase HPLC (WernICKe. 1985)

The chiral separatlon takes place through m1xed chelate

:complexatJon (Lam,t1984) wh1ch usually takes the form Qf a'dff

?ﬂyternary comp]ex (Yamauch1 ft_ “ 1979) 1n the mob1le

*flphase The format1oh of ; tepnary complex has been; i

‘A":exp1a1ned b/ two theor1es. namely (1) the theory of outer

5‘d‘sphere complexat1on -(Cook et al : 1978 Chow and Grushka

':1979 L1ndner et al 1979) (2) the l1gand f1eld

h'j]exchange stab111zat1on, energy theory (Wern1cke et al -

”{Q Resolution is. affected by pH hydrophob1c1ty of the
'j;’selectand and complex stabil1ty 1Gilon et ,a] 198?) 1t
- may be 1mproved via metal c-'n°

u(Lam, 1984)

b concentrat1on gradlents

;}Var1ous am1no ac1ds. such;-

N :‘_ T e . : .
- e ,‘ . & -
' I3
v o

.':,and‘Martené. 1984) L pheny]alan1ne and D pheny]glyc1ne'?v;
e A
ﬂ(Nimura[etfal., 1981a," 1981b y 1982 Forsman 1984) and the e

.V'
M

*:;hdfsaccharide aspartame (G\lon et al 1979) have been used

" X
, v .
P
< ) ISR
. oL ‘v
[ R .
. 3 -
. & .
R

Uy

f L hydroxyprol1ne (Busker f?

.-}'." o

"’1'.‘
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include post column der1vat1zat1on technlques (We1nste1n etf?”c-

PN

selectors 1n mob1le phase LEC Other developmentsﬁﬁ.5

_ 1982) and _m1cro column te@hnology us1ng L hlstid1negi;
complexes (Takeuch1 et al 1985) T S a

*v .

o

IN HPLC " a’\l - = , _' :

-f;” Cyclodextr1ns ; (CXD) jareg ch1ral : toro1dal shapedrgiw

'ﬁ‘ molecules,; conta1n1ng 12> gTucose qn1ts bonded thrOUgh':ﬁ

(1 4)-l1hkages The smaller homologs,‘ i;';f - CXD (6'~€-f

glucose un1ts) B CXD (7 glucose un1ts) 'and 7 CXD (8}

glucose unrts) are commerc1allm, ava1lable (Armstrong etk;if

1984a) Each glucos@ dﬁ:t 1s arranged so that all theffof
hydfbxyl groups are on the outer edges of the moleculeffuy
(Armstro et al 1984%% 1984c. 1984d) Ch1ral recogn1tion';.
taKes pjdbé through 1nclus1on complex formation w1th the’ﬁﬂ
Sﬁlectand result1ng 1#»3 t1ght fit w1th1n the hydrophob1cvf::

cav1ty of cyclodextr1n (Debowsk1 et 'al, 1983 Daffe land

Fastnez,‘ 1983 Armstrong et #al ~:‘l985a, 1985b 1985él‘157

\;‘

H1nze et al 1985) CXDs can also be used sj ch1ral"'°

mob1le phase components (Débowsk1 et al, ‘1982 1983) or as;

'fl~achiral mob1le phase mod1f1drs (Debowsk1 et al. 1985)

4§Apart 3$pom ch1raA;resolution. the cyclodextr1n bondedﬂ.'

-~=rphases haye also been used for the separatlon of such



':‘fstruotura119 retated compounds 5] benzo(e)pyrene 'andV}jf

j;,:benzo(a)pyrene,- fluorene,, carbazole (Armstrong ,et al

'j5v1985b) ferrooene.t; ruthecene s”di‘ osmocene analogs,t f
e R L |
‘"‘(Armstrong et 19850) s-' weﬁ] ‘as _5forh drug

3d1scr1m1nat1on (Han et al "1984) SRR
Ci2as, 0. o CHROMATOGRAPHIC oaosn"zorfz‘gtuTloNd;jAuﬁ-‘“
;d*f?»:,?*:;' STEROCHEMISTRY f,,;g;,.,-; S
-

”'Sevefa1‘- 1nvest1gators have attempted to correlatee'h{

»h.‘qonf1gurat1on w1th the order of elut1on of enant1omers 'and"‘:

i"_;d1astereoisomers on ch1ral and ach1ra1 chromatographyi7j
ffphases,. respect1vely,,,1t has been suggested ‘that -for_
'tclosely re]ated compounds the relat1onsh1p between fhef;d
diorder of elut1on and conf1guration 1s generally oonsistent'
(Gi1-AV  and . Nurok, 1974 Schur1g,: 1984) - a1thoughfjﬁ
}7?except1ons have been reported (Kon1g et al 1984b) _
| -0n the bas1s of data obtalned from a study of theshg
1relat1onsh1p between the order of emergence od?amlno ac1dsf
ff.and 2 am1noalkanes 'jan]f an: optvca]]y ag§1ve lcarbony1 t

]i b1s (N L va11ne 1sopropy1 ester) stat1onary phase,l F]bbushva

'It;”and co workers (1972) formulated theﬁfollow1ng rule the =

31kr

:;enant1omer emerg1ng 1rst has the -substituents ’atﬂftheﬁ-i

"2; asymmetr1c carbon arranged countérclockw1se 1n descend1ng_

- order of s1ze when the molefule is v1ewed 1n the d1rect1on-3'



R LR

L

Jf;;from”tlthetf‘carbon tf“§f7_§he '.n1trogen} atom k1’é':ffﬁe>.e5-
'”;conf1gurat1on } R). Th1s - observat1on B was ; furtherflr

-:i substantlated by Rub1nste1n (1973) who determlned that thetyft
d:R-enantvomers of 2 aminoalkanes had shorter retent1on tlmesa;f'
Vtthan S= enant1omers B1net and co workers (1984) establ1shedft'1

b/ia correlatlon between the order of emergence and 'e_

R

ﬁ?}absolute - conflguratlon f{of secondary . a1cohols us1ngt33{:
:t( )- dodecyl (2R 3R)-tartrate as the stat10nary phase ‘zThe;t;.
“f'f1rst elutlng enant1omer was the alcohol in wh1ch the threef%@d
”‘isubstltuents~ were arranged _7af clockw1se j d1rect1on{;~l
"accordlné to decreas1ng s1ze when the molecule was observedbw'
m the d1§ect1on from the ‘asmngﬁaw:*ﬁarbon to”'aﬂ‘(e e} ygen

” R %nlyiqg

:;1upon the bulk1ness of the substltuents, 1t may notsbear any‘QSQ;

H

*fbfatom Howeger.n's1nce the abov obgervatlon Wﬂs bas

€.

yficorrelat1on w1th the conflgurat1on rl, ‘*'1 oo _._fyf;;g_:
| | Helmchen and co-workers (1979a,f1979b) determined thaté
‘vin' the absence of spec1f1c solvat1ng effects or. so]ute TD_

'f1ntramolecular 1nteract1ons, solute mo]ecules tend to al1gn %;»
'L?-with i’he solvent molecules In- addit1on, solute moleguxes ;5fb
o‘favor conformat:ons that have the lowest 1nternal potent1al
vikenerQY\ 'Thus. of a pa1r of d1astereo1somérs, the one thatvfy

‘fach1eves,’ﬁano' allgnment approx1mat1ng 'th preferredt7_~
;ifrotatvonal conformatlon w1ll be reta1ned longer by theuitd
: nso]vent (Sonnet 1984) Sonnet and Heath (1982) reported:d

'f,isimilar observat1ons upon study1ng the resolut1on behav1ourf;



L3 hof dlastere01somer1c amides - hd;? carbamates | W1th,fw.

:gltcarbamates,l the 'carbonyl --conta1n1ngv funct1onal group“;»?m

"3f° erves to create a plane between the asymmetr1c centers:

'hf.wh1ch have alel(aryl) groups extehdlng to e1ther slde oflm

’flrthat plane. «%Those d1astereo1somers | wh1ch i feature;fl

"tfth largest groups on. the same s1de of the plane (! c1so1d'”' '

: d1astereo1somers) (F1g 3) are able to’ more eas1ly approachrﬂ~:

'{"the }stat1onary phase from that planar face wh1ch has the

,jsmaller alkyl or aryl res1dues exposed

The hydrophob1c1ty of the subst1tuents may result 1n;$p

th;some degree of repuls1on and 1n extreme cases the usual:.ef

- »elut1on order 'is reversed , The s1tuaf1on for amIdes 15”

ifl;analogous to that of carbamateS"the asymmetr1c centres aref;f?

separated by one less atom and c1so1d' d1aste@eo1somers_°

't,f_often have the R R- confxgurat1on This" c1so1d transoxd'j

o concépt agrees w1th the HPLC elut1on orders observed inlvﬁ

_fP‘rK‘e and Hauske (1977) The elut1on orders We"e iexactlyLQ
hreversed in '“Q l:i chromatography w1th th@f ’transo1d'”'

..,d1astere01somers belng reta1ned longer (Sonqet and Heath ;”~

_1982) In | the same s%dy. ‘the trlfluoromethyl subst1tuted" ‘

"pd1astere01$omer1c carbamates eluted much more rap1dly thani:

:"the1r methyl | counterparts | The elut1on ,orders were

.reversed ‘W‘Th h c1soid’ be1ng reta1ned for longerff

- peﬂlods S1m1lar observat1ons were made on HPLC (P1rkle and:' k

‘THaUSKe}‘1977) and were ascr1bed to the cons1derable u:»'



RSy

ﬁft:hydrophob1c1ty of the cF;ngci

- 'small the irepuls1on from the hydroxyl QPOUPS °f .the”:

eifs111cone _in' the stat1onary phase causes a decrease in the'f

vf*capaclty factor and a reversal 1n the order of elut1on

Even though the group 1sﬁ:'ﬂ

’i},t 2 2.0, 0. o CHROMATOGRAPHIC RESOLUTION SYNTHsrxc]}ﬂ;f

CHIRO OPTICAL XENOBJOTICS

In the preceed1ng Sect1ons g' co ceptual overv1ew- Ofu:.

h var1ous aspects of - chromatographlc enant1omer resolut1onv

f_fow‘ﬂpreseqted Théh'su1tab111ty of chromatography fjfobg,;t

,,;sens1t1veigand; prec1se determ1navwons of enantIOmers haS"ff‘

/ -

”ﬁdreSUIted“:)in‘d itsf: w1despread appticat1on ”ato_ thef'”

A»
,An ovérv1ew of the

i'pharmaceut1cal and medICal f1e1ds
S .

‘f”chromatograph1c techn1ques ut111zed for the resolut1on of»

f;t?d1verse synthet1c xenob1ot1cs 1s now presented For thethh:

‘\purposes of d1scuss1on, the follow1ng top1cs ‘are emphas1zed'5””

i

~as1nce' they are partncularly pert1nent to the researchJ'

3‘presented in th1s thes1s

' 1 arrphetammes and relate@ am1nes é
v2.' arylaikano1c non ster01dal anL11nflammat9n§ dr s‘f“

;N§QIDS)

‘ RPN ST ' ' S " S W
The chromatographlc separat1onv of vv%r1ous medxca11y%1;

7}cimportant compounds 1s summar1zed in Tables 1-7. No attempti”h

'Tﬂhas ‘been made to 1nclude ant1-1nfect1ous agents or products"a

-\/
‘of natural or1g1n



L2, 2. 1.0.0. ..“AMPHETAM;NE*-,Lt’fo-CNS ,s,T‘iMUL?ANTfs

(+/-) sa= Methylbenzeneethanamlne (amphetam1ne) is.7fanj4ﬂ5

'jilnterest1ng drug w1th respect to the 51np11c1ty of 1ts53§t

': ;structure but d1vers1ty of b1ologvca1 effects As a’ result

h-[vanalogs Followlng a comparat1ve study (Liu et al ) 1982)A

;h;'for forens1c stud1es It V,Qé determlned 2 tha&

*”th1s drug has been a readw target for extens1ve molecular:'
‘-;tmod1f1catlons and metabolIc stud1es in order to vaccentuate!n
_tksome bwologjcal effects but,abol1sh others v o
o The‘" stereochem1cal aspects }df\' (+/-) amphetam1ne_nﬂ3
:Thmetabol1sm were 1nvest1gated as early as’ the 1940'5 (Beyer»t
,hetiat 1940 Harrls et al., 1947) but tt was_snot unt1l =
o t967f that:‘] .sen51t1ye_3and jstereospec1f1c GC analyt1oaldfu
:{method was deVelooed (Guhné;u 1967) “that study, vthen'»
’ iproportlon of the opt1ca1 1somersao;~anphetam1ne present 1nf
h:human urine was determ1ned by GC of the N TPC der1vedd3
‘q:d1astereo1somers Foren31c 1nterest in the drug (State v/sur
'h;iMcNea].' 1980) encouraged the further- development of ff;

'dfsteneospecific.‘analytﬁca7: methods for amphetam1ne and 1ts

-:.othe use of d1rect or 1nd1rect capil]ary GC/MS was advoca' dh“

| 'the'

i comb1natxon ‘ofﬁan‘ach1;al column and a ch1ral der1vat'21ng_ v
- agent (N TPC in_ °this - case) Waj- adequqhe for 'analy21nggg
-m1xtures of S (+)-.and R- (-) amphetam1ne o "

,Prrkle'and Slmmons_(1983) 1nvest1gated the use of i



-ffdcharal 4- and/or 5 aryl substltuted 2-oxazolzdonecarbamylt.

'f}lchlorldes for HPLC reso]ut1on of racem1c pr1mar¥ am1nes R

| '*Th"} most favorable separation _ occurred when /the’;'?f

h"'2 oxazol1done aryl substtguent was at the 44 rather‘ thanf;j,

?5 positton In add1t1on, a- naphthyt subst1tuents were more;;ff,

: effect1ve than phenyl groups However | it was ‘noteworthy'f

'Jthat tWO phenyl groups in a cis- 4 5- relat1onsh1p generatedf”’

vfa larger a-value than a s1ngle naphthyl substatuent

~Gal and colleagues (Mlller et al 1984J 1nvest1gatedf'x

"the: HPLC “,resolutlon of racem1c amphetam1ne - 7andfjhff

.”L;phenylethylamlnes ‘aﬁger der1vat1zat1on w1th the fo110w1ng;_
;fchlra} reagents | R- (+)-1 phenylethy] 1socyanate (PEIC),r

_‘(-) a-methoxy a- (tr1f1uoromethyl)phenylacetyl 'f' chtbridelﬁzf

lig(MPTA Cl).:, 2 3 4, 6 tetra 0- acetyl B-”‘V' -glucopyranosylfg,?

;fﬂjlsoth1ocyanate GGITC) ;-and 2, 3 14, tr1 O acetyl a- D ara- :h;

:

\ﬂtb1nopyranosyl 1soth1ocyanate (AITC) React1ons B wened??.

_ gonducted under m1}d condltlons (25 70° C) and ‘were cod&letej"

'lw1th1n‘ one hour Ln general HPLC resolut1on of the
"more omplete than w1th PEIC Accord1ng to the 'authors.y

“_than 1__-"‘ 2 derﬂvat1ve (on column) could be detected‘
S V'a sorpt1on at 254 nm - o : :‘ | :
In ‘an’ earl1er. study,.' , (1977)j exam1ned the GC“'

htseparat1on Qf (+/ ) amphetam1ne and e1ght c]osely related

*-d1ast roisomer1c producgs of GITC AITC and MPTA -C1 was~'“‘

' thods were adequate for b1ologica1 analysesd 1ess‘[ml



. a7

'1~ﬁ;tng.,r;.f'

compounds us1ng the ch1ra1 acylatrng agent MPTA CI Undern=g
rthe GC cond1t1ons used all the am1nes were resolved withii;ei
* the except1opgof the hydraz1ne analogs of amphetam1ne dft}{}
_tranytcyprgplﬁe ' A def1n1te ;relat1onsh1p was °bservedﬂj’ff

f( o 5-*15‘

;Y

. a L B . o - SR
Lgere e e YL e g’ T S

,"e d*ast§$eowsomers,; the R 1somer always eluted ear11erp§if

thei S- ISomer ' a s1tuatwon - ana]ogous tb giwq

"fe_der1vat1vés of - amphetamlnes (L1u et aly,“ 1982) It ts[;;ri

B .
FERI .

i;!ﬁnterest1ngﬂu [fb‘f“ "

"-d1astereo1somers"

?ﬁglreJersed phase HPLC analys1s of :

that N- dr1manoylamphetam1ne7 .

(der1ved jfrom (RL drlmanoyl chlor1de)fffﬁ7

,if(+/ ) amphetam1ne Ihrs reagent was prepared in: a two step ;,jj

-
_!

fireact1on- fﬁom

'fﬁ(Clark and Barks'ile,\1984)
o

ALY ‘of the HPE!: metﬁpds descr1bed above ut1hzed wo fé

~;prq11ne and 4 n1trophenylsulfonyt chlor1de,~iQ'

‘pfabsorptlon for detect1qp Mutschler and co- workers " (Weber

tetr 1984) devetppedgk?n HPLC method us1ng S (+)- or

'..R (-) benoxaprofen (aC1

’

tp:ch1ral fluore5cence~ mar} Th1s method was su1table for

'“fthe s1mu1taneous stereospec1fic determination of racemic‘f*

Y

‘r1de) { sens1t1ve,; stable f~



o

4'-'»"'{'anphetamine. methylauphetamine _ and tranylcypromme The

‘$55authors observed<that the 1ntr1ns1c fluorescence d.opert1esrhf ;

::jfof benoxaprofen enhanced £ens1t1v1ty and that h 9 .

L o .

ftsconfﬁgurat1onal r1g1d1ty of benoxaprofen f resulted ;fﬁn L

ch1ral .stabil1ty and therefore better separatlon 'Thee.

. -,
\ i

::enant1omers of benoxaprofen could be stored at hr' “.;<a

'7Ertemperature for up to twelve months w1thout racem1zaﬁ10n fnfvﬁ

' The HPLC (Wamer et al - 1984) and. HPLC/MS (Crowther ot

-al., 1984) separatlon of (+/ ) N- naphthoylamphetamlne (and““

'r*~der1vat1ves) .on. P1rkle columns has also been reported
. 9

Recently HPLC separat1on of (+/ ) threo methylphen1daterf

1f;JWalﬁ reported (L1m et al;;f 1985) The method 'uséd;,.f"

- d-10- camphorsulphon1c : acid- as the chIral counter1on;_,

‘:f;addltive .and v detect1on ca Thts technlque 'of _lonfpatr
;ohromatography _eisf?:an establ1shed method r, roUtlne_sl
t7-resolutlon and Optwcal separat1ons by HPLC The opt1cal

ffpfseparations | are t dependent 7upon,g‘the | formatlon of

';{diasterolsomer1c 1on paurs, w1th the chlral counter 1on h'ﬁf‘
. % e

“*”theff_ mob!le | phase ' as j.a3 chtral add1t1ve The
Tf*diastereoisomer1c ion- palrs are separated on convent1onald
"Hsnon chlral ,sol1d phases ustng an organic mobIIe phqge of,'

fpilow polarity in order to promote a high degree of 1on pa1rf:

! jfformation . (Pettersen,u 1984) e D1astere01$omers fofjf-.f

'~:;methylphenidate {1, e. R R- and R S 1somers) are themselvesp;7v

':-resolvabTe under achlral cond1t10ns (Padmanabhan. 1980)



(+/ ) Fenfluramlne

(N ethyl m tr1¥luoromethyl amphetamine) 1s53anﬁ anorect1c.ﬂ£ﬁ
agent wh1ch d1ffers from. amphetam1ne that 1t causesff&s

depress:on }rather than .stlmulat1on of the CNS (Mldha.:'“ﬁ':k

1983) S ?he maJor ,route of el1m1nat10n lfisfff:i »
Ndeethylat1on ' (Beckett nd Brooks,_.. 1967) to
norfenf]uramnne For stereospeC}flc analyt1ca1 purposes.jiffkt
| has been reported that react1ons w1th opt1cally pure N- TPC;{eu
1h..or pentafluoroprop1onyl prolyl chloride y@eld fenfluramlneafﬂi
z‘-and;” norfenflurah1ne’ dlastereoisomers whtch are h1ghly_v.
ljf sen51t1ve to GC velectron capture detect1on (Cacc1a 'and197”
dor1. 1977) add1t1on "polar GC phases (e g OV 225)h
"rqwere much more effective'f1n ach1ev1ng resolut1on' than;fﬁ
‘ sl1ghtly polar (OV 17) or non polaq,phases Thws method was
fysubsequently used to 1nvest1gate the d1spos1t1on ”'and;»';

' ‘5spec1es d1fferences 1n the stereoselect1ve K1net1cs andﬁiﬁé
'fb1otransformat1on of fenfluramine 1somers (dor1_;et:fal,f;f°:

AR

'___31/978 Caccia et al. 1,981, 1982-)_.

122200 cﬁmo-o’,ncz\L NON STEROIDAL ANTIINFLAMATORY

8
SR DNUGS THE ARYLALKANOIC ACIDS '

dThe ‘nonﬁsteroidal ant11nf1ammatory arylalkanOIC ac1dsf5>
fﬁare w1dely used thgrapeutac'-agents Af recent ’ rev1ewfﬁ
-rhd(Verbeeck et I.;f 1983) as’ well dr numerous Jreﬂ°Fts:x”

'_h descr1b1ng ana]yt1cal procedures (Mor1 et al 1983 thsfi Nh



L1tow1tz et l 1984 He1Kennen, 1984 Albert et al
1984a, 1984b) and Klnetlc 1nvest1gatlons (Greenbelt et al

1984 Au et al : 84 Houghton. 1984 damal1 et al ‘-1984

1985) add credence to the cl1n1cal ?1mportance of thesej'ff
'.stud1es was the racem1c nature of these agents mo.honed

ﬁyl:S conf1guratlon (Isra1l1 1977 Hutt 'and Caldwell 1983)'

et

””'_drugs It is 1nterest1ng to note that An none of the aboveﬁfif

,@;aMetabol1c : stereospec1f1c 1nvers1on ) from : the R-¥ t _hﬁf

” tcaljs*ﬂforu sens1t1ve chromatograph1c mettpds capable of

E “determ1n1ng the relat1Ve PPOpOPt‘O”S . of R- r"éﬁd~t
ff’S enant1omers present tn metaboltc stud1es. Furthermore 1ni;,f
“v:f'\“the event that in vwo 0pt1cal 1nvers1on does OCCUP- _ ‘tih‘.‘:“ .

'fthpharmacoklgettc.aal_ therapeutlc,fﬂf pharmacolog1¢al r"andi‘“t

'fgtocholog1cal -1mpltcat1ons of s_‘h a’ process .must:;beit7

‘con51dered

.~' >

Among the arylprop1on1c ac1d group of drugs, 1buprofen;;f

Tf'was the f1rst compound to be 1nvest19ated stereochemtcally B
' -

| Vanglessen and Ka1ser (1975) developed a procedure for tH%‘ﬂu

,”;:quaht1f1catton °bf S- (-) Ta- methylbenzylam1de der1vat1ves of

A"1buprofed? by GC flame 1on1zatlon detectlon_ (FID)

- method was capable of quant1fy1ng 1 ug. of each enant1omerif"
;ffper mL of the b1ologtcal sample (plasma or urtne) The =
lprocedure was also appltcable to human drug absorpt1onvf'

'!f;stud1es (Katser et fal..?’v1976) ; Structures lofl etheéw

j?'d1astereo1somer1c methylbenzylamndes were conf1rmed by

*
~



(AR '

'~i{GC/M5 anaIYS1s Other ary1prop10ﬂ1c ac1ds wh1ch have been"fb

"i;s1m11ar1y der1vat1zed for GC or HPLC ana]ys1s xncludea,ft

?:ff2 phenylprop1on1c ; ac1d 2 (2 naphthy])prop1on1c ac1d

'Qi’naproxen -Q4 b1phenyl)prop1on1c | ac1d flurb1profen

'-1c1cloprofen, Efcarprofen : suprofen,.ﬁ benoxaprofen h’and'b\"

'”dflfenoprofen‘ (Kemerer' et Pfé 1979 Bopp et .al 1979 :

rl*hStottenberg et aI 1981 Maltre et

_ 1984 Rub1n
o al., 1985). |

Yot

'It»viSv 1nterest1ng to note ‘that ' methylbenzylam1del

I

: der1vat1ves of certa1n arylprop1on1c ac1ds have been”

“'rchromatograph1ca11y resolved by both GC and- HPLC These '

"’77NSAIDs 1nclude ,Ibuprofen'-(Maltre e%- all, @ 1984 (HPLC) .
’-Ka1ser et al 1976 (GC)) benoxaprofen (McKay et al v 1979‘.
ﬂlahd S1mmonds et al ’ 1980 (HPLC) Bopp et al. 1979 (GC))

v’,Vaand 1ndoprofen (Tamass1a et aﬂ 1984 (HPLC) Tossol1n1 jetf'“;

oAl 1972 (GC)) "..xv-;»,ﬁ‘T:ﬁ:i'-r_*i e j',fa'fi 3

'In: some - cases ‘the | law volat1l1ty :fand. thermal;ff

_1nstab111ty of NSAID‘ methy]benzylam1de der1vat1ves makek’

. resolut1on by GC d1ff1cu1t In such s1tuat1ons HPLC is jah7§

dattract1ve i:a]ternat1ve u' ana]yt1ca1 : procedure ‘:yThe‘vf

8

" d1astereo1somer1c der1vat1ves are prepared by condensat10h-“'

df the NSAID w1th 1, —carbonyld11m1dazq§b (CDI) followedf -

'Qegby react1on w1th the ch1ra1 amine. Excess CDI 1s e11m1natedyf_

:;by add1t10n .of acetlc ac1d React1on of the arylalkano1cf“,

¢A: ac1d w1th the coupl1ng reagent CDI s Pap1d Whereas thev:f'

¥



'7fsubsequent react1on wuth the ch1ral am1ne 1s generally

. slower and requires abou¢,30 m1n fOr complet1on @N%nglessen

f_dland Kaaser,.'1975).“ sta: and co worKers ‘”

o

S prwor “fo therr?ff’w" [;etf..ajz_;f

»

v

""carbonyld11m1daib1

03

';f-prOportio 'u‘fncr§a31ng the amount of CBI from 6. 5 mg to 52

hd?mg per:reactlcn m1xture (conta1n1ng°between 0 05 to 0 5 u1

30

: - e \
“-‘of the aryla]kano1c acvd) resulted vn much better y1elds of

v

‘\'danrmal phase HPL% w1th UV detect1on

'4*,"- L w L
?&' cOndens1ng agents oﬁher than CDl have been used to R

. ‘ 1

fac111tate amrde format1on In order to demonstrate the fn
#‘"»‘ B

lki Yi&o opﬁﬁcal 1nvees1on' of (R) cl1danac in: gu1nea p1gs.‘”

. .,‘

' } chro@atographic\ (Tth method to quant1fy the 1nd1v1dual~”

G as - the1r .
@«’l P '

1984) the"

belng used '1 N sub optxmal

S Tamura and co-WorKers (1981) deve[gggd a thtnl, 1ayer_'

- d1astere01somer1cjf

ertvatives vand nence eﬂbahced sens1t1vrty.:)These -

y .

L

g™

) B

| "*,Via e _fh” con“p%@at1on . 'b - W1th}”‘
N S B " - S ,
ﬁ?etpyl 8&(3 dwmethylam1nopropy1) f‘ carbod11mide- f, Th1s,~ﬁ

m&ibengylam1des In Jth)s study the am1des werev*,:

/ react1on, however, exh1b1ted -an: enantlomer1c bias s1ncef. N

'Tam1de formatlon1w1th R (-) clwdanac was sl1ght1y favoured

:"The method gave an am1de y1e1d of only 60% prrmarxly as a’

_result of by product format1on jrather than 1ncomp1ete,v'=

react1on.“ 1- Ethy] 3-(3- d1methyl-' amxnopropyl)carbod11m1deifg

't'has also been used for- condensat1on of naproxen w1th aoT‘

fluorodhore ch1ral “'?»fk_» :

s



;‘1nductant (-)-l-(4 d1methylam1no 1- naphthy])ethylampne;:fi

.?(DANE) (GOto et al l 1980 1982) Thls, der1vat1ve waslzj
}Qh¥h1gh]y fsens1t1ve (100 pg naproxen :in serum) to HPLCfeh{
}Qfluorescence detectlon‘ (exc1tat10n wavelength 320 "é<,u,
._1gem1ss1on wavelength 410 nm) The er]d of th f:na]léfp

"p~fder1vat1ve was further '1mproved by fhe : add1t1on :off,w?

1‘ 1 hydroxybenzotr1azole,' au'racem1zat1on suppressant ]Th?.j-

' .measurements (Kr1palan1 et al. f 1976)

"fmethod was also appl1cable to' racemlc 1buprofen hﬂand'd;
}e1ndoprofen '-ln another study.;1ndoprofen was coupled W1hh'2d;
L leuo1nam1de ' fO‘IOW‘ng : efhyl g chloroformate med1atedafd7
‘a nhydr1de format1on..(BJorkmanJh”1985)l ;The 'reaotyon wasfi $
fcomplete w1th1n 3 m1n w1th nodhdelecfable racemiiatlon
iResolutlon was ‘achIeved on a reverse phase HPLC system.;;
isw1tch1ng from UV to. fluorescence detec11on d1d not 1mproveht“

*lwfthe sens1t1v1ty ."{Z;,'_r »l;fdg R o ég'

W & -
In an earl1er study, L leuc1ne was used as- a CDI for

the l rad1o quometr1c analys1s of labelled c*cloprofen (Lag§
bet al. 1976) The rad1o 1odometr1c method was devefoped asfd

an. alternat1ve to’ optlcal rotatlon and c1rcular d1chr01sm'”

¥

' As an alternat1ve to the use of coupllng reagents.'ther;

-arylalkano1c ac1ds may=be reacteé thh th1onyl chlor1de (to"

'hglve C_Ehe,_ respect1ve .ac1d chlorides) followed by 'an

v optlcally pure amine. The methylbenzylam1de der1vat1ves ofrr

' "benoxaprofen (McKay et al 1979* S1mmonds e; al 1980l.

o



e

and indOProfen (Tossol1n1 et al ,1972 Tamasslaf”et“'hl5f'ir

o

1984) were prepared by this route for the purposes of.gl“?

study1ng thear stereoselect1ve dlspos1tlon 1n-»mammals

.”;‘However. the u$e of th1onyl chlorzde has l1m1tat1ons as.f'f

9iidescr1bed by Kaiser et al (1976) Th1onyl chlor1de'vwasl

Lv

:?[lfound 'to dehydrate Etrthé}' hydroxy e metabol1te,fjf7

l:f2 4’-(2 hydroxy 2~methylpropyl)phenylprop1on1c ac1d ‘tof"
‘1buprofen The reagent also chlor1nated th1s metabol1te andf
5the result1ng product then dehydrochlor1nated EERn
: Compared t' those ?1nvolv1ng «optlcally act1ve'pi

'ff”methylbenzylam1ne. -there are relatively f ew - reportsg'

’ﬁ"descr1b1ng other CDAs for the separat1on of arylprop1on1c1::t

'

'”ac1d enantiomers Lee and co workers (1984) resolved the
't 'S (+) 2 octyl esters of R:< and 5- 1buprofen, on. an HPLCyt"
| system us1ng a normal phase column w1th UV detect1on vilhe;
-ﬂmethod was subsequently used to study the stereoselect1veu&
':fd1spos1t1on of lbuprofen in humans (iee et al 1985)
:jarylacetic ac1d der1vat1ve etodolac has been resolved vaaﬁ
u.{llquxd chromatograph1c separatlon of the d1asteré§'somer1c?an

ai(-) bprneol esters (Demerson et al. 1983) The enantIOmers

ff"of 2 [3 (2- chlorophenoxyphenyl)]prop1on1c ach have been' -

'Qdetermined-' as am1de o derwvatlves of ,of'ﬁ“

2 am1nobutane. 1n this study the 1ntermed1a{;ga€

‘0 EUE T

7was prepared with oxaly@ chlor1de (Tameg1.,1979b)

Direct llqu1d chromatographvc resolut1on of

—— .

Qéhlor1de, .



o f&s the1r aromattc ester der1vat1ves

" Doyle, 1984a.~ 1984b; Crowthern et 1_;:! 1984) Afterf,7j

”dffdetermtned that secondary am1nes (e N methylbenzylamine,";t

;andf N- methyl 1= naphthylamtnel weg the most_ su1tdblefsgf

Ty}_arylprop1on1c 'aC1ds has also Been descr1bed (Walher andeui

'qgiexam1n1ng 3var1ous_; ach1ral am1de dertvat1ves._ 1t. was;yf

o dertvattz1ng reagents (Watner and Doy]e' 1984b) The am1deyof

'fidertvatlvesg were then resolved on a P1rkle column In-the-w

same study.:the authors were unable to resolve theﬁ NSAIDS;;;

Crowther,het*~}al. (1984) ; compared :,thet relat1ve,td'

‘ performances »of two Plrkle Y. T Baker- and Regls packed)

5:‘corumns Although adequate separat1on ]foful benzylamtdeﬁfﬁl

J.idertvattves OF 1buprofen was accompltshed in e ch case, the

in' about

.._,

VQ-BaKer packed column provwded adequatéﬁseparat1
1,half th,*:utime(.igtﬁé;f study subsequently led to an

- . .

i

FTE

3
o
&

.§v

.1nvest1gat1on of the;. stereochemlcal , composttion 3 sz

'1buprofen in horses us1ng an LC/MS system

' It ' ev1dent that tthef' éhant1omers ftpf' NSAID -
'-nanylalkano1c aclds are best separated as’ am1de der1vat1veslr

~which are, in turn prepared by means of. a conden51ng or .

‘1coupling' agent The ooupltng agents have an advantage over

i f‘ac1d chlorlde form1ng reagents Ln that they are very mild

.. Although a deta1led mechan1st1c d1scussion on the USe of’

o vanlous coupllng agents 1s out51de thwscope of thls

B
L

. and do not cause 51deﬂreactlons wlth labzle mé%abol1tes f



e

thesis._the 1nterested reader 1s referred to the follow1nge»7d

'T papers Staab (1956) Anderson (1958) W1nr1dge 'andff' 
dorgensen (1971) Bosshardv (1973), and’ Takeda et al. .

SRS PO,

(1985) ' ;__fd;_dﬁ‘if{;f';f-rifrlgnﬂ‘;iei S

13,0000 sTEREoséLchlvs ~ DISPOSITION * OF CHIRAL" |
| xeuoaxorlcs CIN -fMI¢RoBiAL”7rAN MAMMALIAN*‘/:
SYSTEMS L L

In prev1ous sectlons var1ous aspects re1ated5fio'dthe
. ;uchromatograph1c ' separatwon of stereo1somers h<vé- been

pidescr1bed Ihe rema1nder of the 1ntroduct1on w111 fOCUS on’

"f_selected routes of m1crob1al or mammal1an metabol1sm whlchj»K'

 {11lustrate thev 1mportance of drug stereochem1stry lihf,.;

ximetabolic pathways 'fori the purposes of thws thes1s..fhe .
,follow1ng metabol1c prOcesses were selected ' | 4 
. ]; d'm1crob1al g hydroXylat1on of B- adrenoceptor drugs dk?i
"2v u7m1crob1al S oxwdat1on of B lactam derxvat1ves | ih

' .:3;e pmamma11an N dealkylat1on of amphetamlne analogs a
4 ;?mamma11an ch1ral 1nvers1on and d1sposxtwon of;af”
22 arylalkanolc ac1ds | '“j%» AR
r_'ftgagr,oao}o '.chRbBIALpuooELs'OF MAMMALIAN METABOLISM: o

Microbial transformation is a term used to describe fthe =



transformat1on

S es
£ chem1cals by mlcroorganisms In1t1allyx3”

"‘*{; led the real1zat10n that var1ous f

reactmns were conmon ‘t_o mam'nals a'nd =

m1croorgan1sms (Re1ghard and Knapp. 1986)

The- concept of us1ng m1crob1a] SYStems htd 'stUdyftik

‘Qf mammal1an metabo11sm was flPSt 1ntroduced 1n 1974 (Smith

and Rosazza 1974) The method has severa] .advantages Ingfa

v<::jdd1tion to the econom1cal and eth1cal benef1ts. m1crob1atrﬁf

(3

1

ransformat1ons are frequently reg1oselect1ve/spe01f1d) and” -

tereoselect1ve/spec1f1c- Lnggljch,_v1seo Clark et al
985) B T A I

M1croorgan1sms - may fservef sl»effect1ve models -_”r

mamma11an ~metabol1sm ; sinee'lfthe',' cytochrome P 450

monooxygenase enzymes are s1m1lar - to those found

C

mamma11an~l1ver (Ferr1s et al ‘1976 Cerniglya_ et ai

) R B 1

L

78; ” Rosazza ’ and Smlth 1979) s a mu]titbde of
' T

ytbchrome P 450 medlated b1otransformations sis° p0551b1e;’.

he- dwscu5310n in the sect1ons follow1ng W1ll be restricted

»;L” aind 1 | g o

i nbo oxadatwve pathways d more spec1f1cally. aromat1c

'j Y L K k
b A v
. s hydroxylation and sulfur ox1dat1on TP
-Irgi - ¢ Ehd o o o & S

| N “7, ,'/ i ' " . . . |
x. N » e » “"i‘." o ) ,-' g
D ,* By PR et Yo

'vformed 1n ~an - effort to d1scover ﬁnew B




. &

'cftw;t‘:vﬁ;ri,ei'ff;;f li,~:vj_. hg':'fftfhff,f:r’;i“fejf';ﬁgjign:
CL3iti000 MICROBIAL & HYDROXYLATION OF B ADRENOCEPTOR.h"h

DRUGS

s

o Aromattc hydroxylat1on 45 a common metabollc route 1n”1 t,

C“,humans tﬂhe stero1ds (Matsubara et al 1975), amphetam1nes“
(Coutts et al., 1976, 1977, 1978 ‘1984 Cho, 1975),

'-.niflum1c ac1d (Lan et al 1975) | mep1vaca1ne (Meffvn eth._g

-_:al 1973) and cher ant1arrhythm1c agents (Beckett and' i

‘»iChidomere 1977 Far!d et al., 1983) phenyt01n>_(Chow' andi-,'
”’Fls&her.ji1982) ‘ t1aprofem1c ac1d (uama11 ‘et"el ;;1984!_‘,'

{fr1985 Sork1n ot ‘al. f 1935) PPOpPanO‘O] (V‘de infra),

'“'chlorproth:xene '(Breyer Pfatt et al. i/1985) debr1soqu1ne gﬁ5
tKahnﬁet 61 1985), and hexabarb1tal (M1yano 1980) |
‘just a Fewk,oi_—the drugs wh1ch.'undergotthis metabol1c

=':process

‘f, Pasutto and co- workers reported the excluszVe format1on'
of the p- hydrOXy mqtabolttes of- propranolol and tol1proio}i ;
"froéshunn1nghamella ech1nulata medlated reactlons (Nazaral1‘?jf

to further”'

h et~ 11982).  Since ft' was of

'.-illustrate the m1crob1a] mode of nmniﬁ an metabol1sm ashwjf

- well as m1crob1al metabol1c (F1g 4) stereoselectiv1ty, ‘1t‘ﬁﬁa

‘h; was felt that 1n v1ew of the structural s1m1lar1t1esz

°‘:between propranolol and ~pre-prena1terol)_lg.' ech1nulata'
'would S1m11ar]y metabo]ize :prerprehaiterpﬁ to afford Ex

S
i

; prenalterol

Propranolol 1s a non selectlve ﬁ receptor antagonlstt ‘

' 7
b



F{751de ‘cha1n as; well as(veO alkylat1on 'and aromat1clf*V

)

‘_(Zacest and Koch Weser 1972 Mehta et al;

o assume that m1croorgan1sm med1ated aromat1c o3,
Ju

fV,fdeal1ng w1th the’ NIH shift mechanxsm i mamm: is well

}iPowell : 1979 walle et -a1;

/

‘_;fwh1ch is metabolized extenshvely by man dog and rat (Walle*V.ﬁ'
fffjetf;aQﬂ; 1978 1985 Bourne et al. 1981 Barger et al
55?f1983 ‘Bai and Walle. 1984) Several metabol1c processes are

;iiobserved : 1nclud1ng ‘N- dealkylat1on “of the propanolam1neﬂf

'fhydroxylatlon (Bond 1967 Walﬂe and Gaffney, 1972 Txndell-hj
';.et al. i:1972 Walle et al. -1.972x Pr1tchard __1979) 2The.”.
'hfppr1nc1pal ) product - QFT ' aromat1c hydroxylat1on t;iS" :
l'id4 hydroxypropranolol wh1ch 1s bel}eved to contr1bute to'thez

'pharmacologlcal and therapeut1c effects of propranololf

“,1solated after e1ther in vatro (Waﬂleéet al | 1974.tl1ndell"

.let »al 1978l ___’lnchVO exper1ments iwaié% et‘allr_f978;
1982’ A SRR T SR
k : A . } &}? ,‘

M1crob;al monooxygenase systems are. b*m1eved to_be‘ g

_i&priate j'tovi'

proceed through an NIH shlft Although theqwu?l

- referenced (Daly and der1na. 1969 , der1na et alkapfﬁges*l
Daly et a] , 1968 der”—.a et a] . 1971 KaHb’lSCh et al.

'f;'1972 Bru1se et al , 1973 Tomaszewskl,' 1975 Nelson and

- 1983a, 1984) ‘there"are

.relat1vely few reports of this mechan1sm in’ mlcroorganisms'

‘r(Sm1th and Rosazza. 1975) .

. ,1983). Other

'ihrlng hydroxylated metabolxtes of propranolol have also been .



o

: P%alterol ts a cardtose;lectwe B agomst havmg
r';"-"rtflcr‘fe pronounced effect on M§oqud1al contracttltty than on
‘fhear. rate (Kendell ;et "1982) The pharmacolog1cal

”IIfeffedts are’ aSSOC1ated w1ﬂh the levo 1somer ( Kendall et

rv"et al 1979 1980). and excret1on of approxImately 80% of

5e'al;4 1982) The pharmacok1het1c prqpert1es 1nclude rap1d

;peak plasma levels e71m1nat1on half l1fe of 2 hours (Ronn ;{/

,f.the drug ur1ne as. the sulfate ester (Hoffman et al 1982)

| Prenalterol has been_ assayed n b1olog1cal samples

z”fiafter perfluoroacylat1on us1ng~ GC electron : capture
',Vdetect1on (Degen and Erv1K 1981) and GC/MS (Erv1k et al.
lt1982) Recently. the determ1nat1on of prenalterol 1n plasma

‘i'and ur1ne by HPLC electrochem1cal detectlon has also, been,d’»

: fperformed (Lagerstorm and Carlebom. 1984)

u The chemical synthesws, of?' prenalterol "has.t"beehf’;f
,t]descr1bed _lCrowther et 313{‘1969)» but the ut1l1zat1on of:
sjrvmicbpchganisms tna the 'synthetlc'.scheme‘;has,ihot : beenﬂ
"flatf;zioLo-;'chRoBIAL;seoxonTION?oFprLAcTAM‘DERIvATLVEs T
L In manumls, sulf1des are metabolized to sulfoxldes andfl“
- sulfones’ (Beckett et al,, 1975 Breyer Pfaff et al. 19781:

- ﬂ



:7f?metab011te 1@{Eract1on (Shav1tQQEt al

f}hlntermolecular rearrangement jgsoc1ated WIth

= LN .
ot

"f;FPequeNtlyiﬁmetab911sm is accompanmedr by ‘3 “f#ii1$'1”

‘,;rcleavage (Hanzlek and Cashman. 1983) As suggested by Sm1th;f:,

lr}’and Rosazza (1975) ther

N

Jy:are few systemat1c stud1es_

{dfexpla1n1ng the 'processt?f metabollc SUIFOX1dat1on It 1s-;5”

'lsulfurl ox1dat1ons (Testa and denner. 1978) such as the;.?‘}

'{‘,ox1datlon of d1th1othre1tol (Pou]sen et al 1975) are ’also;dr?

'v1nvolved "n N ox1dat1on The N ox1dat1on 1nh1b1tory_7~

O -

- ﬁact1v1ty of d1th1othre1tol and cysteam1ne (Beckett 19745

4dsystem.

"Zeigler and M1tche11 . 1972) and conversely sulfox1datlonfffr_
”fs1nh1b1t1on by meth1maa£ﬁegand phenylth1ourea (Hanzl1k and“

f'Cashman 1983) 1ndicates the presence of a common enzymat1cg§{f

. ,“.

. a]

'In’ gener’;§‘ mvcrob1olog1ca1 sulfur ox1dat1on proceeds ,1]

in a step wise" manner, through the sulfox1de to the sulfone"

fb*(ng 5) The m1croorganlsm-med1ated ox1dat1ve pathway can;ﬁ'

’.}be 1nterrupted at the sulfox1de stage us1ng acetone powderg 8

'_(Sm1th and Rosazza, 1975) Frequently su]foxtdatjon.lspfi;

"

.;'reg1o-'and stereoselect1ve (Auret 'eth al '19683;p“1968b'

'-.1974) The degree of stereoseleot1v1ty depends upon - theg

: p_degree of’%pt1cal enr1chment 1s observed dur1ng the

e

:stra1n of m1croorgan1sm as well as such substrate related

' factors as stear1c hlndrance and s1ze For example.'a h1gh‘ f‘

T
H . .

ﬁlystems respon51ble for, catalyz1ng me=



sulfoxidation of bulky su}fides (Aure;ret al { 196&??°%;
5 :

M1crobial oxidat!on of sulfurfan'the cephem nucleus of
the cephalosporins was reported 1n 1980 (TOPPT] et al

1930) The ‘

o va_' N

,.§h1rsutus med1ated f ox1dat1on “fcf;}:f

cephalosporan1c ﬁ‘ acwd ﬁﬁk
ﬂm

7 phenylacetamldo S:deacetoxy;;wc

(7 PhADCA) 7 phenoxyacetam1do 3- deacetoxy cephalosporanlc

} s

acid (7 PhOADCA) and cepha1ex1n y:elded sulfox1¢es W1th e ?

28

'}7'vary1ng degrees of optlcal enr1chment _f;;‘fﬁfmplpf;{Vféf

_ The cephaJospor1n (R or S) sulfox1des have rece1ved
ve,recent attent1on due to the1r reportedly h1gh 1htr1nslc ;%;

' antim1crob1al» act1v1ty compared to the parent drugs(Gorman;?
& Ry **1972) '

’; nf add1t1on.- reg1o-: and stereospec1f1ct'

n”; chemical syntheses of S ox1des may ‘be dlffwcult ?éhd~e7

consequentlyzune¢onomical (Torr11 et al. 1980) Dlrected":“

1Ib

;es1s q appears to”

microb1al 9.

..v

represent “au v1ab]el}**

alternative f"Ffp?f;,pftnf{}rfﬁefﬁ;f

1 3 2 o o o nAunALIAN N DEALKYLATION AMPHETAMINEifﬁ_
ANALOGS IR

R I

Fenfluramlne avallable commercxally as. a racemate,-'is -

Y. /o

'ffah’f effective anorect1c agent vlaboratory anwmalsu-”p
(LeDourec et al 1966) and humans (Mdnro et 1966):n4.
The drug i pr1mar1]y metabol1zed by ;:%eethylat1on to. “
norfenfluramine (Beckett and Brookes.‘ 1967 Bruce andfp

A
'\‘.

". Maynard 1968) wh1ch also has 1ntr1nsic anorect1c ,fsv

e



'fittsé;?%i

f}flppopert1es (Bere91 et al 1970 Braekkaup et al 1975)

Ce Species of an1mal (Campbell t lat:' ‘1971). ,route oftfﬁﬂ

'“fi;adm1n1stratlon‘; (Beckett d Salmon. - 1972) na?lﬁi

Q.f’stereochem1stry (Morgan et al ; 1970 Beckett and Brookes.pff

jvf 1970) ‘are’ Known to lnfluence 'ihef N- deethylatlon of,fﬁk

“l"_fenfluramlne The S (+)-vand R (-)-1somers of fenfluram1neﬁf.n

7and norfenfluram1ne.w. respect1vely.r have - d1fferent_g~

“;zblochem1ca1 and pharmacolog1cal propert1es (Bered1 et al

.A1970 Crune111 et al 1980 Malz1 et al 1981) and are 1n,f;f

1n’fact metabol1zed at d1fferent rates ln laboratory an1mals .

';‘](dor1 et al 1978 Garatt1n1 et al 1979 Cacc1a et al'

.J

19817, ”r; a- better understand1ng of thls mechanlsm.}tt,"

0

".lcould be more approprlate to rev1ew the 'process “6f“ti

"tﬁN deethylat1on on amphebam1nes

All of the N subst1tuted amphetam1nes, phentermlnes and‘“
.'rephedr1nes undergo N dealkylat1on Quant1tat1vely. th1s is

*'{an 1mportant route of Metabol1sm although 1t As apparentlyl"i

h;f*less extens1ve in man than other animal spec1es (Caldwell

v

. 1976) N Dealkylat1on 1s an ox1dative process catalyZed byf'%w

' the 'mpcrosomal fract1on of the 91ver ‘The products are a'é

:t':pr1mary amtne and an aldehyde der1ved from the alkyl group ;7f

"‘wh1ch has been removed (Axelrod 1955 Dr1ng et al* 1979)

::7fThe metabol1c removal of N- alkyl subst1tuents has been;j'-

'studled ' extensxvely ' Two bas&c mechanisms have been..
‘r*rproposed the f1rst proceeds through the ﬁormat1on of a

& )



vﬂhcarb1nolam1ne <der1vat1ve ,(F1g 6)- (Brod1e et a] 1958 d:-

- TMcMahon, 1966) while the other 1nvolves N ox1datlon; to '?hj:“

’a

-‘fhydroxylam1ne,,_ wh1ch : then . rearranges f;to{ ‘give’ theilt

~

"’carbtnolamlne (F1sh et a] 1955 1956 Ze1g1er and Pet1t

M:;19%6 Mach1n1st et al ? 1966 Hendersen et al. ]974) It

J'has been suggested that the f1rst mechan1sm 1s most 11ke1y'

l

'hvalthough the second may be preferred 1n certa1n s1tuat10nsg

RO
(Hucker, 01973) A]ternat1ve1y,.n ="1n 1,the . case - of

~

‘.f.1m1pram1ne.. both pathwaySKmay be s1mu1{aneous1y operat1vei;}

'ij(81ckel 1969 19711 It should be ment1oned that ‘a -c-

;ox1dat1on and N~ ox1dat1on proceed“v1a d1fferent metabol1c_t

\&

,~:_pathways and 1nvolve d1fferent enzyme systems .(Beckntt
".’1971) e il

Of the factors wh1ch Tnfluen&e the rate and extent Ofr :

t.N dealkylat1on. the :most 1mportant are the nature of the g

x

N alky] subst1tuent the'stereochem1stry of:the-amphetam1nep

“,analog _and;ﬁ of course, ;the an1ma1 spec1es The“rate‘of:'

gdealkylat1on 1n} man. 1ncreases w1th the ‘size of ‘the

: vla
fN alky] gPoup (methyl ethy] 1sopropy1< ser1es) - The
N= "n* Prole analOg 1s dealkylated~at a slower rSte than :the?

. »otsb analog (Vree f et» a11.’ 1971a) », Ité has also beenvjf

3,4demonstrated that the 1ntroduct1on of a m CF; group

_d»Vpethylamphetam1ne (1 e fenfluram1ne) resultﬁﬁhn/a sl1ghtv

}1ncrease in the extent of N- dealelat1on On the other

W uhand the presence of an add1t1ona% mesgyt group on the '
- Lo _, .:_ . “ . . . . ‘ Y’Lh‘ :

e e

0



;*jcarbon adJacent to the amlne functaon (phenterm1ne analogs)

'»=rha a depress1ng effect on metabollsm In rats it has beenﬁhd

h‘shown that N dealkylat1on occurs at a moderate rate and:d5

ﬂ';;s1de cha1n ox1dat1on (e g B ox1dat1on) ts very l1m1ted_

o favor or;

E (Caldwe]l 1976) A subst1tuted N-dlkyl group may e1theri'

1nden - N dealkylat1on The prOport1on off¢¢

amphetam1n ’:ﬁn_kinatf bra1ns _Was' h1gher w1th57'
| (fenproporex) ltf,‘ . ?pnd;u'

‘ tff) analogs compared to that found~ﬁf
'Lgafter intr aper1tonea1 adm1ﬁhstrat1on of.n- pPOPY‘amPhEtam‘"es-t

_Hi_(Nazaral1, et a] 1983)sﬁ¥:sgéﬁbe;_ ffrj“g'*ﬂf“

W1th respect to metabolic% stereoselect1v1(y \n man[7

N- dealkylatron general]y favors - §- (+) N alkytamphetam1ne f

?v'1somers Stereose]ect1v1ty becomes more ev1dent (although}?¥

o the effect is. not 11near) upon 1ncteas1ng the subst1tuentf

“osize .from a methyl to 'an-1sdbropyl group (Beckett and5,:
*.Brookes,,1970 Vree et al 1971b) W1th propylamphetam1nes&ff
q-’tthe R (-) enant1omers are preferent1ally dealkylated wh11e:;}

‘ RECTan s
/‘total ]oss of stereoseﬂect1v1ty “-was : observe w1th‘

"a,bUtylamphetam1ne enant1omers '0 the bas1s, of in v1troﬂ"

' studf%s wath rat liver m1crosomes, it] was suggested thatfv

o d1fferences the' act1vat1on energy requ1rements foPf.”

(+)- and R (-)-lsopropylamphetamine accounted fori thelr}

"d1fferent1al Metabo11sm (Henderson et Ea].f 1974) g;'

f',,N alkylated amphetam1nes (N methyl -ethyl, and -1sopropyl)

- ..-—»-—-4’—-
- i N g EREF IR
. S . . - T :~§-' .




v‘fi*ééaia&eéehi 3of the a- hydrogen w1th deuter1um resulted in ah”
'5{;marked) 1ncrea;e in the act1vat1on energ1es B of_trtheft;
: S (+)-1somers ?wdéreas 1sotop1c | effects were not ev1dent
ht:wIth the R- (,) enanttomers IVree et al,,: 1971a. 1971b L
”Henderson' et xa. 1974) These results suggested that 1n?:j
z:the dealkylat1on and - deam1natlon "of S (+) secondaryfi.

T £ .
,yamphetam1nes.vremoval of the proton on the a- carbon as the ,

“-:;rate 11m1t1ng step In- contrast ox1dat1on of the ‘R- (-)-.ff

~-"'-"isomers proceeds v1a N ox1dat1on Stereoselect1¢e metabolxc'”

-~

"‘;effects were not observed w1th tertlary amphetam1nesj"'

““pf(Reference number 27 1n denner and Testam 1973) ?

R e B R ﬂa_ .
| N- Dealkylat1on -_'ofﬁ ) N N dtalkylamphetam1nes o via
opiN ox1dat1on s the most obv1ous metabol1c route Thé;ﬁu

}icalculated’apparent act1vat1on energ1es for N dealkylat1on;

'et’°f N N Q1methylphenterm1ne and N Nddtmethylphenylethylamine f'

- dwere found 6 be 17 5 +/-‘1 5 and 17 7. +/ 0.05 Kcal/mole,g:l

ﬁ whtch correspond to an N ox1dation process (Hendersen etii
‘ah . 1974), In another,study (Beckett et al 1978) t ’Was'.
"obServed"T;at the amount oftk-ﬂf) amphqtam1ne formed after"
":'1ncubatton of S (+) N- benzylamphetam:he w1th rat and rabb1t}
| '311ver" M1crosoma1 preparat1ons ‘was’ almost double thatl,
hglfobtatned from the R- (*)-1somer The products of N ox1datlonf
“~were predomlnantly select1ve for R- (-) benzylamphetam1ne
”Interestingly. the percentage ‘of unmetabol1zed substraa_tev:.f=

‘.was 1dentical for both 1somers . ;h”.f”

B VV"I" : ’ -

’ el e :
s L :



SRR :1(}2” . p} ff'_:fﬁgifV?":" ":.5"u‘ .
“j:It:'s evvdent that the spec1es of an1mal .affects -
metabdﬂ1c stereoselect1v1ty Although 1n vivo (Morgan etgii

: a(,, 1972) and 1n v1tro (Reference number. 25,1 denner, andlkk
Testa._d 1976) i experxments Coin rats have demonstratedtft

| k stereoselective | ,, demethylat1on' ".: ofi" ,(7 (+) N-..w
‘. methylamphetam1ne,, Beckett and Haya (1978) observed thats"

.«.w1th rabb1t hepatlc fract1ons. R 1-)- N ethylamphetamloe was?;;

th preferred substrate‘ for both N dealkylatlon-:and ’

N- ox1datton o In humans. ‘ S (+) eth)elanphetamme ;».is‘ |

select1ve1y N- dea(ky(ated (Mree et a( 1971a.‘1971b.gl
Swecfes differences are’ also observed in the- met dT1sm;
feﬂkluram1ne The 5 (+) enant1omer:11s preferen 1ally;f
N deethy]ated 1n humans (Brooks and Beckett 19@0) wh1lef.v
the reverse ﬂﬁ ‘true ~in irats (Morgan et a] ¥ 1972) |
metabo(ic s1m1lar1ty w1th (+/-) ethylamphetam1ne should not

be sq'pmlslng quever,('th; 1ntroductfbn of m CF, 1nto'

ethy(amphetam:ne substantlally reduces the stereoselect1ve o

metabol1sm 1n humans‘ (Beckett and Brook5v' 1970) ,Theh

;///o1fference 1n the _stereoselect1vity of d1str1but1on of
f

enfluram1ne 1n at_ plasma. strtatum~(51te of act1on for}"

anorect1c agents) bra1n stem and erythrocytes- s' sim?*arf
(dor1‘ et , 1978) Intraper1toneal adm1n1stration ofd
v fenfluramine to_:ratsa_resulted, inl' h1gher-i levels :ofi
S (+)-1somers than:(R-(;)Jtsomers and concomitantly theresf(
R as more ~' - AT

v . .,
v . . A e




P*norfenfluramine : than 3 th S (+)-Jsomer : These |
:» differences Were notgielated to stereose]ective ibsorption ff

f-'from .the peritoneal ‘cav1ty as 51m1lar observations were o

f g :
*.;:made v following 1ntravenous : administration ;, Rapid
'ﬁw'disp051tion of R (=)= fenfluramine 5 bei1ewed to be of.
- metabolic or1g1n 'sf it elimination .:Wa;*i compiete]y

i 'vsuppressed when the ]1ver microsomal 1nh1b1tor SKF 525 was :5

| ,LfaF both 1somers.’

'”d“administered This in all probability a]so suggests th d'f
"1nvolvement of different enzyme systems 1n'the process of

:~[fdealkylation (denner and Testa; 1975% The observatIOns on }7
'_fenfluramiﬁe were confirmed ‘a 'separate study that ti
;g,investigated tge kinétics of the 1somers 1n rats (Cacc1a.et

2

;al,,41981) It was suggested that after oral administration ”7

:,tho rats.gthe rate of fenfluramine absorption was ’51milar

'Je only small differences 1n their

: . "
'_distribution rate constants were observed _ The difference

dn the rates of hepatic metabolism results 1n preferentia]
. disappearance ';'ofif§ R (- e fenflu;amine," while ”;»mbraj“
”,R (-) norfenfluramine jaccumulates than the corresponding
'H;S (+)-1somer Rates of disappearance of both fenfiuramine
isomers have been shown to be dose dependent decreasing
L:disproportionately from lower to higher doses The observed*ff
'[diiferences ;_inf ;ihey' K1netic profiles of - S- (+)-f* nd’.
'h;R (-) fenfluramine in rats and mice a;e con515tent with

stereoselecthe N deethylation of the R (-)-1somer Inulf e

R " o R I‘ r ) : . DR o o -
» . A) e . B L
v . L [ . AN o . S
s LIRS 4 v e . L . B .



e

*rﬁ.contrast there 1s lttth difference in the k1net1c aﬁd?'”

‘”fumetabol1c prof1les of M Qt lsomers in humans and do@sfd*

‘,ﬁ'(Cacc1a et al 1982) ff*f%hff*f__;f;u_,?f' hn?tf h'f'
Some tecently reported studies dea11ng w1th drugs whichi;t
deundergo o stereoselect1ve ' N dealkylat1ons f' 1nclude
'T“ffchlorphen1ram1ne 3 (Thomson andtv Sh1osh1ta. 198v{

'desopyram1de (Cook et al 1982) propranolol (Nelson:tend .f
‘lBartels,} 1984b) :'morph1ne (Rane et e1 .. 1985) ‘and-'é
‘_mechan1sm 1n revepse, stereoselecttve . mefhy]atiqn," of ft

-1f"n1cotJﬁe (Cundy et-éi" 1985) *?af’x"

”;:t;B.B;0,0TQ MAMMALIAN CHIRAL INVEhSION‘lND DISPOSITION-OF
T A 2 ARYLALKANOIC ACIDS e . '
T‘The:-'stereoselectlve dtsposit1on : of chtro thwcal \
'e_{earylalkano1c ac1ds, part1cular1y the 2 arylprop1on1c ac1ds
.(APAs) .3h_ been ?':subJept of - recent ;1nterest _Qf:
vf{fpart1cular 1ntr1gue 1s the un1d1rect1ona} metabol1c opt1cal.
iﬁ:1nverstoh‘ of the d1stomer (17, generale R conftgurat1on)

Lto: eutomer (d ; tgenerally s- conf1guratlon) (Hutt/ and—“’

"-fCawae11 t 1983) n - add1t1on“_‘M to chtral 1nvers1on, o
'w‘stereoselect1V1ty 1n tHe ph,i' ics of arylalkano1c .
BN o . '. : . ) o T4 s
. %cads may falso ar1se 0 - ec'lv1ty‘1n absorption,;ﬁ,

'Q”dtstr1but1¢n. b1otransfo’ Nt f’(other than i ch1ral
R = o A ":{‘ A ,. . T L o, h .
e?"lnvers1on) and excret1on SR ﬁ- ~g““].% :'7Aiw )
T e e e
. o p et e Tegpitoa
. . <' . . .'~: e .!‘- i A
T . ’ ‘



In thqs section thev:isSUe“ of stereoselect1v1ty of

arylalkan01c ' acdds. part1cu1ar1y ch1ral .1nvers1on,._isf)‘

2

.:f discussed along w1th appropr1ate; references to5 ,other:?f

‘. :

6

factors affect1ng stereoselect1v1ty.*v; EER _
The cbinal 1nvers1on of APAs is a unlque aspect of the};ﬁ
metabol1c behav1our of - an 1mportant group ofgkristerOIdal’ff
antlxnflammatory drugs The cl1n1cal s1gn1f1cance ‘of . the*::
b1oinver510n of d1stomer to eutomer has -recently(geen f:
empha31zed (Hutt and Caldwell 1983 1984 1985; AP]GHS.;vﬁ
1984 williams and Lee,’ 1985) although t" was f1rst .
ment1oned Sn a survey of 55321 metabol1c routes (Isra111 et'“;

al., 1977) : These 'ti !? opt1cal 1nversxons are ff

f*;hoharacterlst1cally un1direct1onal and always_ favour thef*5

formatlon of the dextro sohe The_ ant11nflammatory’?§

prOpert1es are ma1nly due to the S (+)-1somer (Harr1son etfa'

al .f 1970 Niokander et al. 1971 Tomhnson et al 1972
Ku and Waswary, 1975 Gre1g and Griffln 1975 Adams etrf;
“al., 1976 Buttinoni | 1983 Rubm et a1 1985)
however. as’ a result of 1nvers1dn the two '1somers may r'
~apprpach bloequivalence 1n’v1vo (Adams et al. ; 1976)

Chiral invers1on 1s not the only factor that qeterm1nes;

'f thg re]ative pharmacoknnetvc and pharmacologlcal respoﬂSesgst

of the enanttomers There are. many other processes thatA
affectm,the enant1omer1c .compos1t1on of a racemxc drug in

the body. inc@ ding absorptlon d1str1bution metabo}lsm

S :



a?i;?benoxaprofen McKay et aL v 1979 KemmererJ

L

Ch1ral 1nvers1on has been 111ustrared for ibupqefen

o o o
Jf_j(Wechter et a] 1974 Ka1ser et al 1976 Lee et//

': ertmmondS' at.{v'1980) 5'c1cloprofen (Lan et a] 1976

L

"iff(other than 1nver51on¥ and excretlcn udenner and Testa.~;:

f}}“§1973 Low and CastagnoTw} 1979) Efﬁaziui;;;,vt~f:

N Taf a

*7?11985 et al iy 1985) fenoprofen (Rub1n et al ;‘IQBSY'”‘1
et 1979. L

:T;fﬁ:ipalan1.g”et__'al T 1976) 2 (2 1sopropy11ndan 5 yl)~-~

'dprop1on1c_ adid (Tanaka and Hayash1,k1980), naproxen (Goto Q

: ,,;étﬁn 1930) cﬂ1danac (Tamura et l 19817
'h-cyhydratrobﬁc - aCId (Yamaguchl 1985) AlthOUQh

"x

.fj;b101nvers1on has been descr1bed‘*as a generiﬁ phenomenon

'}wfi(Hutt and- Caldwell 1983). sbmewary1prop1onic acxds sudh as

: :151ndoprofen (Tosol1n1 et ,al f 1974 Bjorkman. .1985) d~?€

m’ﬂnfposs1bly carprofen 4Sto1tenborg, 19817 appear t° be

v PN

' Pl*except1ons dﬁ‘” M ﬂ,.lﬁT“.iﬁ,‘Tﬁ ’f:'i?“~’“’“?ﬁi

S oo .f .‘ e et e ,‘4' T

Several mechan1sms based on 1sotope labelling.studies'

:

.'77have been advanced to eXp]ain the 1nversabn prdbess fThe;-

S

.

'Jv;mechan1sm proposed by 'Wechter ahd CO workers (1976) was

. 4 it &
‘,conceptual1zed on the bas1s that the APAs were 1ncofporated
- N & o ) :
‘ 1nto tr1g]ycer1des,*\ th1s laten conf1r d with
'fenoprofen and Ketoproﬁen (Fears al 1978) mjyechter f

T:proposed the exxstence bf an R arylprop1on1c ac1d 1somerase

e %)

.UF(R APAI) enzyme operat1ng w1th1n the l1p1d catabol1sm and
| anabol1sm pathways (E1g 7) :

¢ A
P .‘.*

. “»,V.Kl:»-
o

4

";?s~observed that after ,_j 3



g

| “iadm1n1strat1on of tetradeuterated R (-)-1buprofen to humanﬁ”?'

LA

'subjects,w the S (+) ?buprofen ‘recovered from baoﬂog1ca1’

'-'samples had retalned on1y two deuter1um at%?s on the methy]. |

—

fi_portwon iyofwf the drug (ng . 8), Furthermore..{jt was,.f

”.Adeterm1ned that the S lsomer was not a substrate for : hef

'.eproposed 1somerase enzyme h ,__there,rwas' no S- to R-

‘1nver510n

This . conceot :5whioh§ predfets *theﬁ5formatfon “of;_af*'

’””fmethylene 1ntermediate by a,dehydrogenase enzyme has been’

i“;contradicted by other 1nvest1gators In v1tro rat 11ver

,-f'subcellular anubations w1th racem1c a deutero (meth1ne :71ﬂ

“l"'
g

"ﬂd ) 1buprofen and a- CD; 1buprofen (NaKamura et al 1981)

;;7gsuggested that 1nvers1on was med ed by abstracthn of the

co methine proton These observatlons'were reproduced by means

qufof perfused rat ]iver exper]ments,\g thus _ suggestlng

'i;‘alternate pathways | medlated ’by \ﬁTP 'and coenzyme A
’“n‘ISOIation of R (-)-1buprofenyd C ﬁrom /fbat" liver'

! e

W, )‘?

'*'homogenates ‘jfand,{‘,thh )J observat1on : that synthet1ci7ﬁ

A

‘h'jS (+) 1buprofenyl CoA? ﬁ@Verts 1n vivo éuggesteq ~ that

¥

coenzyme Ai showed ‘stereoselective act1v1ty am“”

CR- 4-)-1buprofenyl CoA was ep1mer1zed by the nonspec1f1c'
;*Vjiéomerase enzyme (Nakamura ‘et a] 1981) (F1g 9) These ,

7ﬁtstudies o were ;ff conf1rmed ff.‘ us1ng . labelledﬂ

<4y

. ff2“(2 1sopropy11ndan 5 yl)propton10"' ac1d (Tanaka ’fand )

¥y

Hayashiw 1980) and cl\danac (Tamura et al,, 1981) .
It 1s diff1cult to explain the observed differences

RPN .~

that‘



"p'between 'th proposed 1nvers1on mechan1;ms.. speC1esﬂ-‘

-

/f§ var1at1on and in some 1nstances drug d1fferences may play’ff
: /

:h_a role. Wh1le 1nvest1gat1ng the 1nvers1on of cacloprofen 1nfi
fﬁ?t rats and monkeys,. Lan and co workers (1976) proposed:fi
m var1ous 1nvers1on pathways (F1g 10) The1r prel1m1nary“»*
' ev1dence favored the format1on of a: methylene Jntermedlate,:
”iw as. th1s substrate was read1ly converted to c1cloprofen

The var1ous pathways have been summarlzed best by Leef

and co- workersv (1985) (F1g ‘1{)}. The' prerequ1s1te for -

1nver510n , appears_ utoﬂyzbe the hlghly stereose!ect1vel'

ester1f1cat1on of the R-(~)- 1somer' to 1ts coenzyme' A. f

thloester Once'];the ester s formed - subsequentt :

) ep1merlzat1on occurs by means - of enzyme 51m11ar to}f

methylmalonyl coenzyme A racemase In Flgure 11 the processi}
of metabollc"lnvers1on t deplcted <fin‘;;the . properf_
perspect1ve..1 e. the 1nver510n process 1s‘compet1t1ve w1th,‘
other routes of metabo;:sm\k ,y _ " T ‘_. |
There is l1m1ted eV1dence suggesting that inversiony”
‘(? occurs sometlme dur1ng~pr after absorpt1on and that ,it"is}z
| 'term1nated after extractﬂon by the liver In yltgg rat
]1ver (perfused ,and supernatant fract1on) v-1ncubations’;

5 t‘conta1n1ng 1buprofen (Naka : et al 1981 Cox et aﬂ y
lhgw 1985) and benoxaprofen (Slmmonds et al 1980) as well fas;
’J1ncubates u31ng anerted : 1ntest1ne and benoxapnofen‘f

A ]

(S1mm0nds et al 1980) all resulted 1n substant1al



""1nversion of the respect1ve substrates

' An1mal spec1es vary \n the1r ab1l1ty to 1nvert APAs Inf"

comparat1ve study,. rats 'and dogs were shown to beﬁ:az

:fexcellent 1nverters of ¢1cloprofen wh11e monkeys, l1ke;i
1lhumans, were poor 51nverters (Lan et 976) These;
'fﬁobservattons 1nd1rectly reflect the s1gn1f1cance -of. thepv
»ffmesenter1c c1rculat10n “in the un1d1rect1ona1 b1o1nver51on

'hof APAs It 1s an 1nterest1ng_-and 1mportant CO1nc1dence k

';sthat the APAs not-only'underQONextens1ve rnvers1onv1n ratsbht

rbut they also undergo s1gn1f1cant b111ary excretlon -iInh

7contrast to these animals. humans are poor 1nverters. a;[j

‘tefact which may be assoc1ated in, part w1th the1r 1ess;tf

o

r,fpronounced b111ary excret1on

It has also been reported that the extent of 1nver51on'f"‘

f&hof R (-) c1cloprofen in female monkeys is. greater than thatf‘-

| fgin males (Lan et al 1976) However as the study was done,i |

: ’.tn'Fa_-stat1stica11y 1ns1gn1f1cant populatton these results

-

must be . 1nterpreted with some caut1on

Humans with alcohol-1nddeed cwrrhot1c l1vers as well asii
rats w1th fatty ac1d l1vers were found to be poor 1nverters’

of R (-)-1buprofen (Coﬂ et al 1985) This suggests that a':

normal healthy 11ver plays a role 1n the 1nvers1on process

In humans. the APAs are quickly absorbed h1gh1y -

protetn bound and rap1dly excreted 1n the urane w1th short’h”

e11minat1on half 11ves (Verbeeck et al : 1983) A short

-



-;_el1manat10n half 11fe has an apparent negat1ve effect von?i
1Fﬁ:1nvers1on.l benoxaprofen has an 1nvers1on half 1ife (about?f
:7;:h108 hours) longer than the e11m1nation half llfe 1about 30%1
:pfrihOUFS) and undergoes 1ns1gn1f1cant 1nvers1on ynzhupa??:r

'f'(Slmmonds et al 1980) p e T 3 |
o Dverall stereoselect1v1ty n' the dlsp051t10n of APAsiv
' fmay also occur ~due to d1fferences :in_ the metabollsm and}f
ffexcret1on ;-prf'_thé,’ enant14mers -hThe exact role of p
fjb1otransformat1on 1s not ent1qe1y cloar W1th the exceptionrfi
':*_ﬂof naproxen-. (Verbeeck et 41 1983), the APAs,_ e. g
.fijndoprofen (Fucella et al 1%73). carprofen (Rub1o et al
f1980) and t1aprofen1c a01d (Pott1er et a1 1977 450rk1n,V

il'and Brogden 1985 Jamal1 et 1985) . undergo litt]e .
‘-a=Phase 1 b1otransfor”"” R T

?&é"‘Qf'The"ﬂv maJor ' jf"ffofgfff enantiomer assoc:atedgf
§g1scrim1natlon dj,w 1“w*5905‘t‘°n of " 1ndcprofen (Tosol1n1v2
' é?*aak. 1974; _But on1 et aﬁ,.. 1983 Tammass1a et 'al

[:: :1984 fé?br&ya;w :_85) and poss1bly carprofen (Sto]tgnborgvi
.'.‘etzalf,‘t§85) is. d1fferences 1n the excretton rates of the%y

: :isoﬁers Th1s,k1n turn arises frqp stereoselective protein:r
”-rpb1nd1ng In thls respect stereoselect1ve d1sgpsitlon of,f
mihf(R S) hydratropzc ac1d could be of particular 1nterest1é
| 7(Yamaguch1 and Nakamura, 1985) because almost 11 of thwi:

\[;APAs are cans1dered to be der1vat1ves Jgfthis compound ~In

B frats the plasma protein bindlng»of hydratgopic acid is thlfe

f“:_most 1mportant factor B _7;hb5‘ f@
o S N R
I e TR R O S O
g % . =



4

"3 other blotransformat1on.‘._is} 1nfluenced by comp

v

??ga” analqe51c itf“fl$' more potent \thanf

controlling the dispostt1on of thls dral Thls illustrateslif'

that apart from ch1ral 1nver51on, stereoselébt1v1ty couﬂdfk'%
also ar1se from other alternative pathways ‘}7f¢gf:‘;@;ijff‘j
-31' summary.:jji appéars that the un1d1rect1onalafh

1nver510n of APAs is.a metabol1c process whlch llke 'y;;;

metabol1c pathways An1mal spec1es. sex, and Gﬁe presence*,f
of a d1sease state may also 1nfluence the stereoselect1ve~7!

dlspos1taon of APAs

'hAsif part fof the thes1s researj'5 two NSAIDs

particular f;j1nterest L were t]aprofen]c ; ac1d1 f
(d l -5- benzoyl a-methyl 2 th1opheneacet1c§2 acad) and;3;

etodolac 1, T‘j;”'ﬁ*orwsf_g f‘.f' etodol1c qu‘.; _ ac1dag

(1,8- diethyl 1,3,4,9- tetrahydropyrano{3 4- b}1ndole ;-” |

,_-acetlc acid) These NSAIDs are of recent or1g1n and aref‘g

still under ’cl1n1cal tr1al 1n North Amerlca T1aprofen1c;::

"; acld 1s a typical APA except that the carbog late group

attached to a heterocycl1c thiophene rather than phenylh,f
ring The drug ls effect1ve 1n suppress1ﬁg inflammat1on ‘inlf“
standard anlmal models (Fu31mura et als 1975 Deraedt.et...
al 1980 1982) and 1s more p0tent than 1ndomethac1n and;"“

ibuprofen However. 1t tend§ to be less effect1ve 1n acutefﬁf

:sp1r1n andsf"
phenylbutazone (Deraedt 1980) eqUipotent w1th dtclofenacvff
qd 1buprofen,.and less potent than Ketoprofen or

P W
. G




;;ﬂ?1ndomethac1n (Déraedt ;e:f’ja. 1982) humans.» -

'5therapeut1ca11y equ1valent doses of traprofenic acid

1932) .j_‘ ‘
Q.Jﬂ,ffNon stereoselectlve : pharmacok1net1c studles j"P'."a:ve”
"l:determ1ned ' that racem1c t1aprofen1c acwd readi]y

'5pabsorbed after oral admtnlstrat\on. w1th peak

"{by food (Sorkln and Brogden 1985) 'route l of
'f‘nadm1ntstratlon (Pottter et al 1982) | -

”-concentrat1on (around 30 mg/L) atta1ned with1n 2- 3 hou et
,fdos1ng (Daymont and Herbert 1981 1982 1983 Pottier et

1982" damal1 et al : 1985) Absorpt1on 1s 1nfluenced o5

‘ .

y.

The" racem1c drug and 1ts metabol1tes : re dlstrabuted Ar

ifthroughout g?'v body ij proport1on “to the blood o

.mconcentrat1on of t1aprofen1c ac1d suggest1ng that rap1d

absorption, takeS* place (Kaneto and Matsu1. 1977) /The l”

ﬂ_volume of d1stribut1on of tiaprofenlc acid in: humans i

ﬁxclose to the plasma volume and ranges from 4 10 6% f body

K ;’we1ght (Pott1er et al 1977 1982 damal1 et / 1985)

'*; T1aprofen1c ~ac1d diffuses well 1nto synovxa fluid

':-;equ111br1um 1s ach1eved w1th1n 4 hours of admin1stration o

'5”'after whxch ttmk the plasma concentratlons~are lower than

,f‘*" agreement w1th the'behav1our o

the synov1a1 concentratwns.. The é\receeding observation 1s=

other NSAIDs (Wallis and
T

Sumk1n. 1983) and 1s regarded as a positive_aspect to the fﬁk'

.l"




. : T S e T R

therapeut1c act1on of t1aprofen1c ac1g¥}n an 1nf1amed Joinb i
(Hon1g et aI 1984) .ﬁn fff,;*j,-ﬁfﬁbftﬁvwh b ST

'"fif;Tfap”*”"” ac1¢ - undergoes 11m ed Phase 1

:iffjbiéifaﬁ§; Avton to phenoltc (ox1dat1ve) and alcoholicii
 Aredictive) metabohtes ANahoul, . 1979; Pottter et-all,
h'tt957 1982 damal1 et al 1985)1 The drug 1s completely}e
eltmtnated from the body matnly as ur1nary acyl congugatesta
(Lucker et al "1977 Pott{er i1977 1982) w1th1n 24 hours

Trace amounts are found 1n plasma after this per.lodf(Homg,
1984) oL e A o ,

._":":" G "»,
LR

Phanhacoktnet1c f,stud1es ‘~on ;'the d1sposttzon ié%;1
taaprofenwc 301d 1n healthy subJects and arthr1t1o patlents.ti
. w1th rehgl dysf0nct1dh (Sorkin & Bnogden.\ 1985) h
;g- revealed that a h1ghep votume of d\§tr1but1on and prolonged'}f
- e11m1natton , half 11fe;' occbrs 1n ,pat1ents ‘w1th renaT_“
‘ dysfunt1on However the pharmacok]nettcs df the drug in anifg

arthr1ttc pat1ent ane hot s1gn1ftcant1y dtfferent from,;?

those 1n a aormal subJect (dama11 et al '*1985) ; h,,_hv
Etodo}ac (Demerson. et 1 1984) haso.shown potentift
analge51c and ant11nf1ammaiory propertyeé laboratoryﬁ‘
anlmalsu.(aemerson 1976) It 1s approx1mate1y 6 t1mes more -
potent than phenbiutazone 1n depness1ng adJuvaqt arthrﬁt1s‘
and equtpotent 1n carageenan paw edeMa and- analges1c
stud1es (Martel and Kl1¢1us‘ 1976) In humans‘ etodolac ,iSf

effect1ve 1n the treatment of post surgtcal pajn

2 : B :. S . . RN o
PR : BT Em s
RN B



e

(Nertschelen. 1982 Gastog et al 1984 Fl1edner et al

1984) ep1siotomy pa1n (Fre1dr1ch 1983).~and rheumato1d'<

andsosteoarthritls (Vetter et al _ -J982 Gordon et l~gff

1983 Ryder et al., 1983 Sanda et al 1983 dacobqgt al

19 It 1s su forio

A"delman.; 1983 Bel “Joro 'et : 1983 Edwards. 1983 y

Friedriph 1983 \Gordon and Po]sky,.‘1983 dacob et 1

1983) and s better tolerated in the dosage range of 50 500-;

mg{day w1th sign1f1cantly _.lower o 1nc1dence ofj;.

e f

gastro1ntest1nal related s?de effects (v1de 1nfra) Even_]f
though the ulcerogenlc/therapeutlc rat1o 1s more favorable»d
than 'that of phenylbutazone and indomethac1n etodo1ac 1shﬁ
sl1gh(ly more ulcerogen1c than phenylbutazone but*leyy than.a‘
| ‘1ndomethac1n .(Martel et aL 0 1976 \ The drug is assoc1ated:i‘

:f:fw1th a low 1ncidence of gastrowntei;ﬁnal bleed:ng iuoubert,f_

r.

‘”3915 caﬁable of revers1ng skeletal changes assoc1ated uatht_'
‘”ff:arthr1tis (Martel et al 1984 Apon. 1985) tiﬁdﬁ _r:»ﬁ»”:'”
o Etodolac is an arylacet1c rather than ’arylpP0p10ni¢ffV

‘:dfac1d It '7Ut{her dIffers from other NSAIDs in that thej"'

Y w
\”;»pﬂasma prote1

‘gconcegtpation of 100 ug/mL) 1t does not depend upon ester: ;

to ASA (Verwschelen et 1 1982 f;

v

et al, 1982;, Arnold et al. 1984 Salom et al. 1984) and

b1nd1ng SQ less (about 25% WIth serumwv“

f; ,conjugation for 1ts el1m1natlon (Cayen et al, Q 1981) and 1th

if_zhasi an e11minat1on half lee of approx1mately 7 hours“ |

(compared to hours for APAs) (Cayen et al 1981 Cosyns

4



’fsfiétif, 1983

and AUC

et 1984) The drug is qurcklyi};

Three Phase I metabol1tes have beed-recently 1dent1f"Ie_g:l',‘:."-"-”'t

N .'j
humans (Ferd1nand1 5etg]al 1986) The metabolites;&

7 hydroxyetodolac o (maJor) 6 hydroxyetodolac an'd"f'

,f} 8 (hydroxyethyl)etodolac, were 1sélated as glucuronyl estenn'

conJugates f?%m urine g“.'5§; nfh;~e553jf»j Bs

'Y

relat1ve1y more act1ve than the 1-1somer (Demerson

1983 1985) St Lo

,Studjes 1nvolvihg 1n v1tro 1nh1b1t10n of prosta']andinVn

"j-synfhetase reveal that the d 1somer of‘ etodolau



»Xaitwo nsad1ngs (1 e duplIcate samples) >'”'”".. RO
. ’\. S o _ : L PR T v

In the follow1ng section 1s descrlbed the experlmentali

if;f;;protocol includwng the dos1ng of various biologlca'ﬁmodelsd
"”ifa (m1crobia1, aniqal and hbngp) w1th d\fferent substrates ('“

' ““frﬂ lactam a8 adrenoceptor agonlSt amphetamlne 3"31095'5

{.,;,»: i SANG

i:_and non stero1dal - ant11nf” mmatory drugs)p

"coLJection of var1ous sample spec1mens (culture,medja cell}$

mlafimycelia, rat bra1n' or l:ver tlssue and human plasma

| 'rsynovial fluwd or urlne) for the1r chromatograph1c analys1s:f

l

’}7(stereospec1f1c or. hon- stereospec1f1c GC and HPLC) Eachiﬁ

fmconcentrat1on value: thus obta1ned represents the mean ofga

‘.2 g ° ° ° 0 CHEM};ALS'AND_REAGENTst:,Z??

Chemlcals. reagents and the1r sources are l1sted below

‘“5v:-(F1sheP* 5c1ent1f1c gnd Terochem Laborator1es Edmonton

"b,:Alberta) and yere glass d\strlled prxor tq use Water-~was

'.E;System (M1lllpore Bedford MA) %ll standard solutwons

‘V.

7f=were stored/at 4° c.
S . RN

| ,wp,ss;;af;*s}Amphatamine'(Haaltn”aﬁdfwalfare-canada;'ottawa,ft

i ;L e RN
d .

B Rout1nely used solvents were purchased from local Vendors'.

“-s3de1ontzed and dlst1lled u51ng a M1lli -Q Reagent Water
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€

T _- . 'MO“): o

: R S C1cloprofen (E R Sqmbb Prmceton Nd)

3

~V{€ﬁhi55i9?7f':

’-x_’rqse‘ qutﬁ dehydr,ated Czapek Dox

amd .Q sédium c‘arbonate._'

perchloric

hleroform MSD Isotopes ‘Montreal Quebec) 5
D1-(2 ethylhex _J_'.)phosphate (S1gma Chetmcal Co ,s Loms.}

e e

IL)

T Fluonphcety: Lprom

Mort\An Grove IL)

é Ly -_"~-.'.“-.. ', 5 e

smca ge'l (Camag. Hanburg, FRG) s
, "_jffp,
(+/ )-- (+)- (-) Etodalac, R S propranolol (Ayerst New

R S Fenoprofen (Elw L1lly, Ind1anapolis.' IN)

oy
,

et .



;- RS- fluoroanphetamme,

i R S methylanphetamme (synthes1zed in. the ]aboratomes'v‘ of

nR-SgBeniylamphetamine. 3;_5 " ”'”

R S g chlero-if;vf, fluoroanphetamme. R S fénfluramme,
. o ,‘,v ,. o g j» o ’
L RS- fldorotrany1cyprom1ne

“pRASTiSOPfébXTémbhéfQMiﬁé;ﬁfﬂ ?;}}3 '—';g S norﬁenfluramlne

‘D R T Coutts,w Faculty of Pharmacy & Pharmaceut:cal
Sc1ences, Unwersny of Alberta Edrnontonr Alberta) A :
N Methyletodolac o (synthe51zed by Dr L Chu._ Faculty of
Pharma@y & Pharmaceut1cal Sc;ences. Umvers1ty of Alberta.ﬂ'..{-

Edmon ton

A l ber ta ). 7 [ { Phenoxy ) acetam do ]des . S

':. acetylcephalosporan1c ac1d me?hyl (CS) and ethyl estersfttf};
d R sulfoxtde of methyl ester (syntheswzed thé*t;at

laboratories of Dr Rﬁ Mlcetlch Facu1ty of Pharmacy &ff;;i

o Pharmaceut1cal $c1ences. Un1vers1ty of Alberta, Edmonton"f.;tﬁ

.:ttt Alberta) :;iuff i gﬁﬁtiﬂ:f'ylift~t.atﬁt.taitt |

e <.»u‘f : 7f1'@_3g_1g:~.i:“ff_wq St b

. ']?é;zﬁo;o;bto‘T“GyASSWARE;,,ty,t;;f‘:~f;[t e T

All exper1ments were conducted In reusable boros111cateﬁtf:

'Glassware The test tubes were in two sxzes. 16_ 125 mmir

and 13 x 100 mm. Tubes could be sealed usmg plastvc capsr_g;f'-

| “‘t" Tef‘On faced rubber 11ners The microb1a1 cultures_ijg;u“‘f




'Samplesvontex1ng¢_
Staufen.;- FRG) ovor
Springfield,’ MA),'L"” iy

Centr1fugat1on ;

Solvent eVaporat idﬁéfzn? }_‘;&




fﬁ Autoclave and'ster1lizatwon - Amsoo Steam Autoclave (AmSco.?f

Erie, PA) R

v‘.. 5 .

szsue d1sruption and homogenizatxon '— Potter ElveJhe1mv-ae

f* Homogenizer with glass gr1nd1ng tube Teflon glass pestle‘;Qe”

and fixed speed motor (Bodlne Electr1c Co. , Ch1cago IL)

L

'Apparatus (Arthur H Thomas Phlladelph1a,.PA)Mi j.”

GC AND HPLC EOUIPMENT I

.dspho Ts_detector or a model 5700A w1th a'

s
'-,"‘.'

Incubator Shaker (New BPUHSWJCK Sc1ent1f1c §d1son Nd) r{;’,ﬁ'

S
zMe]ting poxnt determlnat1ons-- Thomas Hoover Melt1ng Po1nt-

“he HPLC system (waters Scwent1f1c,_? M1ss:ssauga. i

Both chromatographs had a- 1874081*

K )
IR N . . R
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- '2;slo.qto.o“ SPECTROMETERSf

: t(Ntcolet Madtson wI) spectrometer

e
[]

»”t}captllary column controller and a 3390A integrator recorderffﬁf
ffifjr(Hewtett Packard Pato lto, CA) L S

The fused ailica taptllary oolumn (12m X 0 2 mm 1. D. r}*:f

JE*‘was coated (0 33 um film* lckness) wtth a: h1gh performance;“ﬁ
Lljcross ltnked d1m.thylsilfcomb £ilm ‘(Héwlett Packard) :

":jleasf USed throughout the stud1es The operattng conditlons.7h;h

. exoept for- the column temperature,ﬂ were ¥ conststentlylhy

"jw,matntatned the followlng settlngst, 1nJection port

(operated 1n the splitless mode) 250" C detector 300 C

The gas flow rates were heltum (carr1er gas) 2 mL/m1n

:>'hydrogen, 3 mL/mtn, air, 50 mL/m1n

.'i

LY absorbance Spectra‘ B lactam dertvatives were f‘h

.tf"obta1ned on a Unlcam SP 1800 UV spectrophotometer (Pye
ZIrUntcam Cambrtdge U K ) 'H NMR Spectra were recorded on a '
,;”Vartan EW 3%0 (Varlan Canada London Ontarlo) or” Bruker'“h

.'AM 300 (Bruker_\ Spectrospln Canada,, Mllton., 0ntar1o)

- dspectrometer IR spectra were obta1ned on. a Nﬂcolet }SDX ?':’

.. The structures of%compounds dertvattzed for GC analysls

were _ confirmed by EI and CI mass snectra (GC/MS) obtained L
rzon a Hewlett Packard 5980A ,or VG 70705 ; (AnalYtﬁch;“';

'lInstrugentatjon.and_Serytce, St, Laurent;:Ouebec) :




'f_afJLUnivensity of Alberta) i

v/" '. : g Y 4{/,4

"*f,z;s;o;o;o,o { BIOLOGICAL uoosLs SOURCéfAND SUPERVISION

. ST

yiff_llnstruments quh resolutlon_mass spectra were obtained on5ﬂf

AE& MS 50 spectrometer (Deggrtment efﬁachemmstry,ffif

h}t MICRODRGANISMS The m1croorganisms chcsen for f esef‘l

.7;ﬁstud1es were fungi obtained from the Un1verslty of Ali
 Mold Herbarium lEdmonton, Alberta) or the Amerﬁ,_;j
o Cultu#e Collectlon (Rockv1lle MD) | 3

'hAlberta) The anlmals were housed in plastlc cages on ch

k uhhchlp beddlﬂb 1n a tempefature controlled ’ room -

:;}fhsubjected to a 12 hour ‘on/off: llghtlng schedule The rats

fﬁﬁi?iday of ‘the experiment

| /x’.‘x :

AleALS: --fh' anlmal stud1es male Sprague Dawley rat"f_ﬁ

.fﬂs,were allowed access to food and water (ad ]lb) unt1l theff_‘

" HUMAN SUBJECTSz Stud1es 1nvolv1ng human' sUbjects’*Qeréffﬁ'

hf';conducted under' the superyis1o% of Dr damal1 (Faculty e

l;\§

nvf Pharmacy & Pharmaceutical Sc1ences._ Un1vers1ty f;

)

'lsAUniversity of Al 5

'_.tUniversity of Alber,

A _erta. Edmonton, Alberta) in cooperatlon wlth Dr A S -

ussell (Dlvlsion of theumatology ’ Faculty of Medlc1ne."'
: the» staff of Stat1on 35 SR



u:med1a were then dtstr1buted (25 mL) into 125 mL Erlenmeyer’ifu
ffflasks fltted w1th mqtallfc caps Media were autoclaved for
0‘15 m1ns (121 C at 20 ps1) pr1or. to add111on of the

,72 7 1.2 o o mcnoam. SULFOXIDATION OFAB-LACTAM

2. }'7__.._1’%‘._2'».1',0 | INCUBATION AND smm.s cou.ecnon

2. 7 o 0. o o GENERALI',.{-,__?_'_._.I CROBIAL - INCUBATION
| paepARAnou oF THE unu"

1fappropr1ate volumes of water Czapek-Dox broth (35 g/L;ffff
' 501ut1on) and Bacto Sabouraud broth (30 g/L) The liquid*ﬁfi

PR Y

_m1croorgantsm and f1lter ster111zed substrate

- 2 7 1 0 0 ﬁ HETHODOLGGY FOR INCUBATION AND SAMPLE LOADING

.‘}‘

A typical methodology for 1hcubat]on and sample ?QaEan

;f1s dep1cted in F\gure 14 _n*}f' i JQ Bw‘“.; Tl ﬁ'ff

P g oS . "N')"- L

S N : § L LT TR T

DERIVATIVE

"ﬂu 1fferent fung1 were screened fon;a*f

7'ffsu1fox1dation ca b1l1ty | Phase Il; cultures (25‘mL) of

= Asgerg1llu all1aceus Asgerg1llu terreus ATCC 20542



.o

vof. the selected organ1sm,; Cunnwn h 11 Qghlnuléié UAMHfthTE
. 'ﬁ.;4145 were loaded w1th o 5 2 5, ‘5, and 10 mg: per GUTIUPefi-’h
"‘Qf;to give quant1ties of 25 100 200 and 40 ug/mLf}i,T

”{h;lafter the dlsappearance of the substrate

fester (abbrev1ated CS)

7acetone (approximately 0 51m') Fo determ1ne the presence;ff;ﬁ

SCSO) aliquots (1 mL) of the broth were mon1tored by Hp
324 hours gbst sampﬂe lodd1ng RN

vformationﬁatlapph.'

'r'Rhingu nigr1can .

4§d”_selved in a m1numUm amount of

;of fhe oxidized substrate (1 e the sulfoxlde abbri;es:esgumst

For 1§Lest1gat1ng the k1net1cs of the rate of uptake offéf'

:“;?eCS and the correspondlng CSO formation Phase II cultUres;' -

3respect1ve1y;;tThefzcultures were mon1tored (HPLC) for CSOi??ﬂf

ftate 1ntervals culﬁires conta1ning 200]

"_-5and 400: ug/ng'of?substrate qere monitcred every 48 hours;'

iwhereas 25 and 100 ug/mL cultures were mon1tored eve"%§ 04

‘ . ("(...‘A;y

"-):hour% IncubatIQns were termxnated~one sampllng 1nterVal hff 

PR .
\

q'.2 7 1 2, 2. o HPLC ANALYSIS DF THE CEPHALOSPORANIC ACID;U”ff

SULFOXIDE ;'"




'-».\"' ‘ . ., - R o ‘v ' ‘ '

For scale up studIGS 25 lmL of ‘homogenlzed Phaeg P-

.,:ﬂ, cultureswere added- to Czapek Dox med1um cdntaxned in a
v s

ﬁL capac1ty a1rl1ft reactor

.<Q'

-./

;)fp‘ suff1c1ent toJ ma1nta1n c1rculat1onﬂof the med1mm but low}}'p;

1*7f” enough to prevent foam1ng and exce551ve evapOratlon After:-ftt

GXygen was,supplled at a rate {;

48 hours the well developed m1crob1a1 pellets were given?il.

400 mg of CS At the end of day 3 (72 hours of& incubation)

the med1Um was separateg from the pellet§ (f1ltrat1on) and.ff‘

the pH adJusEed to 7. 4 W1th sod1um b1canbonate The medfumf?1ff

;-' extractor) for 24 hours at room temperature us1hg‘ ethyl}}*‘*

;‘ oacetate chloroforn; (40 60) l The organic solvent was than.y

}‘" dr1ed over anhydrous sod1um sulfate and concentrated /under

Sy vacuum After reconst1tut1ng w1th ethyl acetate (2 mL) the S

li;' crude/pxtract was pur1fied by TLC

-
Lox

_uwae then subJected to cont1nuous extract1oh (liquid 11quid;;qd,

.-



2 7 1.2 ﬁ"”.“#nm LAYER CHRWATOGRAPHY

"7:f;}Af'solut1on_ of the crude extract was appl1ed as 2 th1nxjf‘

""d“ . : e

M‘plates were then develehed TLC chamber prev1ouslyt'*°v

'cont1nuous streak across‘4 t n layer pl tes (200 x 200 cm,hff
, ? .

‘}gTass plates coated w1th s111ca gel 0*3 mm. th1ck) Theiﬁ R

'f;ffﬁeQU1l1brated %};h- ﬁ‘the:;. solvent s\stem, . «acet1¢ak"ﬁ
x'hieacid water methanol (4 1 5) After deve]opment the area of.jh
:“ f}the plate correspond1ng to the meta£011te CSO ideterm1ned@iff:
'f’jt.by compar:Son w1th authent1c CSO observed under UV l1ght)ai
':_waaef scraped off and extraoted w1th two 10 mL portlons of:
o Tethyl acetate ch]orofog% (4 6).. The organ1c so]vent wash»'
.fftremoveﬂ under }a; n1trogen stream and the dry res1due_;7
"5reconst1tuted with deuterated chloroform (about 0.5 mLt;-

'“}:'conta1n1ng‘;\\tékramethyls1lane) for 1H NMR analys1s

P : : .



~_4i'i;,7.2.o;0:o , MICROBIAL SYNTHESIS oF R smzc PRENALTEROL

2. 7 2.1, 0. 0 a CHEMICAL SYNTHESIS 'be;jf“gfusnoxY -3- (ISO-"

B

S PROPYLAMINO) -2-PROPANOL. (RAﬁEMICﬁREPRENALTEROL)
&y fffT‘f,'.s..- AND s HYDROCHLORIDE SALT ST

oy
Raoem1c pre prenalterol (PP) aS ut1]123d ”i pthe_'iﬂi
‘*‘precursor 1n’fhe d1rected macrob1al :synthes1s \of 'Pacemtc»-f
,v_,.‘_.'prenallter?o] »I‘t was.. synthes‘ed accordmg uto ; procedureb
,,ﬁ_;reported for the drenoceptor blocklng agent metoproloy oL
| (APfWIdsson .e.'t' - al v 19‘76) ,sPhenol ' (O 1 Mfand
;'epithorhydr167f(e-d~ M11 were . refluxed W1th pbta?ihb

Lo é R S
carbonate (28 g) in aceton1tr1 eNMT5 mL) for 5 hours.<

'?f1norgan1c sa]ts were then removed by f11trat10n '?ﬁd'
"vr‘organ1c "solvent 1evaporated to{ dryness o After"rtuoh.'."
hco evaporatIOns w1th toluene the crude ep0X1de-(8 4.g) was't#_
:Qused d1rect1y the next reactﬁon step The epox1de inhb

| %5h1sopropy7 alcohol (30 mL), was re?luxed with ISODPOPY‘am‘”eE

ﬁ;‘(o 5 M) for 3. hours Th1s gave the f1n51 product PP whv‘h‘vt:

fhawas recovered by evaaprat1on of Qhe organvc vsolvent
pur1f1ed py“ recrystall1zat1on from 'acetonjtrq~ef,_Thé;,:i
"H-NMR, IR. and mass “spectra weref,oonsistentiiwtthfethe;j"
B .expected product 'e'. ,‘ f'h . ;trfﬁis. o : ”
The hydrochlor1de salt was‘ prepared by d1ssglv1ng a

‘,; port1on of the free base in 1sopropyl alcohol and



e

Jd“’ﬁrsubsequent passage of HC] gas The prec1p1tated salt was}['

! wgfacetonitr1le Melt1ng po1nt 107 C. rep

6

d‘collected b(,g fvltrat1on'}<anhl

recrystalllzed fldﬁﬁifr
pfed (7aagsma and,g*f

-‘TIr_Nauta 1974) 110~ t12°¢ (ether-methanol)

"rf2 7 2 1 0 O b*CHEMICALEngNTHESLS OF 1 (Q HYDROXYPHENOXY)-[i~f
S - 3- (xsonﬁw.mmo) 2- PROPANOL (RACEMIC PRE-
’ ”T;Y\rzlr NALTEROL) AND ITS HYDROCHLORIDE SALT
A Ptandard sampﬂe of racem1c prena]terol (P)h:requ1red f;7
;7_'for authentlcat1on of the m1crob1a1 product was synthes1zed]ﬂ;

.‘;laccord1ng to a reported procedure (Crowthér et al 1969) 'fﬁ@

"~f‘vThe synthet1c scheme was 1dent1ca1 to that descr1bed for PP'“5;

.except that the start1ng mater1a1 was 4 benzyloxyphenol __;ﬂ
_fvsThei 4 hydroxy functwon ‘was depr te%ted by means ofwttp
| “,catalyt1c hydrogenat1on (5% Pd C 40jis1 for 5 hours) ‘
‘;g1ve ragemwc prenaiterol‘n&Phys1ca1 Adatarwerefcons1stents’
w1th the expeqted product | | | 'h;f_; AR
- A 'port1on of prenafﬁgiol free base was converted 1ntou
_ 'the écdrochlor1de salt .in"aj mannen sIm11ar ttof' that.rr
}'_descr1bed for'.PP Melt1ng po1nt 165 C (aceton1tr11e) p o
hf,reported (Crowther e{ a] 1969) 167 168 C. (ethanol- eth{?\*xf

‘acet te) K o B . ’ : ‘1.‘-



"~[«2,7;2,2§o;¢j:e1N¢UaATION'AND}sAﬁPL;hCOLLé¢T10N7

- 2;7;2:3:1;0 'stANDARp sbtuIibN57 |

?:solut1ons (100 ug/mL 1n fresh Czapek Dox med1um) ‘were ‘

vAQ L

'tf} The Klnet1cs of m1crob1al synthesﬁs | fl@ racemico»‘f
;prenalterol 'was lnvestlgated after lond1ng sepirate 25 ij;;*
| ‘:-Czapek Dox Phase II cultures of C ech1nulata w1th 2 9 5. B:KV
aﬂf‘and 11 6 mg of PP hydrochlor1de {equ1valent to 2 5 5 andf:~

_':i10 mg ‘of free base respect1vely) The cultures were thenre

e

:a?monxtored for 8 days to determ1ne the rate of uptake of PP o
iiand subsequent format1on of prenalterol Al1quot port1ons’
7(25 uL) of . the cell free culture med1um were W1thdrawn from.tt“

-Jthe cultures every 12 hours and subJected to GC analys1s ',f

,]2 7.2.3. o 0 GC ANALYSIS or'_:‘PRg~z7ENerEapL_:f e

PRENALTEROL :

The method employed\for 51multaneous determlnation of'

'_PPf and prenalterol was adapted from a reported GC/MS assay =
- of prena terol in. human plasma and urine’ (ErV1K et al.,

t1982) o

" am—

Standard stock solutlons conta1n1ng prenalterol and PPL

75hydrochlor1des' (equ1valent 'to‘ 1 mg/mL-ofufree base) weﬁg

‘dprepared in dlst1lled water ‘and stored :at 4° C Test

A
A



;f4 Cc. Sodium carbonate buffer solut1on (pH 9 9) was preparedi_f?

’;.b)carbonate

’jg2w7}2.3;2;o - EXTRACTION AND DERIVATIZATION |

{.4

fffprepared from the stocR prvor to assay A standard solut1onfa%
"31?(100 ug/mL 1n Czapek Dox medlum) of the 1nternal standardd;*ﬂ

za;(racemic propranolol) was prepared separately and stored at;:‘f

'tffresh da1ly by dlssolvxng sodlum carbonate (2M) 1n waterdﬁff

(200 mL) and - - adjdsting the

'd,'to 9 9 w1th sodtum:‘7'

-_L_.. IR
ERRN

e

\.,u .

A 25 uL port1on of ce]l free med!um 20 uL of the"nf

-‘propranolol solut1on and 200 uL of carbonate buffer wereh_r

..%'comb1ned -“a’ test tube The m1xed solut1ons were then‘f:

SH o

f.u iextracted w1th a 3 mL portlon of toluene ' Thej res1dua1f}-'
. aqueous> layer was subsequently bas1f1ed~w1th 50 uL NaOHﬁhQ;

(1M). and. extracted aga1n w1th toluene (3 mL) ftwp'fi

\

'm'fhgorganic extraéts were comb1ned and evaporated to\total" Jf

RN

‘h:dryness The dry. resxdue was then reconst1tuted wlth ethyl?;_;
'vg;acetate (50 uL) and tr1f1uoroacet1c anhydr1de (200 uL) .
‘m1xture was vortexed for 30 sec and 1mmed1ately evaporatedra :

?J@h'vunderf vacuum The f1nal res1due was reconstltuted w1th[

"';toluene (200 uL) 1 uL of which was. analysed by ac:




E ;t:portlonS'of cell 5ree Czapek Dox medlum (d1luted with 250f“5:

"d."}uL of . buffer) w1th known amounts of PP and prenaTterol tof"ff

‘3}obta1n f1na1 concentrat1ons of 0{125 0. 25 0 5 24,Q5;i :i

010, and 20 ug/mL. Follow1ng the addit1on of 20 uL of

"Q;internal standard so]ut1on,- the‘ derivat1zat1on procedureflfi

}was carr1ed out as descrtbed above

Gf ana]yses were performed : under _,a programmedf: :

aftemperature ”f b‘ (100 230 c’ ‘.é 3? C/mln) . w1th

:“f-n1trogen/phosphorus detectlon Rne chromatographlc peaks;;d

,.5correspond1ng to substrate (PP) metabollte (prena]terol)u
) }and the 1nternal standard (propranolol) were 1dent1f1ed by

.GC/MS o LA

7 ‘épa;qqo;o.o CHIRO OPTICAL ANALYSIS OF RACEMIC a-METHYLA'*;j
e BENZENEETHANAMINE AND RELATED AMINES «fY GAs
CHROMATOGRAPHY e

Qual1tat1ve GC separat1on ‘of (N alkylated) -a- methyl-.;

'.benzeneethanam1nes : (amphetam1nes) and T related .73mi”e",'g

»denantiomersuwas”attempted o



; into the f¢5b§¢ﬁiVe&Tdiaﬁté"°°*5¢mefﬁfﬁf.f
' 53.;_1;u_'§5g.f7375 Voo e e e
.?ts-* _f];’:;¢f_;~ '*7\ T,
: 2 8 1 0 0 0 RESOLUTION N TRIFLUOﬁOACETYL LfPROLYL

AMIDE DERIVATIVES ;ﬁpp.g;jig.eq; R

igz 8 1 1 o 0.2 STANDARD srocx AND TEST SOLuriONs ‘¢f775
e ,.-* S )
Standard solutlons (100 ug/mL of free base) of elther;;:f
fthev sulfate or hydrochlortde sa}t of racem1c amphetam1ne t
1'N benzylamphetamlne,.JJKN-n butylamphetam1ne. -Vf g chloro-;fﬂf
f,amphetam1ne.”‘ fenfluram1ne,;:” fluoroamphetam1ne,.f nor?_':
.'fenfluramlne-and tranylcyprom1ne were prepared 1n dlst1lled3v”
wiwater and stored at 4 C 51m1lar standard solut1ons (100:;h“
lgaug/mL of free baig) the optlcally pure 1somer3' ofhe
iamphetamlne fluoroamphetam1ne and N-methylamphetamlne wereeepg

.ﬁifhil§g prepared 1n water and stored at 4 C
b.z 8.1. 1 0. 9. b DERIVATIZAT?ON AND EXTRACTION £ ;f? e

v‘l Dist1lled water «(0 5 mL) was sp1ked W1th the racem1c':

am1ne 301utxons (200 uL) and bas1f1ed w1th ™ NaOH (50 UL)Viiit
prionv to extract1on W1th diethyl ether dichloromethane_j?'
(60 40 2 x 3 mL) The organ1c extract ‘was evaporated tt¢. -

dryness and the residue reconstItuted w1tH d1chloromethane

.:_" ‘



(1-~mL) To th1s was added o N-trifluoroacetyl L prolyT

C-‘

. ; Q »
%fd%ﬁakemb for 10‘m1n after wh1ch tr1ethylam1ne (: uL) was

:',f'added ahd the reactlon aTTowed to proceed for"another 10

;.h n m1ns The peact10n mthure was then_ washed successively

’1;‘w1th 1 mL each of 5N HCT and d1st1TTed water After drying o

"{over anhydrous magnes1um sulfate._ the ongan1c Tayerr was'ff;

. evaporated to /dryness The res1due was thbn reconstituted

dw1th toTuene (tOO uL) 2 uL of wh1ch was subJected to GC

4

','analys1s

'7;,'2 8 11.0. 0.c GAS CHROMATOGRAPHIC cowo:rxous

'*the GC column"ma1nta1ned ‘at 160 c uslng flame 1on1zat1on

>

'detectlon The structures of der1vat1zed . amphetam1ne

;ﬂghylamphetam1ne,: fluoroamphetam1ne. ‘ fenfluram1ne and

e

norfenfluram1ne were. conf1rmed by GC/MS

2 8 1 2.0, 0 DETERMINATION OF THE DIASTEREOISOMER ELUTION

S SRt ORDER

Y

The order of eTut1ovf’ the d1astereo1somer1c -am1des
':was' determ1ned by compar1ng the retent1on t1mes of the

d1astereot£omers prepared from the racemates to those

Resolutlon of the der1vatlzed am1nes was ach1eved w1th

V:jxehlor1de ‘g%N TPC) reagent (50 uL) and the solution- i



88

'..:v,' )

‘fobtainedj-from'-derivatﬁves of the pure enant1omers whenfhfj
'___‘:»"*fnjécted separately e IR

‘”d”72 8. 2 o 0. o REACTION OF 1 )-CAMPHAN‘C ACID CHLORIDE w:rHsjga

(R S) AMPHETAMINE

7j?2 8—2 1. o 0.2 STANDARD srocx o TEST SOLUTIONS

"-enantiomers were prepared as descr1bed Lade”

v‘*ssolut1on of (-) camphan1c ac1d chlor1de was pr

Standard stock so]ut1ons of racemxc amphet hjnejandrthe N

aredj7by;’.

‘t‘d1ssolv1ng the compound (216 mg) 1n suff1c1ent cl ioroform,'

'to glve 100 mL of solutlon ':f'v.jﬁﬁ

S

-“22;3;2_1}0?0§b’EXTRACTICN,AND‘DEﬁIVAffiATION; o

‘,1of amphetam1ne (racemate and optlcal '1somers) from test ;?;

The steps 1nvolved Ln the extractlon and der1vat1zat1on

~'solut1ons were 1dent1ca1 to those descr1bed for N TPC ah1de€v‘

Ly

derivatives

,"2;8;2;1.o;ol¢'GAs'CHgoMAfoGRAPHic_Conbxr;oﬂsr -

';;qquddts (2 utL) of the f1nal reconstltuted sOlutlons'f
'e.é injegled/{hto the GC (FID detect1on) under 1sothermal o

A 0.01M



R
(160 C) cond1t1ons The structures of the final derivatives;fiT

. were conf1rmed by GC/MS

2.8.3. o 0, o sruov oF THE srenaossn.scnve N- DEETHYLATION,.'.
R e ‘_ OF FENFLURAMINE N RATS
o vﬁ;'ﬁff" - e R -
""2.8_._3'.;1 0.0 DRUG ADMINISTRATION AND SAMPLE couscnon

Each exper1mental set CbﬂSTSted of 6 Sprague Dawleyh[;}
L D male ~rats (180 220 g) dosed w1th racem1c fenfTuram1ne (40;;Q
Q- ;

mg/kg 1n3 sal1ne) v1a 1ntraper1toneal adm1n1stratlon A

",,stngle,_ at' Was stm1larly 1nJected W1th sal1ne to act as a;ri

"t éontroT The rats were sacr1f1ced by cerv1ca1 d1slocation:d;f

d‘fjatf spec1f1ed twmes co1nc1dent w1th the actual sampTefdh”

coTTectlon t1mes O 60 120 180 240 and 300 m1ns, afterﬂ

-;__ drug admrhistrat1on Bra1n (w1thout the p1neal g]and) andr

Tiver were exc1sed from the surround1ng t1ssues BTood”j.f

>

ve§sels» surround1ng the Ttver were removed 1mmed1ately aﬁbr:'“

the organs rlnsed'thoroughly w1th 1ce cold sallne soTut1on T

The washed ttssues were then frozen sol1d by dlpp1ng 1nto af o

mlxture of 1sopentane/dry jce. The frozen t1ssues were then'

stored at -20 C unt1T analyzed

The exper1ment was repeated for 3 add1t1onal sets .

. - -

..-I~'
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9.8.3. 2 0. o GAS CHRMATOGRAPHIC ANALYSIS or FENFLURMINE s
““@5 -_,;_;;_3'1,, AND MRFENFLURAMINE Isouens m RAT BRAIN AND-' o
TR vasa szsues LT SN

2 8 3 2 1 Ola EXTRACTION AND DERIVATIZATION

SN
r’,,‘ ,:

w1th 5 volumes of 0°4M perchloric ak1d and a: port1on (2 mL)iﬁ~;
5;of the homogenate reta1ned for analy51s The homogenate was

)J,supernatant wasfﬁhen separated from ‘the t1ssue by~ hxgh'

The weighed tisbues (bra1n or lvver) were homogen1zed?lﬁ;

lftransferred 1nto 15 mL centr1fuge tubes and sp1ked w1th}?ﬁf

.R (-) fluoroamphetamane (2 ug) as 1nternal standard The;fcf

"*.Qspeed centrifugat1on (10 000 rpm} bO m1n at) 4 c) andlltjf

u:SUbsequently neutraltzed wwth sgl1d KHCO,f .The solcdf

’ﬁ:prec1p1tate of potas;1um perchlorate -was separated by;'d°

-'f.centr1fugatlon (3 000 rpm 10 m1n at room temperature) and .

ithe supernatant shaken (5 m1n) w1th 5 mL of the 1on pa1r1ngftg;;

”Thcompound DEHP | (2 5% -v/V)"{nV chloroform) L After‘:"

'-dcentrlfugat1on (3 000 rpm, 10 min at room temperature) the L

| ‘,top aqueous la er was: d1scarded To the organ1c layer, was
e added 0 1M HCI (3 mL) and the m1xture vortexed for 5 m1ns,vh“‘
. After centrifugal (3 000 rpm, 10 m1ns,. room temperature)f;‘

‘#&‘

';;.separation the upper‘ aqueous layer was reta1ned -for if

R ana]ysis The acid )ayer was bas1f1ed w1th SM NaQH. (0. 5 mL)de))

and extracted twice w1th 4 mL port1ons of to)uene The'



"fﬁﬂ§5e¢t1on 2. 8 1.1, 0.0.b

..,e5comb1ned organ1c extracts were evaporated to complete o
, b

t'lljdryness und"'

}aouum The r351dues were derivatized with’,fj

. N-TPC in- a'manner svm1lar' to’ that described earl1er ﬂiﬁﬂf;f

St-*32«8 3.2. 1 o b CALIBRAT* N
B [u ror-the preparat1on of callbratlon curves;z 0. 4M HCtO{i-ﬁ;
.ft1ssue honogenates (2 mL) from contr01 rats were spiked"d‘
‘;dw1th known amounts o; racemlc fenfluramlne norfenfluram1ne?é‘“
J’difuand the 1nternal standa‘d R‘(-) f!uoroamphetamine (2 ug) .
;: The f1na1 concentrat1'ns obta1ned were 0. 25 0 5 }2:fi”f
.5, ‘ aﬁﬂ\\ 20 ug/md

jnorfenfluram1ne f’]/(.

: of .racem1c fenfluram1ne and o

'.,2.8;3;2.1]ch GASﬁCHROégTOGRAPHIC conotrxous R "

ReS1due5' of the N TPC der1vat1ves of fenfluramine.

J

‘:norfenfluram1ne .5and'.'theﬂi-[1nternal standard . were

ﬁf-reconst1tuted with’ toluene (200 uL) and the final s5ﬂutioni

3

e X( 1 uL) subJeeted to GC NPD. analys1s R _
The column teﬂperature was programmed from 100 250 C at
16 C/m1n the 1n1t1a1 temperature was he]d for 2 mins

2

R L . : L s . . . o R . . . .
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o ulf B
“.,,'\

'_‘2 9 1. 0 o o a. Z’AMARD sroex AND TEST son.unons}{'-}. S

- “"‘"’ ek

Standard stock sof: 56ﬁs ( mg/mL)f q the NSAIDf;t’

"f"optical 1somers) fenoprofen. flurb1pro en.' 1buprofen.

iﬁt,ketoprofen. (racemate j'andvf'tﬁé; S 1somer) a‘naproxen;*

”fffiz 8. o o o. o CHlRO~QPTICAL A"ALVSIS ;jngF}t*ffRA¢EMi¢i{ff
s | ARYLALKANOIC | ACIDS (NSAJDs{ffi73Y?37¢ASlsz
CHRGMJ’OGRAPHY , éj - § PR Q E

,ajaryla}KanQﬂc ac1ds c1cloprofen etodolac”(racemate and pureft;

ti?wrmethanol and stored at 4 C Test solutlons (100 ug/mL) weret'};
;Hﬁprepared from stock prwor to der1vat1zat1on Standardi;;-
tr;f olutlons of 1, 1’4carbonyld11m1dazole cDI (100<§ug/nib andri;pf
l.i65 mg/mL). and dlcyclohexylcar@g%i1m1de, DCC (100 ug/mL) |

"f(s 1somer) p1rprofen and tlaprofentc ac1d were prepared 1nr;lf

‘]fdwere prepared fresh dally 1n nethylene chlcr1de ei}idv'ﬁ

,A15¢hloroform ada” solut1ons of R- and S amphetam1ne sulfaté_r,

uif;water and stored at 4 C e

-.,2 9. 1. o o o b ac couomous FOR THE Resownon OF NSAID’

| Dmsrsnsmsansns

K3
[

A

‘diastereoisomers prepared Wlth opt1ca11y pure a- methyl-

1.

\d_(equivalent to 500 ug/mL of free base) were preparesi;1n‘.'

'“f The same GC cond1tlons were used for resolvrng the';"ég

. #n { Lo J‘, N o i,.‘%;. A '



"-jand heated (85 C) Gor 30 mvns After allow1ng th.»'

-' m

G -
23R
%t

"fi'exceptlon of 1buprofen (100 220 C | t L15 C/m1n) :?fhéﬁkif
f:programmed oven temperature'was 100 270 €. at 32 C/min |

J

7-:,2 9 11 o 0 PREPARATION JOF THIDNYL CHLORIDE MEDIATEoﬁfff

FiRE ;_'g;;j g -METHYLBENZENEETHANAMINE * DERIVATIVES oFf;jl
EPRER IBUPROFEN, FENOPROFEN anD TIAPROFENIC ACID :

Test solut1ons (250 uL) of the NSAIDs were added to pH u

| "f}7 phosphate buffer (750 uL) and acjdif1ed to pH 1 WTth 5M[7§f

‘~7HC1 (100 uL) The so]ut1ons were then extracted w1th€}f“

'f;? }toluene (4 mL) and the organlc extract evaporated toa?Tg

1"dryness The res1due was reconst1tuted with d1chloromethane;"

1 mL) and to this, solutlon was added th1onyl chloride (50" -

(o

f'[:uL) The tubes were screw capped »(sEaled under‘ n1trogeﬁ)ﬁ: -

-vhm1xture to cool to room temperature :the excess th{onyi ;

'”“-_chlor1de was removed by evaporatlon 1n _és__

A 100 uL port1on of S-(+)- or R (-) amphetamine sulfate;,:~‘

o —‘solut1on :was ba51f1ed w1th 1M NaOH (100 uL) and extracted ,ff_

'411T7w1th toluene (4 mL) The amphetam1ne extract was added to~1fv

' the tubes conta1n1ng the 3 NSAID ac1d chlormdes preparedb,‘d

jvabove The m1xture was 'vortexed (5 m1n) prior to :thgzv:f

tlremoval of solvent The dry residue was reconst1tuted withiﬁ,i“

' Admethy]ene chTor1de (1 mL) and after vortex1ng (15 min) the

I



:hsubJected to analys by GC FID

e Lo

f’solvent‘\was washed success1vely w1th 1 mL porttons of 1M |
;:HCI and Glst1lled water The washed solvent was then dr1edtifit

_t;over magnes1um sulfate and. removed by evaporat1on ;*b‘fn

dtastereoxsomerlc am1de res1due fwasj ““then

ffreconsti“uted with toluene (100 ggf,1 uLvoftwhich_waslr'

AT

ef}-2 9 1. 2 o o PREPARATION "oF” | -METHYLBENZENEETHAMINE' ‘j-"f
DERIVATIVES o]r-'.:_ ARYLALKANOIC ACIDS ViAo

CONDENSATION WITH - 1, 1’-CARBONYLDIIMIDAZOLE OR'

1 3 QICYCLOHEXYLCARBODIIMIDE
S N N R SO
Phosphate buffer (pH :T mL) 3was- sp?ked with test"

'};sglut1ons (100 uL) conta1nﬂng the NSAIDs,,thd"ac1d1f1ed to'd'
- pH 1 with 5MHCT, (0 ?‘mL) and extra‘cted ‘with toluene NV

“-.mL) lﬂd~ uL port1on ‘of S- (+)-, or R (-) amphetamzpe!jz

'gpsulfate solution was bas1f1ed with M NaDH (100 uL)

x

“'Qr_extracted wtth toluene (4 mL) The two extracts were;_"
-‘comb1ned 1n 13 3 100 ~mm glass tubes :and evaporated
'i[dryness Each res1due was reconst1tuted 1n chlproforn“ol}

\methylene chlor1de (1 q’) .conta1n1ng CDI stocK solut1on}‘

v

(100 ul . of a 100 ug/mL solut1on) The tubes were'~1"

screw capped"(sealed under- n1trogen) and heated\KBS C) foruv

0 5 ' 2” and 3 hours 1n the React1 Therm system orf"
& . (\_,(/ . J i
rtexed at room temper ture (30 m1ns) After heat1ng..'

,?KX‘ Sy o g o
) %f% S ¢ o @‘

L e



’“{1 tubes were \allowed to coo] to ryy;;tempepgtu,e and thefj”a

react1on m1xture was washed WIth 1M HCT- (1 mL) The organ1c;%fy

I

"ihj’ layer was dr1ed over magnes1um sulfate and evaporated tofff*

: dryness Each res1due was reconst1tuted wath toluene (100~ :

o uL) if uL of whﬁch Was‘ analyzed by GC W1th n1trogenv
phosphorus detectron (GC NPD) | o i

Instead of u51ng CDI the above procedure was repeated-ﬁdt

J”

w1th an equ1va1ent amount of DCC In’ th1s case the selectedxs::

NSAID was 1bUprofen and the coup11nq.[eactwon was conducted;
at room temperature | B | B
i 2 9.1, 3 0 0 ; PREQARATION "fOF,ﬂl ;V a-METHYLBENZYLAMINE; '

' DERIVATIVES OF IBUPROFEN AND FENOPROFEN USING

THE METHbD OF {ANGIESSEN AND KAISER (1975)

R

In order to evaluate the usefulness of opt1cally actwve“_f

amphetam1ne as a reso]v1ng agent it was dec1ded to comparefgﬁ

- 1t to opt1Cally act1ve a- methylbenzylamvne.,the reagent
: t frequently ut1l1zed\.for the separatlon of NSAID[,ff
enant1omers i ' : ' '

For th1s~purooSe the method of Vang1essen and Ka1ser,'

(1975) asgrdupl1cated w1thout any mod1fléatlon The fblgt

_,peagen'-~0,1:mL of a. 65 mg/mL solutlon) was added to tubes
"v‘coﬁtain‘.g »'extracted dry res1dues of 1buprofen Tandi

' fenoprofen (10 ug) and then vortexed for 5 m1ns Afterdd_s



%

a-addltlon fﬂ' of acet1c ~f~_ac1d ;fl_llﬂ'rv uL) ;'l'?hdf:f7

L » the L o
~ R- (+) a-methylbenzylam1he (50 uL) Tyt the - solut1on ;7W35:

- 1-vortexed for 20 mins) The solvent and excess reagents werelt

"fremoved by ewaporatlon and the res1due reconstltuted w1th

"pt;toluene (100 uL) uL of which[was analyzed by GC The(':‘

"f,cond1t1ons for GC analy51sawere s1m1lar to those reported"'

'.prev1ously for 1buprofen benzeneethanamvne der1vat1ves

L .
e '

2.9, 1 4.0, o PREPARATION } COF -METHYLBENZYLAMINE:'g:
| DERIVATIVES OF 1BUPROFEN AND FENOPROFEN us:ne,~;,-
THE a-METHYLBENZENEETHANAMINE PROTOCOL

‘(:.f‘"‘ "\“ .
AT

The extracted dry res1dues of 1buprofen and fenoprofen
, N :
(10 ug) were reconst1tuted w1th methylene chlorlde iR mL)

1

‘_CDI 1100 - L ‘of _té’ 100 ug/mL - solutlonl j“and-jf ;

'R (+)-&-methylbenzylam1ne (50 uL) reagents were then added_

"fOne set of samples was allowed to react at room, temperature*

'(30 mins and vortex1ng) wh1le the other was - heated (85 C, 3

fhours) 1n sealed tubes = Each react1on m1xture was then:

.v_'washed vsuccess1vely w1th 1M HC1 (1 mL) and water (1 mL)

Each organ1c layer was dr1ed over magnes1um sulfate,-‘,':

' evaporated to dryness and the reSIdue reconstttuted w1th‘

,:'toluene (100 uL) RN uL of whlch was analyzed by GC NPD




. 2.9.2.0.0.0 sruov OF THE STEREOSELECTIVE OIspOSIIION OF?“
R i‘ﬂ;ARYLALKANOIC ACIDS IN. HUMAN suauscrs |

: 1112,9.2;1LOQOT;;OENERAst_ PROCEDURE FoR. EXTRACTION ‘ANQ o
."ngiv; h lr;']fOERIVATIZAtION oF BIOLOGICAL SAMPLES G

Su1table volumes gf plasma (250 500 uL) or synovwal
thUId (500 uL) ObtaIned from sungcts dosed with an NSAID
_were dIluted w1th approprIate quantItIes of pH 7 phosphate

buffer to gIve a fInal volume of 1 mL These samples ”w‘Feffu'
t he'_

' thoFéL)h~#1X1ng the solutIons were b SIerd w1th 1M NaOH"Ut
(50 uL) and then extracted w1th d1ethyl ether (1 mL) |
organtc phase was dIscarded the aqueous layer :aClefTed"v
with 5M HCT (0. 1 ;L) and extracted w1th toluene 5 mL) . The o

'TurIne samples (250 500 uL) were processed ‘2 SImITar

l manner .except that they were basverd w1th TM NaOH (50 uL);-

L pr10r to Qlluthn w1th phosphate buffer to fac1l1tateiii
'.extractIOn of .- baSlC ImpurItIes‘ and hydrolyze any drug |
conJugates In the urIne (damalI et al ; 1984 1985) The 5!

o mb toluene extracts thus obtained constItuted the drug

sample. | - | fﬁ |

Water (1 mL) was spIked w1th S (+) amphetamtne sulfate

lgﬁpgked w1th ag su1tabler Internal‘ ;standard - Afterf.-7

stock solutIon (50 ut), baSIerd with solId "sodwum o

b1carbonate or M NaOH (50 uL) and extracted with toluene



"3;(55hL) This extract was combIned w1th the drug sample;**

-gfeifract ,repared aboﬂe and the solvent was evaporated to
~1dryness , Each reSIdue :x.was;d: reconst1tuted wrtbﬂ,:‘

‘Lfdachloromethane (1 mL) to thCh was added CDI (2db;uL of. a;of

'100 ug/mL solutIOn) The tubes were purged w1th nItrogenl*nf
hyfsealed and heated (85 C) for 2 hours w1th the exceptIonf_”

“:fof tiaprofenIC acid whzch was heated for 1 5 hours at 65 C: lff

. The remaInder of the procedure was as:descrIbed pPeV1°“s'y;‘n

"j-ffor the test 801ut10n (Section 2 9 1 2 0 0) -';.~ L

fi'2 9 2. 2 o o A PRELIMINARY sruov OF - THE STEREOSELECTLVEj':
R DISPOSITION CoF R s- IBUPROFEN EIN-:;HUMAN*;J

C s

_sususcrss L :‘-_\;, o

ThIs : study »b undertaken "tof? determIne “'thé.“i

. app11cab111ty of the procedures deveJoped and d1$cussed

.-sthe,f preceedIng Sect10ns to the determInatIOn of thé ?f

| 'stereoselect1ve dISpOSItIon of Ibuprofen In human subJects ;
V‘»2 9 2 2 1 0 DRUG ADMINISTRATION AND SAMPLE COLLECTION

"A?ter :an overnlght fast, n%ne male subjects were dosed'

&

"‘wIth 600 mg Ibuprofen (MotrIn i UpJohn) The blood samples .

‘Twere ‘collected at 0, 0.5, 1, 2,3, 4, 8, '8 and 12 hours..

L The venous blood (4 -5 mL) was drawn 1nto heparInIZed



| s dd;?:;_hn?' ?::;g;i{“?}t;iftxtu.iﬂiégéé;i

537¥;Vaoutatner'f tubes.'the plasma separate! by centrifugation*o&;y
d-(a 000 rpm. 10 mlns) and the 'sneCImens stored at -20° Cafff

o :runtll analyzed The cumulatlve u*tnacy excretion was'ﬁ

o ff;determ1ned from total urlne output (0 12 hoursl ) - |
ifAfter a one week waihout per1od. subJect no 9 was gtveniﬂ? ;

600 mg of Apo Ibuprofen Blood and urtne samples were;p

collected as descrtbed for Motr1n :I ¥ ;,:V L _-f-.f N

’e-2,9.2.2,2.0 1 CALIBRATION CURVES FOR IBUPROFEN

%{%47—~sseIhe blank plasma or ur1ne samplei}(o 5 mL) were dlluted,f
w1th an' equal‘ volume of pH 7. phosphate buffer and thenf'
sp1ked with known amounts of 1buprofen (0 25 0. 5 2,;15' _
}eand 10 ug) and 2. 5 ug of‘g methoxyphenylacet1c ac1d as the _'v'

1nternal standard

2r9.2t3"oQo STEREOSELECTIVE oxsposxrxon OF TIAPROFENICf,

EACID IN ARTHRITIC su?hECTs

' '2 9 2 3 8 o DRUG ADMINISTRATION AND SAMPLE COLLECTION

B . 23
.,,

Athe ob3ect1ves and 1mpl1cattons of the study Four subjectsj'
'fwere g1ven racem1c t1aprofen1c ac1d orally, 200mg/8 hours

(Surgam R capsules, Roussel) for‘ at least one. week _No '

ar

7other med1cat10n ‘was allowed dur1g& the course of the.'

‘study On the day of the exper1ment the first dose was -

s Ten arthr1t1c' subJects partic1pated 1n th1s study

W

71L Wr1tten fconsents were obta1ned folQOW1ng an, explanation ofdﬂ 2



",iwa;s““

: *l?igiven at least ﬁl hour before or after breakfast Venousff;f

i fblood (4 5 mL) was drawn Into hepar1n12ed tubes at 0 O 25 -

-“”0 51,2, 3 4 6 and 8- hours and ur1ne (total output) was':i'

'”nf‘fcollected at 0 5 3'*55rt 8 and 9 hours T° six Eaf

ufsubjects who requ1red knee aspIratIQn SIngle doses of 200;;;?

' Qi;;mg racem1c tiaprofenlc ac1d were g1ven and synov1al flu1di'”

4;ifflu1d were stored at -20 C untIl analyzed

‘Yfﬁasf collected (usxng hepar1nlzed syrlnges) between 0. 25 3:fl‘

" hours. Plasma (sepanated from blood) + urine a"d SY“OV’a‘ o

jfb,z 9. 2. 3 2 0" DETERMINATION OF EXTRACTIGN EFFICIENCY 'j}i.'

F1ve blank plasma samples spIKed with tIaprofentc ac1d

:-(5 ug) ‘were- used to determIne the extrac10n effICIency ofng:_

toluene A separate set. of 5 toluene : eXtracts of_:a7:

:. S (+) amphetamIne were sp1ked w1th 5 ug of the drug (1ooff:}'

_eug/mL in absolute ethanol) Both sets of samples were' tnen ui"

“?derivatIZed and analyzed

.’,'2 9 2 3 3. 0 DETERMINATION OF THE EFFECT OF 1 HYDROXY-fI7?d

| BENZOTRIAZOLE ON. YIELDS TIAPROFENxcllf_a

P | Acxo-a-NETHYLBENZENEETHANINE DERIVATIVES

Five samples of toluene extracts : contain1ng ’the. B

.77,resolv1ng agent and 5 ug of tIaprofenlc a01d were sp1ked



e

'"Vf;w1th 10 ug of the trrazole (100 ug/mL 1n toluene) The peak

'“*fjresponse of the d1astereo1somers thus obta1ned was compared?:f

m?w1th that of stm1larly der1vat12ed t1aprofen1c acid samp]egfﬁlg

~t whlch dld not conta1n the tr1azdle

T

-ih?2-9i2;344~0 * CALIBRATION cunves FOR TIAPROFENIC’ECID pe

T1aprofen1c ac1d concentrat1ons _in* thef- b1olog1calefh

'f;samples were determ1ned from standard curves obta1ned byld

.f'xusplktng blank samples of plasma. ur1ne or’ synov1al fIU1d3

:‘>“w1th , Known amounts of racemtc ttaprofenlc 'a01d yThe,_"

: -:3concentrat1ons thus obta1ned were 0 25 0 5 /‘2; 5, 10{f:'

s and 20 ug/mL of Aracemlc tlaprofenlc ac1d The 1nternal“-

.fstandard used‘uas 5 ug of S (+) naproxen L25. ul Of.,ﬁestrf~
T » LT R
solut1on) IRREEE R '_.,k[ ‘“ , : T‘j L

L 2!9:2;4.0,6 ;_STEREOSELECTIVE DISPOSITION OF ETODOLIC ACID -
‘ . .“IN A NORMAL AND AN ARTHRITIC suauscr

| 2;9?2?4?1361 'DRUG ADMINISTRATION anp SAMPLE COLLECTION &

SubJectsJ were 53 year old female arthr1tls pat1e,:

| (subJect F) ‘who was under treatment wuth 200 mg/12 hours._“'

,fetodolac (Ultradol capsules, Ayerst) for over one month and

- healthy 39 year old male (subJect M) They rece1ved



no other‘ drugs 0 the day of‘the exper1ment subJect F
3_ took her f1rst da1ly dose of 200 mg and subJect M 'h1s

sungle 200 mg dose of etodolac Bleod (4 5 m/}fand~ur1ne.e'

”fl'f'(total output) samples were collected at 0, 0 5 1. 5 2 5,
P 5, 4.5,'6, 7, 8, 2 and 24 hours and 0, 1, 2,3, 4, 5 6,

'»iltubes (grey top Vacuta1ners) »were used to draw bl‘

if7 8 12 and 24 hours respect1vely Hepar1n1zed collect1ng

'.q.isamples from the left arm veln After the separatlon of »5[f

":plasma,' spec1mens were kept «frozen untJl theh day”'of ¥

..ﬂ

:;ranalys1s _ R
| 2.9.2.4.2.0 --cALIBRATIoNTCURvEs,FoR'EfODOLAe"*»?f:gr-fiQ 5ﬁg§«
F the purposes of cal1bratlon 0 5 mL sampJes of |

ziblank plasma or urine. d1luted w1th 0 5 mL of pH 7 phOSphate

”1.‘jbuffer' were 5p1ked w1th var1ous al1quots of standand test~-::‘

4 . e,
'“solutlons of etodolac to - g1ve a concentraf1on range of

e Q\zs 0.5, 1, 2, 5, 10 -and 20 ug/mL The 1nternal standard 3%

.?".,Q"‘ /"z‘i

':was s- naproxen (5 ug in 25 uL) o '.': : #zius ’:-;u;. REBLE
Do e T e PR
. . . ;" . i ‘.';‘_ o Lt

'“2;9;2,4;3,0_ HPLC ANALYSIS ‘oF ETODOLAC URINE CONJUGATES

Ur1ne samples (0 5 mL- al1quots in tr1pl1cate) obtalned

.;ffrom subgects were mlxed Wlth 50 uL or 100 uL NaOH (1M) and

.aceton1trlle (0 5 mL) Samples Were then vortexed o 1.{ j-xt



:iffqtid-'uf_f

" centrlfuged (3 000 10 m1n) and filtered through 2 um;@*’
d1sposable t1ps (Supelco) The f1ltrates were collected T
250 uL v1als and a., 100 uL al1quot of the sample waslf:'

:_chromatographed us1ng methanol water acet1c ac1d (50 48 2) :‘t

w"‘las the mob1le phase. analytlcal wavelength 280 nm

The exper1ment was repeated on another al1quot of ur1neu

but w1thout the add1t1on of NaOH o

. 2 9 2 4, 4 0 ISOLATION OF 7 HYDROXYETODOLAC
TR
"lf;ig ‘ Pooled ur1ne samples were hydrolyzed w1th NaOH (1M)

U T

’“ffib3{ft}

@

extracted w1th ethyl acetate and the solvent removed under'_

3

' vacuum The crude extract was. purif1ed by 51llca gel columng’

chromatography i us1ng chloroform ethanol “(9 8 1 2 Sviv).

Forty fract;pns (30 mL) were collected and each fract1on>'

':'wasf analyzed fTh 7~ hydroxy metabol1te was 1solated from

fract1ons 4 -6 and analyzed by proton NMR GC/MS and d1rect ;o

1nlet probe MS

'?-ﬁfpr: the purposes of GC : analysls, the ‘_1solated o

!7, metabol?te or ’the_ ur1ne samples were treated 1n a mannert

;g o sxm1lar to that descr1bed in Sectlon 2 9.2.1.0.0. The dry R

ﬁ

L toduene (100 uL) and>1 ul used for GC analys1s

::’m n_i,‘_ 'V-\".‘“’; \ f@q %.

9

Hres1due of the d1astereo1somers thus obtaxned was treatedl

- w1th trzfluoroacet1c anhydr1de (100 uL) and the react1on;'u

f’q;;allowed to proceed for 1 minute’ After evaporatlon of the.'
¥

. ?‘1neagent the tr1fluoroacetylated res1due was reconst1tuted4\“



}égb;d;d;b}b RESULTS AND oxscuss:ou

.

;35i;q:d,0;o ' MICROBIAL s- OXIDATION 0F B LACTAM DERIVATIVES'*Q

The chemistry of B—lactam based ant1bacter1al agents:

}contlnues.to be an area of 1ntense development Researchersfaif
fin pharmacokinet1cs and pharmacodynamics have Kept pace. o

.with the newly developed agents (e g tﬁ pharmacokmehcs.-

of thlrd generation B lactams has recently been revwewedJV

5(Ballant et al 1985) and llterature on the mode of actton.g;5

e

,Jof B lactam ant1b1otics has been updated (Tlpper 1985) “f-?

'v;Iron1cally, however. the potenttal of B lactam sulfox1des

t_as ant1b1ot1cs has h1stor1cally been overlooked | mostjg,f

o: probably because of . (1) the d1ff1cult1es 1nvolveq in the

'stereospecif1c chem1cal synthes1s of sulfox1de enantlomers ,"'4

-and (2) the generally accepted not1on that ox1dat1on offi

"sulfur ,jsf a metaboltc deact1vat1on ' process Asij'a

o consequence,.‘theu Isomer1c sulfox1des of B- lactams came to“,”'

-”‘be»'regarded‘pas i1nact1ve metabolltes although severala

.reports suggested otherw1se (Cooper et atl., 1969 1970 de:d;h:

Kon1g et al. N 1977 Durekhewmer et al , 1977 Matula, 1978

- ) Debono and Gordee. 1952 Dunn 1985) It is 1nterest1ng to.

" note that as a metabol1c process, sulFOX1dation second;,"

ﬁ;only to ﬁ lactamase induced hydrolyt1c cleavage 1n'f,‘

-

104



the B lactam antablotrcs IFlynn 1977 | Gottstefni'ethfalgg*

".In v1ew of the potentlal stereochemistry dependent:‘
ant1bacter1a] prOpert1es of sulfoxldes (de Konig et al, ‘

X q977) 1t was desxrable to ut1l1ze m1croorgan1sms for the1rf o

. preparatlon j part1éﬁlar]y ~asﬂﬂhfant,qalternative t o
}»i stereospe01f1c‘ chem1cal synthes1s -M\orob)ally med1ated;h‘;
synthe51s was’ e;;ec1ally attract1ve by v1rtue of the m11d5-;'
:'react1on. cond1t1ons, fthef 1nherent stereoselect1v1ty oft-ﬁt

-y _

mlcrob1a1 enzymes and the Qotentlal ‘foh; scaIe up t'

prov1de preparat1ve quant1t1es of the des1réﬁ product (F1g
_*”‘ft4)¢ ) -f‘,-iﬁf',~ﬂ R v”-”

3fhetbasis50f earlier}studiés in. these laboratorles»f

;fetsi.aT;._”1982) “the ox1d1z1ng potent1al of‘h?u

Cunn1nqhamella ech1nulata was well known However 1t_ was,,’
1ineéé§§}ry ‘ off,conduct ; pre11m1nary. qual1tat1ve anof\;‘VF
. comparat1ve. study 3nw ohder .'to'f determtne .»the' most J
o appropr1ate fungal genus for ox1d1z1ng 3 sulfur atom Based __“

\\\_JuxmlJiEuadanalys4s—ef several Fungal 1ncubates (see Sect1on-~

2.7, 1 2 2. 0 Mater1als and Methods) 1t was determ1ned that

‘only C ech1nulata,_dl. Xlglgg, and T m
vcapable of produc1ng ‘the sulfox1de metabol1te Comparlson
o of peak he1ghts on the HPLC chromatograms, 1nd1cated that._
 C ech1nulata was more product1ve than the other two fungi o
| The HPLC properties '(an 15) of metabol1tetf/ |
‘h compared favorably with those of authentlc R sulfox1de |
',—'However' s;nce a ‘non- stereospec1f1c HPLC : assay ..'_sh;;;;f

ut1112ed thg e L o L L
,\ ; .




”j echinulata 1ncubq‘ "thts was determ1ned 1n a scale up

._% study After pu

.'?

stereochem1stry at' he sulfur atom was’ not Known f_f}*c

v

suff101ent metabolwte for structural eluctdat1on no effort o

.1 .

'*?f;jpeff;

Sa

'H NMR analys1s '?fi
that of an authent1c s%%ndard 1t was revealed that th
qetabol1te had the R conf1gurat1on at su]fur (Table 9)
Thts conf1gurat1onal aSSIQnment was further conf1rmed by
comparason of the spectral data w1th those of structurally

slmllar cephalospor1n sulfox1de5‘ (Durekhe1mer et R I.@]:

Since the goal of the preparat1ve study was to obta1n e

: was made to maxlmlze the y1eld However the bas1s of

i the Klnetic study (v1de 1nfra) the substrate concentrat1on -

l h{f‘should not exceed the saturatlon 11m1t_ of 100» ug/mL

e -

Atthough a -sulfo'e product was not observed the add1t1on

of acetone powder ”(Sm1th and Rosazza._ 1975) wouldl be

1‘adv1sable to prevent 1ts poss1ble format1on and thereby

5, maxim1ze the sulfox1de y1e1d

Cultures added to Bacto Sabouraud broth resulted 1d"'i

ifféhuas' er jor to that obta1ned w1th Czapek Dox med1um, thrs

broth &55 subsequently used for al] further stud1es , )
: Iny Figure .16 1s dep1cted a typ1cal HPLC chromatogram s

j;f obtaineﬁ from an extract of C echinulatg 1ncubated W1th

:J



s . oo e i,

o

sporanlcfac1d (CS) as the substrate As e;pected with a;gjf

| reverse_ phase HPLG system the most polar component ‘the 1 |
a»sulfox1de metabol]te of CcS. (CSO) was Flrst to eiute (Rtj5ti?

1 8 m1n)‘*fol]owed by C%,(B 3 min) and 1nternab~standard

iy

(the correspondwng cephalosporan1c ac1d ethyl, ester) 7 51'

| m1n The peak in' the chromatogram corresponding to thei5'
metabol1te CSO was absent 1n substrate control cultures

(med1um | p]us substrate '_butﬂ, w1thout m1croorgan1sm)

S1m11ar]y; the peaks correspond1ng to CS and €S0 were h3E

;‘n the ana]ytes. of medium control Flasks (medlum:;flt

an1sm but w1thout substrate)

Concentratlon t1me curves for CS and CSO are shown 1n'jf”"

| ngures 17A-208. In’ Table 8 is listed the half-lives and

3 5rate constants for the d1sappearance of the substrate CS _t-ﬂf

and the metabol1te CSO The k1net1c parameters ; werecf@fh

obtalned us1ng the mean of 3 values For quant1tat1vea'_ff

analyses.' cal1brat1on curves Were - obtained d usrng: 3
(L8 g
concentrat1ons of 5, 10 20 40 80 100 200 400 and 600_

ug/mL of medlum The: curves were l1near (r2-0,992)'.w1thvifn

el

excellent reproduc1b111ty (%CV<8 n :3),

. As all the man1pulattons. 1 e 1noculat1on 1ncubatrondbh o

and growth of" m1croorgan1sm had been standardized. any .

1nterflask varlat1on wou1d be min1mal It was also aSSumedj““

that under standard cond1t1ons each culture flask was an -

;";3 e



‘f1ndependent ent1ty‘anaﬂggous to the one compartment nodelf

,fb7used to descr}he mammallan pharmacok1net1cs Us1ng thvs»ﬁf‘;f

'-Tftanalogy “the é*?ect of substrate concentrat1on on ”theil

‘;:productlon of the metabol1te could be’ observed Norma]ly

“Q the rate of dlsappearance of CS. 1n a f1xe63 volume of c.

echwnulata cu]ture would be expected to obey f1rst order

' ,bkinetics This ’i?' c]early ev1dent ;a - CS- concentrat1oni"L :

"levels .of 25 and - 100 ug/mL of med1um (F1gs 17A and 18A)
‘However at concentratlons of 200 and 400 ug/mL (F1gs ‘19A
f]adﬂ 20A) an accumulat1on of substrate in the med1um is
‘observed. One é&p]anat1pn 1s saturatlon of the CS transport J
;;_mechan1sﬂ' aqd consequent&g poor upt:re Th1s would 1mplyh
4zero order uptake and there?ore concentratlons greater than;
.200 ug/mL are beyond the saturat1on 11m1ts for m1crob1a1-'
uptake of CS. 3:f T ,'_ R o
The - values obta1ned for Vmax and Kmax (Table 8) ﬁurther
h;support the occurrence of - f1rstaorder uptake Kvnetwcs'_atg
"-.1ower : concentrat1ons l‘and' . zero-order - at' h1gher
concentratlons The~'observedyt1ncreasé in'hthetgrate ofw;'

metabolTSm | ofﬁ 'CS to CSO: with increasing':substrateae

'concentratlon (and w1th t 'Lcapacity,, Kmax frema1n1ng_:,'

r'unchanged) | may be» due to tran51ent enZyme 1nduct1ve -tf]

 prpperties of tHe cephalospor1ns.'a ernomenon -comparab]efr
t-lito the cephalosporln 1nduced trans1ent elevat1on of hepat1c"

-ffenzymes in humans (Baflnt et al 1985)



o

On compartson w1th mammals itiwoutd‘befréasonable to

T

4 _
‘tassume that 1n the m1crob1a1 .system metabo]1sm plays 'an

_ ' o
vttmportant role ﬁn drug eltmtnatton The‘ observedtratev-
‘7f0rmatton constant (KF ) va]ues for CSO (at CS 1evels of 25425;“1

| 'a,and 100 ug/mL) (Table 8) are 1nd1cat1ve of either tl)t o

pfconcentratton dependent ktnetics. fO (2) t1me dependent
*Jklnetlcs fDue to zthe‘ l1m1ted number 6? data potnts,,the?' _
values could not be determtned for the 200" and: 400 ug/mLf D
';qrconcentrattons However based on the dtsappearancé'rateb;

. 5constant.(KE) for cs, it would be reasonable to assume that
.~ the metabol1sm of Cs to CSO 1s concentratton 1nd endent .

"'Jf;t is p0551b1e that ”'in . thts .‘mtcrobtat system

L d1sappearance of.sthe sulfoxxde metabolwte is obserVed due‘

_to subsequent oxidatton to the sulfone or as a resu]t ;of ‘

other metabol1c pathmays such as C S bond cleavage (Hanzltk

ff and Cashman 1983) and | B lactam ) r1ng open1ng “Thel,

fﬁd1sappearance rate constant values for CSO with var1ous]

levels of Cs, jare.v'1nd1cat1ve ‘ of‘ 'a‘ dose dependent-'

| phenomenon ~Since KF is greater than KE, the rate of

B - further metaboltsm of 'CSO to -CSO., - ?or' undetermlned'

ﬂ.products 1s slower than its formatton These observat1ons
”are in agneement w1th the fact that mtcrobtal ox1datton of7r
"sulfur proceeds in a step w1se manner (Smtth and Rosazza.;fb"
1975) Consequently. the zero- order- k1net1cs of ox1datton:?
ofj sutfox1de to sulfone shou]d lead to the accumulat:on of

- CSO a} htgher concentrattons of CS ThIS would explatn the

t.’ ‘



o

gdonger half l1ves of CSO at CS levels of 200 and 400 ug/mL
Based on the above arguments ‘the K1netic model deplcted.

in 'C1gure 21 1s—prop05ed and the followxng conclus1ons aregf o

.,presented (ll:vthe, rate‘ of CS d1sappearance - ls'u'a.7'
“"capac1ty l1m1ted process,« exh1b1t1ng f1rst order K1net1csA
at lower ' concentrataonst"and'- zero order gat h1gher.:
»h?concentrattons Th1s is also the rate l1m1t1ng step in the:'”

ox1dat1ve metabol1c process. (2) the ox1dat1on of cs to CSO ‘

. is dose- ‘ndependent and therefore obeys l1near K1net1cs.g,'7 .

1(3) the metabol1c ox1dat1on or degradatlon -of Cso aga1nv"'

c fpllows zerogder (non l1near) k1net1cs leadmg to CSO

'ffiaccumulat1on at hlgher levels of cs.

Durlng the course of th1s study 1t was. ant1c1pated that o

;aromat1c hydroxylat1on m1ght occur s1nce the substrate CSf

‘jh_has a phenoxy group as part of the - C7 subst1tuent Although f«

Jsuch metabollte(s) were not observed the1r format1on could;

| hot be precluded The mechan1sms for sulfox1dat1on andf"
aromat1c hydroxylat1on by m1crosomal enzyme systems daffer

| ati_ cellular levels 'A}T study : undertaken by other :

.,l1nvestlgators (Cashman and HanleK 1981 1983) 1s relevant 3

,to : the' present d1scuss1on The .study ;nvolved ‘the

*hepatotox1n th1obenzam1de (F1g 22) <Which:”""extenslvely. a

-ﬂ.ox1dlzed by L m1crosomal enzymes"to the correspondlng |
izsulfox1de even though 1t 1s also a potentﬂal target "for
' aromat1c hydroxylatfon The sulfur mono oxygenated product:
"was,, the QmaJor metabolite‘ formed ' 1n1t1ally aWhen}f

"th1obenzam1de was 1ncubated along w1th b1phenyl as a



‘".‘Standard for compariSon two d1scr1m1nat1ve patterns were

uobserved cytochrome P 450 1nvolvement (NADPH dependence

' and .1nh1brt1on by N octyl1m1dazole SKF 525A and secondary*”'

cyclopropylam1nes) occurredr w1th blphenyl . throbenzam1d§“

 was metabol1zed A SR ;>crosomal - FAD- conta1n1ng ,:::.

mono oxygenases respons1ble for sulfox1dat1on Itt appeared

that not . only were. there two d1fferent enzymes 1nvolved 1n f

the metabol1c ox1dat1on of sulfur andwaromatwc carbon but"'

3 also that the m1crosomal FAD conta1n1ng mono- oxygenases may

s e

be the domlnatIn nt i, } 713' '"”'-,ff R W Vi
g ¢ tY e e ’& o

&y,

\V.

o

determine and de' ,fﬁrate* #he metabol1c capab1l1ty of

B

m1croorganlsm$’ to ofo1;e sulfur and sabsequently deduce

o i
the stereochem1stry of the* product f above mentloned

enzymat1c aspects.. in- Qg: echwnulata metabol1sm were not

1nvest1gated_ urther'. s
. L e T . \
s v’ [} . w 5 !
‘ “ “_.’ ¢ ‘ :‘ E
S R L
‘ 5, o Vs 4 ) E '
S% e s ST

g B .
&he 1n1t1al ﬂ1mm‘of thltv/the51s research was to-

[}
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'<(+/;)4Pﬁéha1tébc1-' h been analyzed in b1olog1cal:-

samples us1ng HPLC (0dd1e et .aj;.' 1982 Lagerstrom and

e . Carlebom, 1984) and electron capture GC (Degen and Erv1k _
»1981) The method ut1]1zed 1n th1s study was s1m1Tar to 2.

qf reported GC- MS procedure (Erv1K et al. 1982) except that -

K
g !’n".""'si :

and prenalterol fo three subii;ate _concentrationst;are'-

tr1fluoroacet1c anhydrlde was ‘used for der1vat1zat1on

followed by;; n1trogen phosporus’. detect1on ;A. typlcal -

chromatogram is shown Ain F1gure 23. The retent1on times off. ‘

TFA- der1vat1zed (+/ ) “pre- prenalterol (+/- ) - prenalterol

ahd 1nternal standard were 5 09 min, 6 14 m1n and 8 34 ’m1n'

respect1vely N ”Onu- GC MS compar1son w1th slm11ar1y‘ .

der1vat1 ed authentlc standards. 'th *7 components were:

1dent1ffeﬁ

‘;;s f N, 0 b1s(tr1f1uoroacety1)pre prenaTteroT

N 0,0, tr1s(tr1f1uoroacetyl)prenalteroT :‘ o ”-.i' t,andi”'.

N 0 b1s(tr1f1uoroacetyl)-[ propranolol (F1gs 24, 25A C)

' Typ1cal ca]1brat1on' curves could be descr1bed by y 'ﬁf

0 715x . -'0 004 for (*/ ) pre prenalterol (r -0, 997) and y
0.421x +0.049 for (+7-)-prenalterol (r2 = 0.984).

O

The concentratwon t1 rves. (n 5) of pre prenalteroljl

pre preaaTterbh‘w
. )’ ‘ :' . ) A: .

dep1cted in F1gures 26 28.. The Kinetics:



ff formatlon by C eohinutata'were',typioaTiy linear atfﬁjdwgl

concentrat1ons butf.non~l1near -at_ h1gher concentrat1ons

jW1th 1n1t1a1 concentrat1ons of 100 ‘and 200 ug/mL hthe;w*“ k

.'jtdlsappearance » Qf‘ (+/ ) pre prenalterol °from the broth':;

._ppoceeds accord1ng to f!rst orqer K1net1cs 3As: expected f:"'

Hpithe plot of CRF (concentrat1on of prenalterol rema1n1ng toi~

be formed)‘ was 1og 11near ‘and super1mposable w1th the

'igconcentratlon tﬂme plot of the substrate (F1gs 26 27)
J“-vTh1s 1ndwcates ‘ that ‘the; blotransformat1on f ’ofy
';(+/ ) pre- prenalterol v1s j malnly. v ¥f .hot“ exclus1ve1y,";‘
.through the format1on of (+/ ) prenaltero] (F1g ' 29) -Thetb”i
'_preparat1ve y1elds of greater than 85% (Table 10) further o

: support th1s suggest1on However, as shown fth5

. ‘w1th a. (+/ ) pre prenalterol concentrat1on of 400 ug/mL

5the k1net1c‘pattern changes cons1derably The CRF plot hadjv-"
two | d1st1nct phases ~an 1n1t1al i slow ‘rate - of
(+/=)- prenaltero] format1on followed by a 1og lwnear phase,s

.t]w1th a' slope sxmllar to that estrmated from the lower_p o

~

' (+/ ) prenalterol : format1on “and (+/ §Fpre prenalterol"h
‘uptake appear to be non lﬁbear w1th Km of 427 811 ug/mL andk" ‘
Vmax of. 232 301 ug/mL day , Th1s suggests that “the C .‘_hf.‘

'.Qechlgglata- o med1ated }

/=) -pre- prenalterol to (+/- )-prenaltero! proceéds throughj

s

5]

- Ry

}concentrat1ons greater -than 200 ug/mL the klnet1cs of .

e

'concenhrat1on curves (Table 10) Thus with substrategf '

"‘gar hydroxylat1on [."fof*)

a SIngle capac1ty 11m1ted pathway (vanG1nneKan et al 7“J'[5:"



ﬂ4

o 1974) The in1tlal substrate concentratvons of 100 and 200_5d?13

-vt?'ug/mL were lower than the observed Vmax and therefore in td~7

l-these 1nstances,. the b1otransformatlon proceeds_' w1th o

"f:.apparent first. order K1net1cs

The l1m1ted capac1ty of the hydroxylat1ng enzymes of C o

"echinulata is also ev1dent 1n the (+/ )-pre- prenalterol 400};T

",Vug/mL concentratwn t1me plot (F1g 28) The‘lmhal slower"

; disappearance of the substrate was preceded by a Papld;df'

l)

- phase 1nd1cat1ng very‘qu1ck uptake by the mICroopgan]sm R

fEurther ev1dence 'for‘ rap1d uptake was obtalned when the_

| "1ncubates were exam1ned followwng add1tlon of . substrate.‘f’

lafterl 24 h of 1ncubat1on the med1a cel} d1str1butlon ratlo
. was found to be 0. 483(mean) +/- 0 082(sd) - o |
From the precedIng d1scuss1on 1t 1s apparent that for a;

Jf1rst -order b1osynthes1s of (+/- ) prenalterol the;_1n1t1al ﬁd

'Asubstrate concentrat1on must be Lower than the metabollc _"i

'v[rcapac1ty of the m1croorgan1sm waever even at=a substrate_il

'concentrat1on of 400 ug/mL there 1s v1rtually complete' }.
'{;rconvers1on to (+/ ) prenalterol after 8 days of 1ncubat1on
':‘(Table 10). Extractlon of the - mycel1al cake followed by GCv
analys1s of the extract revealed that only trace amounts of;"

-gprenalterol remauned w1th1n the m1crob1al cells

The product obtalned from the preparat1ve fe"me“tat‘on,v‘v“

. was conf1rmed to be prenalterol by compar1son w1th ther
"authentlc synthetwc standard The meltlng po1nts, H‘H_NMR" T

- (Table 11) IR\and mass spectra were. 1dent1cal



3.2.1.0.0.0 MICROBIAL y§ CHEMICAL svuruesxs or RACEMIC i

o PRENALTEROL

. Previous Studles with JB-adrenoceptor antagbnjsts' =

'“SUggested that fgwt‘echinuiata was 'a useful model ,:of

mammallan metabol1sm, spec1ffca1]y,, g hydroxy]at1on of a

phenyl r1ng (Nazara11 et al. ‘1982) 'th was ant1c1pated f

: therefore, thaﬂ pre prenalteroI would 51m1larly undergo :

o hydroxy]at1on at the pos1t1on gara-'to the oxypropanolam1ne

side cha1n (+/-)-Pre prena]terol was eas11y prepared from’*
phenol -'tWO , synthet1c v steps, | us1ng1* relat1vely

1nexpens1ve reagents Reg1ospec1f1c microbial’ hydroxylat1on

's

' ; completed the synthes1s The same reagents (ep1chlorhydr1n’;
: and—a1sopr0pylam1ne) were ut111zed for a total chem1ca1.. o
| f_j synthes1s of (+/ ) - prena]terol In th1s .case, however fourA.

fi“, synthet1c steps 'ar requ1red 1f p- benzoqu1none 1s'the' ‘:

start1ng materlal One phenol1c funct1on must be" 1n1t1a11y.

S protected in order to construct the oxypropanolam1ne cha1h

_on the opposwte s1de of the r1ng Ther last deprotect1ng-"

step affords (+/-) prenalterol

) Although hydroxylat1on. of the -aromatic{ffbing is
reg1ospec1f1c,.' thlﬁyﬁ metab011c | route vg“is‘ also_4

' Ap non_stereoselectiVe’vbi e.. the m1croorganlsm metabol1zes
| n (+)?y and (-)- pre prenalterol to the same extent - The H)gh

: y1e1ds (Table 11), absence of any substrate after 8 days of‘

. -~
A

p :

A



',-..'1’1_6 o

‘TncUbation}‘ and the format1on of é* s1ng1e metabolite,

S substanttate fthe non stereoselect1ve nature ’of, C{ .

;echtnulata med1ated ' aromat1c hydroxylatlon of racemic

_:pretprenaltenol Ut111zat1on of (-) pre prena]terol as" the:r- s

‘JrSUbstrate‘:.“. should ' g1ve o (-) prenalterol - (the»
':pharmacolog1cally act1ve _1somer) nd“_ consequently’“'

) Ja.potentially attract1ve alternatlve to exclus1ve chem1ca1
"synthes1s | e x ' |

If mammal1an dose dependent pharmacok1net1cs, with an -
'emphas1s on Phase 1 ox1dat1ve b1otransformat1ons (Dayten

and cSanders,y 1983) ‘are, extrapolated,uto.,the_macrobial ..

~ system, then the 'ltmtted' metabolic capacity‘l of C.

-ech1nu1ata may - be attrIbuted to either (1) OVerloadtng of

,‘~the metabe11z1ng system, : (2) enzyme 1nh1b1t1on by

substrate or ‘metabol1te,' or ¢3) a comb1natuon of factors

(1) and (2)

Exper1mentally 1t 1s d1ff1cht to conf1rm the s1ngu1ar,= -
;Jposs1b111t1es 1) or (2); Enzyme saturat1on 'ahd, to some
extent, substrate_ 1nh1b1t1on may be factors Jo1nt1y
‘.responsible-for->the. l1m1ted metabolic. capac1ty of th

<,microorgantsm“ ‘The mammallan ox1dat1ve systems which

'1nvolve act1ve forms of oxygen are Known to be f1nh1b1ted

‘i-under cond1t1ons of substrate overload (Payne,,1978) S1nce

aromatlc hydroxylattons proceed v1a 1ntermed1ate' areneo
"ox1des {Nelson and Powell 1979) 1t is. plau51ble that the B
‘microb1al ox1dat1ve system ds ?wmllarly 1nh1b1ted 1The

fv'coex1stence of an alternate mechan1sm, such as enzyme -

.Q."

N
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"_‘1nh1b1t1on by the substrate /may be of SOme s1gnif1cance.'
' ,s1nce pretreatment »of 'rat- m1cqosoma1 fract1ons, with,~i-
" propranolol is. Known to 1nh1b1t Tts- metabol1sm (Prttchard'

et al., 1980) .

e

1“ ’

- 'l

An aspect that was not 1nvest1gated was the effect of

o “1ncreased metabol1c capac1ty at ) constant volume of’a

E ‘correspondlng hlgher substrate level

f;fd1str1but1on The data presented above suggest that l1m1ted'.;

'.metabol1c qapac1ty is - the 'rate l1m1t1ng step in'vthe,'
' .bloproduo£1on of prenalterol An 1ncrease in the vo]ume of:
&)i 474

" the 'Phase 11 m1croblal 1nocu1um §hou?d tberefore result lnﬂ

enhanced metabol1c capac1ty and hence 11near K1f

0
3.3.o.o.o.o GENERAL CONCLUSION FOR MICROBIAL METABOLISM $
o STuDIES ‘

The mu1t1-faceted Kihetics-retated° aspectst_of ‘Q.
echinulata in - ‘thé metabolism of CS “and PP furfﬁé{'
iﬁj]luStrate the heterogenelty Of' m1crob1a1 ; enzymat1c'
'SYStemS' Substrate assoc1ated d1fferences in the k1net1csh .
of uptake and metabol1sm._ substrate spe01f1c1ty of the =
,;metabol1c enzyme systems, and stereo-‘and reg1ospec1f1c1tyf
of these enzymes are sxgn1f1cant features of\\m1crob1at

'7zmetabol1sm fﬁ§general and of C. ech1nulata 1n part1cu1ar

The potent1a1 ‘of M+ (m1crob1al models of mammal1an L
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‘,}metabol1smﬁa$systems and m1crob1al catalysts 1n synthet1c -

B chemistry has rece1ved con51derable atteqt1on (Sm1th

Rosazza, 1975 Perlman. 1979 Sebek and Perlman, 1979) but
t,the feas1b1l1ty of us1ng these systems as m1crob;alvmode1sf,

'foh‘; mammal1an«vpharmacok1net1csfj_may_~be' an innovative""',

-

propos1t1on ~ The potent1al ‘and"VaPidity'"ef "such‘” '

'- E%' ngsnion requn'es a thorough 1nvest1gat1on It should

ever ‘be real1zed that - relatlve- to mammallan mode]s,f

7 m1cr00rgan1sms are comparat1ve1y uncompl1cated metabollc |

) “’3,»\’\}4 L c]
units. Many of the var1ables egcountere@ durlng a mmmmal1an

. _foﬁ studylng the k1net1¢s of drug el1m1nat1on v1a Phase I‘ "
;ox1dat1ve b1otransformat1ons Such ‘ 1nformat1on,j when:
‘vextnapolated to. mamma11an systems would be of ass1stance

'1n the evaluat1on of the role of other metabol1c pathwaysv‘

'“hwh1ch contr1bute to drug c]earance and el1m1nat1on

ke

| ¢ s
}study are not present in M‘ 1nvest1gatlons The 31mpl1c1ty k

foﬁ the m1crob1al model m1ght _however, be q%ed to advantage :f;'
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©3.4.0.0.0.0 MAMMALIAN 'fTEREOSELECTIVE }n;srosiridﬁ’,OFh= |
R ”Q.RAcsmxc FENF URAMINE IR R

7f3{421;0;g,oﬁ-'srsksospscx ch,; ANALYS&S  OF  RACEMIC
| S "fAMPHETAMINE NALOGS o S

: Racem1c pre prenalterol had been used as: the substrate:

i the m1crob1al b1osynthes1s Of DPenaltGPO‘ It was of

-

:f:1nterest to 1nvest1gate whether m1crob1al P hydroxylat1cp»h'

» was a stereoselect1ve metabgllc process by determ1n1ng the.

ropt1cal purtty q
‘ e -f’w
) Known -at the™ t_

E the prenalterol product Alth0ugh not”u'
.;'subsequent polar1metrwc analys1s of the

"prenalterol obtalned from the preparatlve fermentationA

“fhrevealed that it was racemlc

Swnce the opt1cal 1somers of prenalterol werev.not ‘

i read1ly avallable it was dec1ded to obta1n some fam1l1ar1ty

:_w1th chromatograph1c ch1ral, separat1on methods by . 'us1ng:"“‘

‘,su1table mode 1 compounds Amphetam1ne. and related am1nes.l‘

were selected because several opt1cally pure 1somers were s

‘ »1mmed1ately ava1lable In addit1on, s1nce prenalterol was
also an am1ne. the chiral der1vat1z1ng agents ut1l1zed wwthf'

“the model compounds m1ght be applled to the analys1s of f
th1s drug v - o o | '

’ -

. AmphetamIne. and closely related analogs (F1g 30)

were. resolved ~as d1astere01somer1c derlvatives of

V.-,



‘ fflzon”*

'1,N trifluoroacetyl L prolyl chloride The separatibn factors l'

L e

'31 AN N- TPC diastene01somers were resolved to baseline on

la) and retention times (Rt) these derivatives a}eu e

--listed in Table 12 and their structures are shown 1n Figureif"”

the fused 51l1ca capillary 'column (Figs 32, 33) It 1s§';3=,

- 1nterest1ng tpLNOte that although the fluoroamphetiwine and'. [

'ff_methamphetamine diastereoisomers were eluted later than the L

A. amphetamine derivatives. they were not as well resolved as fg;~‘

;l‘}he amphetamine isomers This observation suggests ’Ai»j.

ﬂ superior capaCity factor,~but lower separation factor,‘fand

1mplies nhat higher capac1ty factors do not necessarily‘f,

mean better resolution of diastereOisomers On the ba515 of,_

the» three p01nt rule (Dalgliesh 1952) the superror—-i.i

séparation of (R) AM TPC and (S) AM TPC derivatives couldt:

ben attributed to hydrogen bonding 1nteractions betweenf‘

stationary phase .and the, amide .gpeup” Non-bonding';i”"~

1nteractions ’(stearic hindrance) would also occur as a

result of the proximal proline group These’ comments are 1n\

agreement “with the observations of Karger Westley Halpern_

(Karger et al.{ 1967; Westley et ~al. 1968) After

derivatization w1th N- TPC methylamphetamine no - longer has-'

-an’ amide proton available for hydrogen bonding with the~

stationary phase dhd<5esolutlon is consequently dimini\FEd
slightly Resolution is still observed because non bonding

1nteractions are still possible as well as hydrophobic i'

&
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I

v.#1nteract1ons between the aromat1c rtng (probably pi p1:f3a}

-1nteract1ons, P1rk1e, 1981) ‘and- the stattonary phase

It <is apparent that wh11e the amtde proton does not»

A*;appear to be ekclusrve requ1rement for separat1on its

L presence doeéﬁ have a benef1c1al effect Although fthe_. v

/x.'

: aromattc hydrophob1c 1nteractlon provtdes one of the tbree'"

Ty

. 1nteractlon po1nts compared to the amtde proton the tr1ng.'

_ isi relat1ve]y further away from the ch1ral centre The; B

'thydrophob1c 1nteract1on should consequently make less of a

"f fluortne 1s Known to htnder separat1on (Watabe and

contr1but1on to the process of chtral recogn1t1on (Rose et

1a1;. 1966) The Jmportagie of the amlde proton in- ch1ra1’

' Vdascr1m{natton “is  f

er. eYtdent w1th fluoroamphetamlne-<

TPC d1astere01sdhers "The htgh electronegat1v1ti = of

"71985L JIt~ would therefore be expected that (+)- fand ;

"(-) fluoroamphetam1ne TPC dtastere01somers would ot be as

, we]l resolved 'asﬁ_ AM- TPC : der1vat1ves : However 'J'the"‘

detr1mental} effect of .fluor1ne is partly offset by the

“_hydrogen_'bondingu am1de 'proton' and . consequently‘ hthelr
'resolution f"ts“ better ' than  that obseryed;"witht'

‘ methamphetam1ne TPC d1astereo1somers

The super1or separat1on of g chloro fluoroamphetam1ne

d1astereo1somers may be attributed to greater'r sterjc

’h1ndrance ’ (non bond1ng 1ﬁt_ractions) andi that ?of

dtranylcypromlne to. overall conformat1ona1 r1q1dity of the

Av o



ffiread1ly formed (MS data. F1gs 35 and 36) they were not

122

":fa,structure (see Sectwon 1 2 1 1. 1 1, a. Introduct1on)
| In- evaluat1ng the performance of fused Silicé.ftt.
”ﬁffacap1llary column '(cross 11nked d1methyls\11cone) andf{a Vni
:h*fpacked DV 101 (d1methyls111cone) co]umn (Table 13) .{t_-tsitvi~
'7'5apparent that 'Judgements made ~solely on‘ the bas1s oft;da:
"}separat1on factqrs may be m1s]ead1ng A]though the a valuesff}
aaahobta1ned on the packed column are super1or to those on the
‘.'cap1llary co]umn the chrgmatographlc peaks v‘ahe'fant h]i“
'gresolved to base]1ne basel1ne resolut1on 1s a desxrable'i '
lfeature for quant1tat1ve | ana]yses Th1s observatwonrvi
b’;dsuggests that a values alone should not pe used to comparen y

“the ch1ro opt1ca1 resolv1ng power of cap1]]ary Vs T

S I
*columns. even though they may 1ncorporate the same - .

"fstatlonary phase The superlor' HETP value as wé117fas

.

:Lgreater _length enables the cap1llary column to'effectflf-

basel1ne separatlons desp1te 1ower e va]Ues Thus 'thefm,

“”:nat1ve stereochem1cal propert1es 'of the d1astere01somers
:‘q“fare not solely responswble for’ peak resolut1on,i se]ect1on |
"“fi,of ,a' appropr1ate GC co]umn and operat1ng cond1tlons are - i

ﬂf;also 1mportant A typ1ca1 GC reso]utﬂon on a packed coﬂumn
:htof methylamphetamwne N TPC dlastereo1somers 1s deplcted 1n_h

:'F1gure 34

Th1s concept 1is\ 1llustrated further W1th the examp]e

7:follow1ng Even though tﬁe§%1astere01somer1c der1vat1ves of"' :

"ielamphetam1ne obtalned w1th (-) camphan1c ac1d chlorlde were'5<

l
L4



Rty 7

9.,sépéréble (F1g 37) Uﬁdér; the cond1t1ons descrlbed 1nii‘f3;

. section 2.8. 2, 0.0.0, Mater1als ahd Methods. This was

";part1cularly surpr1s1ng slnce camphanlc aold 1s a h1ghly¥*gv.

9“;r1g1d molecule, a des1rable character1st1c for ch1ralfw:“f

o foder1vatlz1ng ; agent ‘f Successful separataons (e g

‘f proxyphyll1ne by reverse phasev HPLC) have been reported?'”'

h:yw1th th1s reagent (Ruud Chrlstensen and Salvesen.,1984)

f."

'Fa1lure to resolve the camphan1c ac1d am1de der1vat1vesv of

",amphetamvne may be attr1buted to at least three factors o

"_»(1» 1ntra molecular : 1nteractlons_g, (hydrogen bond1ng°)'

Y-between -the ~am1de‘ and lactone groups result1ng in an-}

‘ffoverall- loss of s1tes -forf stereochem1cally controlled_“vi

"'1nterat1onsA between’the dlastereo1somer and the stat1onaryt

"1phase,_;(2lf non d1scr1m1nat1ve d1pole moments ﬁofi}uthe;nibl

.hderivatlves._ As descr1bed for 1buprofen ester der1vat1veslrn

glwalher'and Doyle, 1984) 1f the d1fferences between fthehslib

L

*1mfd1pole moments of the dxastereo1somer1c camphan1c ac1d_‘f

L G .
.am1des are relatlvely 1ns1gn1f1cant then ch1ral separat1on'

ltfw1ll be ‘d1ff1cult ‘to ach1eve 'l3)f the Chromatograph1cf"” '

h.ﬂcomd1t1°ns (e g -G CO‘Umn Operatlng parameters) were not;?"

' conduc1ve to separatlon



3 4 2 o o o RELATIONSHIP BETNEEN ORDER OF ELUTION AND-"‘; e
L ABSOLUTE CONFIGURATION/OPTICAL ACTIVITY OF -
e ,RESOLVED mpnsmmmr ANALOGS .

The order of elutlon of N TPC der1vat1zed mphetam1nergth
id_;gh(F1g 384 and methamphetamIne was correlated with: the? ‘
‘:e,}abso1ute conf1guratlon In both cases the SZTK)-1somer5fﬁd
:u;eluted f1rst Th1s 1s ;i agreement w1th other stud1es'?

' icted -on N TPC , der1vat1ves ‘o amphetam1ne fandtuﬂf

“mphetam1ne (L1u and Ku 1981 1983 L1u et al ; 1982)

:‘Jrfwl-h‘fluoroamphetam1ne, the (-)-lsomer 1s aga1n the f1rst'h

_to "elute (F1g 39) If, as 1t has been suggested there 1s,_de.“

'33a3 correlat1on between order of elut1on ,andf“ abso]ute1 =

'ficonfigurat1on- (G11 Av and Nurok 1970 1974 Schurjg@»fﬁ"b

7*i;"1984) ‘then the (-) F}uoroamdhetam1ne 1somer: should aisofh;"

'“hjhéve' the R conf1gurat10n However :hd to the h1gher -

hpr1or1ty of fluor1ne, appllcat1on of the Cahn Ingold Pre]og3hfti-

~sequence : rules (Bas§1nda]e, 1984) would reverse thét}h 5

£¥

7

L conf1gurat1ona1 ﬁ ass1gnment jH_iand. ~therefore_'L ‘the .-

4‘(-) fluoroamphetam1he Jsomer ' wou]d f, have ;Lﬁthetw

s conftgurahon "»."Th,_" shrm )rasgpment apphes B R

';5'9 chloro fluoroamphetam1ne 7‘. }‘f - ;'- ;{ f‘ﬁ;,vlf L
Due to: the unava1lab1l1ty oF opt1cally pure 1somers of
:;ifdtranylcyprom1ne and fluorotranylcyprom1ne,_ a correlatumm—

Hl.ﬂfbetween order of elut1on and absolute conf1gurat1on iould




"'-s1m1lar. d1astereo1somers “thej order ;0 f elutlon 7’is§f.'

| ;;Heas1ly d:st1nguished due '

: 'J' .

”{3tdeterm1ned by the absolute conf1gurat1on at the asymmetr1cbr7w

dhf,benzyl1c carbon (Ga] 1984) It Is proposed thet the f1rstﬁri

A'-sfelutlng peak of der1vat1zed tranylcyprom’“e Cp"'esp°nds tof“‘
-ithe 1R 25- 1somer wh1ch is levorotatory (R11ey and Bryer j;

1972) b Thls ﬁzﬁs v'1n agreement w1th N‘TPC der1vat1zed!}j

be establ1shed However.=1t has bfen suggested that 1n¥fh;7'

'Znamphetam1ne tiand f methylamphetam1ne : 1n ‘. Wh]ch i theigfff?

s f1rst e]ut1ng 1somers have ithe. (,) CONflgurat1on ,nAV.;.
vs1m11ar assoc1at1on between amphetam,ne and t”anylcyprom1nefﬁf=*
t Was also I observed whenv‘ -(-)- or S (+) benoxaprofentt'

o ;chlorlde were used as ch1ral der1vat1z1ng reagents (Weber'm

et al. -1984)

:,.Ther,’electron,ﬁ ihpaet-mass'~ spectratf fragmentatIOn‘f° |

't'patterns .6fjﬂyth N TPC | der1va¢1ves of amphetam1ne.b7
'»zfluoroamphetam1ne and methamphetam1ne are shown 1n F1gures!

';“40 43 A number of s1m11ar1t1es are ev1dent Molecurar 1ons"

Y

hff;vwere not observed but a}l: d1astereo1somers gave 3tthef}fa“

'"};fN (tr1f1uoroacety1)-"b pyrrol1ne ‘ fragment (m/z “194 CO)A'-f“;

'ﬂfar1s1ng from the prolyl port1on of the derivative Another

vfmolecule was m/z 194 The th““

i:the loss of the benzy] rad1cax.

‘vl_‘237’ 255 and 251 from the‘~amphetam1ne. fluoroamphetam1ne gE

§

A %

= and methamphetam1ne

-These fragmentsi were m/Z'

;--f-characterist1c_T fragment from thef same regIOg of .the'l“
. amwnes ’Lan,u however bef."'

fragments obtapned aftereﬁ;_,;



E.ﬁdPN tr1f]uoroacety] L- pro]yl

o
i

‘7;i“dia5ten§6556meré"reepéctiveiy'i'I the mass ébeétra“ef7;7u

J';;iderlvatlzed fluoroamphetamlne (F1gs 40 43) the m/z 255,?"“

”ffragment 1oses a molecuIe of hydrogen fluorxde to g1ve af']?i

"f"fragment of low abundance m/z 235 (5%)

3 .-4'._;3 : o:.'o ;‘_o MAMALIAN N-’oEA%YLATmN }-{OF ‘.#ENFL'LJRAMI_NE: SRR

'f‘PA' s1multaneous separat1on- of the d1astereo1somer1c;?f;z”

&'am1de5";'ofgjﬁ amphetamlne,”"

!:;methamphetam1ne and fluoréhmphetam1ne was poss1ble (F1g fe‘

‘Lﬁ733)._SUggest1ng that th1s analyt1ca1 méthod wéuld be usefu]dfi

'4$n‘ metabol1c stud1es ItV was dec1ded to _ver1fy the r

~j',“._:apphcab111ty of the analyt1ca1 ﬁethod to a ,study of theif |

43:?stereoselect1ve . d1sp051t1on:§ dff;a'.racemIC,. cl1n1cally.ﬁ]

"‘hﬁrelevant am1ne drug 1n a b1olog1cal model The anorect1c

. Qe :
4agent fenfluram1ne wzs §elected because of 1ts structural ﬁ\
. S . )

<fl§¥s1m11ar1ty to 't - mode, "compounds Thws drug

'7preferent1ably metabpl1zed to pharmacolog1ca1]y act1ve

"dinorfeq’iUPam1ne (Beckett and Brooks, 1967) wh1ch would beh S\

\s1multaneous1¥ ',resqjved ef?s an. N TPC der1vat1ve 'The f

Jdent1t1es of fenfluram1ne and norfenfluram1ne enantIOmers_

(as N TPC d1astere01$omers) 1n the b1olog1cal samp]es were'efj\

con§1rmed by GC- MS (ngs 49 51) :
The cal1bratlon cu#ve% of - the respect1ve 1somers of*‘

fenfluramlne and norfenfluram1ne were super1mposable AIn :
. ' 117. LT ' ' B
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'h?sfogUre 44 15 dep1cted a typlcal gas chromatogram obtalned

-f"after extract1on and der1vat1zat1on of the drug and 1ts o

ﬁ»fe}metabolvte from rat bra1n the 1nternal standard was (+)-

'ffluoroamphetam1ne ?fThe‘f‘concentrat1on t1me | curves ;ofu.7'”

-faccumulated fenfluram1ne and norfenfluram1ne 1somers 1n rat

‘*{ﬁnbra1n t1ssue are shown in F1gures 45 and 16 respectively

;_S1m11arly,; the concentratlon tlme curves of fenfluram1ne

"ij{and norfenf1uram1ne 1somers 1n blood free 11ver t1ssue

'},'_bra1n

‘L}.Observatlons that the'.R (-)-1soMer' of fenﬁ%uram1ne is,ﬁ

*_samples are shown in. F1gures 47 and 48 respect1ve]y The
d[~levels of fenfluram1ne and norfenfluram1ne enant1omers"in»f'
v,l1ver twssue were found to be cons1stent w1th the leve]s 1n.ﬁ

N

"xfTheff results obta1ned conf1rm and extend preV1ous

. . preferent1ally N dealkylated to :norfenfluram1ne (Beokett .

}vand Brooks, 1970 Morgan et al 1972) partlcularly in the
Jﬂ:r (dor1 :vt_.aiL,' 1978, Caco1a et l,, 1981 1982)
_;Consequently. stereoselectlve hepat1c extract10n, of the_

R- 1somer of fenfluram1ne would explaln the observed h1gher B

Vﬁlevels of S 1somer.:and conversely the h1dber levels vof_be.

'R norfenfluram1ne : leferences ' %me“ levels 'hoffihh
A'f:fenfluram1ne : aret'l bas1cally -hdue‘ mQ‘abo]1c
stereoselect1V1ty s1nce the absorpt1op of - fenfluram1ne from
’_Tthe perrtonea] ca#ﬂ%y is non stereoselect1ve (dor1 et _al B
1978) It is, ev1dent from the concentrat1on time: plots -

“g(FJgs 45 and 46) that the braln acts as.a 'storage s1te



-'.flp(1somers) 1s 1ndeed by N deeﬂﬁy{at1on t at ura"
‘ s

b'f;fﬁf both fenfluramwne and norfenfluram1ne A constanfiféi:

:"]s;d1fference 1n the levels of R-'and S fenfluramine (pa1red T
'ﬂ77jtest P- and norfenfluramIne (pa1red T test p<0 OOl) - for thesp;
‘fit1me per1od under cons1deratlon,.}s; 1nd1cat1ve Of enzyme;]

vs'saturat1on '{or}h more prec1$ely,fvpa-‘ capac1ty l1m1ted'_7t"

'v‘(Cacc1a et al 7982) it was demonstrated that although the,

_‘_lkmehc parameters of fenfluramme isomers m the r t may’%?,yé N

o f.N deethylat1on pnocess In a separate but s1m1lar study'ijf

=7ad1ffer l markedly . w1th h1gher (saturat1on) doses the: “P.

d1spos1tlon k1net1cs of the norfenfluramlne; 1somers were~5
= super1mposable - Th1s eﬁldence ‘suggests enzyme saturat1onfgv’/
-T:and subsequent loss of stereoselect1v1ty Tt may also be S

:.1nferzfd that the ma3or metabol1c pathway of fenfluram1ne“

,ﬁ,;

Lo a‘,-ra X gl

of thls:‘) pathway results muggpgl.:mulahqn%ﬂfhe dr‘lag"

rate of d1sappearance of both fenfluram1ne &1somers Ry

:.dose dependent result1ng inf7a' 51gn1f1cant effect on the

‘JdISpos1t1on of the R-(-) enantlomer

®

It should 'not be concluded that the pharmacologlcaj |

; ;;stepeoselect1v1ty results from dlfferences ' in. t% ;‘

e

ph rmacok1net1cs of the enant1omers Although aho?ect1c

act1v1ty 1s ma1nly due to the S (+)-fenant1omer An humans,_

“the“. overall ] pharmacoklnetICs of then enanttomers,;are‘,

"v1rtually 1dent1cal (Caccxa et al. 1982)

";'The_' studies descr1bed above prov1ded sfgn1f1cant

'"fexpertisefln the developement of stereospec1f1c assays andg@~"r»

‘v‘their applicat1on o

) gb:% c
5@

agas o

f‘

s



;,-,1

.”1;fto the study of stereoselect1v1ty in drug d1spos1t1on It S

f,}_w“s' appropr1ate at thls t1me to apply the expert1se to a';ii

xtftherapeut1c : problem :iThef arylalkan01c o class ff@f»’ E

G

"‘hf;non stero1dal ant11nflammatory drugs was selected in part'?

[”;because of the w1despread use of, these agents but mores:h .

x‘~g:1mportantly because of vthe lack of correlatlon between""'

.,ftherapeutlc efflcacy and drug blood levels The amphetamlne
k .enant1omers‘ stud1ed prev1ously were ut1l1zed ‘as ch1ral‘~i
;.resolv1ng agents 1n the stereospec1f1c analys1s of -racemjc‘ff

by

.;arylalkano1c NSAIDs
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'”i}r;ft}hé, g stereose]ect1ve d1sp051tlon (absorptlon,if[f
*:P"d1str1but1on. excret1on) of ch1ra] 2 arylproplon1c ac1d';ffm
:.;:non stero1da1 ant11nflannmtory drugs (F1g 52) :has recently*”:l“
“h_attracted s1gn1f1cant attent1on (Hutt and Caldwel] ‘ 1983

'1984) 'pOf‘f partwcular« 1nt%rest 315 the un1d1rect1ona]d,:ﬁf
»h‘bloconver51on of the dlstomer (R cqnf1gurat1on. general]yd;
vﬂ_levorotatory) 'gto»t:'the,:' euiomer i} (S -configuration, -
:a_fhdextrorotatory) It becomes apparent that a der1vatlzat1onmg*"~
IJiprocedure vfor the ”resolut1oh‘ and measurement of the{f~
‘“'fd1nd1v1dua1 enantwomers presentkhi%? b1olog1ca1 f1u1ds washd
‘hffessent1al for the proper 1nterpnetat1on of pharmacok1net1c
\»data obta1ned fo]low1ng the adm1n1stratron of the drugs 'as f,{ B
tdracemates v: | | o »,‘. d L

d The-quant1f1cat10n of 2 APA enant1omers-_5n. biologjcaL
“media ;.has been | reported a 351ng “HPLC, GC; TLC--and

rad1ochem1cal methods fHutt and- Caldwellf;

‘ ,1983) these, ;
..HPLC and GC ~sappear - to bed the mostjfrequentlép hed @

A 98?} Lee@# Jﬂ

_ve; O1985) opt1cally act1ve a- methylbenaylpmlne (MBA)

5 ‘w
has been the most popular der1vat1z1ng reagent f both

"mv:techn1ques w1th a few except1ons #Goto et al

'chromatographlc - procedures R Thus, i d1astereo1somer1c ld5‘

4

3°t NSAID ol methyTbenzylamldes are prepared d1rectly by means



Ui tesa; Rub1n et al.. 1985), or via the NSATD. acid chlortdeff

"f,prepared w1th th1ony1 ch]or1de (Tossol1n1‘:et ;ar

of a coup11ng reagent such as’ cnx](éopp-ét*aq - 1979

ff Kamnerr et al 1979 Stoltenberg, 1981 Ma1tre et ,alf,

lf‘McKay et al., 1979; ngmonds et al. ; 1980; Tamassta et al.
:1984) 1ﬂvij". T o L S

' that the th1ony1 chlor1de procedure was sat1sfactory for

.l.fenoprofen methy]benzene-f ethanammdes However th1s route,[ﬂ
. was found - to be 1neffecti9e'-for the preparat1on offt

‘ :d1astereoxsomer1c .t1aprofen1c ac1d benzeneethanamtdes On-

- hydroxylated metabola}es 'of_. 1buprofen "aret_ read1lyt

o halogenated product subsequently dehydrochlor1nated | S1nce*‘

‘ Dur1ng the course of th1s research it was deternined .

thetv preparat1on ,of » d1astereo1somer1c , 1buprofen-¥f

methy]benzeneethanamldes :" (Fig L _53j'“3, t - and

”the bas1s of proton NMR ev1dence 1t appeared that reacttonvhd

o

, 1972 “.";

R

wvth th1ony1 chlor1de resulted _1n degradatlon ‘of the.;:f

"“_th1ophene r1ng present din t1aprofen1c actd In add1t1on,'jtj

r*has. been | reported (Kaiser et‘galll 1976) that the
dehydrated and chlor1nated ‘w1th th10ny1 chlorlde and the :

general, method v equally app11cab1e to the- aq@Iysas of '

' -ﬂmetabol1tes.$was requ1red for the purposes of this theS1S\'-]

the thiony1 ch!orwde route was not puq&ued

There are comparat1vely few vreports descr1brng GC :

'methods for the separat1on of NSAID enant1omers present 1n

.Qr . . . ) "v‘,



e

. @ .»13'2'

i‘bio1og1cal med1a Racem1c 1buprofen (Brooks and G1lbert

.“*tf’974 Vang1essen and Ka1ser 1975 Kaﬁser et al . 1976 vCox-_fZ‘.

: 1et‘al , 1985} and benoxaprofen (Bopp et al. 1979) have

,h'ﬂ1on1zat1on detect1on When MBA is used Tas' a der1vat1z1ng

o that 1ncreas1ng the proportion of CDI -results _ih~::af'

';been resolved as the#r MBA der1vat1ves us1ng GC w1th f/ame

reagent, a large excess (6 5 mg) of CDI 1s requ1red for the

'analys1s of 1buprofen (0 50 ug) (Vang1essen and Ka1ser

B .51975) It has recently been reported (Ma1tre et al 1984)(’

B

'7‘correspond1ng increase in der1vat1ve y1e1d In that study,_:.

”452 mg of CDI weréghsed for the der1vat1zat1on_ of several ?

NSAID (10 140 ug) w1th MBA Format1on of the. 5yn'metr1ca11y

‘t rthat ;reduced quant1t1es of chem1ca11y re]ated CDI would be

rev1rtua11y free\of any 1nterfer1ng peaks (F1gs 54- 57) Whenav‘“

‘effecttve and- consequently on1y 10 ug of CDI were/ ut1l1zed

.iDCC was u$ed as a condens1ng agent ' numerous spur1ous

_d1subst1tuted a- methylbenzyl der1vat1ves of K urea ,-'byﬁ_"
"51'react1on of MBA w1th the excess CDI is m1n1m1zed by the

E fﬂadd1t1on of acetlc ac1d , =

D1cyclohexylcarbod11m1de (DCC) med1ated coupl1ngs in

v”polypept1de syntheses _were found 'to "bef essent1ally
: quant1tat1ve wheh @equ1molar amounts of DCC were used

'-'(W1ndr1dge and dorgenéén,.1971) on th1s bas1s. 1t was felt

the der1vat1zat1on of 10 ug of NSAID S1nce CDI 1s not"

present 1n large exgess, the result1ng chromatograms "aref,

’Aﬁ' . . ) .' : . . . .



Takge o

| } . _ A}fgf”flnﬂ.?ﬁfp.?fi'fh”.;f;iiij§§7fffff
”%hchromatograph1c peaks WEre observed and therefake;thjsﬁ_fy"
»;.reagent was unsu1table | LI L

e } , L . L
%an alternat1ve to MBA Optlcally pure amphetamlnes

‘”}chlorlde and CDI.are deplcted in Flgures 5§/%nd 59 Us1ng

:f;'wﬁthe éDI method, (ca11brat10n ~curves for 1bu5!%fen were Q“‘f

L l1near (coeffic1ent o* correlat1on 0 996 0 999)_ over thep”"‘
£ o |
- concentratron ﬁge 'of o 25 10 ug/ml of plasma or urine.

i_fThe m1n1mum1“uanti,ﬁab}e ccncentrat1on was 75 ng/ml of

?pi b‘OIOQ’Célw samb]e: an on cobumn detect1on l1m1t of T" 3
.1Cv0 75 ng A typ1cal cdt

'rat1on curve could be deagyjbed‘:byfﬂ o
y=0.024 + O«%&Sx f”

< the s isomer. and v20. 029 +0.155x. for

.'1the R isomer When the.quant1ty of CDI was 1n%;eased to_rSOi 3

o ;;;ug, a s1gn1

LI |

;fcant amount of an un1dent1f1ed componentgwan'

:?ﬁ7obta1ned (F1g. 60)*¢Th1s substance is apparently~formed yia_f.

" .‘,s .

'.4$7react10n between AM ;and CDI it also appears 1n‘the';

Tt

reagent bld‘h sample where an NSAID is not present
hAccord1ng to mags

Hhquctral ev1dence.f 1t was ‘not; the.’.
- a*methylphenylethy} derﬁvative of urea For the purposes of
"*,.compar1son when -1ﬁmpfofen (Flgs 61 62) and fenoprofen

(ngs- 'S 64) : 1‘Er1vathed W1th MBA - USIDQ ethe;'
s!l‘y

. ;'frecommended @5ang1e and Kaiser 1975) quant1t1es of - .
§;///CDI P numerous . prom1nent peaks ' appeared i‘in'{ ‘thg;’i?’

chromatograph1c traces, part1cularly 1n the reg1on pPIOP to
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‘l?"fi‘a_fl34f

elutlon of the dwastereo1somers These peaks wqfe obserVed f s

'in part as a result of thé greater resolvung capab1l1ty oF'

capillary conpared over packed columns (used ;g earller._{:'

invest1gat1ons) 'In}} add1t1on.. becaUSe of the. columdf~“

operatlng cond1t1ons (Sectlon 2.9.1. O 0. 0 b Mater1als "ndf-<3*

Methods) several volatvle components are: detected wh1ch}ﬂfiv

would normally co elute w1th the solvent when h1gher oven:i~f.'

’3 temperatures are used ;It< was felt that under these

chromatographIC cond1t1ons fl:MBA3 produced : too manyd)ul

potent1ally 1nterfer1ng peaKs '1n .an area of the GC tracet_;;'

where metabolttes m1ght occur and 1n add1tlon. reduced ther-'

llfet1me of the\ column When the quantvty of CDI was:p*;v

reduced to 10 ug, no. react1on was observed between MBA and,

the NSAID

A further compar1son of -MBA: with AM ~revealed' that AM'"._h'

~cons1stently gave a chromatographic peaK area rat1o (1 e

o ratio of . peak areas _of he: two d1astereo1somers) of”~

0 90 1. 0 " for all the NSAID d1astereo1somers in th1s study

MBA gave equally good results with the .tWO' NSAIDS, h:,

fenoprofen' and 1buprofen selected for comparlsoqg A rat1oﬂ; -

Value of 1 0 1s,; of course,.-1deal in‘ the analys1s of7

racemates and suggests that the derlvatlzlng reagent reacts’ _"'

equally well w1th both enant1omers When the value devrates j_:,

from un1ty. the calculat10n of enant1omer ratlos 1n test
samples requ1res'~the 1ncorporatlon of a _predetermined{f

N correction factor



}*"d,basel1ne 'resolut1on of the d1astere01somers'sa‘thoughi2

'Vseparatlon was s11ght]y greater w1th MBA The ret'”"m

AMP and MBA were essentlally comparable in prov1d1ng;3ii"t

r1f<ft1mes are. also. comparab]e.»fﬁor, example,: 1buprofen MBA,

:‘rfhd1astereo1somers e]ute 1n approx1mate1y 15 mln and thf-;f'a

' fﬂ7regenerated from the sulfate sa]t thereby 1ntroduc1ng an‘f'

'>‘i_,correspond1ng AMP der1vat1ges i 17 m1n us1ng the same"gd,sj

"“echromatograph1c CQnd1t1ons '"f”« 'vgf-”” ,ff'v;"

MBA s commerc1ally ava1lable and conven1ently handled.

ru,agia ]1qu1d il these laboratorIes AMP free base Qi§qi‘

”\add1t1ona1 extractwon step However the sulfate saﬂts are

. _

1The nature of th1s mater1al was not determtned nor was itfff-:

=

:stable and eas11y recrystalltzed 1f des1red Furthermore;

it was observed that durlng storage 'at 4 C - a ‘co1orless-“

',deposxt formed ;i “the. necK of the bottle conta1n1ng MBA. s

f,v_clear whether th1s is. a reflect1on of the stab1l1ty of MBA '
It was essent1al to heat th react1on» m1xture ast"'f
.hﬁ‘NSAID AM de::vat1)? "were not formed at room temperature '
TiTMax1md%-y1elds (based dh chromatograph1c peaK areas of sthe'
j',;:d1astereo1somers) were obta1ned after heatlng fpr 2 hours£

"“ftat 85°C. Increas1ng the heatlng tlme to 3 hours d1d not'

3

’_h*51gn1f1cantly affect the peak rat1os or areas ‘ o ,
-f —’”The 1dent1ty of the chromatograph1c peaks Ttsted in ',
AﬁTable _1s based on the followlng 1nformatlon fjtif -

'I,opt1cally pure S (+) Ketoprofen was added to racendc

~

1135fu'"1

gk L



Ketoprofen' and the mlxture der1vatized w1th S (+) AMP The

area of the peakvwvth Rt 17 11 m1n was augmented (Fvg 657. f

1ndicat1ng tnat the flPSI elut1ng stereoxsomer has the S S- -

conf1guratzon When R (‘) AMP was the reso?91ng agent tﬁefﬁe'*

"+ second- elutmg peaK was augmented “'and therefore ‘this

dlastereorsomer has the S R cOnf1gurat10n (2) naproxen 1s_.“

marketed as‘ the S (+) enant1omer When der1vat1zed w1thi
S (+) AMP, a- sample of naproxen gave two peaks '(96-4‘ ;ff
ratwo) the maJor : and f1rst elut1ng, peak be1ng the?

S S d1astereo- 1somer and the m1nor component presumably”:‘t;

"f Hffhé : R, S Lsomer ' The' order of elut1on ‘reversed when1?"

(-) AMP was used as der1vat1z1ng agent (F1g 66) Th1sfvn

1nformat1on,; along Wlfh s1m1lar results follow1ng HPLCQ"

analy315 Ladaptatlon of the method _reportéd by BJonkman~

m1nor component d1d 1n fact..ar1se from the presence of ;a':h X

small- amount of R (*) naproxen (3) 1t has been shown that

follow1ng the adm1n1strat1on o . racem1c 1buprofen .to"h

healthy volunfeers the S (+)-1 omer predom1nates in both”_

plasma (Vanglessen and Ka1ser. 1975 Lee et al. 1985) 'and
- ,

_ 1985 for _ the analys1s of 1ndoprofen) v suggested that the‘

| ur1ne lVang1essen iand Ka1ser . 1975) Follow1ng s1m1larf-' =

studies 1n these laborator1es. the predom1nant 1somer was

found ‘to elutp f1rst when der1vat1zed w1th S- (+) AMP and-j;fi

therefdre thls ' d1astereo1somer ' was;f»'ass1gned ',theigi

"t "7‘

S S °°”f‘9UPat10n.g (4) 1t has been suggested (G1l Av and¥:7"~

Nurok 1974 Schurlg, 1984)
e S R

R



'Tf’that for closely related compounds the relat1onsh1p betweenﬁpﬂl

ln_the order of elut1onv:and conf1gurat1on slsf: genena]]yf“

_con51stent . Thus, w1th several structurally samwlarj}‘:
‘j); id1astereo1somer1c am1des synthe51zed from R (+) MBA ,thef,"

S Se aCld R amlne d1astereo1somers eluted (HPLC) pr1or to thesﬂfﬂ?f

':;iR ac1d R- am1ne 1somers (Sonnet and Heath 1982) The ‘samerdl,f

'i@;elut1on order (HPLC) waS' observed ’1n resolv1ng racemlci':‘;

h”-dﬁbenoxaprofen w1th R- (+l MBA (S1mmonds et al 1980) Wheny5”‘

';;the d1astereo1somers are separated by GC methods, however

:',Jthe elut1on order 1s reversed compared to HPLC 1 .e. ,the”l L

s- ac1d R- am1ne d1astereo1somers of \?1mple am1des (Sonnetx"'

;and Heath 1982) well ;a“ 1buprofenyl am1des j]¢(17l‘

? optlcally pure MBA (Brooks and G1lbert 1974), are retavned L

J :
_longer S1nce the order of elut1on of enantlomers reverses,

R

';ﬁupon reversal of GC column phase ch1rallty (Bonner andu

"f-Bla1r 1974 Schur1g, 1984) o 1‘- ant1c1pated ; thatf

'_:;reverslng the- ch1ral1ty of the -resolving agent should_h

f;fs1m1larly reverse the elut1on order .of - the correspond1nglfh

'”fnid1astereo1somers Thus.-_ when : (-) MBA was used »to'aﬁ“

'.‘derlvat1ze benoxaprofen (Bopp et al 1979) and 1buprofen"'"

'.etéd(Vang1essen and Ka1ser. -1975 Ka1ser et al ‘1976) e,‘uf"

.'5f1rst eluted GC peak corresponds ‘to the S S 1somer :cAsf;‘

<"expected when analyzed by HPLC the more polar S,S 1somers:f,-f

‘1l;are reta1ned longer on the normal phase columns (S1mmondsf

:~;eta}él!1 1980 Stoltenborg et al. 1981 Goto et al 19823fif .

e

'h ‘Ma1tre et al 1984) | __.'1*:}- 'f‘lﬁﬁl -

LR



h-.;qgent the S ac1d S AMP d1astere91somer/e1utes f1wst/wh11e

' ".'_"j_".with R (-) AMP the S ac1d R ,'_"MP 1somer is: retamegg 10hger
éﬁrlfgthan the correspondxng R ac1d R- AMP dwastere01s§he$‘

The ab301Ute.CanLg“ratf°ns Of ( )", (*) etodofic?ﬂg'ﬂ

?e_ac1d have nog_been-repo edf When reacted w1th S (+) AMP
~the- (+) ET ¢ AMf

o

"'retentvbn° tunesf of 17 08 and 18 75 m1n reSpect1vely

e

),

1 - 47

"'the”'z AbAs zlso holds for ,51 then the: f1rst eluting

‘ fr;1sbmers sho&ld have thé/S S and R R conf1gurat1ons whe_)

,.'}’.' . . '.—“‘

".275 (+) AMP' and thﬁ) AMP - respect1ve1y. are the reactants

.)#

,ﬁfin th}s respec&u 1s not c]oseTy related to the other NSAIDs

:°resolved whrﬁh%» in the” case of. T, is Pa”t‘cu‘ar‘y

Gy @ | e

.;;ﬁg,notewj thy Vapprox1mately 2. m1n,‘ﬁr? 67) Th1s observat1on,

k4
- .
K

‘ﬁf part 'of a sax membered cycllc structure whose 1nherent7u

1 confqrmatIOnal r\g1d1ty and 1mmob111ty : isj further :

e re1nforced by the aromat1c 1ndole group Th1sv‘

‘.‘,>
i

[ : ) : LT . . -

and ”(~) ET S AMP d1astereo1somers df_:

w«:_(-) ET R- AMP <17~04v~> |

xff-the.jjgg’
g : ‘QAv

xé{owever. 1t must be recogn1zed that ET 1s not a 2 APA d,?a”f~*

Jﬂ¢stud1ed 1n th1s 1nvest1gat1on An adé:%ional d1fference is<5“uik

;‘fy“obégrved'when compar1ng the extent to whlch the 1somers are e

-may 5e explalned by the presence of the asymmetrlc centrelﬂfﬁ



”,‘fﬁ As ment1oned prev1ously. conformat1ona1 1mmob1l1ty assiststiﬂff

.h':-rconformatlonal feature 1s absent in’ the 2- APAs (Flg 52) T

S v.n the creat1on of an asymmetr1c env1ronment 1n the regwonj‘

t'f3fT,As} w1th ET; the ’absolute conf1gurat1ons' of*“lﬁev_fé'

'jft1aprofen1c ac1d enant1omers have fn t been reported }”v" i ¢

'””tadd1t1on. due to the h1gher pr1or1ty of sulfur over oxygenl-'.'

=u1nteract1on5' w1th the stat1onary phase _(Karger et al.

“119§7 Westley et al _ 1968) g,-a;';f¢ ,'~ f_fs f";:;'g\ i

the am1de group. thereby enhanc1ng non-equ1valentid

'faccess1b1l1ty ff&-“the=] ET, AMP d1aste§eo1somers :]ffofTS o

- ‘:'_'.[Cahn Ingold ppe]og sequence vr‘ules for ass1gmng R‘ ,

' i7S conf1gurat1on (Bass1ngda1e, 1984)] the 2 APA enantromeps

U .

”“°°"‘p°“”d3 I-viir, F1g 52) wmch have .j”t'he 1n4ﬁ,-'.i;a'nd'if};-_

; S conF1gurat1bns would be asstgned S- and R- respect1vely!f;

r;whenv descr1b1ng t1aprofen1c ac1d 1somers 17Due3 to- thef;pff
"'unavatlablllty TA enant1omers, the 1configuratwonalttn
l%hrddent1ty of the d1astereo1somers could not be determ1ned
;; React1on of racem1o TA, w1th S (+) AMP gave §C peaks at
N 16 72 and 17 19, min and w1th R (-) AMP at 16 80 and 17 25

Structures" of th,e d1astereo1somer1c ’amidew wer'e'

; B character1zed by electron 1mpact and chemlcal 1ontzat1on

::MS The spectra conftrmed the stab1l1ty of NSAIDs . t#}thet

| temperatures requ1red ‘fOr react1on w1th opt1ca11y pure

b amphetam1nes Stab111ty was part1cularly 1mportant fo TA

_and p1rprofen since the former undergoes Some degradation

-
Yl



e : L

”<,b;ato room temperature (dama11 et 1984) wh11e the"f

2‘;pyrroline group the latter :is' readlly ox1d1zed to-t
':t;pyrro]e (about 25% at room. temperature Edgar et al.. 1932 |

fﬁCOIUSSI et 'alg.' 1985) TA and p1rprofen d1astereo1somers;“

h'hiagave qua51 molecular 1ons of 378 and 369/371 }respect1ve1y

thuas1 molecular 1ons were also observed ffor* all other.;ffa'

»'E'NSAIDs dertvat1zed 1n th1s study The probable fragments ofr?fff‘

h‘f{;the diastereo1somer1c 'am1des obtatned v1a electron 1mpactﬁ.if‘

:f“MS are shown 1n Table 15 W1th the exception of etodo]1c.

| ',iac1d whtch is not ‘a 2 APA, the spectra- of derivat1zed S- R

gand R 1buprofen (Flg 68) are lrepresentat1ve of ‘the;

;_fragmentatlon patterns (th 69) observed for the 2 APA,h5,‘

1

':dtastere01somers Molecular 1ons were present _the ;El.r

T

Tmass uspectra'f?of.ﬁ der1vat1zed Ketoprofen, fenoprofen}'f

"naproxen. flurb1profen and etodol1c acxd The spectra'ff

) ”,conta1ned a weaR 7but' oharacter1st1c, [M 117]+ fragmentf o

';Awh1ch ar1ses*by expu151on' of a C H.. rad1cal from 'the -

: wg?amphetam1ne portton of the molecular 1on An appropr1ate';

j“structure for the [M 117]+ fragment 1s shown in Fvgure 70

"7.;Interest1ngly a sim11ar fragment correspondlng to m/z 206 ~"ﬁ

"'jhas been reported from a CSP LC/MS analys1s (poi*t1ve ‘1on,

‘15chem1cal . 1on1zat1on mode) F_*»1buprofen benzylamtde .
'l(Crowther et .§1§} 1984) However the - 1nvest1gators'” -

viffsuggested that th1s fragment resulted frqﬁ’f‘;ggentat1onb“‘ B




;Other character1st1c Fragments lncluded an [M 91]+ ionfnl:'

“]‘f‘v1a the loss of a benZyl rad1cal. and fragments of m/z 91**:3f

R (PURCF) R B [C.HiCH, CH+CH:@’~* 118 [C.H.CH=CHCH, 1+ and
f4117 [C ‘Hs C+ CHCH 1 wh1ch are also dertved from the'

*';'f'amphetam1ne portton of the molecule ffT;“/:g“

» The In- 162]+ fragment was prom1nent iand: w1th fthe"’
'.exceptlon of ketoprofen and flurb1d§ofen was the baselpeakf~

'1n all spectra Th1s jon is the result of benzyllc cleavage"‘V

"'f“ofvlthe NSAID port1on of the molecular ion: “In the case“of’!‘q

1buprofen, "the L resultxng ion - (m/z-‘j 161) was
: '[C H, C Ha- CH+CH 1. The correspond1ng 1ons for the otherh;
| NSAIDs were : 2QQC (Ketoprofen) ; 185 (naproxen) - 197'5“
(fenoprofenl 199 (flurb1profen) 206 208 (p1rprofen)

"-"(cwcloprofen) and 215 (tlaprofen1c a01d) RO __rfftky“{kshr
: S g e

An abundant [M 161]+ fragment was. also observed and
nar1ses from the molecular 1on by M afferty rearrangement“ _
.1¥fandia expuls1on of ‘H CH CH(CH )N =C= 0 All der1vatlzed f;ViF
:f2 APAs gave th1s fragment '1n the case of -1buprofen ?theufg'
.’Hresult1ng 1on (m/z 162) was [C Hy-=Co H. CH CH ]+ - _t _
Der1vattzed etodollc actd fragments jn:‘ dtfferent o

-emanner' because of the 1nfluence of the oxygen contatn1ng
:gfr1ng systemlflg 81) D1agnost1c fragments present were the
molecular ion, m/z 404 [M 29]+ m/z 378 [M 204]+ m/z |

R R

*’;‘:,zf:_'df f‘.eglja-gjgbv_

: gl
:’- Ay
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€.
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:g228 and m/z 214 der1ved from the etodol1c ac1d port1on off't
f';the amlde, 2and the 1on m/z 91 (C Hs CH +) . ar1s1ng from};:nf
;*Ea.;;the amphetam1ne portion RN n e L
| : The method Just descr1bed was Fac11e sens1t1ve and}f

tftriread1ly applted to the separat1on and quant1f1cat1on of . '

142

';;'tbuprofen TA and ET 1n b101091031 samples (as d1scussedn;f‘}

. 3.5.1.0.0.0  STEREOSELECTIVE STUDIES ON IBUPROFEN

The GC and concentrat1on t1me curves for the' anaiysts '

A"fjof plasma and urlne samples obta1ned from a' subJectj_ ;'

1’adm1n1stered a. SIngle 600 mg oral dose of 'R, S 1buprofen5: Ef

'(Motr1n and Apo Ibuprofen '%;‘ see Sect;on 2 9. 2 2. 1 O;,trﬁ‘

>‘°,"'Mater1als_ and Methods) are shown ;Tih; thures t 71 74f

gastro 1ntest1na1 absorpt1on and peak plasma concentratlons@ |

'are achieved w1th1n 30 m1n of adm1nlstrat1on Based on 4?

”.,"respect1vely »ils; expected Athe -i'somers undergo rapld S

..regress1on analysms, the term1nal half 11ves were 2 2 hourSejgxp

v*:f the S 1somer and 2 1 hours for. the R- 1somer From thef '

urwnary excret1on rate curve ‘it"ftj'.apparent that th,f:}”;x
.[S 1somer s excreted to a greater extent | fﬁi"§'m7'p';:”f
'. The amphetam1ne derivatazat1on procedure was' ut111zed?J;
‘to study the stereose]ecttve baoava1]ab1l1ty of racem1c;ﬂf¥l*

'.n1buprofen (Motr1n 600 mg f1lm coated tablets,tTable R



"rat1ons were ach1eved between 0 5 to}'

(Tmax 1, 39(mean) +/- o 78(sd)). In all of ‘the

”f'subjec‘s.. the value for Tmax was sIm1lar for both isomers.avfi.

ﬁdonaof subJect number j? There, were no;‘

s1gn1f1cant v-jnferences pin: the mean peak concentratlon5
(Cmax) values for e1ther 1somer (palred ;1 test p<0-05) .

| The d1fference gln the AUCs- of the S-~ and R 1somers‘\

demonstrates the stereoselect1v1ty assoc1ated w1th the‘-.A

. dqspOSJtlon of -fhef,1somers Less than 5% of the drug was T
excreted  in _urine, . w1th fﬁa{' h1gherln degree off;”
?7:::>stereoselect1v1ty than was observed 1n plasma (Table 17)

Th1s was not surpr1s1ng as appromeately 80% of ;the totalf

dose of 1buprofen is el1m1nated by metabol1sm (Albert andl'.'

Gernaat [ 1984) .fThe~ :'fmean]:_' plasma F’ -1buprofenyf-if

concentratﬁon t1me- profiles obta1ned , from the*:above'"
' _fsubJects are dep1cted in Flgure 76 These results 'agree:
with otber studles wh1ch descr1bed the stereoselect1vej

d1sp051t1on of 1buprofen (Lee et al., 1984)

The overall enant1oselect1v1ty in the d1sp051t1on of~7»

1buprofen 1somers 1s pr1mar1ly due to “the un1d1rect1onal;y

}~;{ 1nverS?on of d1stomer to ehtomer along w1th preferential>
4 i{ ejjm#ﬁat1on (v1a excret1on and b1otransformatlon) the'“
v 2 eu;omer‘, Lee' et (1985) determ1ned that approxwmately -
? C

; dh 63% 6% the admin1stered dose of R (-) 1buprofen is 1nverted
“ g ¥ .
hk; t@lthe S (+) enant1omer Inversaon may only be partly

- g 3 & . . .
RIS W [ . . . . . e



T ‘fﬁ;’~“”j44_f}_5

‘respons1ble for the overall predom1nance of the S 1somer 1n

'"“ur1ne and the observed dextrorotatory nature of two of- the':l

three metabolftes of 1buprofen The process of ch1ral

_1nver310n is a metabol1c phenomenon compet1ng w1th other

}pathways 1nvers1on This iS- demonstrated ‘byi ;the'j.

'”..non steroselect1ve S metabol1sm B ¢f 51 1buprofen _.'tO‘ |

_ 2 [4 (2 carboxypropyl)phenyl]propwon1c ac1d (Wechter 1et

e7_al : 1974 Ka1ser et 'ai;;' 1976) Stud!es 1nvolv1ng

1buprofen metabol1tes have been publ1shed by M1lis et alf
- (\973) Brooks and Gilbert 1976), and G1achett1 (1985) |

An add1txona1 factor FéSpOhSlb]e for_ the predom1nance ’;” -

S 1buprofen in ur1ne may be the preferent1al formatlon

'~‘,of the S 1buprofen gluCuronIde It has beer suggested (Lee
o et ,al.J 1985) that stereose]ect1ve glucuron1dat1on may be

'7‘the restlt of the preferent1al enzymat1c hydrolys1s of one Q” o

’of the ester conJugates This propos1t1on 19 an extens1on

- of the fut1le cycle hypothesms 1nvo]v1ng c]of1br1c ac1d A137bﬂf .

"fwh{ah the net p1asma c]earance is determined by conJugatlon

‘t v
-~ and competltion between renal clearance and hydro]yt1c g,_i
Rt

| _clearance of the glucuron1de (Meffin. eé' '; 1983a.11983b)

However. 1t may be suggested that such a rat1onale for {1h¢ﬂﬁﬁigt
,vstereoselect1ve glUcuronldat1on vof .lbuprofen is probaﬁﬂyJ.f:‘;;
'applicable only in the presence of renal dysfunct1on It ls_;a X

d;more likely that stereoselect1v1ty 1n the or1nary excret1on'df,l

X

. of 1buprofen is due to the greater suscept1b1l1ty of .thef*

,4

'l-S~(+) isomer to glucuron1datwon

. .//..' .
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Enantloselect1ve non- 11near prote1n b1nd1ng of racemicf”*;'

f 1buprofen may contr1bute to the stereoselective excret1on"

"-béffof 1buprofen lsomers as wel] as 1nadvertent]y 1nf1uence the

'h overall stereoselect1v1t (1nclud1ng ch1ra1 1nvers1on)

"*w;ilTh1s observat1on may be explatned by the follow1ng factors

ﬂtprote1n bound (Re1denberg and Drayent

"(T) ,ﬂ 1t ;fhaSg? been . conclus1vely demonstrated that:‘ }
> stereoselect1ve proteln blndung 1s respon51b1e for overalltff
-vstereoselect1v1ty 5in* stud1es w1th hydratroplc ac1d (the';t”'

: fundamental structural un1t of Z,APAs) (Yamaguch1i: ndf;d3

NaKamura.. 1985)_ and 1ndoprofen_ (Tossol1nr et al - 1874

-jTamass1a et al Y 1984" BJorkman. 1985) (2)'ffbr basich

jdrugs,, such -as' propranolo] stereoselect1ve b1nd1ng tofa

‘human. pJasma\ a, ac1dglycoprote1n and a]bum1n has been'a

_demonstbatéd' (Walle Et 'aT.; ,1983)\ Tbls may be of some,"f:

fs1gn1f1cance as only a sma]l proport1on 6 %pa51c drugs are'

';7b7a1bum1n fs 1nherently ch1ral .1t has beep hf‘)l1zed as-'af

’1

'O’

- acids are extens1ve1y bound s, lxin'] factiy

/ ’ b et
ch1ra1 stat1bnary phase 1n HPLC (Allenmffy‘

;‘a;1983 1984a, 1984b Allenmark and Bomgen,n _lf-fﬁ F1tos et

al., 1983 M1Klos and F1tos 1983) The prd 3

- 5‘64.":‘ o
(Wanw1nolruk et a1 1982) (4) there may be a relatlonshlp;"

-h}between non l1near pere1n , b1nd1ng and enant1omer-'

'enant1omer lnteract1ons.' W1111ams vand ':g?i.}1985)_ have"'

"_Mf'descrabed a ‘similar 'bdncept’_jn terms df_a{ dnugEdrug.["



3

‘ ,fit1on in which the drqgs were compet1ng for the same::“7ﬁ
:ffpramein b1nd1ng site _'"_jg;ﬁ; L .; . -rt’f" \: |
| T‘h’e" mphc&hons of ‘lch a ' re]at1onsh1p may be of

. ,_Veiﬂuldrtance thTS is partlcm}arly 1rue when cons1gep1ng ,theV;r

"fobserved . non- 11near1ty __‘jn;~_thef,'non stereose]ect1ve o

’fepharmacok1net1cs of 'lbuprofen tasY"vﬂ;Q;consequence t oﬁl&;f

- non- linear prote1n b1nd1ng (Lockwood et al. 1983 Grenna'}

et al., 1983) Enr1chment of S- (+)-1buppofen as a PesUIt d#f_“

[N

—;vinversion "a well -as the presence of unwnverted R- (-)-;lf'

’;‘7.1buprofen (wh1ch competes for prote1n» b1nd1ng swtes) may;”i

VR S
'magn1fy the non l1near1ty of prote1n b1nd1ng for. the;,;’

(+)-1somer As a result -a greater proport1on of unbound'a}f

‘(.s 1buprofen‘ would be ava1lable for QIUCUron1dat1on andfif:j”

“-consequently account for the stereoselect1ve excret1on of o jf

Sy
EN

'the enant1omers

. The role of prote1n b1nd1ng may be evaluated w1th some'ff#'

»degree . of certa1nty by relevant "3v1tro‘ and _ltver '

-iperfus1on 1nvestlgat1ons along w1th s1multaneous 'igﬁ,viVo.
'stud1es » ' | ' | _i | ‘ |
. Ibuprofen was not 1nvest1gated further sinoe- its

'*stereoselect1ve dlstrwbut1on 1n humans (Vangiessen' and

o Ka1ser 1975 Ka1ser et al., 1976 Lee et al. 1985) ihe:‘

f“mechan1sms of 1nvers1on (Wechter et al. 1974 Lee et 51,;
. 1985) '3.the' spec1es \var1atwon assoc1ated ij1th"
”dlsposit1on of the enant1omers (Crowthet et al., 1984 Cox,

et al. ; 1985) had been studIed extens1vely



from four*"

Sect1on 2 9 2 3. 1 0 Mater1als and Methods)

hapmfemc L acid °°”°e“'t”at1°"s RLY the b101091cal o

'f' samples lpre determ1ned from standard curves obtalned byid

: ﬁj»and 20 ug/mL of racemate In all spec1mens excellentfg”

| of standardt

F{ descr1bed by y = 0. 106x + 0 0001 and the concentratlons oflfl

sp1k1ng blank samples of plasma ur1ne and synov1al flu1df:r.37

w1nh Known amounts cof racem1c t1aprofen1c acid hei e

concentrat1onsf thusﬁ§obta1ned were 0 25 0 5 l} 5 TOE”'

llnear1ty wd
o i

the enant1omers 1n the spec1mens were calculated us1ng th1s.f7'

‘ equatlon :'. lhef':,CV“' fof"' correspond1ng enantlomerzll"”

concentratldns (bne-half3 of racemate) Cin fall' threeri
W i o S

spec1mens was less than 10%

As determ1ned from the GC peak area- responses of the_f>'
F\\ dlastereo1somers,_ 1- hydroxybenzotr1azole had no apparentfj

amphetaﬁ%ne

effect on the reactlon between t1aprofen1c ac1d andj~

LS

Sma and ur1ne spec1mens obtalnedﬂfi"
and synovwal concentratqonSa'j;77

l-s1nglef100:mg dose to s1x other subJects (seehﬁfhpf

frobserved (r2 0 994 - 0»997) for three setsd,['lf

jTlut1ons A tYp1cal cal1brat1on curve cou}d be_ff'



HtThe éffi01ency of the toluené extractton procedure,~>as fh“r

’.g;determined for 5 ug;of'racemate was 68 3 +/-‘1 43% (n-S)
s . . 1» 5 “

‘ '3ﬂfAttempts to 1mprovek

*the extractlon eff1c1ency by h':f}‘V

ifaddition of ~150propanol as a co solvent (thcw1tz et al QfT
R Ta ‘ﬁﬁl :
”“_1984) resulted the concom1tant extractlon of trace ,"g
. B SO
water wh1ch had e detr1mental efféct on the

',;j'amounts go.'

”Vi?iCDI med1atedf¢oupling reactwon z;??'{'jfﬁf;*flrﬁff””f“fflfvlf?:
. ks el . L
The j1dent1t1es bf t1aprofen1c acxd enant1omers

O iy -

'Qiextracted from e1ther 'sp1ked or subJect samples,é were

"'fﬁgcbnflrmed as thé respect1ve S (+) AM dlasteréolsomers b?
h{?,-e]eca,w.,lmpact ﬁQ' chem1cal s 1onlzat1on GC/MS Theﬂﬂ:ﬂ
’715a”qua51 molecular f 1on was’ ev1dent a_: m/z 378 ‘ “théA:‘:'

':'f?felectron lmpactimass spectrum (Tab%i.15) the molecular"-?nf{:r
v‘ﬂf(m/z 377) was,;

n t observed However. the character1st1c¥hg
"3123[M 117]+ fragment. arls1ng from the expuls1on of c H,J;
h#;hradtcal from the amphetam1ne port1on~of the molequ]ap 1on
'filwas present 1n low abundance Other fragments 1ncluded m/z‘
t;218 as “the result of a McLafferty rearrangement d:f: u
f.'expulsxon of €. Hs CH. CH(CH IN=C= o (161 amu) “from the o
”~J7;molecular ion, and m/z 284 (M 91) resultlng from the ]ossh-;ﬁiﬁ
:t."leOf 2 benzy] radical Loss of CoH, CH. CH(CHy ) NH (134 amu) and
. CuH, CH CH(CH )NHCO (162 amu) rad1calsH;;Le fragments m/z-" _
“243 ‘and. m/z 215 respectvvely Add1t1onal fragments from the‘ev:'ﬁ

e NSAID portlon of the molecular included m/z 187



u-”f'[Cl;H‘Sdl+ and m/z TGS IC H C0]+ Fragments ;m7i; 91""f
l:(c HaCH, +) “Ic. HiC= CHCH T+ and 118 [c Hs CH CHCH 1+

““,f;ar1se from the amphetamlne port1on of the molecular 1on
‘ ” Chromatograms of plasma and ur1ne samples from subJects:&”

l'follow1ng 1ngest1on of 200 nghttaprofenlc ac1d° three t1mesf,*

tee

dally. as well as synov1al fluld samples follow1ng a s1nglefiﬁ;

i'200 mg dose are dep1cted ln Flgures 76 78 ' No svgn1f1cante"

‘T'd1fferences were observed 1n the concentrat1ons of ther.'fx
’*]enantlomers Indeed the twme course of the enant1omers:b

:were super1mposable (Flgure 79£ Table 18) The 1somer$‘iz"

.:»undergo rapld GI absorptlon W1th peak plasma concentrat1onst f

g ach1eved between 0.5 -'2 hours the termlnal half l1ves ofi-l
&approx1mately 2 hours .1nd1cate rapld el1m1nat10n ';Théif
"obserwed small Vd/F values ’1ndﬁcate extens1ve plasma

,prote1n blnd1ng for the enantiomers These observatlons are':

4 1n 1agreement with studles ut1l1zihg nbn stereospec1f1c"_'7”

',__assays (Pott1er et al -1977 dama11 et al,, 1985).

l'The~_ s1m1lar ‘ d1spos1t1on k1net1cs observed _fbrf -

,1t1apnofen1c ac1d enant1omers sugdests that these 1somers‘"

1ndoprofen (Tama551a et al. 1984) they may present

. jexceptlon to the observat1on gthat most 2 arylpropvon1e‘ﬂ‘

'[ac1ds undergo 1nvers1on As a consequence there 'would be :

"no amblgu1ty 1n generat1ng pharmacok1net1c data based on‘f

e -

o jbinot onT’d_ave 1dent1cal eltm1nat1on k1net1cs bubethat I1Ke‘/'}



measurements of total drug concentrat1on (R-’ plus S )

non stereospec1f1c methods (damal1 et al 1984) A1thoughf7”

Y chigg} 1nvers1on was not observed when racem1c t1apro‘en1off*

wacad was, adm1n1stered def1n1t1ve confirmat1on requ1res the
i e | Gl e
ijadm1n1stratlon ‘of . 1nd1v1dua1 1somers However St s s

- reasonable to -suggest that iny humans. metabo11c chlrale

~:1nvers1on does not.occur. or the extent of lwnvers1on s T

‘7v;1ns1gn1f1cant ) A drug wlth slow metabol1c 1nvers1on and_:;r'f

ﬁr";rapvg el1m1nat1on may also d1sp1ay t1me courses s1m11ar 'tp;”a
‘t%those observed for TA For example,~1t has been reported':
(Bopp et 1 1979) that 'the 1nvers1on» half l1fe of'
:fR benoxaprofen was apprOX1mate1y 108 hours whereas 1ts,if:

’“1e11m1nat1on half lee was about 30 hours «As.fib result |

”stubstant1al quant1t1es of the R 1somer may be e]1m1nated“f' :

,before s1gn1f1cant 1nvers1on can occur~ “5@ '7?;;3;‘”“‘$4

A posstble ‘relat1onsh1p between b111ary excnet1on and i.
“chwral 1nversxon should also be con41dered An1mals.such as'be
,A;;rats and dogs wh1ch are :good b111ary excret1on mode]sir;g
‘f(Klaasen and Watk1ns, 1984) are also excellent 1nverters of”b"

.APAs (Lan et al,. 1976 Kr1palan1 et al 1976 Tanaka andb-’

11 >Hayash1, 1980) s" a oonsequence ;the rap1d .ur1nary7 :
:*iexcret1on of TA m1ght account for the 1ack of 1nvers1on 1nf;»fff

It' should be’ noted that with benoxaprofen the overa]ldu_;f.7

”.stereoselect1v1ty xs due only to ch1ral 1nver1on s1nce the",VQ

. . L . . E . B . S oo . . . A
o - . B > . . - . S Ll

e



_ e11m1nat1on rates of the enant1omers are the same (S1mmonds,j,fi

‘ftf et al 1980\ It should also be noted that for 1ndopnpfytuwu

: o
-'and carprofen,' whlch do not undergo 519n1f1cant chi

'1nvers1on.¢$he overall pharmacokwnet1c stereoselect1v1ty‘is“~h’d

‘fduej to d1fferent1a] prote1n blndwng and excret1on rates oFHC[’

’*?- the 1somers in the case of 1ndoprofen (Tosol1n1 et':aJ""'.
1974 » Tamass1a ffet"' al V; 1984 a BJoeran, 1985) A
preferent1a1 excret1on of the' R 1§bmer>f1 v_the ,case»voffh;,c

'3_ carprofen (Sto]tenborg et a1 : 1981)

The ur1nary excretion data suggests that not tonly fafelV‘*-

;thefj excret1on ’ rates of conJugated t1aprofen1c ac1d_;f“

enant1omers s1m11ar (F1g 56) but the cumulat1ve amoun%;;jn“"

‘

excreted ”t “the: urrne an
vh -18) These observat1ons suppdrt the' conclus1on that ‘the;i'

excret1on _xOf t1aprofen1c > aq1d ,enant1omers;;1is not{ﬂ
stereoselect1ve ,7?w.. g;rq__,ny=go« ”'~v'7v_5j.f‘”‘f'

L
,,

also v1rtually 1dent1cal (Tab1e_ L

Twaprofen1c ac1d 15 present 1n 519n1f1cant amounts lnﬁgvf

o the synov1um (synov1al flu1d to plasma concentrat1on rattosf,v-v

g5 of approx1mately 0. 2 .- 2 0) (Daymént and Herbert 1982).

Synov1a] flu1d is not only a posslble 51te of act1on 'fbr“;t B

i ‘

NSAIDs ;1bft afitf also . prov1des “an 1ns1ght 1nto _thevigj

";extravascular pharmacoklnetlcs. of | drug~ fWall1s land‘;h:-

“fS1mk1n 1983) S1nce equ1valent concentratlons of }thef

~

“lopt1ca1 1somers were observed 1n synov1al flu1d (Table 19),

““"lt ‘%&travascular d1str1but1on of the enant1omers mvsqfi"

- apparently a)so non stereoselect1ve
; .:. '.k Lo ..:.*‘; Lo h ,-‘ : n: . > 1

SO




e

I hédd’t‘on h t° 't metabol1c chlra1¢°'ihoehsf6ht“

L

stereoselect1ve~ metabol1sm may 1nfluence eﬂth' k1net1cfijf

zf{ifg d1spos1tion of enant1omers Metabol1sm does not p]ay an .

"7ﬂ{;apparent role j the steneoselect1ve d1spos1t1on ft;[?

”hﬁ1ndoprofen y and’ benoxaprofen,f neg11g1ble quant1t1es offe;¢

"fhbenoxaprofen metabol1tes other than conJugates haVe ”Ot-'h

hbeen observed 1n humans (BOpp et al 1979) Vf<;ff;/'h-'

'pii No effort was made to. quant1tate or determ1ne ,theﬂf

'?J‘carbonyl group) fPottxer et>,al 1377 j damal1 et. al

3[51985) | However, s1nee less than 5% of t1aprofen1c ac1d is.

}fhmetabollzed through ’these pathways (Po%t1er et?al 1977 "

‘:BJorkman /985) and benoxaprofen (Bopp et al 1979) that; L

” overall phar cok1net1cs of the drug

b 7”?metaboJ1tes a&gniple r1ng hydroxy]ated derwvat1ves) re o

' ".ﬁtformed from 1ndoprofen (Fucella et a] . 1973) wh11e w1thf'

"TLstereochem1stry of the knewn'"metabolltes of - t1aprofen1ctw

'Lgiracid (hydroxylatlon of the phenyl r1ng and reducalon of the['ﬁzt

‘ k’Vdamal1 et a] 1985) 1t would be ant1c1pated as W1th?:»4

lftix’”d°pP°fen (7055011011 et al. 1974 TamassI et al 1984 S

{ these metabalvtes would nbt s1gn1f1can1]y affect h o

. S

Metabol1c ch1ral 1nvers1on is t expected to"be

-

3 coppet1tive w1th otherwroutes of metabol1sm If there 1s,nof
‘) , ¢

5

'or 1f the 1nver‘s;gn rat

'1nvers1f
A’ s

“5“7 shou]d be equally ava1lable for other metabollc processes

Thns concept 1s 1llustrated ~by the non stereoselect1ve _

is slow e1ther 1somer}luf



LA SRR I S TRty 153
"ﬁf:metaboTﬁc format1on 2*[4 (2 carboxya{qp‘h)phenyl?-f';ﬁ

"57d;prop10n1c 'ac1d from 1buprofen (Ka1ser et al 1976)

o ; ‘o . o ‘,
_add1t10n,-1t 1s expected that the stgreoselectxv:ty .of4?

'i”f;metabol*f enzymes w1ll be dependent ; dnc part :thefi“i
3-;‘iproxim§ty of 3 drug s ch1ra1 center- to the s1terddf”.',
"metabol1sm (W1111ams and Lee.; 1985) the casesfofgd;:‘

i;ft1aprofentc ac1d. s1nce the s1tes (gar pos1t1on ‘of the ’d f
{'phenyl _ r1ng and the ketone carbonyl) 'are relattvelyi
'* ~far removed from the asymmetr:c -carbon i metabol1sm is.

"f;probab1y non stereoselect1ve

(]

.-)

""'Theef1ssué of pharmaco]og1ca1 stereoselect1v1ty sof

E e ‘,,
-”t1aprofen1c acwd enant1omersﬂbas not been addressed 1n',

. literature. It is feasnble that 11Ke other 2- arylpro :enic

:b*i;gs1mply ﬁbomer1c bal]ast If ant1-1nflammatory acP1v1tAV

L4

hf,ac1ds only one of the 1somers is actfve whlle the bth r%1stt‘

s .

' 7{_‘due to one enanttomer.f and_'as chtra] 1nvers1oﬁ was notd;

i observed the qya11ab111ty Of t]aprofen]c ac1d aS:{fhed:;:

N .pharmacolog1cally act1ve 1somer, rather than the racemate,fl“;f

”may repapsent a therapeut1c adVantage By cbmpar1son it hasf

been suggested that naproxen _is: marketed {aS' the .

.'7'75 enantwomer to avo1d "the posslb1l1ty of undes1rable sidefﬂv5

'h_.effects and the renal burden1 of clearlng : 1nact1ve '

'tpharmacok1net1c N non-stereoselect1v1ty .concurrent ,‘tht{}?

- pharmacolog1cal stereoselect1v1ty 1s a: known~phenomenon

jt~naproxen"' (W1111ams andef Lee, 1985) : Furthermore,sAf'



(e g fenfluram1ne 1n man Cacc1a et l 1982) ef”

’”h:observat1ons w1th t1aprofen1c ggcvd w1th reSpect to ;theil"

‘T:?,‘pharmacok1net1c non stereoselect1V1ty of therenanpiomers,[f

R may ge a further example "rfpﬂuﬁf .ﬁ;fﬂf4§
| »-‘5;'.3 5 3 o o o sreneosx-:l.scnvnv N THE oxsposmon AN'og_j.,j
SR METAsousnG OF ETODOLIC ACID B

For pharmacok1net1c stud1es w1th etodol1c acld blooatg..

"

Ao

'”’?v and ur1ne samples were obta1ned from two subJects (see';f

| ;;Sect1on 2. 9 2 4.1, 0 Mater1a15 and'Methods)

Gas chromatograph1c peaks representing d1astereo1somer5“'

lua;{of (+)- and (-) etodolac e]uted a&g 17. 5 -and. 19 8 m1nlf(a

L ,
,;[respect1vely (Fxg ﬁ,80) The der1vat1zed 1nternaﬂ standard

- :(S naproxen) had a retent1on t1mev of 12 5 m1n i The M§ o

"‘f,*-:fragmentatwn %atterns for; each d1astereovsomer prepared

j«lons of s1gn1ﬂ1cant

~‘}:from authent1c standards were 1dentlcal to the Hespect1ve?:ﬂ-

d-:somers> observed ;inf the samples Character1st1c fragment,f

}ﬁbdance (Re] . Abund >35%) ;weref'ﬂ

ri’present 1n both Spectra and were read11y.‘identified.

:fFragmentat1ons were predtctable by locat1ng h ;iinitial

”vl;{charge on. the r1ng oxygen atom of etodolac elementalfvg‘

‘-'compos1t1ons of 1ons were conf1rmed by h1gh resolutlon mass"]

;{::spectrometry (F1g 81) i?': ;_ﬁ;

The calibrat1on curves for each der1va£ized enant1omer



,ggWére.,_linear w1th1n the exam1ned concentrat1on rahdéaji'%
:t;Typ1cal curves for _1 (+)' and (-l-lsomers could be

__-jjdescmbed by y- o oaosx + o 2789 and y--o 0901x + 0. 2752
":nrespect1vely The coeff1c1ent of correlat1on for e1thd3
;fenant1omer extracted from plasma was 0 997 and from ur1ne,

“[;0 992 The m1n1mum quant1f1able concentrat1on of each

5f{[ﬁ7der1vat1zed enant1omer was 50 ng/ml of plasma or urtne w1th

;dfan on- column detectlon l1m1t of 0 5 g The observed

:'7:f:coeff1c1ents of var1ation were always less than 8% (n 3)

1.Eens1t1v1ty, and hence the slope of the caltbrat1on curve._y

'-; .was found to be very dependent upon the age and condltlon E
'llof the rub1d1um sulfate bead Jthe _n1trogen phosphorusli,,
rdetector g)_gs ,;.. . ui

Pr1or to extract1on. the etodblac conta1ning sample of

' ur1ne or. plasma was bas1f1ed (NaOH) and washed w1th dﬁethyl
mi;ether Th1s procedure removes endogenous am1nes wh1ch mlght ;\
Jifotherw1se compete w1th the der1vatlz1ng agent _‘5the:ff:
L;coupl1ng react1on ’ In ur1ne samples. the f NaDH also:a;f

':'jhydrolyzes\ ester conJugates It is apparent from F1gure 82
‘hfthat no \§1gn1f1cant amount of unchanged etodolac 'was .
?*f-present ih ur1ne As w1th t1aprofen1c ac1d (damal1 et al “4ff

.o ) U
’"{1984 1985) the addltlon 04,50 ul oﬁ*l M NaOH followed by

fvortex1ng foﬁﬁif'. . 1Y hydrolyzed th ,-ﬂ’:
7fconJugates ‘ o . %’i7~ 3

P . .

Fortoutng. Csamplel. . the best ..

e

L e e
v . v " -

'“J_recovery

s



Vo

-.of etodolac enanttomers was obta1ned when toluene was usedi:ff

h‘*f; for extract1ons Thls solvent m1n1m1zed the carry overv ofrlaf

'T:’ﬁwater, whrch has a deleterlous effect the couplingf:ff

'fi,react1on The percentage re¢overy from plasma °f (+)" ahdihﬂf

it(-) enant1omers (2 5 UQ of each) was 66 50 +/ 0 04 andefyl
: .'65 83 s+/ 0. 03 (n 5) respectwely Attempts | t° ‘"‘prO"e
f,_recoveﬁy by addang 1sohropanol as a co-solvent (L1tow1tz etﬁ??'

”:éy 1984) resulted 1n the concom1tant extracﬁ%on of traceff .

-Z‘nf;amounts of water ‘as well .a un1dent1f1ed endogenousf:f”

:'5‘-components

‘_:hr1se and. fall | a'?fi:

Py

The plasma | oncentratlons of the enant1omers seem tolf'

”"Q'enant1omers reach tthelr max1mum concentrat1ons w1th1n 1 -f,»'

5 hours after admwntstrat1on ‘?he appearance of a ‘secondd;'

”‘fpeak the plasma concen at1on t1me curves of bothn,;‘-
‘stubjects may 1ndicate enteroh at1c rec1rculat1on of the Cft

fﬁ”{drug (Cayen ‘et 1981) Interest1ngly. the plasmajfﬁv

t’ﬂconcentnat1ons of =thef' more l act1ve (+)-lsomer, Weref L

""fcons1stently i lower | than i'those y of sthe less act1veﬁf~f

_1f(-)-1somer Th1s observat1on w1th the arylacetic ac1d-{f:

) ”fifdertvatlve.; etodolac. /:s contrary to what is commonly o

2

";',reported for the 2 arylprop1on1c ac1d class of NSAIDs.,'thefv» :

mpn? active 1somers are’Dsually predomlnant 1n plasma (Hutt”f
and. Caldwell 1983; wimams and Lee, 1985) |

During the 48 hour ,collect1on per1od. subJecb-M

B _ o :

“(Qr l fash1on (F1g 83) - Both;;*F;



3;5fexcreted 9 05%: and 5 65% of the Jl-x, ? :
.fjaﬂfhydrotyzable;' conJugates of the o :
S ;frespectjvely SUBJect F excreted 9 95%f

“fifdur1ng one dosing 1nterval The more

:“(

fffand consequently ur1nary excret1on

)*?;3iéz£;.ff

_;nd s 52% of th

"79f;adose ‘as: conJugated (+)-- and (-)-1somers 'reSpect1ve}y

1ntensive formaf/on. -

f of, the conJugated;;;ﬁ'

o (+)-1somer_;as compared to the (~)~1somer, may part1y;:f*

::Ubtexpla1n the~ obserVed ‘lower pTasma

5\

Dur1nga'"theft course of thls

A concentrat1on of thefg:f

.a(+)-1somer : conJugéte '~§Thet estxmated pharmacok1net1c3;wA
n;fnfparameters' catculated *nom the above analyses are shown tnfv”'
"fitTable 20 f"‘fﬂh ‘WU;Q;{‘I“.fV“"' AR L

. s S
IR RO
SRR

study three ur1naryf-;

'*ffmetab011tes of etodolactwere~observed The GC/MS propert1esiﬁ}fﬁ

of_-‘ -uthe-,is metabohtes were' &onsvstent mth (“

djfdehydrogenated product (2) N methyletodo!ao and (31 drlﬁ

‘ f?ﬂ}phenollc.metabollte (¢19 84) ; e 23503
Both enantﬁomers 4as der:vat1ves) of the dehydrogenated
‘*e-tmetabol1te ‘are. ev1dent 1n F1gures 85

"a'3d1asteteo1somers as well as one ‘of

N

'find1astereo1somers are also eV1dent

"~T;7relatlonsh1p between the onder of

f”act:vity of etodolac gthﬁ extended

, .

metaboltte' the f1r51 eluttng ﬁ

nb‘dextrorotatory From Fqgures.85 and 86

sy

N g . ;j

ié‘

and 86 (the etodolac |
the N methy}etodolac f%

Tn Figure 86) lf the
elutioh and oﬁtmcal
to the dehydrog nated‘
1somer ) woulde) t:e N

1t 1s apparent that

'ﬂformat1on of the (+) dehydrogenated metabotfte t favored

| over that of the (-T*lsomer Basfwv

SN

n,.,



| ‘lél-isoméb Based upon a compar1son of the fragmentat1ondif;
lﬁipatterns of etodolac fand th1s metabolzte (F1g 81) :h
product was tentatlgely 1dent1f1ed as 8 9 dehydroetodolac ’ _
The metabol1c 'orlgIn/ of thls compound gas determlned by};

| . control- stud1es (1 e thls product ‘was not observed 1n;.”

.Jstandard etodolac 'samples) and conftrned by selected lon3~“

fd;monltor1ng (molecular fons of 404 and 402 for etodolac a df_‘f
."the metabollte respect1ve]y) _ '_’_ h
However wwth the 1solat1on of & hydroxyetodolac ”asﬁ_a

ﬂ?‘metabol1te (Ferd1nand1 et,al 1985) the metabol1c or1g1n’ﬁ’;

i lof 8, 9 dehydroetodolac is open to quest1on It lS plaus1ble'

-“l:'that '8, 9 thydroetodolac _;7is;f,fa;fl work up -lnducedmlFf

.-‘dehydrogenated product ar1s1ng from the dehydrat1on of fthe

8- hydroxy metabol1te DU%"ifdh,Ihe unavawlabil1ty of

_'s,.

t'ofauthent1c standards it was mn‘t poss1ble to . conclusively.,tf

‘_:jAobserved the opt1cal rotatlon could not be ass1gned¢

| edeterm1ne whether the dehyrogenated compound was. 1n fact S

. afy . . -
'_/ ‘~, o ol . e

:a true metabol1te {. ﬂ; S ;;J.QHQ

')" .
g .

The structure of the N- methyl metabolnterwas conf1rmedf:;ﬁf

h”(Flgs 81 86¢ 87) by combartson w1th ,f authent1c:‘r:

'"synthet1c product AS /iny one of thevenant1omers wasp-“

_ “ A phenol1c der1vat1ve of etodolac was also 1solated asﬂl,l
‘»la maJor metabollte Based.upon proton NMR (F1g sg) and Mst7

":a;as the 7 hydroxy metab011te The formataon and structure of_j

. ',5‘!\



';',th1s metabol1te has been recentﬁy reported (Ferdinandi etﬁhi

1986) and 1s consvstent w1th the data from these,f:t

B laboratorxes k I“teP35t1n91y.h th1s metabol1te 1s observedﬁd'“

' ,:1chromatograph1c ana]y51s) only after tr1f1uoroacety1at1onﬁhft

3gof A'th d1astere0150mer1cv dertvat1ves (F1g -84 95)

';_Metabol1sm appears to favor format1on of the‘ (') isomehf

- fﬁ(aga1n the s1gn- of rotat1on 1s assxgned on. the bas1s'oft

'h-comparison - w1th _fthei' elut1on order' ':6f3;1 etodolacft-h

"td1astereo1somers)

These metabol1c stud1es also 6ffer'tfé_ part1al 5

__explanat1on 'fOr} the 4observed stereoselectlvtty in the

- »

| ',depos1t1on of etodolac 1somers Preferentual. e11minatf0n;;f'

(through biotransformat1on and excret1on) may be e;

:1nc1pal reason for the observed re]at1vely lower p}asma*t*

JeVels of (+) etodolac 1n humans



'.hdthrough the u5e of var1ous models

)

Dur1ng the course of these stud1es the' 1mportance an'y,

istereochem1stry V*Ch-: drug d159051t1on was. demonstratﬁdf“b

Al

The versat111ty of c. ech1nu]ata was successtilyg"iﬁ

'ntexploited for oxidattve metabol1sm of jtwd=' chemlcallyl‘f’

'1?~d1fferent. substrates The stereospeC1f1c sulf0x1dat1on of 7,“"

'fi'cs and reg1ose1ect1ve g~hydroxy1atton, of pre prenalterolm‘

“fdemonstrated the - usefutness of a m1crob1a1 model off:iq

11d1scr1m1nation were demonstrated The GC method was: usedf'f

":}successfully '-fo, 1nvestlgate »lfthefl‘ stereoselect1ve“v“”'

L,mammal1an metaboltsm. Thts model was further ut111zed for.‘

2

‘thefw'breparatlve b1osynthes1s of racemtc prenalterol
' chereby prov1d1ng a potenttal]y attract1ve ’alternattve‘“tof

;"exc1u51ve chemlcal synthe51s

"ih‘»id*‘ study 1nvolv1ng 'the_eVGC" reso]utton ’bf”~‘

- amphetamwne N TPC d1astereo1somers,, the contr1but1ons of 5

f;the am1de protdn and ‘non- bond1ng 1nteract1ons 1n. ch1ra1°{fj

'f’N deethylat1on of R (~) fenfluram1ne 1n the rat

The development of ,a sensittve GC method for'fthe f"’

:W-stereospeC1f1c ‘ analys1s f arylalkanolc 1 enanttomers

”v”resulted 'Vi€‘3 appllcat1on to nvestlgattons on 5fhe.'7'#

’-f,dtspOSition of ibuprofen tiaprofenic ac1d and etodol1c&' :

: acid 1n humans These NSAIDs may be closely related ‘”fft

BN



.f~. not observed and therefore th1s NSAID 1s -an except1on to /.

. gﬁ

. o,
: 1mporfan§g of

- analyt1cal

ngor th1s observatlon;

terms ”TL Pharmacologlcal“ act1v1tyx.'bUt they differﬂﬂlﬁ

dramat1cally w1th respectgﬁf the1r stereoselectiveffﬁf

"j d1spos1tlons

The stereoselect1v1ty observed w1th _1buprofen: may b!

attrlbuted in part to the un1d1rect10nal 1nvers1on of the ;‘_'
d1stomer ,to ;5 eutomer '1 W1th tlaprofenlc ,f, acidiltiﬂ

stereoselect1v1ty was _not apparent Chural 1nvers1on was,;

the general notlon that '1nvers1on must be assumed ‘to- occurj;f*
'Lftn the absence of proper contrad1ctory ev1dence" (Hutt aanffﬂ‘

Caldwell 1983) :,lhe;‘ stereoselect1ve d1sp051t1og of .

etodo]ac 1s novel 1n the arylalkano1c group of NSAIDs iinrl’

that plasma levels §

than eutomer Rap1d “be"of the eutomer may accoungcrﬁ

hﬁg The results { NSAID stud1es h1ghllght sthe;:3»

«,. Lt

rheumatolOgY. the 1ssue of blO' and therapeutlc equ1valence S

and the absence of a. clear relataonshup between bkuxj”;_n
levels and therapeutac efflcacy are vtop1cs df currentffi”‘
research 1nterest S1gn1f1cant effdrts have beenv made* toff“t’

address these lssues. but only recently h S the 1mportance”fi*i

of stereoselective d1spos1t1on (1nclud1ng 551ral 1nvers1on)‘ )

been recogn1zed In th1s regard volumes of'pharmacoklnet1cvf -

LT T
, gx\,;__»- LA e
Cem :

BTG TR

d1stomer were con51stently h1gher”**;

1p1ng sensut1ve and enant1ospec1f1c;f g

cl1n1cal - 1nvest19at1ons -Inﬁ'y



rﬁiimportance | of

'*f_?fthe admlntstrat1on of drugs as racematesfgk

‘aigidata have been genej;ted w1thout due conSIderat1on of tﬁ;i?f'f

ﬁ&(_fapparent from the stud1es reported 1n th1s ﬂlssertatlon
'Vﬂf; that a analyt1cal procedure for vthe resolut1on and
"7]]heasurement of th 1nd1v1dua+ enantiomers, éfesent i

'Qf?fbiolog1cal f4u1ds. hfjs,; essent1a1 f??¢tffh proper

. / .
. FE
o

el

"hem1stry 1n drug act1on itf?isffﬂbf
A, B

'f'f-Interpretat1on of pharmacok1net1c data obta1ned follow1 ,v
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'EVTABL§~ DIRECT GC RESOLUTEON

i
- -

(+/-) SELECTAND SELECTOR(CSP) ﬁiREFERENCES

Ca- hydroxy ac1ds B Ch1raSIl Val -_“E‘; Koen1g & Sxevers;*ﬁﬁ'
R RTIIE N Lon A .. 1980, Koenig et-al

T 980" vang e
© 1884, Koppenhoefer'v*
”>11985
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£ IABLE 9 -PROTOR NMR CHEMICAL SHIFTS (PPM) OF
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TABLE 13 COMPARATIVE PERFORMANCES
OF CAPILLARY AND PACKED COLUMNS' '

AAMINE : RT2 min RT2 min: RT3 min RT3 min: a?
B TS £ o o i 2 ot

_ Jsomer~ " isomer lsomer' e rsomer‘ , N IPR
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CCFluers T e BRI O I
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‘TABLE-14  GC RETENTION TIMES (MIN) OF NSAID DIASTEREOISOMERS
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profen C1L5) '_(8.4‘:)_'. o ( 100) (42) (67‘\

- " biprofen (

S I:
.. 22206/208 - HCI 11
_‘"§=ﬂ!?'HC] b 11

R 4zM - CH;CH= CHPh :
oo S=p- Methoxyphenylacetic acid

ABUNDANCE) ‘OF {R,S)-2-ARYLPROPIONIC ACID-a- (R’ or’
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TABLE 19 CONCENTRATION OF R AND S ENANTIOMERS IN SYNOVIAL

“_ FLUID AND PLASMA FOLLOWING SINGLE 200MG DOSES OF RACEMIC
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R R TABLE 20 THE ESTIMATED PHARMACOKINETICS
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Figure 2 Diascereoisometic association complexatioﬂ
of N-Cyclohexyl-o-pentafluoropropionyl 1- lactamide
Coa anJ CSP of Chuasil -Val, (Frank et al. 1’9“78b)




'  fFiguze 3 Solutxon coniormers di dxastereoisomeric

CISOId _
(S S) carbamate .

' 'amides "and carbamates. Rl and R2’ are saturat:ed N
_alkyl groups with RZ longer than R1 (Sonnet and
‘-f;aeach 1982),3_¢ S e ; R
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Flgure 4 Structurda formulae of ptopranolol (1),

pre~prenalterol (ii) and
. prenalterol 6111) Lo
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Flgure 7 Epimerlzatlon mechanism of R—APAI (R—Arylproplonlc ac1d 1somerase)p

. (Wechcer ec al 1974)
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o Figure 8. Proposed pathway ﬁor the . xnversion of deut—"

etaced arylproplonic acxds in humans. (Wechter et al
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S '~Km'_2:1‘1[l<'mt2«; 7”,,\,“34 .

- €SO B CSO'»z". o

e "CS:Ke:= Km + Kunknown R
~ s CbO KF~Km12 KE ‘-Km21 + Kunknonn

~

S .

Figure 21 Proposed:kinetic model for C éahinulacaamediatéo’:;

‘ti fmetabolism of CS ‘ e
- jKl 2 and K2,1 are equilibrium rate constants for cs within the

'culcure medium and within the microorganism A*.*_‘ —

o HKml 2 is the metabolic rate constant for CSO formation

f:Km3 4 is’ the metabolic rate constant for CSO formation and is

2 .

Q

’approximaCely equal to Km2 1
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Fxgure 23 Gas chtomacogram of de:ivatized extract of incubace

conta1n1ng pteprenalterol (1 S 09 m. prenalterol 2, 6 14 min3

and ptopranolol (3 -8. 3& min)
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.‘Fxgure 26 Concentratxon-tlme curves -for preprenalterol (LB) and
cumulatxve concencration of ptenaltepol (ib). obcaxned after 1n1tial
..substrate concentration of ~1o00 mg/L '

S (()) represents?the conuentratxon of renalterol repainxng to be formed
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6f derxvacized N TPC d1ascereomers of

v'Flgure 31 Sttuctutes of
'"(1) amphetamine, (ii) mechylamphecamlde, (111) fluoroamphetamine./
: ;'v‘(zv) fenfluramlne and (v% nbrfenfluramxne, * denctes an asymmecrici

center._"
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Figure 32 Gas chromatogram of R S-amphetamine-N-TPC diaSCereomer, E
' "-:': Key 1. R( Y- amphetamine-N ’I‘PC 2= s<+) amphecam.ne—N-TPC
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Flgure 33 Resolucion of diastereomerlc derlvacives of amphet:amine ‘. :

' "‘f-_analogs m a 31ngle chrematographlc run. Key: 1 = R( -) = amphetamine—

N ’I‘PC 2= S(+)—amphetam1ne-N—TPC 3 = S( ) fluoroamphetamine—N—TPC
(+) fluoroamphecamme-N TPC, 5 = R( )-methylamphetamine-N TPC and
S(+)-methylamphetam1ne-N TPC. . L '

R -F:.gure 34. ,(f:‘ crace of resoluhon of R S-mechylamphecamine-N-TPC on*

' ov—101 packed column Key 1= R( )-methylamphetamine-N-TPC and 2 -‘?';—_1
s (+) —methylamphgtamine-N-TPC '
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" ~.~ Figure 38 Gas chro{ﬁatograms of N-TPC derivatized .. ennched isomers
of (A) S(+)-amphecamine and (B) R( )-amphecanune. Key ], R( )-
amphetamine~N-TPC and 2 cm S(+)-aanphecamine—N ‘I'PC S
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'~j‘3Flgure 39 Gas chromatograms of N-TPC derréacized, enriched isomers of "

'(A) R(+) fluoroamphetamine and (B) Sf =)= fiuoroamphetamine

t

Key 1= S( ) fluoroamphetamine-N—TPc 2. R(+) fluoroamphecamine-'f'
' utN TPC and 3= reagent peak S _ }  ,-,, . : .
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3Fi§dre'44 Gas’ chromgtogram oi N= TPC derivatized extract of R,S-q
"‘fenfluramine - dosed rat (brain) sample . ;”_' '&bf , _
'f,Key' l = R( )-norfenflutamine-N-TPC 2 = S(+)-norfenfluramine—N-TPC
-3 - R(+) fluoroamphetamine (1nterna1 scandard)-N-TPC b= R( ) fen—_f

flutamine-N TPC and 5 = S(+) fenfluramine N—TPC
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Figure 45 Rat brain levels of S(+) [ ] and R( ) [

fenfluramine a#cer intrapetitoneal adminiscration of tacemic
';? fenfluramine (60 mg/kg)
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"';_"*Figure 46, Rat btain levels of R( ) [ ] and S(+) [
"norfenfluramine after intraperitoneal administracthn of . racemic
"fenfluramine (40 mg/kg) e SRR :

.».‘

.]_ _




L. ce v -

o O I — oy 3 g
ST R - Tlme hrs, S

'-'Figure 47 Rat liver levels of S(+) [ _l ] and R( ) [ :
'fenfluramine aftet intrapericoneal adminiscration of racemic

'».i,-_'fenfluramine (60 mg/kg)
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- Figure 50..MS-line diagram of R,S-fenfluramine-N-TPC.
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Figure 53 Gas chromatogram of (R S) ibuprofen, S(+) a-methylbenzene~

ethanamine derivatives prepared via acid chloride intermediate.
Key l = S(+) 1buptofen,‘2 = R( ) ibuprofen.
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Figure 56 Gas chromatogram of (R S) 1bupro£en, S(+) a-methylbenzene- f"f
ethanamine derivatives prepared by condensation with 10 ug CDI._=

Key l - S(+) ibuprofen, 2 = R( ) ibuprofen, 3 = unknown component

T

B "l'r:s;]- i

' Figure SS Gas chromatogtam of (R S) ihuprofen, R( )-a-methylbenzene—5
B ethanamine derivatives prepated by condensation with 10 ug CDI. ‘

'-Teg Key. “-\R( )-1bnprofen, 2 = S(+) ibuptofen, 3 - unknown component
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"~.Figure 56 Gas ch‘romatogram of (R S) fenoprofen, S(+) a- methylbenzene-v e

N 'echanamine deriyatives prepared by condensatigg &ith 10 ug CDI. ;:_'g£:5’a
fm}fwKey- 119 S(+) fenoprofen, 2.= R(-) fenoprofen o

L R -\n\trrs - ;t'f,i",vfj";-g;{d -
Figure 57. Gas chromatogram of (R 8)=- fenoprofen. R(- )= a-methylbenzenerf17

'eChanamine derivatives prepared by condensation with 10 ug CDI.e,.'

e Key 1 - R(-)rfenoprofeny 2= 5(+) fe“°P'°fe“"“
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>'3'Figure 60 . Gas- chrouatographic resolution of (R s)- ibuprofen :

. : i e
N ,with S(+)-AMP after reaction with 50 ug CDI "a." 'f;*_»f IR
BN Key 1 = S(+) ibuprofen, 2 = R( )-ibuprofen, 3 = unidentified '

-'.comPonent. 'f*, PR R o .-_'V' R Lo
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Figure 65 Gas chtomatograms of S(+)—amphecamine derivaci\ves of
S(‘i)-ketoprofen (A) and racemic ketoprofen (B) enriched wich t:he L
S(+) isomer. Key 1= S(+) ketoprofen, 2 - R( )-ketoprofen. R :

-



"containing trace amounts of the R( ) isomer after reaction
with. S(+)-amphe:am1ne (A) ‘and R( )-amphetamine (B) EE S
Key. 1= S(+)-naproxen. 2= R( )-naptoxen. N




18-75
o

LSRR

e MINUTES

. .

Figure 67 GC crace of (+/ )-ET S(+)¥hHP diascareoisomets.

Fitst peak (17 08 min)

corresponds co (+)-ET and che second
co ( ) -ET. RO ‘ e
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Fl‘ ure 71 Gc- trace °f S(“")‘3mPhetamine—derivatized‘ plasma extract ,‘ﬁ
B bbtained from a Subjec: dosed (600 m& P 0 ) with ra emic ibuProfen \
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\FiSure 72‘ GC trace of S(+)—amphétamine-derivatized urine
extract ob;ained from a subject: dosed (600 mg P- o ) wich _
racemic ibuprofen (Motrin ) Key l = intemal stancLard | EIRRE R

(p-methoxyphenylacetic ac:l.d). 2 - S(+) ibuprofen,_3 = R( )- PR

._ibuprqfen. 4 - unknown component.
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Figure '73 ‘(R)-an%. (S) ibuptpfen plas )
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Figure 74 Urinaty excretiou rate curves of S (A) and R-(A)

’,_ffibuprofen after administration (6‘00 mg p 0. ) of Motrin (A) and

x,.v_

v .‘,‘iApo- Ibuprof en (R) .
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','v'_;,"v_‘Figute 76 Gas chromatograms ¢‘>f plpsma extracts from a subject :
"'.v},"_do,sed (200 mg p o ) with tiaprofenic acid (Surgam ) The derivatizing
reagenq was 'S(+)—.-amphetamine. (A) is the blank extrac:.

;_-,':'.'Key (B): “1 - endogenous conlponents,‘_‘ -/S(+)—napro'{cen (internal
?standard). 35&" a(+)-m, _4 - s(- )-TA S

PRI
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.”i,Flgure 77 Gas chremacogram of urlne samples from a subject dosed

'vﬁf(ZOO ms P 0. ) with tiaprofenic acid (Surgam )i (A) is the blank

-;:'extraCt The. detivatizlng rgﬁgent was S(+)-amphetamine.'key (B) R
: S(+)-naproxen, 3 = R(*ngA’ 9 * S( )—TA.j;ﬂf_ﬂ "]M;v-rv_ﬂf , u"i 

i
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&-j2Figure 78 Gas chromatograms of sYnovial fluid extracts from a";ff*':

'1ﬂsubject dbsed (200 mg p 0. ) with tiaptofenic acid (Surgam )

<51‘The derivatizing reagent was’ S(+)-amphetamine. (A) 1s the’ blank

':f>extract. Key (B) I - endogenous component. 2 = S(+)-naproxen,.‘

3- R(+)-TA a - s< )-TA.A |
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. -»f'Figure 79 Steady—state plaém concentrations of tiaptl:’fenic acid _

"'r?,'.f__enantiomers (0,0) and urinary e:tcretion races of the H\ant;l.omer
"?conjugates (A',A) after 200 mg/&h’ﬂoses to subject #4 -
Key (. A) = R—isomer, (O A) - S-isomc’r..‘«
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jjgﬁand a plasma samplg from a subject l hour afcerfadministration =

e

},f;of racemic ecodolac:(C) , j"
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<.F1gure 82.. Liquid chromatogram of blank urtne (A aud B) and urine
‘from a. subJect after a 200 mg p.o.’ “dose of racemic etodolac before

(& and C) and after (B and D) alkaline hydrolysis

'.5Key 1= etodolac, 2 = conjugaced etodolac, 3= dehyd;dgenéted
eﬁET metabolite. o : ‘ B
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bﬂ_,bFigure 83 Plasn\a (+) etodolac (O) and ( )-etodolac (A)
E 'concentration—tixhe curves following adminisx:ration of smgle (A)
and repeggt:ed (B) 200 mg doses of racemic ecodolac.

O



Figure 84. St:uCtures of 8 9 dehydrogenated etodolac (i), - |
N-—methyletodolac (ii). and 7-hydroxyetodolac (iii) "'.



.“'Figpre 85. éas chtomacogram of blank\urine (A), utine spiked with

1E_’(-)-etodolac (B), and urine aamples from a subject 1 hour after :

. 'p o. administration of 200 ng racem etodolac Key l‘- S(+)-naproxen,: ‘
2= (+)-etodolac, = (w)-etodolac,;f

l-!metabolite 1somets._S(+)-amphetam1ne

jand S - ‘8, 9-dehydrogenated
as use@-as thefderivacizing»- ,
.7agent. .ﬁ_”@'.f  ‘v.;1 S ,gﬂ, R R :
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'ﬂfFigure 87 qns selccted ion traces for the determination of the
Ma dehydrogenated mecabolite of etodolac. m/z(m' ) 604 charactttiatic

— T T T e
:n- s ¢~n,ﬂ R e ML IR L

R R

LA s g




w0 g t(0) 99TopoIaTAIsUN pus -
68 *(V) 2%10p032 0112u0339360Fp 103 sweaderp SUTT SW.°gg INBFA

© @ oviopeys pereMMeipsysp

PEI P ALITE

LRI

ow . IR R T
SEE SN IR T e ,

- T et ~ . A‘l#:.qj_: -

R A PTG




Q) .uwﬁmvauw,,mwxmm
.» » Tl

PAN-L puv (v), 3¥Topots 3o sx1aeds. mN 41634 Torase g osaBre




L

._au_Lwawwﬂnnwmxaocm:umwemououwﬁzu.nHomaQUﬂHquvw»:aquOum&ou:u :asﬁou An vo«uﬂh@l\vzw_ocﬂua;

NW@ MJva:mwm_;;.aw.:AaouumvmuwﬁomﬁMwuﬂovouoxxouvac L wo,mucoewnuu m:nman uOu mwusmwwuum kumﬁauwom .om wuzmwhm,.4.m 

el - ., - . . .

A

e N LT IR I T e e S .A..,oa%oz:::o
I S e NS ST mNNN\s




T

- L8, . L K IR R

L Ty I s

oy, Tase ors S sew T




B e e e e et e

umaovOumxxou?ﬁTm uuquowuuummqw vauwaauoumouosﬁﬁuuM\o\mucmswmuu SH v.wu‘m.a:u.m‘om....”m_m wusw:

g A IR Y




L CHEMICAL TONIZATION

e Zs-*’*'h' ER T
r ok il ; S
I EREN™) RS <

- Figure 93 GC:MS line diagrams (CI anﬂ EI) of 7 hydroxyecooolac . _
dﬁrivatized with S(+)-amphetamine followed by trifluoroacetylation._f’
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Figure 95 Gas chromatograms of standard etodolac (A) and
E 7-hydroxyetodolac (B) derivatized with S(+)-amphet:a.mine '
followed by trifluoroacetylation. o

- . o

e Ke}v 1= (+)-et:odolac, 2= ( )-etodolac, 3 4 = 7-hydroxyet:

isome:s
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The separat1on factor '(qlbvwas calculated u51ng th e?

vequatlon RT,“-’RT /RT.‘- RT., th value of RT. was assumed‘ fffs'

vto be 0 ‘%

HETP was determ1ned by the equat1on HETP = L /n

The callbratlon'curves were def1ned by the equat1on Of"

_stra1ght line y bx+a where X 1s the concentratlon and y 1s

e

~the natlo of peak areas of the substrate to that of the__v

1ntrernal standard

For studles in Sect1on 3 1, 0.0. O 0 tHe values for Kmax
'and Vmax were calculated us1ng the L1neweaver Burk equatlonft'

'and KF was determlned by the method of re51duals (G1bald1f.°"

: P =
and errler 982) 9

Values for Vmax and’Kmax for' the Tstudseé--fh] Section

3 2 0 O 0. 0 were determ1ned by ethe:ffolloWlnd'equaticns

_(Glbaldl and Perrler 1982)

b

Kmax R CO-.' :

b 2303 logCo e
R C'o SR

s

Vmax = sl0pe(ct cOncentratiOn-time'curyeldefKmat‘ Xv.2;303”

‘Glu'

The el1m1natlon rate constants and’ half llves were

determlned from the log llnear phase of concentratlon time -

curves uswng ‘a CUrve flttIng program (Hewlett Packardl

AUCs were calculated usinq the llnear trapezoidal method

o



gﬁsf: ho  attempts ' were '“fjt¢ ; determ1ne absolute;}

bioavallab1l1ty in the human stud1es“ CL/F and Vd/F were~f f 5

calculated as 1nd1cat1ve of CL and Vd



