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¢ H A PTER 0O N E
INTRODUCTION .

i) Luminescence Processes in Solution.

Fluorescence and
phosphorescence are both processes in which radiation is emitted
by an excited state molecule following the absorbtion of radiation.
The luminescence processes leading to these phenomena are shown in

FIG 1-

Prior to the absorbtion of radiation the molecule ig
usually in the ground clcectronic state So.  Promotion to higher
electronic levels is a very rapid process occuring in a time interval
of approximatcly 10"15 gscconds. Electronic cxcitation produccs
molceules with additional vibrational as well as olcoctronic onergy.
The excess vibrational cnergy is very rapidly rcemoved by collisions,
g0 that the cxeited molecule becomes thermally oquilibrated with the
solvent in loss than 10~1% scconds. Tho.czoited molecule then
returns from the first cxeited singlet lovel to an coxecited
vibrational levol of the giound state in 10"'8 scconds or longcr.

Tho omitted quantum thercfore has less cnergy than the absorbed
guantum with tho rosult that thc obscrved emisgion band is at a
longer wavelength than the absorbtion band. In the process
described thp gtate from which omigsion originated and torminatod
had tho sameimultiplicity, henco the phonomena is termed

fluoresconoe,

Pluorcscence from moleculeos in golution, however, shows
a greater poparation of absorbiion and fluorescence bands than can
be accounted for by vibrational cnergy losscs alonc. The
scparation of the bands is also dependent upon tomperature and
solvont polafity. Manyrcompounds cxhibit & blue shift in tho
fluorcscence gpeotrum when the temperaturc iz lowered and tho solvont

becomen morce vigcoun, At thc room temperature golvent molcculcs

- 1l -
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rooricnt themsolves around the cxoeitod solute molecule in aboub
10"11 soconds. dince the 1lifotimes of tho fluorcescent statcs are
of tho order 10"8 goconds cmission from the Franck-Condon statc is
not observed at room tomperature. If the tomperaturc is lowered
sufficiontly, the time required for rcoricntation of the solwont

molcoculos may bo longer than the 1ifctime of the coxcited state and

_emission from the Franeck~Condon statc will be obgerved.

Moleeular fluorcsecenco:from solutions has the important
featurce that only onc fluoresceonce band iz obmorved for any givoen
substance. If shortor wavcelength light is uacd for oxcifation
to producc a higher cleetronically cxeitod state the same
fluorescenoe band ig produced. Tho oxcoss clectronic éncrgy is
logt by collisional doactivation in a timeo interval shorter than

that requirod for fluworescence. Honco the cxcoms energy is

diggipatoed to the solvent as heat before the fluorcacensce process

OCCUI'S.

Radiationloss transitions between cenergy lovols of
the same multiplicity are referred to as internal conversions.
Radiationless transitions occuring botween cnergy lovels of
different multiplicity arc reforred o a8 intorsyston cromsing.
Intersystom crossing from tho sginglet oxcited levels resulis
in the population of the tripioﬁ lovels. Emigsion from the
lowest triplot lovel to the singlet ground lovel is termod
phosphorescence. Thig ig o "forbidden" transition of long
radiational lifctimc and is susceptiblo e guenching by
collisional. doactivation.  Fhosphorcesecnce can thorefore be
cnhanced by the use of low tomporaturcs and rigid glass-like
golvent media., - To facilitatc the study of phosphorescenco,
measurements ore wsually made ot 7I°K¢ This can bo achicved
conveniontly by placing z Dowar flask containing ligquid nitrogen

in the conventional fluorimeter. The prescence of heavy atoms




in the moleculce or solvent media may algo increase the rate
of intersyston crossing and lead to a greater phosphorescence

signal.

Jablonskil suggestod 2 process whereby a reversal
of intereystem crossing could take place viz., the Tl—*-sl
frangition. Thig proccss invelves higher nuclear vibration

terms of T, and requires the addition of thermal cnergy. Since

1
the final omission is from tho Sl cnergy level it has an identical
waveleongth to that of fluorcscenco, however, sinco the triplcet
energy levels are involved tho lifetime of the delayed
fluorcscence is comparable to that of normal phosphorosconce.

Fluorcscence produced in this manner is tormed "EB-type" dolayod

fluoreasconco.

Kautsky and Muller2 postulated a2 furthor meachanism
to account for the delayod cmission oncounterod in adsorbatos
of tryptaflavin, Tho cnergy ncceggary for tho occupation of
the S1 levoel from theo Tl lovel ig obtained -whon two triplot
statc molceules roact with ono another so that one of the
molecoulaes takes up the triplet cncorgy of the othor and undorgoces
intorsystom crbssing into the first oxcited singlet state. The

othor molcoule undergocs a radiationless transition to the

ground state. Dolayed

fluorcsconee producoed by this mechanism is tcrmed "P~typo"
dolayod fluorescence. "Betype" and "Petype” delayced
fluorcsconce can be distinguished from ono another sinco the
former is produced by a mono-photonic mechanism and tho lattor by

a bi-photonic mechanism.




The lumincoconco mechanisms already outlinod account

for the majority of thosc concountered in luminosconce analysim.

Howevor, there arc othors such as sonsitized lumincsoence which may

be of potential usc. Sensitized luminoscence ocours by an encrgy
$ransfor procoss between an cxecited donor moleeculo D and o ground
atate accoptor moleculc 4 So' An cxecited acceptor molccule 4 is
produced which is thon freo to undergo radiactive deactivation.

The threc major processes arc outlined bolowi~

Sengitized fluorcscence.

. ENERGY.
Dsl + ASOW ASl + DSo
ASo

Sensitized phosphorescence.

ENERGYL A
DT}. + ASO) m A'Dl o+ DSO

Sonsitized delayed fluorcscence.

. .‘ ENERGY.
i) D, + AS_ “ppamsrpn ATy * DS

1) APy 4 AR, ————> AS) ¢ A8,

\nv

a8

o}
or

Aﬂi + Dmi E— A%ii; DSO
hy

However, thosc sensitized processcs are suscoptible to quenching

o

and fow examples have boen reportod.



emigsion shutter was in the open position and tho long lived
cmiogion was rocorded by the photodciectors A loss important
function of the phosphoroscope resulted in a minimal measurcenent

of peattered incident light.

ii) Phosphoroscence Measurcments.
The first phosphoroscope,
which was described by Becquerel3 in 1871, enabied the delayed °
emission of phosphorescence to be isolated from the prompt fluorce-
cence cmission. This ﬁhosphoroscope consigted of two disce fronm
which notchos had becen cut at ogual intervals. The discs were
offact from each othor and mounted on a common axis which wap
turned by o variable speed motor. - When the oxcitation radiation.
" wap cut off by the firat disc, the fluorcscence decayoed rapidly and
only tho long lived luminescence remained., At this point tho
Two othor types of phosphoroscope have sinco been
developed, thesc béing the rotating can phoaphoroacopq4.and tha
pulscd source phosphoroscopo5. Tho rotating cam phosphoroscope
connists of a hollow cylinder with ono or morc slits équally gpaced
in the circunference. As the can in turned the radiation fron tho
cxcitation monochromator is allowed to strikc the sample, and
altornately tho light cmitted from the sample is allowed to reach
the omission monochromator entrance slit. . In the pulscd source
phosphorogcope, cxcitation is achioved by means of a periodically
pulscd flagh tube and the omismion in nonitored by moans of a
photodctoctor which ig oporated periodically and out of phaso with
+he flash tube. Both of these phosphoroscopes allow the long
1ivod luminiscence to be moasurcd without interference from tho
ghort lived radintion.

Phosphorcscence is o first order process in golid

‘ golution, thus pure compounds containing a single phoophorescent

-5 -



noioty show o lincar rolationship botween the logarithm of the
phosphordscenco signal and timoe after the termination of the
cxciting roadiation. The lifetime of a phosphorescent molocule
ig defined ag the time reguiroed for the luminiscence aignal to
decay to 1/c of its initial valuc, ond is characteristic of a
conpound at constont tomperaturc and in s given solvent. The
lifetime is thercfore a ugeful parameter in the identification
of a compound togothor with the wavelongthe of cxelitation and

omigcaion.

Phosphoroscopic resolutionﬁ, bosed on the voriation
of sghuttor declay tiﬁo, was intoduced to resolve compounds with
lifotimes in the millisccond range. Lator "time resolved
phosphorimetry™ was used to rcsolve compounda with lifotimes in
the millisccond renge and longor by utilization of differences in

7,8

the lifotimes of the luminiscent gpecics The cxponcentially
decaying spocice wore resolved uping o logarithmic instrument
regponso and the conceniration of tho compononts determined from

a rccord of the logarithm of the total phosphoresccnce ve time, after
termination of the cxcitation radiantion. More receontly the

pulsed source-~time phosphorimeter has beon used with an increase

in gensitivity and scleetivity over the previously usced

9,10

phogphorimetric mothods of analysis

Attomptes have been made to observe phosphorescenco
at room tcmperaturce in polymoric matricesll and more rcecently the
phosphorcscencoe of adsorbed organic ions at room tomperature
has beon reportedlg However phosphorescence measurements arc
almost always porformed at T7°E and in solvents or solvent

13-15

mixtures capable of forming clear, rigid glasses a2t this

tomperature. Inhomogeneitios in the samplo glasses and

-6 -




non~reproducibloe somple positioning lod to difficultics

in quantitative phogphorcscenco mecasurcments. However, the usc of

16,17 coupled with more stable power

high gpoed sample rotation
supplies oand bedter solvent clean-up proccdures has led to a
tonfold incrcase in the precision of ropults. It wap not until
recently that quantitative phosphorescence studics in cssentially

18,19

agueougs solutions were possible. This was achioved by
high gpeod rotation of open ended quartz gapillary tubos used as ‘
samplo cells. Incrcasoed phosphorcscence signals from crackod ‘
glasgses have been achicved by the addition of emall amounts of ‘

methancl and up to 5% of the alkali motal halidesozo‘

iii)  Phosphorimctric Dotermination of Drugs.
iz a conscquence of fthe sclectivity and scnsitiviity |
of phopphorimetry it hos found most application in the arcas

of bioclogy and medicine, Aspirin wag the first compound to be

I

‘ detormined by this method in Dlood and plasma at concentrations |
‘ of 1100 mg;/IOOml of plasm&.al Nono of the constitucnts

‘ normally present in serum or plasma were found to give serious |
‘ interforonces, The vackground phosphorescence from tho residuc

‘ of a chloroform oxtract of acidifiocd whole blood, whon measurced

‘ in EPA, (Bthanol: imopentone: dicthyl ether 2:5:5) primarily

‘ regulted from the aromatic amino acides tryptophan and tyrosino.22

The phosphorcsecence omission of cther oxtracts of deproteinised

‘ - whelo blood and urince was studied as a function of pH‘QS'

Maximum background phogphoresccence of the cther extract ocourcd

on cxtraction at pH 6=7 for blood and at pHS for urinc cxitraction.

Tho ugo of cthanol as solvent matrix has allowed the ‘
detormination of twenty=-two compounds of pharmacélogical
importance, with a limit éf detectability of 10ng/ml of the ‘

~ T - |



final solution for most of tho drugs stﬁdioda24 Procaine,
cocaine, phenobarbitone and chlorpromazine have been deotermined
in blood gerum, and cocaine and atropine in urinc.25 The
exporimontal procedures uscd for the scparation of the speeific
free drugs from blood and urine were similar to those proviously
‘used and in ecach case the results compared wvery woll with the
egtablished methods for theso drugs. Thoe complementary naﬁuro
of phosphorimetry and fluorimetry has been dcmonstrated in an
invostigabion of blood anticoagulants.2? The limits of
detection by phosphorimetry were 1.0, 1.0, 0.01 and 0,001 pg /ml
for diphenadionc, phenindione, tromexan, and dicumarcl
reapectively, but fluorimetry was the optimal mothod of analysis

“fop Warfarin with o dotection limit of 0.001}¢g/m1.

The characterization and determination of the cannabinols
and thoir metabolites has been achieved by a study of the absorption,

27

fluorcscence, and phosphoresccenco gpectra. Phogphorescent
lifctimes in the range 1.5 - 2.0 scoconds ware reported and

detection limits were found to be of the order 10ng/m1.

Alkaloids of tho isoquinoline, morphine and indole groups
have been studicd in othanol.?®  Dotcotion limits
ranged from SOrN;/ml for strychnine phosphate to 0.5}49/m1 for
papaverine hydrochloride and lifcetimes ranged from 7.4 scconds
for yohimbine hydrochloride to 0.25 scconds for morphine alkaloid.
The sensitivity to change of pH gives additional scloctivity in

the identification of alkaloids in this group.

Tho luminescence charactcristiés of thirty scven
antimetabolites have been rcportod.29 Anclytically useful

phosphorescence was displaycd by scventeen antimeotabolites and

Y -




detection limita compared favourably with theose obtainod

by colorimetric and onzymic methods of annlysis. By suitable

preliminary rcaction of these conjugated ring systome, phosphorescence

nay be significantly cnhanced and the limits of defcction

appropiately lowercd.

Hollificld and Winefordnor 30 studicd a range of fiftcen
sulphonamides, whose lifetimes ranged from 0,6 scconds for
pthalylsulphacctanide $o 1.4 scconds for sodium sulphathiazole.
Phosphorimetry was found not 1o bo suitablo for the estimation
of azosulphamide and succinylsulphathiazole when the limits of
detection werce considerably greator jhan lfjg/hl. Howoever, for
the remaining sulphonamides the dotecetion limits wore leoss than, or
egual to lfugfml. When sulphhdiaiine, sulphamorazine and
sulphaceotamide were added in vitro to scrum samples, recoveries
rangod from 92 = 105 % and tho rolative standard deviation was zbout

5% in all cascs. The offcct of solvent upon the phosphorescont

characteriatics of the sulphonomides has also heon studied,31 but no

groat improvement on the previously reportced dotection limits was
achicved., Howover, by use of o microsample ccll the absolute

limits of detection wero considorably roduced.

Purine phosphoresccencce in mothanol-wator solutions has becn
shown to pive dotection limite betweon 0.1 and 0.0002‘ﬁ19/h1.32
The absolute detoction limits for purinc and cight of its
derivatives were found to be in the picogram rango
(3 x 1072 - 4 x 10’12g). Tho phosphorcscence speotra obtained in
methanol-water mixture ( v/v 10/90) were found to have fine

gtructure, thus demonstrating the usefulness of predominantly

aqueous matrices ot 77°K for enhancing the vibrational fine

atructurc.




It is possible te utilize the sonsitivity and solectivity
of phosphorimctry in conjunction with thin layor chromatography as
a scparatory tochniquc. This mothod has bcon omployed in the
detormination of pe-nitrophenol, a major mectabolite of parathion,

33

in urinc. Aftor hydrolysis tho urine was oxtracted with other.
The cther cxtract was then concentrated and chromatographed on o
thin layer of silica gel.  After developement the portion of the
gilica gel containing the p-nitrophenol was scraped off the plate
and cxtracted with 0,1M HCl., Tho agucous solution was then back
extractod into an cther-alcohol mixture and moasured

phogphorimotrically. The average recovery of p-nitrophenol

in the concentration ronge 0.28 - 142H5’/100m1 urine was 88 %.

Phosphorimetry has been appled to thoe measurcment of
several tryptophan metabolites following the scparation by thin

laycer chromatog aphy.34

Ethyl iodide was added to the cthanolic
oxtract to inercasc the scnsitivity of the measurcmont by the
'heavy atom cffcctt. Kynuronic acid was measurcd in this way
and at levels botween 101-200fq;/ml urine rccoverics were greater

than 91 % Xonthurcnic acid was found to0 cause no intcrfercnce

in the determination of Kynurcnic: acid by this method.

The use of phosphorimetry has not been confined
golely to the determinatiom of drugs in biological fluids; other
poigonous anutricnts and biclogically active compounds have been

cotimatod diroctly. Phogphorimetry has beon used in the
37

dotormination of scveral vitamins, 35,36 the B, and G

1 1
38 numerous pcsticides,39 hydrocarbon.

Aflatoxins,

biphenyl in oranges,

40

alkaloids in toba.cco,41 and n-nlkylecarboxazaoles

in cigarctto smoke4?

carcinogons,



iv) Scope of Prescnt Work.,

It is cascntial to have objectiwo
tests to detoermine the amount of drug or drugs that hevo boon takoen
by an individual, Tho main deficiocncy at thoe proscnt time is tho

inability to dotect cortain drugs in urine, blood and tigsucs,

" bocause the most advencod tochnigques have not yot been applicd.

The complementary naturce of low tomperaturo fluorimetry

- and phosphorimetry coupled with the seonsitivity and seleoctivity of

the technigue should pormit the accurate, rapid analysis of drugs
over a wide concentration rongoe Any mixturc of luminoscent
specics can be analysed and quantificd by the measurement of
excitation, fluoroscence and phosphoroscence spectra of the pure
components.  If all the spectra of the componcnts in a mixture
worc similar then timo-resolved phosphorimetry might be ugsed to

ecstimatc tho singlc components of such a mixture.

The relationship beotween structurcs and
fluorescence spectra of mony compounds have heen clucidated, bub
tho reclationships betweon structurc and phosphorescence spectra
have as yot becen little studied. It is the aim of this work to
oxtond tho use of phosphoresccnce as on analytical tochnique to a
number of different clagges of drugs and to study any strﬁcture—
specectral corrclations cxisting beitweon thom, Part of the prosent
work is dirccted towards developing o technigque capable of scanningp
thin layor chromatograms and méasuring the phosphorcogcence of
separated components in gitu. The sensitivity of phosphorasconco
and scparatory function of thin layer chromatography could thus
be combined to produce a rapid, scnsitive mathod capable of
resolving small quantities of similar compounds, cspecially drugs
and their motabolitcs, from complex mixturcs.

- 11 =




C HAPTER 2z

N e e b W RS um e W aw - -

EXPERIMNMENTAL

1) INSTRUMENTATION
All phosmphorimetric measurements wera
made with the Baird Atomic Fluorispec SF 100 E and rotating
can pliosphorogcope. assembly. | PLluorescence measurements woere
made in a standard.l.cma fluorimoter ccll after remownl of the
phosphoroscopce assombly. Spectra werae rcecorded om a Bryans
- Y':recorder and lifotime measurcments greater than 0.2

scconds rccorded on a Bryans strip rccorder.

ii)  SAMPLE DEVICES:

In order to stuly low tomporaturoc
luninesconce, samplos were placed in quartz fubvos (2 mm: bore,
1 mm wall thickness) and then insorted into a quartz Bewar
flask containing liguid nitrogen. To oﬁtain precisc
quantitative results, carcful aligmment of the sample tube in
the Dowar was necessary. Inproved sample aiignmoni and
roproducibility wero achicved by rotating the sample ot 500 rpm
by moang of a. variable speed motor and puiley—aséemhlm*designed
4o fit the Dowar flask. PFIG 2, The basc of he pullcy.was
extended into the Dewar flask o give better guidance of the
gample ‘tube and incroascd precision in alignment. The samplo
#ubc was held firmly in tho assembly by means of rubber gromméts

"at the top and Bottom of the pulley.

FIG 2,

—Hp—




Seriplo tubes wore filloed and cmptied by means of long glass
pasteur pipottces, connccted to a water aspirator. Sample
tuboes wore clecaned by succoesive rinscs with reagent grade nitric

acid, distilled water and the sample to be measured.

iii)  SOLVENTS,

The choico of solvemts available fon'ﬁso at
77°K wag limited Ho those capable of forming clear rigid glasscs
im addition to favourable golubility characteristies. Most of
tho phosphorimetric neasurcnents were performed.in.ﬁo %'
cthane=diol water solution or in ethanol. To obtain minimun
background luminosccence from the solvents, <+the cthanc-diol was
stored under nitrogem, and the othanol digtilled under nitrogen
and consequently stored under nitrogen. Water was triply

-digtilled from an 2ll glass still.

iv)  MEASUREMENL. OF SPECTRA,

Excitation spcetra were measured by adjusting
the cmission monochromator to a wavelength where maximum
lunincgconce was observed. The output signal was then rccorded
ag o function of the excitation: monochromator wavelength. Similar&
luninesconca cmission spoctra wore meosured oxperimentally by
adjusting the cxecitation monochromator to a wavelength where
maximum cxcitation wns observed and tho output sipgnal was
rqecorded as o function of the cmission wavelength, For normal
guantitative cstimations spectra corrccted for ingtrumental

characteristics were not necessary.

wv) QUANTITATIVE ANALYSIS,
Prior to the measurcment of spectra it was
necaessary to calibrato the cxcitation and cmission wavelength drums,

- 13 -




Thig was carried out using the well zaiabliished meroury sroctrum

from a low pressure'mercuryllamp.

It ﬁae neceesary to adjust the instrumental sensitivity
each time the lamp was turncd on since arc lamps rarely strike
in the sam¢ positiom. This was achieved by using a standard
solution of quiniﬁe sulphato for room temperature studies, and
a standard solutiom of toluene in ethanol, for low tcmperature
studics, as reforence standards and adjusting the fine gain
control to give a constant reading on the photometer, prior

to any =zet of measurements.

Samples were introduced into the sample tube and
aligned in the Dowar flask contaiming iiquid nitrogen. In
thosc cases when cracking or snowing occured, the samplos were
discarded and replaced with a further samples Analytiond,
curves were prepared by plotting lumincscence signal vs
concentration for a sceries of standard solulions. The limiting
dotectable sample concentration was deofined as that concentration
producing a signal cqguivalent to twice the standard deviation

of the background signal.

wvi) MEASUREMENTS OF LIFETIME,

Phosphorimetric lifetime is defined
as the time roguired for the lumincescence signal to decay to
l/el of its initial value. Lifctimes greater than one second
were measured on a potentiometric recordér aftor termination
of the exciting rodiation by means of a shutter, Lifetimes
shortcr than one second were recorded on the Remscope S01
storage ogscilloscopo. A microswitch placed olose to the
oxcitation shutter produced a potential fo the oscilloscope
as the shutter was closed thus triggering the scan and producing




a record of the exponcntial decay of the lumincscence., 4

gquarc wave of mains freguency was supcrimposed oan tho trace

1o calibrate the time base. The traces were then photographed
using Kodak Tri - X panchromatic film and the lifetimes

calculated from the processed films.

vii) PURITY OF BARBITURATE SAMPLES,

Melting points of the barbiturates
studied were found to bo within 2° of litercture values.
Samples wore chromatographed using the thin layer technique of

Bogan, Rentoul and Smi‘th,43

in order to cstablish single
component purity. Further evidence of purity weas obtained
from the gas chromatographic data obtained using Chromasorb 101,

44

narrow borc columns according to the method of Loveland.

viii) BARBITURIC ACID SYNTHESIS.,

The 5, substituted barbituric acids
were preparcd by condensation of the malonic ester with urca

in the prosence of sodium cthoxide.

9 2
—OEt /C.
Ry /C Hz“\c NaOEt H'\l' \TH
C + =0 e
/ / c
R \C—--OEt HéN o \I/C\\O
4 R R
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Ethylmalonic ostor was prepared by alkylation of diothylmalonatc.

In strong base diethylmalonate is converted to the unolnte cnion

which then undergoes an Sn2 reaction with ethylbromide,

0 o) OH Q
L]
EtO-C- CH- C—QFt == EtO-C = CH-C- OEt - _NaOEt
o~ ' 0] o
i Q , 4 + P
EtO-C=CH= C~OEt| N2’ e N2|Et0-C-CH-C - OEt
? Et O
3 - .
Eter_ Eto-C-E¢H-¢-0Et 4+ Nabr

Bonzylmalonic estor was prepared in a similar

manner'using benzylbromide as the alkylating agont.

Phonylmalonic ester was proparcd according to
the method of Levenc and Meye;.45 Ethylphenylacetate ond
cthyloxalate are condensed in the presencc of sodium ethoxide
and the condensation product then decarboxylated:thermqlly to

produce othylphenylmalonatc.

S 9
il
j2) C-C-0Et
-g\c/H 4 (CO,Et), NaQEt :c/ + EtOH
H” \NC-OEt H” N ¢c—-0Et
1]

o} / o}
A
’ o]

i
-0E
;3\‘/c o] t+

C
H~7 \Ne—OEY
It
&)

The synthesis of 5, 5 - cthylbenzylmalonate by the method
46

of Dox and Yoder ' was attempted, however the yield was

g0 low as to prohibit synthesis of 5,ethyl, 5 benzylbarbituric acid.
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Thig low yield is attributod to the docomposition of the malonic

ceter by sodium ethoxide.

R _ Ry, _
ﬁ,CHcozEt + EtOH (Na) R,./cn—sH(Na) 4+ CO(OEt),

The success of thosc syntheses was verified using mass spectroscopy

and n.m.r spectroscopy.

ix)  MEASUREMENT OF BARBITURATE LUMINESCENCE,

Ultra-violet absorption spectra werce mecasured
at room temperaturcs with a Pye-Unicon SP 8000 spectrophotometer,
uging 10mm path-length silica cells. Uncorrected cxcitation,
fluorcscence and phosphorescence spectra, phosphorescence lifetines
and detection limits were detormined as previously described.
Solutions containing approxima.oly BO}Lg of barbituratc per ml of
0,11 Np OH were used. All solutions had optical densitics
of < 0.02, The golvents used for low temporature work were
obtained by adding cqual volumes of cthanediol to the appropiate

aqueous solutions.

Acctate buffers were uscd to obtain solutions
with pls in the ronge 3.6 = 5.4% phogphate buffers in the range
6.0 ~ 8.4: and boratc buffers in the range 8.4 -10,0, Solutions
with pHs bolow 2.0 and above 10,0 werc obtained using diluto
hydrochloric acid and sodium hydroxide respectively. 411 pHg

were measured at room temperaturc with a Pyo-Unicom 290 pH-meter.

x) BARBITURATE FXTRACTION
Thao direct extraction of barbiturates from serum

or plasma is foasible for grainll guantitics of fresh blood, dbut in
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putrefying dblood and with inorocased guantities tha method is

not attractive because of tho provalence of troublesome emulsions.47
The precipitation of proteins prior to extraction is therefore a
recommended procedure. Direct chloroform oxtraction was studied
and comparcd with mothods employing ultrafiltration, trichloroazcetic

acid precipitation and tungstate precipitation ag a deproteinisation

step prior to exiraction.

The dircet chloroform extraction was performed by
taking 5 ml of whole blood and cxtracting into 30 ml of chloroform
for two minutes. Threc such extractions were performed and the
chloroform extracts combined, filtercd through a Whatman No. 31
filter paper. The filter paper was finally rinsed with a
further 10ml of chloreform. The combinced chloroform cxtracts
were back extracted into 10ml 0,458 NaOH by ghaking for two
minutes. - Two extractions werce performed and the extracts
combined and the final volume adjusted to 25 ml with 0.45N NyOH,
Fluorimetric measurcmcents were made using the agueous extfact
and phogphorimotric measurements after diluting 1 ¢ 1 with

gthancdiol.

In the tungstate precipitation technique a 5 ml
aliquot of serum or whole blood was mixed with 1,0 ml 10% NaOH,
30,5 ml water and allowed %o stand for ten minutes., 10 ml 10%
sodium tungstate solution were added with shaking which was then

Tollowed by the dropwise addition of 3.5 ml 10% H280 The

4°
mixturc was then heatod on a boiling water bath for %.u minutos
cooled and filtered, An aliguot of the agucous filtrate was

then extracted into chloroform as proviously described.
To rcemove the proteins by trichloroacetic acid
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precipitation 9 ml 10 % TCA was added %o 1 ml plasma, the
pracipitoted proteins were then cemtrifuged. An aligquot of the

resultant solubion was then extracted into chloroform a3 before.

 The ultrafiltration technique affords the rapid
deproteinization of small samples for biochemical. and elinical
aspay procedures, avoiding acid precipitation. Whole blood
was introduced into an Amicon ulirafiltration cell fitted with
a PJM 10 wltrafiltration membranec. Nitrogen was applicd at
70 p.s.i pressurce and the membrane retained all molecules and
ageregates of molecular weight greater than 10,000, The plasma
water ultrafiltrate was then extracted into chloroform as in the

other methods,

xi) SULPHONAMIDE SAMPLES,

Melting points of the sulphonamides were found
%o be within 2° of litorature volues. wh- acetylsulphonamides
were synthesised from the corresponding sulphonamide using ccetic
anhydride and 2~ sulphanilamidothiophen was synthesiszced by the

48

method of Berlin, London and Sjogren. After recorystallization

the purity of these compounds was checked chromatographically by

the method of Klein and Mader. 2

xii) PREPARATION OF SULPHONAMIDE SOLUTIONS.,

_For pH-fluorcscence studics stock solutions were
prepared by dissolving 10mg of the appropiate compound in 20 nl
of cthanol (Spectrcscopic grade). Stock solutions were diluted
with water (triplo distilled) to the desiroed concentration and pH
then cstimated immediately. To obtain the desired pH value the
aqucous solutions were titrated with 1md to 211.6 HC1 or 1mll to

10M KOH, Solutions of pH 2 = 12 were checked with o pHi meter,
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salutions of pE 0-2 and 12«14 were made up using itho necessary
amount of acid or base caleulated assuming complete ionization.
Since the sulphonamides rapidly undergoe photolysis on irradiation
with ultraviolet Yight, all fluorcscenco intensity messurements
were taken within 10 secénds of cxposure to the exciting light.
Working curves for the sulphonamides were obtained by plotting
relative fluorcscence inteungity ve concentration: over the range
lOu;3f1g/ml up to lOfJg/ml. . Linearity was found for sulphonamide

concentrations up to l.OfJg/ml.

xiii) SULPHONAMIDE FLUORESCENCE,

Spectral data was corrected for variatiom in xcnon
lamp output and phototube response by the method of Bridges,
Davis and Williams.so Abgolutce fluorcscence cffeciencics were
calculated by the comparative mcthod of Parker and Rees.sl Quinine
bisulphafc in 0,05M 32304 (1/xg/m1) was uscd as the fluorcsccence
standard which has a quantum e¢fficiency of 55%-52 Whero relative
fluorcsgeence intonsities are quoted, these were determined by using
either Indole in ethanol (4}4g/ml) or aniline in water pi 8.0

(2/4g/ml) which were then ascribed an arbitrary fluorescence

intensity value of 100,

xiv) FLUORIMETRIC ESTIMATION OF SULPHONAMIDES IN SERUM:

0.2 ml of serum was diluted 4o 1.0 nl with water
and the proteins preoipitated by the addition of 1.0 ml 20%
trichloroacetic acid. The resulitant mixturc was then shakon and
centrifuged. 1.0 ml of the supernatant was diluted with 50 ml
of buffer and the pH adjusted to the regquired value by the addition
of 1 M NaOH, For sulphanilamide, sulphacetamide and sulphagusnidine
0.6 mL 1 M Na0H was added to 0.025 M borato buffer (pd 8.0) and for




sulphamethoxazole 1.0 ml of 1 M NaOH was added to Walpolo acectato

buffer (pH 4.0). The solutions werc then made up to 100 ml

with buffer.

The fluoresconce intensity of the “"unknown" was
measured using a strip rcecorder, at the wavelengths of maximum
cxcitation and emission. Due to the rapid photolysis of dilute
sulphonamide solutions it was csscential to mecasure the ingtantancous
fluorescence, this was achicved by setting the gtrip recorder running
before the irradiation of the sample. The maximum'fluorcsccncc
signal was then usod to estimatoe the conceniration of drug present.
Duplicate samples of the blank (Seronorm with no drug) were carried
through the same proccdure and the mean blank fluorescence signal
gubtracted from thosc of the ‘'unknown' semple, yiclding corrccted
valucs for the relative fluorescenco due to the presconce of drug
alonce. The concentrations of drug presgent infig/ml were taken
from the working curve (relating fluorescence intensity to
concentration over the range 0,00 - 0.20;4g/ﬁ1). To obtain the
concentration of drug present in mg/lOO ml, the concentration

obtairod from the working curve was-ﬁultiplied by 105o

To cstimatc the amount of acetylated sulphonamide it
was first necessary to split off the N4wacetyl group by hydrolysis.
A 1,0 ml portion of the protein free filtrate was added to 50 ml
0.2 M HCL and heated in a boiling water bath for 1 hour,  Tho
golution waé then cooled and the pH: adjusted to that where
maximum fluorcsconce could be observed for the free sulphonamide.
The total volume of solutiﬁn was thon made up to 100 ml with buffer.
Sulphonamide cstimation was porformed as proviously describeds. The
regult thus obtained gives a measurce of the total sulphonamide
present. The concentration of acetylated drug is calculated by

subtracting tho amount of freec drug from that of the total drug
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prescent.

xv) PSYCHOTROPICG DRUGS,

The phosphorimetric characteristics of the
benzodinzopines, phenothiazines, amphetamines, monoamine oxidasec
inhibitors, and tricydic antidepressants wore determined as

described in carlier experimental scctions.



BARBITURATE LUMINESCENCE,

The term 'barbiturate' generally refers to drugs which
are derivatives of barbituric acid. Barbifona, the first drug of
this class to be synthesised, was introduced into medicine in
Germany in 1903, Barbiturates rapidly gained a wide usage as
tranquilizers, sodatives and hypnotics which continucs to the
prescent time., In the past half century, over 2,000 different
barbiturates have been synthesised, although less than a dozon

make up the bulk of current usec.

Barbiturates are among the most widely used
psychoactive drugs and are the toxic agents in thousands of

accidental and non-accidental deaths, In addition the

barbiturates have considerable potential for producing psychological

and physiological dependonce, and are probably second‘only to
alcohol in frequency of drug induced debilitatiom in modern
socicty.

The luminescence properties of the oxybarbituratces

23-5Tsgunlly with

have been studied by soveral groups of workers,
the intention of developing analytical mcthods at microgram or
gub-microgram levels. In some cases only room temperature
fluorescence characteristics have been desecribed, but more rocently
the development of low temperature (77°K) technigues hasg permitted

25,57,58.

observations of phogphorescence also,

It has been found that many oxybarbiturates exhibit
an analytically-useful fluorcscence in alkaline solutions at room
temporaturc, Thoge 6ontaining Nemothyl groups, however, are
virtually non-~fluorescent. Barbiturates containing a phenyl

ring at the 5~ position may exhibit a fairly strong phosphorescence




even when H-mothyl groupe arce also incorporated.

In an attempt to oxplain thesc phenomona, the ph
dependence of the absorption and emission specira of a number
of the oxybarbituratcs have boon studied. The results presented
here may onable the luminescence analysis of thesc moleculaes to
procced on a sounder theoretical. foundation, and provide further
information on structure-luminescence relationships in heterocyclic

spacics.

i) ABSORPPION SPECTRA: |

The barbiturates étudied are shown in Table L and
Table 2 shows the principal afsorption;maxima and molar extinction
coefficients of several important oxybarbiturates at various pH
values. In tho gpectra of barbiturie acid (Fig,.3) the curves
obtained in the pHi range 1.0 - 7,0 apparcently passed through a
single isosbestic point (2). Therc wore no changes in the spectrum
betwoen pH 7.0 and pH. 10,0, but above pH 10 there was a bathochromic
shift in the absorption maximum and 2 decrcase in the extinction
coefficient. A1l tho curves in this alkaline pH region passed
through a new isosbestic point (v). Sodium hydroxide
concentrations greater than 1M producod no further changos in the
spectrum. All the changes described could boe reverscd by addition.

of acid %o the solution.

Subgtitution of a single alkyl or aryl group at the
S~position had no marked cffect on these phcnomena? thus, 5-ethyl,
S5-phonyl, and 5-bcnzylbarbituric acids all had similar propertics
to those of barbituric acid itself.

The absorption spectra of 5-phoenyl S-e¢thylbarbituric
acid (phenobarbitone) at various pH: values are shown in Fig.4.

Two isosbestic points were again found but these were distinet from

thogse of barbituric acid, Again a bathochromic shift was
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Compound Now o 1 R2 R3
Barbituric acid 1’ Hi H -
5,-substituted acids
Ethyl barbituric acid 2 | B H Ethyl
Phenyl barbituric acid 3 | E . Phonyl
Benzyl barbituric acid 4 | E H Beonzyl
5,5=-Subgtitutod acids
+Hutonal 5 | B Methyl Phomyl.
+Phenobarbitonc 6 | H Ethyl Phenyl
+Barbitone 7| K Ethyl Ethyl
+Butobarbitone 8§ |1 Ethyl n~Butyl
+Butabarbitone 9 | H Ethyl Sce-Butyl
+Pontobarbitonc 10 | H Bthyl 1_1-;13%1&}1
+Amylobarbitone 11 | H Ethyl Isoamyl
+Neoalbarbitone 12 | K Neo-pentyl Allyl
+Seconal 13 | H 1-Methylbutyl | Allyl
+Cyclobarbitone¥ (Ca) 14 | H Ethyl oyg%ggfx
Hoptabarbitone 15 | I Ethyl cycig%ggt
Diphenyl-barbituric acid | 16 | i Phenyl Phenyl
1,5,5-Substituted acids
Hlcxobarbitone 17 | Methyl Hethyl °y°l8%§f
Mebaral 18 | Methyl Ethyl Phonyl
Motharbital 19 | Methyl Ethyl Ethyl
1c axi % \ -
Methohexitone®* (Na) 20 | Methyl Allyl %E%%E ~%ny1
1,3,5,5-substituted acids
1,3 Dimethylpheno-

barbitone 2y | N,N'-
dimethyl | Ethyl Phenyl

Methylphenobarbitono was obtained from Winthrop Laboratories,

Methohexitone from Eii Lilly, Diphonylbarbituric acid from ICI and
Hoptabarbitone from Goigy.

from May & Baker Lid.

Other commereianl barbituratest wereo



T A B L E 2
Compound pE A max nm € x 10---3
Barbituric acid 1 257 0.6
7 - 10 257 19.8
12 258 18.6
13 259 16.9
14 259.5 15.1
5-Phenylbarbituric 1 262 8.0
acid 711 267 21.6
12 267 19.7
13 268 18.8
14 269 17.9
Benzylbarbituric 1 250 5.6
acid 10 263 17.1
13 264 13.5
14 265 13.3
5-~Bthyl, 5-Phenyl
Barbituric acid 1 240 0.7
8 240 8.0
11 240 2.3
12 242 7.5
13 255 6.9
14 256 6.8
1-Methyl, 5-Ethyl,
5-Phenylbarbituric
acid 1 246 1.3
7 246 2.6
8 246 5.6
10-14 246 8.5




0.9

o
o

ABSORBANCE

<
-8

0.0

A

.**‘ ) 7'0
PR . o
+ el i2.0
P -

re 4 !
‘l. . T

., - .

Y f\‘o 13.0 .

200
FiG 3.

BARBITURIC ACID:

Absorption

220 honm . 300

spaetra at various pil values,



ABSO

0.3

0.8

0-¢

0.3
G.2
Q.
0.0 1
200
FIG 4. "RHEMOBARBITONE ; Absorption specira ét various pH values,’




obgerved at high pHig, wilh an acoompanying slight fall in extinction
coefficient, The propertics of 5-phenyl S-methylbarbituric acid

(rutonal) werc very similar.

Hethylphenobarbitone specira (Fig.E) showed only a
gingle isosbestic point, which occurred at z similar wawveclength to
that of the low-pH isosbestic point in phenobarbitone.

1, 3~dimethylphenobarbitone, however, had an absorptiom spcetrum

which was independent of pH, with a strong absorption below 235 nm.

ii) FLUORKSCENCE SPECTRA AT ROOM TEMPERATURE:

At 20°C the fluorcscence of barbituric acid,
S-othylbarbituric acid, and 5-benzylbarbituric acid in 0.1M agucous
NaOR showed a very weak cmission at approximately 400 nm: the
intensity in cach case was 50-% lces than the solvent Raman scatier
signal. S5-phenylbarbituric acid showed a more intensc
fluorcscence {( A = 300 nm, A = 410 nm) which, however, remained
loss intonse than that of a typical 5, 5 disubstituted barbiturato
(Pig.6)  In noutral othanol, 5-phonylbarbituric acid was non-
fluorcscent, but the fluorescence reappeared on the addition of

NaQH to a final concentration of 0,1M,

Most of the 5, Sdisubstituted barbiturates were
fluorescent in alkaline solution, the cxcitation and cmission
spectra of phenobarbitone (Fig.Y) heing typical. This fluorescence

had a maximum intensity at pH 13.0 - 13.5, and was absent at pHs

‘bolow 10.0, Emission and fluoroscence wavelengths and detection

limite for these compoundsm are listed in Table 3.
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T A B L E 3

Deteoction Limit

Compound Ao mm Af nm H &/ml
Rutonal 278 420 1.5
Phenobarbitone 278 420 1.5
Barbitone 277 420 _ 0.1
Butobarbitone 276 420 0.1
Butabarbitone 276 420 0,1
Pontobarbitone 276 420 0,05
Amylobarbitone 276 420 0.1
Neoalbarbitone 277 420 1,0
Seconal 271 420 1.0
Cyclobarbitone 271 420 3,0
Heptabarbitone 2717 420 3.0

Specics with aromatic or unsaturated aliphatic subgtitucnts
(compounds 5, 6, 12-15) were found to have a less intense
fluorcscence than the others. Nemothyl derivatives of

5, 5 digubstituted barbiturates (i.e., compounds 17 - 21) were

non~fluorcscent at all pHa,

iii) LUMINESCENCE SPECTRA AT 77°K:

Inal : 1l v/vwater: othanediol solvent containing
0,1M NaOH, the barbiturates listed in Table 4 were found fo have
similar fluorescence propertices to thosc exhibited at room
temperaturce, although a slight bluershift was obscrved in the
wavelength maxima of the absorption and cmission spectra. Again the
fluorescencoe of these compounds was only observed in alkaline

solution, but in the same conditions barbiturates with allyl and

A



othor non-aromatic unsaturatcd subgtituents (compounds 12 - 15) were

only wecakly luminescent,

T A B L B 4

Dotection Limit

Compound Ao nm AP nm }xg/ml
PHOSPHORESCENCE,
Rutonal 266 395 0,5
Phenobarbitone 266 395, 0.3
Mebaral 260 395 0.5

FLUOR®SCENCE (TOTAL LUMINESCENCE)

Ao nm AL m
Rutonal 266 395 0.3
Phonobarbitone 266 395 0,2
Barbitone 265 410 0.3
Butobarbitone 265 A10 0.4
Butabarbitone 266 410 0.2
Pentobarbitone 266 410 0.2
Amylobarbitone 265 410 0.1
Nealbarbitone )
Seconal 3 Woak fluorescence of
Cyclobarbitone ) comparable intensity to
Heptabarbitono g that of Raman solvent emission.

All barbituratos with a S5-phonyl substituent showed
a delayéd luninevsceneoo at 77°K, with a lifctime of goveral seconds.
This emission had a maximum intonsity at ca 395 nm and showed a
considerable degree of fine structurc, similar to that found in the
phosphorescence spectrum of tolucne (Fig.8). Purthermore, cxcept
in the case of 5-~phenylbarbituric acid, it was maintained over the
entire pH range 0-14, although some changes in lifetime did occur
(Tavle 5). Bonzylbarbituric was also phosphorescent, but only

in alkaline solution,
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T 4B L E 5

Conditions

Compound

0.1M H2804 Neutral | 0.1M NgOH

5-Phonylbarbituric

acid ¥, L. N, L, P,1= 2,0
Benzylbarbituric acid | B (W) F (W) Pt = 4.6
Rutonal Piv = 3.0| Pyt =3,0|P,1=4.1
Phenobarbitono Pt =29 Py7= 4,1 |P,7= 5,8
Diphenylbarbituric

acid Pl =22 Pyt =2.4[P, 1 =2,4

Mebaral P,1=3.5! P,1=3.,6|P,7T=3,7

N, L, = Non~luminescent

F = Fluorescent

P =  Phogphorescent

T =  Phosphorescence lifetime, scconds
W = Heak

iv)  INTERPRETATION OF LUMINZSCENCE SPECTRA,

Any attoempt to intérpret lumincscence spectra on tho
basis of absorption spectroscopy reets upon the agssumption that the
pKajvalues for cach substance in the excited state arc similar fo
thosce of tho corresponding ground state molecoules, an assumption

59

which is not always well-founded. However, in the species
studied here, the major changes in fluoresoent intensity occurred
at a similar pH to that where tho absorption: spectra also

changed.
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The ﬁltra-violet abegorption spéctra of the
oxybarbiturates were first gtudied in detail by Fox and Shuger, 60
who showed that, in the case of barbituric acid itself, the triketo
form (I) was stable at acid pHa. In tho pE range 710 the

mono-amion formed could be stabilised by tautomerism (II and III) -

o . ‘ a
HN1/}NH pH 7 14N N O HN NH
. _— e
- 5 4 I~ : . ) | &
0% N\ o : NG A0® 0N R0
H” ~H : o y _ | | ‘ H

I ' I - | oI

- as could the dianion which: was stable at pHs abovo 11 (IV and V):

. o : 0 . 0
| : . - I
S w r¢55;L\\ 1 ey T
HN - NH oH 10-5 | NH. o
. -~ o : e
o4 -~ 09 0= N _ 0= N0
H H S o

1Y R 4

This hypothesis was supported by the result that the spoctral
propertics of Methylbarbituric acid were identical to those of the
parcnt compound. In the present work the spectra obtained for
barbituric acid arc similar to those of ¥ox and Shugar, and thoir
hypothesis is further supported by the finding that replacement

of a single hydrogen atom at the 5—positiom.(compounds 2—4) hag

little offcct on the spectra.

5,5 disubstituted barbituric acids (compounds 5—15) are
also capable of forming mono- and di-anions, but as their absorption
spectra arc distinct from those of barbituric acid, the anions are

presumably formed by a differcnt mechanisms
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On this basis, compounds 17=20 (containing an Nemcthyl.

group) would be oxpooted to show only the first ionisatiom, and tho
spoctra of N-methyl phencbarbitomo indicate that this is indced so.

Dimethylphenobarbitone (compound 21) is incapable of ionisatiom,

The pit dependence of the fluorescence of the
barbituratces at room temperaturo shows clearly that the dianions are
the fluorcscent apecies,. The dionions produced in barbituric acid
itsclf and in other compounds with at loﬁst one hydrogen atom at the
S~positiom cxhibit fecble fluorescence, except in the case of
S-phenylbarbituric acid: tho cnhanced fluorescence of this compound
may bo due to the ability of tho phenyl ring to form a conjugated
TT - bonded systom with the hetorocyclic ring whon the lattor is in
the dianionic form {IV and V). The dianions doriwed from
5,5~disubstituted barbiturates, on the other hand, are far more
intensely fluorcscent, and can be determined fluorimetrically at
sub=-microgram levels. If ono of tho substituents at the 5-position
is an aromatic or other unsaturatcd group {compounds 5, 6, 12-16),

- 30 -



tho fluorescence intensity is reduced. Nemcethylatoed barbituratos
are incapable of dianion formation and are thus non-fluorcecent at

all pls,

Measurements at 77°K permitted the observation of
phosphorescence signals from all the barbiturates containing a
S5~phenyl substituent. (I proved impossible to detect the
fecble phosphorescence of barbitone or amylobarbitone (compounds
7 and 11) described recently by Milee and Schenk;slin spite of the
higher light output of the xcnon lamp used in the present work).
This phosphorecscence is unusual, as had been previously noted,57’61
in that it occurs at a lower wavelength than that of the prompt
fluorescence of barbiturates at room temperature. It scems
almost cortain that this is because the fluorescence is derived
from the dianionic form of the hetorocyclic ring, wheroas the
phosphorescence is derived from the aromatic ring. In gsupport
of this conclusiom, the fine siructurc of the phosphorescence

spectrum is very similar to that of tolucne (Fig.8), and, with two

exceptions, ‘the phosphorcscence can be observed over a wide range

of pHS|

It is cqually olcar, however, that the heterocyclic ring
exerts some cffocts on these phosphorescence phenomena, since
phenyl~ and benzyl-barbituric acid only phosphoresce in conditions
where tho molecules arc in the dianionic form. This is presumably

not because thesc compounds form monoanions and dianions different
from those derived from 5,5 disubstituted barbiturates, since the
differences in propertics extend to acid solutions, where all
barbiturates arc in the tri-keto form. It is very possible,
however, that steric factors arce involved: +to minimisc steric
interfercnce with the oxygen atoms at the 4~ and 6-posgitions,

and cspecially with the other substituent at the 5-position, the




S5=-phenyl ring may be constraimed in. e plane nearly porpendicular

to that of the heterocyclic ring, and will thus be little affocted
by the state of ionisation of the latter. In phenylbarbituric acid
and benzylbarbituric. acid the steric offects will be less severe,
becauge the other 5-substituont'is a hydrogen atom, and, in
benzylbarbituric acid, because the two rings are scparated by a
mcthylene group. In these cases the aromatic ring may thus be
more affeocted by changes in the hetefocyclic ring, although the
procise nature of the quenching effeet of the latter at pHi below

10 remains uncloar. The present results thus explain a number of
apparcntly anomalous featurce of oxybarbiturate lumincscence, and
clarify the naturc and interactions of the luminescent moicties

involved.

.........

v) DETECTION LIMITS,

Table 3 summarizes the detection limits of the
barbiturates at room temperature in 0.1M NaOH; similar rcsults
woere obtained whon 0.1M NaOH in cthanediol-water (1 + 1, v/v) was
uged as solvent. Fluorcscenco intensity-concentration plots
were lincar up to solubto concontrationa of at least BO}Lg mhfl in

the final solution,

Table 4 gives the lumincscence properties of the
barbiturates at 77°K in the ethenodiol-water solvemt. This
solvent was sclected because it gave reasonably clear glasscs at
77°K and had d low luminescent hackground, In cxperiments on
blood extracts, purc othancdiol wazn added to the agucous extract,
thercby avoiding the nccessity 4o change the solvent by an

evaporation step.

In the barbiturates exhibiting phosphorescence attcempis
to incronse the intonsity of the emission through the "heavy atom”

offeect, by the addition of small quantities of potassium bromide
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and potassium iodide woro wenccessful. Howover, the prescncoe of
up to 5% (w/v) of the halides improved the elarity of the glasscs
formed at 77°K. Luminecsconco intensity-concentration plots were
lincar up to concentrations of at least 40F_g mi™t of the final

golution.

vi) EXTRACTION PROCEDURES

Serun standards containing betwoen 6 and 24p g ml ™t
phenobarbitone were extracted into chloroform and estimated
phosphorimotrically following dcproteinization by the sodium
tungstate method described earlier. A lincar calibration curve
was produced and the scerum blank was found to be similar to the
reagent blank, However the overall method was found to bhe
unacceeptable since the concentrations of the final solutions were
in the range 0—3}Lg ml-1 which was too close to the limit of

detceetion for phenobarbitone,

Extraction proccdurcs uging trichloroacetic acid
as a deproteinization step prior to extraction and cstimation
were found to bo very sensitive to the quality of the TCA used.
High variable blanks werc often found hence this techniguc was
found unsatisfactory,. Serum samples measured fluorimetrically
following doproteinization using the ultrafiltration membrane were
found to have a reproducible background fluorescence, however
barbiturate recoveries were not roproducible. The amount of
barbiturate recovered was found to decrease exponontinlly with the
volumc of filtrate cluted. Thig cffect ig due to a change in
the equilibrium between frce drug and drug bound to protein. Ag
the concontration of protein builds up in thoe ultrafiltration cell
go the amount of barbituratc retained increases corrcspondingly.
Hence this is o serious drawback to thip mothod am a moeans of
deproteinization in drug plasma studics,.
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Dircct extraction of the barbiturates into chloroform,
ns described previously, gave recoveries in the range 90-92%.
Despite somo increase in blank fluorescence valucs, detection
limita remained in the microgram range after making allowance for
dilutions. FIG 9, shows the calibration curves for barbitone after
extraction from whole blood and digtilled water estimatod
fluorimetrically, togother with the calibration curves produced by
tho direct cxtractiion of phenobarbitone from whole blood and water
egtimated phosphorimetrically. The dotection 1limit for barbitone
mecasurced at room tomperature was O.B}Lg ml"l in tho final molution
and the detcction limit for phenobarbitone moasured
phogphorimetrically at 77°K was O.S}Ag ml"I; The percentage

standard deviation at the 5f;g ml"l lovel in the case of barbitone

was 6%.

vii) METABOLIC PRODUCTS,

The barbiturates arc metabolized by reactions occuring
at four difforont sites of tho moleouled?’
2) ©° substituents may undorgo oxygenation,

oxidation, or complete romoval.

1

b) N and ¥3 2lkyl groups may be romoved, or

ungubstituted ¥ atoms may be methylated.

2

c} 8 may bo replaced by 0, convertirig the

thiobarbiturates to the corresponding oxybarbiturates.

d) Sciseion of the barbituratc ring may occur,

at the 1:6 bond to give substituted malonylurcoc.

From structurc~luminescence rolationships it is known that the

dianionic spccics alone oxhibit fluorcescence. Any chemical
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change resulting from metabolism must therefore bae considered
in terms of the formation or destruction of spooios capable of

dianiom formation.

All the therapeutically useful barbiturates have two
substituents at tho ¢ atom, onc or both of which may undergo
oxygenation to form an al@bol or diol, followed possibly by
oxidation to the corrcsponding Ketone or carboxylic acid. Complete
removal of a side chain to produce a monosubstituted barbiturie
acid, mey also occur, No change in the fluorescence
characteristics would be cxpécted to acour except in the complcte

removal of a side chain.

Alkylation at either or both nitrogen atoms in the
barbiturate ring would prevent dianion formation and hence
Tluorescence. De-alkylation of Nesubstituted barbiturates
would producc fluorescent species whose formation could be

monitored.

The thiobarbiturates have different fluorescent
characterigtice than those of the oxybarbiturates. Metabolism
producing oxyanalogucs could thercforc be monitored. Products
of ring scission are unlikely to produce fluorescenco species

and would also have different oxtraction properties.

viii)  INTERFERENCES,

Various molecules which may interfere with the
ultraviolet gpectrophotometric analysis of oxybarbiturates, 0.g8.,
bemegride (ra— methyl = g = ethylglutqrimide), which is somctimes
administered in cascs of barbiturate intoxication, and
diphenylhydantoin, which is often given with phenobarbitone, l

do not interfore with the luminesccnce methods. |
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LUMINZSCENCE PROPERTIES OF THE ANTIBACTERIAL SULPHONAMIDES,

Sulphonamidos arc amides of p-aminobenzonesulphonic
acid and arc of considorable importance as bacteriostatic agents.
They arc much used in the treatment of urinary infections, in
bacillary dysentery, and moeningococcal moningitis as well as in

rheumatic heart discasc and nephritis.

The methodl of Bratton and Marsha1163 has beon widely
uged for the determination of frcee sulphonamides. The method inm
basod upon diazatisation of the freo amine group followed by
coupling with N—(l—napthyl)—ethylone diamine dihydrochloride to
produce a ccloured azo dyo which is then measured spectrophotow-
metrically. It is the intcention of this study to producc a more

rapid and sensitive method of cstimation.

Sinco thesc ocompounds contain the aniline moioty,
. . . 64,65,
which has pronounced lumincscence propertics, the fluoroscence
and phosphorcscence characteristics of a scricg of sulphonamides

were invegtigated (Table 6).

(Cpcdit.  Tho qualitative fluorcscence data for the
sulphonamides at 298°K was supplied by Dp., J.W.Bridges,

~ University of Surrey).

i) INPLUENCE OF SOLVENT OFf THE FLUORESCENCE OF SULPHANILAMIDE
AND ITS ISOMERS,

The ultraviolel speetra of sulphanilamide in cach of
the solvents investigatod was similar, showing broad absorption
maximum of 259-264 mm. In ethanol and butanol sulphanilamide
fluorcsced with maximum intensity with o typical aniline
fluorcscence (345 nn),
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Sulphonamidaes studied
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Clavire iy o
No, Compound - e Ti - -
ny £ - ikS
“<CH3
17 Sulphadimethoxine - ”\/_ \\N 3!
ic Hy
) _ 7\ L
18 Suiphapyridine H "\ —/N . H
S \ ‘
: i
N !
19 Sulphapyrazine H / \ ' i H
. l '—"-‘ ! / )
20 Sulphathiazole H ~</ ~ H
$
CH
21 Sulphasemizole H / l . - H
5 —N
[ H3 m,/C tf
22 Sulphaisoxazole I3 { ‘ : H
: I\ :
,_/CH?*
23 Sulphamethoxazole H —@ -
| G
24 2-Sulphanilamidothiophen I ‘{ ' H
: S
25 | 2-Sulphanilamidofurfural H — / ’ I
o —Jlcuo
A
26 | N'N*-Diacetylsulphanilamide | -CO. CHy | -CO. G, H
27 N4~.3@n:5y1sulphn.nilmnide -CH_ZLT@IIG H H
23 Nil-Acetylsulphanilamide -CO.CHy H 16|




SLTuCtire ]
No Compound SLruety ,
29 N -Acetvlsolphapyridine —CO,CHg H
4 . o . :,
30 © N -Agetylsulphascmizole -CQ. CI H ,

31 N"~Acetylsulphadimethoxine | -CO, CH,, H

’ 2

A L o
32 N -Acetylsulphaguanidine -CO. CH,, B
)
' 4 ] Y :
33 N ~Acetvisulphathiophen ~CO. C]ﬁifi ‘ H
|

|
Compourds 1, 4, 11, 12, 14, 16, 18 and 20 were purchased from May and Baker E
Compounds 17 and 22 were gilts from Roche Products Lid,,
Compounds 6,7, 8, 10, 19, 21, 25 and 27 were gifts from May anrd Baker Ltd, and .

Compounds 2 and 3 were the gift of Dr, J. N. Smith, o




The fluorssctice of sulphanilamide was completely quonched in
acctone,; bui-~2-one, nitromcthanc, chloroform and carbon
totrachloride and partially quenched in water, benzenc and
cyclohexance (see Table 7). Sincc tho ultraviolet absorption
maximum of acclone ig at 279 mm it is likely that acctone
abolishos the fluorcescenco of sulphanilamide by an innef filter
effect. A similar cxplanation probably accounts for the
guenching by aromafic hydrocarbons énd by nitromcthanc. The
guenching By chlorinated hydrocarbong on the othor hand ig
probably the result of Van der Waals iypc of molccular interaction.
Therc appears t0 be a bathochromic shift of the fluorcscenoo
wavelength with increasing dielcdtric constant of the solwvent

in the order cyclohexanc (334 nm )<benzeno (337 mm )< water
(350 Am ). Since the fluorcsconce wavelongth but not the
activation wavelength changes with solvent it follows that there
must be an intcraction between the solvent and sulphanilamide in
thoe oxcitod state. This suggests that polar specics of
sulphanilamide make an important contribution to the excited

state,

ii) OTHER ISOMERS,

Chloroform was also found to compleiely guench the

bW diomothyl-

fluoresconce of N4—benzylsulphanilamide and N
sulphanilamide but only partianlly quench the fluorcscence of
orthanilamide (Tablo 8). Water was also found to partially
gquench the fluorcacence of thesc isomers.  Quenching wos
particularly markoed for orthanilamide, the fluorcscence of
which in water is only 6% of that in othanol., 4 similar rosult
was found for metanilomide., It scoms iikely that tho

differonce is duo to hydrogen bonding between water and the

sulphonamide moleenle in the cxcited stotoe.




Concentration of sulpharilamide 4 pg/ml, N2 was buva*d thLoufrh ach
solution for 5 min. before a reading was taken,

j—.! L% 53 x..JL 7
Fluorescence of sulphanilamide in variouns solvents - : :

‘ Solvent Excij:atiou Fluorescence - Rfelativa. i
max’ mp max’ my, intensity
Water | - 269 850 235 |
Bthanol | 269 355 | 560
n-butanel | 269 343 42,0 .
Acetone e - ' 0
But-2-cne . : - - 0
| Clll(zs;r.‘ofo:v:m o - - 0
Carbon tﬁatréciﬂofi.f & - - : .O
Nir.;rometzlmne - - 0 )
Cyclo a~hexane | 269 334 26.. 9
Benze.ﬁe | | 269 327 . | 30.3

* Uncorrected figures, Indole in ethanol taken as 100,




TABLE 8

Fluorescence of gome other sulvhenamides in various solvents

Concentration of swiphonamide 4 pg/ml,

: Excitation Filuorescence Relative 7
Compound Solvent - : ,
max, I max. mp fluorescencs
- Orthanilamide waier 310 380 -4
ethanol 3132 374 25.5
~ chloroform - 309 374 11.6
cyclohexans 308 369 32,0
Metanilamide water 250, 305 377 11.4
o ethancl - 254 385 16. 4
~ chleroform 312 362 1 19.2
cyclohexane - 311 372 37.0
N ~benzylsulphan- water 282 358 67.0
ilamide. eihanol 281 350 95.0
‘ chloroform - - 0.
cyciohexane 274 347 92.0
Nl , Nl ~dimethyl- water 269 350 24.1
- sulphanilamide ¢thanol 272 345 46,3
' chiorcform - - 6

cyclohexane 265 334 40.0

+ Indole and aniline taken-as 1060




iii)} EFFECT OF pH O¥ THE FLUORESCENCE OF SULPHANILAMIDE,

The fluorcscence characteristics of sulphanilamide
arc similar to thoéo of aniline. The cffcot of pH upon the
fluorcsconce of sulphanilamide is shown in Fig.1l0. The cation
of pulphenilamide (I), pKa 2.36, 1like that of aniline, is
practically non-fluorcscent and the inorcase in fluorescence
with pll follows closely the curve for the deprotonation of the
cation. The fluorescence reachos a maximum at about pH 3.3 where
sulphanilamide is almost entirely (90%) in the molecular form (II)
and then remains constant to about pH: 9.6.  Above this pH: the
fluorcscence diminishes to almost zero at.pﬁxl4. At pH 8
sulphanilamide begins to iomize to form an anion (z11) (pKa 10.43)
and at about pH 12.5 it should be almost cntirely in the anionic
form. However, at pH 12,5 sulphanilamide still fluoresoces with
an intensity of about 50 % of that of the molecular form. The
foll off of fluorescocnce atb h;gher‘pH valuoé is probebly duc to

‘the formation of the

+ } : '
: - -
| I 1 [y

dianion (IV), Since a mimilar fall off of fluoroscenco intonsity
2t pH 11.6-14 is found for aniline and Nemcthylanilinc but not

for NN—dimcthylanilino?5 ‘

iv) pil FLUORESCENCE CHARACTERISTICS OF N* ACYL AuD N
ALXYL~SUBSTITUTED SULPHANILAMIDES,

The pl-fluorescence characteristics were dctermined
for acyl and alkyl compounds over the pi range =2 to 16 and

arc summarised in Table 9. Hone of the compounds show approciable
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TABLE ¢ °

Non-Polar

Influence of pH change on the fluorescence of gome sulphonamides
Maximum Relative pH Range
Compound pXa nm CLatYe d ar Max.
- Absorprion | Excitation | Fluorescence® | Intensity | intensity
Aniline
" Cation - 4,5 None 0
Non-Polar 280 250 - 330 100 6~
Sulphanilamide _ : :
Cation 2.4 260 - None 0
Non-Polar . 10.4 255 275 350 480 3.3-9.6
Anion 249 275 350 > 1707
N'~Cetylsulphanil~
armide : >
Non-~Polar 266 285 342 410 3-13
N'N'-Dimethylsulphan-~
ilamide
Cation 2.1 30 - None Q . :
Non~Polar 203 275 330 375 3.3L8
N'N'-Diethylsulphanil -
| amide ' , _
Cation 2,2 230 - None g
Non~Polar 263 275 350 370 3.6-11"
. N'-Cai:bethcxys_ulpham ,
ilamide _ _ _
Cation 266 - None 0 _
-Non-Polar 272 2%0 350 150 . | 5.3-9.5 |
Anion . 272 270 350 194 11, 1-1L5¢
Sulphacetamide _
Cation 1.6 272 - None 0
Non-~Polar 5.3 272 270 350 25 2,4-3.9
Anion 257 1272 350 250 7.2-9.5
Sulphaguanidine
‘Di~Cation 0. 47 - ~ None 0
Mono=-Cation 2.7 265 285 350 + '
258 272 350 250 2.6-13.0




{(Contd) -

CTABLE 0

Maximum

pH Range

Compound pKa | nm E{iht*zﬁ for Mazx.
Abscrption Excitation Fluorescence™ ™ S intensity -
Sulphamethazine
Sulphadiazine _
: Nou~Fluorescent at all

Sulphapyrazine- '

: pH's

Sulphathinzole

- Sulphasomizole

Sulphadimethoxine
Cation 2.0 264 - None 0
Non~Polar 6.0 204 288 350 1,2 -
Anion 269 290 350 0.3

Sulphisoxazole | ,
Cation - 270 - None 0
Non-Pelar 266 - 268 - 350 1.0 -
Anion 252 - 350 0.3

2 ~Sizlpha.ui lamido-

i thicphen . :
Cation 230.5 - None 0
Non-Polar 257 293 - 350 0.8 -
Anicen- 256 None -0
_ 2-Sulphanilamido~
| furfural E

Cation 277 - None - -0 -
Non-Polax 200 . 275 -} 330 530

@ .
i

+
i

Solution concentration 2«4 pg/ml
instrumental values
= uncertain due to quenching




&
fluorescenco as cations (HBN,C6H4SOZNH;R). Sulphaootamido and

. carbethoxysulphanilamide ﬁhich sontain an acyl group, CO.R, aro
more fluorescent as anions (H2N;C%H4.SOE§.CO.R) than in the molccular
form.

Sulphaguanidine shows a constent fluorcsocence intensity
from pH 3.6«13, and above pH 5 this must bo due to the molecular form.
The pKa values of sulphaguanidine arc 0.47 and 2.75. 4t pH 0,
sulphaguanidine is non—-fluorcscent, hut fluorescence begins to
appear aft pl 0,5 rising to a maximum at plI 3.6. The curve for the
increcasc in fluorcscence with pHi is roughly half-way betwecen
the ionization curves of tho di-cation (V) and of the monocation
(Via or Vib). This suggests that the monocation is fluoéescont, and,
since a positive charge on the aromatic amino group abolishes
fluorescence, as scen in the other sulphonamides, the fluorescent
cation is.probably the form containing the positively charged

~ guanidine group (Vib),

Nl, Nl—Dimothylwandudicthyl—sulphanilamidc show a
gimilar fluoresconce to that of sulphanilamide up to pH 10. Howcver,
gince, unlike sulphanilamide, they are unable to form an anion
corresponding to structure (III) thoy fiuworesce:u: with maximum
intensity up to gH 12, Above this pl the fiuorescence falls off,
probably due to the formation of the monoanion VII. ¥From the
pH-fluorcscence curves, the pKa of the dimethyl derivative is about
1.8 (Boll and Roblinségive 2.1 by titration) and of the diothyl

ﬂbout 2. 0"'2‘ 11

fiH il g
+ If + + i
H3NC6H4502NHCmNH3 H3N06HhSOENHCmNH2
v NH Vla
.
IIENC 65,430 2NIIC—NII3
¥ib
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Sulphacctamide is also fluorcscent in tho molocular
form, though not as o cation. However, it maintains a constant

fluorcscenca up to pik 13.
1NG 430-2N(CH3) » (vIL)

v) PLUORESCENCE OF N*_SUBSTITUTED HETEROCYCLIC SULPHANILAMIDES,
Substitution of a hetorocyclic ring into the N;—pOSition

haz a very pronounced effeet on the fluorescence properties of tho
sulphonamides. All of tho nitrogen containing heterocycles studied
cauged a marked quenching of fluorescence over the ontirce pi |
rangc. Thus sulphamethazine, sulphadiazine, sulphapyrazine,
sulphathiazolic and sulﬁhasomizole were non-fluorcescent while
gulphadimethoxine and sulphisoxazole exhibited only a very weak
fluoreecence. Presumably tho prefoercntial light ahsorption
for thesc compounds is that of an N—TI {ransition which is known

64

o dotract from fluorcscence.

Sulphathiophen may be weakly fluorescont for similar
rcasons. 2=Sulphanilamide-furfural, on thc other hand, oxhibits a
strong fluorcscence. It scoms probable that in this compound the
furfural ring is acting as an cleoctron donating group to the

sulphanilamide moicty.

Sulphapyridine diffors from the sulphonamides containing
the pyrazinc, pyrimidinc and thiazole rings, sincc it shows a
marked fluoresecnce at pH 1, (Table 10). The fluorcscence
{max. 385 nm ) oxhibitecd by this compound, however, is not
that of aniline (max. 350 um ) but of 2—aminopyridinc., HA-Acctfl—
sulphapyridine was also fluorcscent at pH 1 duc to its aminopyridinc
component, but its maximum intensity was only onc—-gixth of that
of sulphapyridine. Qeamino-pyridine is maximally flucorcscent
(max. 370 nam } botween pi 2,6 and 4.1 at which values it is
entirely in the form of a cation. According to Albert67 the

0=




TABLE 10

o it SRt B

Fluorezcence of Sulphapyriding and its derivatives

s

concentrations used, 5 ug/ml. n, f, = son-flucrescent

, ' Absorption | Excitation - Flusrescence
Compound pKa o
C M paaits ' Hpait)

Sulphapyridine : : '

Di-cation R 308 315 385

Mono-cation NS Wk 308 315 385

Non-polax 2.38 317 . n, f,

Anion 8,43 312 ' - n, {.
N4'~A‘cetylsm.phapyrz'dme ' ‘

Cation _ _ 308 315 385

Non=pslar 8.2 26G3-262+300 - : N &

Anion ‘ 312 - n, L,
2=-Aminopyridine

Cation ' 207 313 370

Non-polar | 6.86% 294 305 355

) ,

# Pell and Roblin (1944)
+ Albort (1960)



ionigation of 2-~aminopyridine invelvos both nitrogen atoms
simultancously through a resonance hybrid of tho oation and
presumably this is why the cation of 2-aminopyridi£e is fluorcscent.
The pKa for this ionization is 6.86., tho fall in fluorcsccnce
intensity closcly following deprotonation, At pl 9~11 the

compound showa o lecss intense but consistent fluoroscence at a
now wavelength (max. 355 nm ) duc to its molecular form. - This
fluorcscence is ncar $o maximum of aniline (350mm ). In strong
acid 2~aminopyridinc is non-fluoregcent, duc to quenching by Cl—i
while in strong alkalinc the fluorosconce is diminished probably
by the cxcited state formation of the anion.  Sulphapyridinc has
two fluoroscont peeks, onc at pH 0,6-1.1 (max 385 um ) and onc at

pl 2.3. The quenching below pH O is duc to €17 ions; the offcet

of the latter was chocked by adding MNaCl. The two penks are
" probably due to fluorescent cations inter-acting with onc another;
thb onc at lower pH values would be the di~cation,
HSN% H4SO NHQBHANH (pKa = 1.0) and the other would be tho mono-cation
H%NC6H 50 NHC H NH (pXa 2.58). This viow is supported by the

fact that N4—acotylsu1phapyr1dine shows one fluoroscent peak st

plk 0.8 (max. 385 nm ) and can only form a mono-cation. It is %o bo
notod that ncither sulphapyridine nor its Nduacetyl dorivative aro
fluorescent in non-polar or anionic form, sincc ncither of them are
fluorecscent aboﬁe pH 4=5, This is to be expected since the py:idino

ring is 7T cleoctron—deficicent,
vi) WA _SUBSTITUTED SULPHANILAMIDES,

Since acctanilide is non—fluorosccnt§8 it could ba
expected that the N4—acetyl derivatives of tho sulphonamides
(CHBCO.NH.CSH4802NH.R) would also be non-fluorescent. No
fluorcecence was found with the N4—acetyl derivatives of sulphanilamido

sulphacotamide, sulphaguanidine, sulphamcthazine, sulphadiazine,
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sulphaéomizolc ond Nl—mothylsulphanilamide. N4~Acetﬁylsulphapyridine
is fluorcscent only at low pi valucs and this has already beon

discusscd ( sce Table 10)

N4-bcnzy1 sulphanilamide (proscptazino) below pH 9.5
flouresces like N—methylaniline.65 Below pH. 0 it showoed no
fluorcescence, Moximum fluoresecence ocecurred from pi 2,0 to 95
Lrova pﬂ.9,5 the fluorescence fell due to the formation of the.u

leas fluorescent mono-anion.

vii) MISCELLANEOUS NON.-FLUORESCENT COMPOUNDS,

The following heterocyclic compounds showed no
fluorcascence at concentrations of 500/Jg/m1 golution at any pH
value; pyridine, pyrrol, furfural, 2-cminothiazolo and 2-aminoe

S-mothylisothiazole.

Nitro compounds arc none or very weakly fluorescont,
and p-nitrobonzonc—~sulphonamide, p-nitrobenzenesulphonmethylomine
and d-nitrobenzencsulphonylglutamic acid were found 4o be

non-fluorescent,
viii) PLUORESCENCE OF ISOMERS OF SULPHANILAMIDE,

Both orthanilamide and meianilamide arc fluorcscent
but the fluorescence maxima ceccur at longer wavelengths (sec Tablo 8)
and the intensity is loss than sulphanilamide. Thim is duc at
leagt in part to interactions of thosc compounds with tho solvent.
pH-Fluorcsconse studics on thesoe compounds sghowed that the ecations
of both were non~fluorcscent. The molecular form of metanilamide
gave a maximum fluorcscence at 385 nm and the appcarance of thisg
fluoresconce followed the ionization curve of the cotion. The
anion of metonilamide was about 6 times as fluorescent at the
molecular form ( 370wmm ). The pll-fluoresccence curve of

orthoanilanide was similar to that of metanilamide, but the




fluoreacence was only about a third as intconse., Tho anion of

orthanilamidec was about 5 times as fluorescent as the molecular

form {pKa 9.7).

The intongity of fluorcescence of the
aminobenzencsulphonamides in agqueous solution docrcascs in the
order p,>m,> o0, the anions of orthanilamide and metanilamide
arc, however, morc fluorcscent than the corresponding molcecular
forms, whilst thc anion of sulphanilamide is probably less

fluorescont than the molecular form,

p-Hydroxybenzencsulphonamide is also includéd in
Table 11. This compound could be cxpected to show the
fluorcescence of simplc phenols which occurs at 310-330 nm. 69
Tho pll-fluorescence curve of this compound showed two fluorcscont
maxima, onc at 313 nm, of constant meximum intensity from pH
2.5=7.5, and another, twice as intense, at 348 mn , with maximum
intensity from pH 9-11.  Bolow pH. 2,5 and above 11, the
fluorcsconce diminished and had ncarly disappoarcd at pH O and 14.
The first fluorcscence is probably due to the molecular form |

and the sccond $o the ion, HO.C6H SO NH™, It is likely that

4
the di-anion ~0.C H SO _NH™, ig only very weakly fluorcscent or

64 2
likc the anion of phenol, The absorption spectra of p-hydroxbenzene
~sulphonamide at various plI valucs confirmed the existence of
these ions. At pH O and 3.6, tho compound showed absorption
poake ot 23600 (Tmax. 13,800) and 279 mm, (‘max 900) duc to tho
molecular form but the instrumental cxcitation peak at 248 my
corrcsponds to the intense absorption at tho shorter wavelongth,.
At. pH 10 the obsorption consists of a single large band at 262 nn,
(Emax. 10,000) presumably due to tho sulphonamide anion. Thao

approximate pKa for the formation of this abmorption pezk is at

256 nm (Emax.9000) prosunably duc to the di-—anion.
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ix)  FHOSPHORESCENCE SPECTRA.

The phosphorcaceonce spoctra of aniline and
sulphanilamide are shown in Fig, 11. Anilinc shows o single
assymetric oxcitation spectrum,7\e 320nm, and a siructurcd
omission spectrum,)\p 410 nm. Sulphanilamide has a similor
excitation and cmission spoctra with the appeoarance of a shoulder
peak in the cxeitation spectrum at 290 nm. Similar excitation
and cmission spectra are obtained for sulphacctamide, sulphormeyh—
oxine, sulphamcthazing, sulphameraZine and sulphadiazinec. Thé
phosphorescence cmiseion speotrum of gulphanilie acid is also
similar to that of aniline$ however, the oxcitation specetrum is:
composcd of three peaks at 275, 310 and 315 nm, and the lifotime
of 1.4 sceconds is ncarcer to those found for the sulphonamides |
in general than that of aniline (5.0 scconds) Table 12, Tho
cxcitation spectra of sulphathiazole, sulphamethoxazole, and
sulphaguanidine show somec of the composite nature found in tho
excitation spectra of gulphenilic acid. The Nt and it acetyl
derivativos of sulphanilamidc have gtructured cxcitation spectira
with poak maxima ot 290 and 310 ntre Sulphapyridince shows two
broad exoitation bands one at 310 nm corresponding to oxeitation
of the aniline moiety for which cmiscion is observed at 410 nm,
and the second band at 350 nm corresponding to the cxecitation .
of the 2-aminopyridine nucleus for which cmipsion is observed
at 440 nm (Fig. 12.) The phosphorescence cmission spectra
of the sulphonamides originates from the aniline nucleus, the
sulphonic acid grouwp affecting the intersystem crossing rote as
scen from the diffcrenco in lifetimes of aniline and sulphanilic
acid. Substitution at the Nl and N4 pogitions sorves only o
change thoe levels of the singlet state as scen from the change

in c¢xcitation spectra.

The lone pair clectrons of the nitrogen atom in
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aniline cannoi.he ontiroly olagsified as non~honding cloctrons
since they arc capable of conjugation with thoTT—orbital system

of the aromatic nuclous, Thig makes it difficult to assign
absorption to the first oxcited singlcet state as an n~-TT¥ op
-1 ¥ +transition. However it is morc casily scen that the
cmission from the lowost cxcited triplet is a TT* 5 TT troansition
from the aromatic nuclous. The phosphorcscent lifotimes of the
order of scconds, are long compared with the lifetimes obscrved

in tronsitions originating from n — 17 ¥ +triplet statces.
Furthermore, Venning ot al 3l have rccently shown that phosphoreseent
lifctimes of the sulphonamides arc susceptible to change in the |
70

proscence of heavy atoms, which, according to Kearns, = is a

characteristic of TI-TT * triplet statces.
x) QUANTITATIVE ANALYSIS OF SULPHONAMIDES

Many of the sulphanémides cxhibit appreciable
phosphorcscence, even when fluorescence yiclds arc low, and can
be detormined phogphorimeirically at the submicrogram level as
proviously demonstrated by Hollificld and Wincfordner.30 The
fluorescence and phosphorescence cheractoristics of the sulphonamides
and their fluorimetric limits of deotection are given in Table 12.
Mluorimetric cstimation in the submicrogram rangc can bo used to
advantage for tho analysis of sulphanilamide, sulphocctamide,
sulphaguanidine, sulphamcthoxizole, sulphapyridino, Nl—cetylsulphan—
ilamide, NlNl-diethylsulphanilamidc, Nl—cnrbothoxysulphanilamiﬁo,
and sulphanilamidofurfural, The fluorimetric method of analysis
ig simpler than the phosphorimetric mothod. Both mothods roguiro
carcful attention to cxperimental procedurc in order to minimise

the effcets of photolysis during measurcment, and the use of freshly

prepared standard golutions in tho preperation of working ourves.
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xi} ANALYSIS OF SULPUONAMIDES IN SERUM,

Tablo 13 shows the results for the anal&sis of
sulphanilamide, suphacctamide, sulphaguanidine and sulphamcthoxazole
in serum.  Each result roported is the average of six determinations.
Thoe relative gtandard deviations of the rcults arc in the ronge

2T

Por the drﬁgs gtudicd the background duc to the scrum
became significant at concentrations below 5mg/100 ml. The
lower limit for the cstimation of the sulphonamidez in scerum could
concoivably he reduced by using a solvent cxiraction procedurec
prior to estimation or by taking a larger sample initially. Since
the normal therapeutic levels encountoered arc within the range
10-2Q mg/IOO ml a direct fluorimctric cotimation is satisfactory.
Rgooverics using this method ranged from 96-103 % and the time

takon to perform an analysis was loss than 10 minutos.
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Acecuracy of cf‘ imaticn of sulphonamidaa in serum
e Amourt Added Amount Tound. 1, . . % 5td, deviation
Sulphonamide 7o Recovery

(g /100 ml serum) | (mg/100 ml serum) (6 dimns.)

Sriphanilamide 5.0 15,05 0.3 | 2.0
10.0 9,53 95.8 | L4
5.0 ] 5,00 100, 0 2.5

Sulphacetarida 12.4 12,6 : 101.6 2.9
" 8.2
4.1 3.

o2
et

08.7 3.7

o5 96, 3 5.9
2.5 12.3 - 9.4 | 2.0%
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9.85 o105 | 49
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s

5.08 103. 6 7,08

Sulphamethomazole] 15,0 14,7 9.3 | 1.86
B 4.0 : : :
pHL 0 10.0 10,2 101,6 2,55

b

5.0 4,9 97,9 .27




C EHAPTER 5,

LUMINESCENCE. PROPERTIES OF DRUGS AFFECTING THE CENTRAL

NERVOUS SYSTEM.

It has bocome clear that sceveral important drugs
ugced in psychiatry coxert their clinical ceffects by affecting the
synaptic action of tho catccholaminos (CA) in the brain. It is
thereforc important to understnnd the covonts ot the noradrencrgic
gynapses and how the amines arc relessed and subscguently inactivatced

at brain synapsocs.

The adrenergic neuronc (PIG.13) synfhosissnoradrenaline
from tyrosine. Under resting conditions, in the abeonce of ncrve
stimulation, noradrenaline glowly diffuscs out of the synaptic
vosicles and is deaminated by monoamine oxidase (MAO) within tho
nerve terminal so that it leaves the ncurcn in an inactivated form.
The arrival of a nerve impulsce rcleascs noradrenaline from the
nerve ending which diffuses across the gap to activatce tho receptor.
The rceeptor is clearcd rendy for further gtimulation lorgely by
roturn and reuptake of noradrenaline by the nerve conding, 2 small
amount being metabolized by the cxtrancuronal cnzyme

catechol-o~methyltransfornse (COMT),

NE reuptake inariivation

FIG. 13 blocked by imipramine, amphetamine

e ——r—————) - N .
Presynoplic Adrenergic blockers (chlorpromazine?)
nerve. ending pravent NE from reaching receptor

Mitochondrion
wilh wonoamine @
oxidase {MADQ)

Posteyne it
‘recepior

ot
\
e e .
Extraneyroncs COMT O-methylales
NE discharged inle synapse ond
not inoctivated by reuptahe
WE releosed intraneuronally
soonignebusly of by reserpine : . . _
1o be deominoted by MAQ. NE ‘releosed into synopse

MA0 inhibitors pr\'eﬂt.' ’ by nerve i;‘apu‘se, Gmphefﬂmiﬂ?
intraneurongl deominalion ond L _
intact NE spills into synopse




Tho offect of administoered drugs on the motabolic pattern of
rceleased amines is of great importance. By considering amine
gynthesis, the intra-and interccllular area of amine rcloase,

and tho cffeet of a given drug on noradrenaline inactivation

and subscquent motabolism, it is possible to formulate convincing
cxplanations of psychotropic drug action, which may help predict

the clinical effects of newly developed drugs.

It is not the purpose of this study to give detailed
quontitative information on the lumincsconce propertics of such
a wide range of drugs but rather to give a qualitative study which
may bo used to proedict those drugs which might uscfully be studied

by thosc toechniques.

i) CATECHOLAMINES,
Sinco the psychotropic drugs affect the synaptic action.
of the catecholamincs it is important that they can be estimatoed

before and after drug administration.

The CA arc metabolically degraded by the enzymes
MAO and COMT,  MAO: removos the side chain amine from noradrenaline
and through an intermediate aldchyde results in the formation of
3, A-dihydroxymandclic acid. COET transfers a mothyl group
from the methyl donor S-adenosylmethionine to tho m—hydroxyl
group of the CA, Prior to exerction in the urine, the C4 have
ugually been actod on both by MAO and COMT, The resulting
deominated, O-mothylated product is 3-mothoxy-4-hydroxymandelic

acid, usunlly referred to as vanillylmandclic acid (VMA).

The CA studicd are shown in Table 14 together with

their luminesceont characteristicsa.



T A B L E 14

COMPOUND Ae mm hpnm  |Teoconds
L—Epinephrine- (255) 295 435 0.5
DL~3,4—Dihydroxﬁmandelic

Acid. (255) 295 420 0.8
Vanillylmandelic Acid (255) 290 430 0.6
Normetanephrine (NE)(b) 215 440 10'6
5-Hydroxytryptamine ' (235) 290'315 (430) 454 4. 4

(1)

5-Hydrotryptophan 315 435 6.3

{(a) = Mopsured in EtOH 770K IOOHg/mi Regolution 6nm

(v) Taken from "Fluorcscence Assay in Biology and Medicing”
-5, Udenfriend, Vol. II. p.99 (1969).

The 4able also shows tho luminescent characteristics
of 5-Hydroxytryptamine (5HT) and 5-Hydroxytryptophan. S5HT
ig o biogenic emine which like the CA may function as a
neurohumor in the brain, but whose neurchumoral actions and
relationship to psychotropic drug offccts is less well
ogtablished than for the CA, The limits of dectection for
tho catecholamines can be cstimated to be in thopug range
from the valucs found for L-Epinephrinc (;Fg/hl) and

normctancphrine (O.lf;g/ﬁl).



ii)  PHEWOTHIAZIBES,

' Thig group forms the largost ond most important ggéoup
of major tranquillizers. They arc all bascd on the phenothinzine

|
|
|
nuclcous, differing only in their gsubstituents at positions 2 and 10.

Table 15¢
| T 4 B L E 15,
S
7 5 3
3 10
N 2
9 R 1
Substituent Subgtituent at
No COMPOUND. at 2 position pogition 10
AYiphatic scrics
a
1 [Chlorpromazine C1 CH,,CHLCIL, N(CH J2 ¢1”
+
2 [Triflupromazine or CH_CH_CH N(Cﬂ )2 c1”™
3 2722y
3 Mcthotrimeprazine 0 Ch3 CH_%(}HGIIEN(CH_3)2
Piperidine scrics CH3

5 | Pericyazine cH GI[ZCII CH, ...N’D.OH

Piperazine scrios

6 |Prochlorperazine C1 CHECELZCILZ_H @ I\TGL[3

| 7 {Porphenazine C1 CH;QCEEQCH‘?-N D NIGXIEGEEOII
8 |Thiopropazate C1 GHZGHEGHZ"H @ I CH zcﬁzog CH3
9 [Fluphonazine ' CEB cﬁzcﬁzcnzm /N 1 QI O It
10)Trifluoperazine GF3 CI CIIQCE{EN \__/ i C{EE

\
\
\
\
\
|
|
|
|
|
|
\
|
|
|
|
|
|
|
4 |Thioridazine 5 CH3 CH?CH?* / ) |
|
|
|
|
\
\
1
\
\
\
\
\
\
\
\
\

The above nemed compounds were the gencrous gifts of thoe following
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companics;
¥ay & Boker Ikd -~ cpds 1,3,5 and 6,
E.,R.Squibb & Sons Itd - cpds 2 and 9.
Sandoz Products - cpd 4.
Smith, ¥Xlinc and French - epd 10.
Allen and Hanburys -~ opd 7.

G.D.Secarle - c¢pd 8.

The phosphorcscence characteristics of the
phonothiazines arc shown in Table 16, All of the phemothiazines
studicd with the cxcoption of Poricyazine, oxhibitoed luminescence
spectra similar to that of Chlorpromazine QFig. 14.) At 77°K
the lumincscence is almost ontirely phosphorcsconce and remains
unchanged whothor mcasured in acid (0,1N H2504/Em'0H} or alkalino
(b.lﬂ NﬁOH./EitOH) solution, Substitution at the 2-position of
the phenothiazine nucleus hag only miner offccts on the lifetime
and spectra of the compounds studied, cxcept for Poricyazine (Fig.IS)
Tho prescence of a cyano group produces a marked effect on the

lifetime and speotra, presumably duc to a perturbation of the

ginglet-triplet transition. Pyosphorcscence lifetimes for the

%

phenothiazines arc in the millisecond range indicatiwve of a N-T
triplet gtate invelving the interaction of the nitrogen and sulphur
lone pair clectrons with the 1T clectrons of the aromatic nuclei.
Table 18 gives the phosphorescence characteristics for xanthenc and
thioxanthono, It ig intcresting to note that for thioxanthcene

the phosphorcscence spectra and lifotime are similar to those

found in tho phenothiaszines whilst the lifctimo and phosphorcsccnco
gpectra of xantheonc arce similar to thosc of avomatic compounds c.g.,
tolucnc. The lifotime for thioxanthene indicates a NoT # triplet
stote whilst the lifetimc'and spectra of xanthene indicate the
prescence of a =T ¥ triplet., Since nitrogen, oxygen and
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sulphur all have lonc¢ pair oloctruns the storic interaction of the
lonc pairs with the IT cleoctrons of the aromatic nuclei must be
different in xanthene from that of the lone pair clectrons of the

nitrogen and sulphur atoms in the phonothiazinces.

a

T A B L E 16

COMPOUND ne nm M nm T mS
Chlorpromazinc 335 495510 T2
Twiflupromazine 345 510 520 T2
Mothotrimeﬁrazine 330 485 66
Thioridazine 335 500 66
Poricyazine (330) 375 535 46
Prochlorperazine 330 500 76
Perphenazine 330 495-510 T2
Thiopropazate 330 500 70
Fluphcnazine 335 515 65
Trifluoperazine 340 515 71

(n) Meaeured in BtOH at 77°K. 100ug/ml  Resolution € mm

Chlorpromazine is rapidly cleared from blood and cxercted in urine
in the form of forty or moro motabolites. Human urine probably
contains less then 0.1 — 0.2 % of the parent drug after oral
intake., Not all of the urinary produeis have been indentified

Adue to the lack of specific standards for reference purposcs.
Resolution and detection of nanogram guantities froﬁ blood samples
requires sophisticated technigues which have not been developed for
routine use, The luminc¢gcence dats coupled with thin layer
chromatography (sco Chaptoer 6) might well be able to cope with

such a problem.



Vizefordnor and ﬂin24 indicate that the phenothiazines may be
detormined at submicrogrem lovels and gave the limit of dotoection

for chlorpromazine as 0.O3Pg/ml.

1ii) THIOXANTHENES,
The drugs derived from thioxanthone arce chomically
rolated to the phenothiszines and their metabolism is analagous.

The compounds studicd arc shown in Table 17

T 4 B L B 17

COMPOUND. R R

Phioxanthenc H i

e / \ ‘
Thiothixene soz_m(cn3)2 CaCH~CHé-GH2-NY M;GHS

Chlorprothixene c1 C=CH~CH,~CH, N (GH3)2

Xonthene Bridging oxygen at position 5.

The luminoscence characteristics of the thioxanthencs
are shown in Table 18. Thioxonthence and Chlorprothixenc have
phosphorcscent lifctimes similar to those of tho phenothiazinces,
however tho excitation spoctrum of chlorprothixenc cexhibits threo
disgtinct maxime presumably resulting from the double bond at the
10 - pomition. ¥antheno cxhibits fine structurc in the emission
spectrum typical of aromatic specics. Thiothixecne shows only
fluorcsconce cmission presumably duc to the - SOZ-N(CH3)2 group

at position 2.
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T 4 B L E 18

COMPOUND : scconds

he mm S P Y b seconc
Thioxanthene 280 - 460 < 0.2
Chlorprothixonc (260)(310)385 - 170 i< 0.2
Thiothixeno 335 385 - -
Xantheno (270) 295 - 382 1.35
iv) TRICYCLIC ANTIDEPRESSANTS

Ipipramine, desimipramine and related compounds
stich as amitripiyline and nortriptylinc appear to be the most
cffootive antidepressant drugs. Thege drugs arc not inhibitors
of MAO as were the earlicst antideprossants and do not affect the
lovels of brain CA in animals. However, imipramince is a very
potont inhibitor of the reuptake process of incctivation of NE
releasod ot the synapse, both in thoe peripheral sympathetic
norves and in the brain. I+ thereforc potentiantos the actions

of NE: relcased by nerve discharge.

Therc arc no major structural or chemiecal differences
botwoen the tricyclic antideprossants and thoe phenothiazine type
antipsychotic agonts. The two classcs differ mainly in tho
COmpoéition of the bridging otoms between the two phenyl rings.

The compounds studicd are given in Table 19.
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T A B L E 19.

X
~
v 73
|
R
SUBSTITUENTS _
COMPOUND
= b R 3
1, | Desimipramine wCE%—GHQ— —%— GEQCH%GHQNEZGHB
4 3 ~md - — P ) . WL i ] C
2 | Chlorimipraminc 0112_0112 IiI c;xzcmzczzzzi(cli3)2 1
. Q%
4 rami O OH ‘ { (e
3 | Primipramine CH,~CH., _m]a.‘in CH,.C CH?NY( H3 ) 5
4 | Amitripiylinc _CHé_ CH2 ,fc:cf ~CH_CH_{ciL_ )
22 372
5 Noftrlptylinc —CHéu CH2 Seag” CH CH Hﬁ:: I
2 2 + CH3
Protriptyli | C=C - CH- : cH
6 rotriptyline C=C.. f& CH20H20H2 NH 3
iode S ¢ =C_| ¢H_ cH_ N(cH
7 | Prothiaden Cc-5 ¢ =C_ H, CH, ( 3)2
1
0 R
1
8 | Dibenzepin N o Ny | -N- CH
1 3
9 | Opiprimol ~C=Ciu _If_.l (o1 > )3I\I NTGHQG:EOH
10} Doxcpin -0 -C~ ~C=CZ CH _CH _N(CH ) 2
2772 3
11| Iprindolc
T
01-120H20H2N(CI—13),2

The compounds listod werc gencorous gifts of the following companics:
Goigy Pharmaceuticals Cpds 1,2 & 9., Morck,Sharpe & Dohme, Cpd 6.
Roche Products, Cpd 4. Boots Co. Ltd. Cp 7., k1i Lilly - Cpd 5.

Sandoz Products DLtd., Cp 8. Hay & Baker Ltd -~ Cpd 3, Pfizer Ld.Cpd 10
J. Wyeth, Cpd.ll,
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Tho lumincsocnce spectrs and lifcbimos (Table 20) of desimipramine,
chlorimipramine, trimipramine, and dibenzopin show similarities %o
the phenothiazines. Here, again, the lono pair clectrong of the
bridging nitrogen atom contribute to produce a N—1T ¥ triplet state

which results in the typical phosphorcscence.

No lumincscence ie obscrved from amitriptyline,
nortriptyline, prothiaden and doxcpin, the T clectrons from the
doublo bond at tho 5 position being unablc to contributc to the
aromatic character of the molecule as 2 whole. However in the case
of protriptylince and opiprimol where the two phenyl rings arc
conjugated by means of a double bond at the 10-1l pesition

fluorescence alone is observed.

Iprindole, although classcd as a tricyclic
antidepreossant has a significantly differcnt structure to the
other compounds studied and this is monifested in the luminescont

spectry and lifetime.

T A B L I 20

COMPOUND ‘e  am|AM  nm | Ap nm v s |
Degimipramine 300 - 455 0.95
Chlorimipronine 305 - 450470 0.12
Primipraminc 300 - 450-470 0.7
Opipramol (300} 365]| 520 - -
Dibenzepin 330 470 - 0.09°
Amitriptyline " - - - -
Hortriptyline - - - -
Prothiaden - - - ~
Doxepin - - - -
Protriptyline 320 [355/375 - -
Iprindolo 310 [340/350 |(425)450(485) 5.3

The mono-l—dcmcthylated derivatives of imipromine and amitriptyline

aro active metabolitces and are marketed as desimipramine nnd
nortriptyline. Metabolism of the iminodibenzyl nuclcus rcsults

in gide-chain demethylation,ring hydroxylation at the 2-position
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and glucuronide conjugation all of which would bo cxpoctod to

maintain luminescent activity.

v) CN3 STIEULANTS AND A0 INHIBITORS,
Amphctamine and amphotamine derivatives coxort
powerful dircet stimulant action on the C¥3,  The major mechanism
of oetion i by inhibition of uptake of monoamines by the neuronal

membranc, thus lowering the level of NE but not of 5HT,

The antidepressant action of the MAOL is related to
the cxtent to which they inhibit MAO, TNormally MAO degrades only
NE which lecks out of the vesicles inside the nerve torminzl and is
therefore not concerncd with the actual physiological inactivation
of synaptically rcleased NE, Howover, it is possible that after
inhibition of MAO, NE which accumulates within tho nerve terminal
nay flow over the synaptic membrane, across the synaptic cleft and

on to postsynaptic roceptors.

The compounds studied arc shown in Table 21,

T A B L E 21 l

No COMPOUHD STRUCTURE
CRS SITHULENTS arry
1 | Bonzedrine @CﬂéCH.NH2.32504
on
> | Degodrine § CHL,CH NI, . 1,80 4 (Dextro)
q- N
3 | Pipradol @ -G . HG
Ol

4 | Phenmeotrazine N Riex]
CHy )

MAG INHIBITORS

e -
P » 1 =
5 | Phenelzine p cu, 08, HATH, .80,
+ 2=
6 | Tranyleypromine B CH - CH - NI 80
\GH/ 3 4
2 2
7 | Mebanazine ¢~@Hl— NH. WHE
. Gk
Hinlamido
Iproniazid R~C-N . I - O, - R
. dn H
10y Isocarboxazid : ]




The amphotomines and o number of the MOAL oro
phenylethylamines incorporating the goneral structurce "l-omino -
2~pheﬁylothane“. Thoge compounds have similar luminescont
properties which are ligted in Table 22. A sccond group of HOAI
incorporate a hydrazine group and these are scon to have different
luminescent propertics to the phenylethylamines. The
phenylothylamines have long phosphorcsconce lifetimes indicative
of a TT— T ¥ +triplet transition whilst those compounds
incorporating the hydrazine group have short phospliorescent
lifetimes indicative of a N—TT * +triplct transition. Milcs

and Schcnk61 indicatc that the phosphorimetric limit of detection

for amphetamine (a typlcal phenylethylaminc) ig in the roange 1 ~ 2

Mg/ﬁl.
T A B L E 22.

COMPOUND Ae nm Ap  nm " scconds.
Beonzedrine 270 (355) 385 10.6
Doxedrine 270 (355) 385 10.4
Pipradol (235) 265 395 6,1
Phenmetrazine 265 385 Tedk
Phenolzine 265 400 10.5
Tranylcypromine 285 415 7.0
Mobanazine 270 (285) 370 430 9.0
Nialamide 320 470 0.2
Iproniazid 300 (370) 440 0.2
Isocarboxazid 320 (355) 410-435 0.2

The compounds were generous gifts of tho following

companios: — ©Smith, Klinc & Fronch. OCpds 1,2 & 6,
Herroll, Cpd 3. Bochringer & Inglcheim, Cpd. 4., Warner, Cpd. 5
I,C,I., Cpd 7.

Pfizer, Cpd 8., Roche. Cpd. 9 &, 10,




The major motabolic product of the phenylethylemince is tho
p-hydroxy derivative, which would be expocted to have similar

luminescent propertics.

vi) TIE 1, 4 - BENZODILZEPINES
The bonzodiazepings arce o most iaportant group
of minor traongiliscra. While little is known about the
biochomical offcots of {those compounds, thoy appcar to be
effeetive in suppressing the autonomic concomitants of conditioned

roeflexes.

There are two basic types of 1, 4 - benzodiazcepincs
derivatives in wide use. The two types are characteriscd by
differences in the 2 -~ position of the benzodiazepine nucleus,
and by the prescence or absence of an ¥ « oxide function in the

4 - position, The compounds gtudied are given in Table 23,

T A B L E 23

Cl

TYPE 1
H CH
CH 3
- | &—_T>
=Ny cl — N
CHLORDIAZEPOXIDE : MEDA%?PAM
TYPE 2 N/ R R R
—® 2 1 2 3 37
N L )
R3 Diazopam CHS - I G
—.N
‘ Flurazepan CH20ﬂ2N(Et)2 b i 1
2’ Nitrazepam H - oo,

The compounds studicd werc the gencrous gift of Hoffman La Roche Inc,
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The luminescent propertics of tho 1, 4 - benzodiezcepines in

noutral, acid and basic solutions are given in Table 24,

of pIl on tho lumincscent spectra woro complex and with such a

Tho offoccts

small

numher of compounds sfudied if would be difficult to state preciscly

the naturo of the processes invelved, however, some gencral

conclusiong can be drown.

In thoge instances whore phosphorescence is obscrved,

the short phosphorescence lifetimes indicate anN-1T ¥ transition

" occuring to populate the ftriplet level.

Thus the non bonding

| electrons of 4the nitrogen atoms and the 7T cleetrons of the phenyl

rings arc involved.

Hence any charges likely to influcnce this

interaction, such as change in pl, are manifested in the observed

lumincesecence spectra.

T A B L B 24

COMPOULD CONDITIONS| %e nm A nm Ap T me T
. . Ecid 295 7F - 755 162
Chlordiazepoxide Baso 310%320) _ (450)470 164
Neutral 360 435 - -
Acid (318) 364 390430 520 202
Hedazopam Bage (280) 370 450 A952530) s
- Noutral 385 450 195(530) 140
Acid (270)(312)370 - 490 88
Oxazepan Basc (285 370 - 126
Houtral |(295) 335 = (415)(510)r75 76
Acia 360) 380 - 480 94
Diazaopam Base 290) 325 - 475§5123 62
Neoutral 335 - 170 510} TO
Acid (3203 - 80
Flurczepan Base (280 330(370) - (450)475(5103 172
Houtral |(290) 325 370 435)470(500) 56
Aoid 378 - 525)555 310
Witrazcpam Bose 395 - 515)535 320
Noutral 363 435 - -

In neutral othanol chlordiazepoxide oxhibits

fluorcscence only, the phosphorescence cxeitation and emizsion

maxima

arce shiftod in both acid and bhasic solubion.

The spectra

of chlordiazcpoxidc arc distinet from thosc of thwe other

1, 4 - benzodiazcpines

function =t the 4 - position.
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The luminescont spoctra for nitrazepam ore also distinct
from the remaining benzediszopines prosumebly duwoe to tho proscnoe
of the nitro group which is known to periturb singlet~triplet

transitiong.

In the remnining benzodiazepines ceortain similaritics
con be socn botween the compounds. A typical phosphorcscence
'spectrum ie shown for oxazcpam in noubral solution (Fig. 16),
‘which is similar to thc phosphoresconce spectra obtained for
modazepom, diazcpam, and Tluramepam in ncutral and basic
golutions. In acid solutions phosphorescence spectra similar to
that of oxazepam (Fig. 17) arc obbtainced for modazepam, diazepam,
chlordiazepoxide, ond flurazepam. This can be attributed to
protonation of the basic nitrogen atom at the 4 - position. I
ig interesting to note that medazepam in acid solution forms o
deop orange solution whilst oxazepam, diazepam, and flurazepam
form palc yellow solutions on standing. Chlordiazepoxide cexhibits
no visible colbur change in acidic or basic solutions and

nitrazcepam produces a deop yellow solution in basic media.

From the results it can be seen that the 1, 4 ~ bonzo-
~digzepines cexhibit complex luminescont spectra which are exiremoly
sensitive to pi changes. Howover, such differcntiation can be of
advantage in that the selectivity of measurcments cnn bu
iner.-nol.  Wo lircet auwentitotive noeneuronoats lnve boeen
pori vt butd prelininery results inliente thot the

1,4-bonzodiazepines could be determined at the submicrogram

level.
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THIN LAYER PHOSPHORIMETRY,

SBince the introduction of phosphorimetry og an
enalytical tcchnique by Kiers, Britt and chtworth6 numerous
workers have shown phosphorimetric measurcments to be oxtromely
gcnsitive and selective. The sclectivity of the technigue has
boen improved further by combination with thin layer chromatography.
dpplications of the combined technique have included the

38

dotermination of p-nitrophenol in urine?3 biphenyl in oranges~ and

41

alkaloids in tobacco. In ench casc, however, the sample had to
boe clutod from the thin layer beforc measurement. Phosphorcescence
spectra at 77OK have heen observed from materials adsorbed on a
varicty of supports including silica, alumina, papor, asboestos and
glass fibres after immersion in liguid nitrogen in the conventional

T1~T4.

Dewar flask. It was the intention of the present work to
dovelope a device capable of gcanning thin layer chromatographic
strips and measuring qualitative and gquantitative phosphorescence

directly.

i) PUIN LAYER PHOSPHORIMETIR.

The doviece developed consists cssentially of two discreto
parts, a semple holdor and = single disc phosphoroscope, Fig.18.
The sample holder is constructed from a hollow copper cylinder
closed at ite lower ond., TFixed to the top of the drum is a
canopy which acte as a light trap. The thin layer strip is
attached to the lowor cnd of the drum by means of elastic bands.
The drum is then filled with liguid nitrogen and the sample is

cooled by conduction. The copper drum is then inscried into an

pir-tight box, the function of which is to provent condensation of
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water wapour on to the surfoce of the sampleo. Two silica windows
sct ot right angles to each othoer in the front of the box allow
the incident radiation to coxeite the gample and the cmitted

radiation to pasg to the photodetoctor.

7578

The single disc phomphoroscope allows the isolated
obgervation of phosphorescence on the basis of lifetime. & diso
with three rectangular slots cqually spacod and rotated by means
of a variable spceced motor, is mounicd in front of tho two fixed
slits in the sample holder compartment. IExcitation rodiation
vasges through the rotating dise and fixed excitation =lit to
irradiate the somple. As the oxoitation radiation is cut off by
thoe dise, the fluorescence decays rapidly and only the long lived
phogphorcescence remains. The phosphorcescence is then allowed

to rcach the omission monochromator and photodetcctor ag the slot
in the rotating disc opens in front of the omission siit. 4 less
important feature of the phosphoroscopo'rosultﬁ in the minimal |

measurement of secottered incident light;

The sample drum is rotatod by means of a small variable
speed motor mounted outside the light-tight compartment. When 2
luminescent component on the strip is at the focal point of the
optical systom a signal is registered in the photodetector circuit,
The drum can be ghtoppoed at any position and the spectral
characteristics of cach component measurcd; the position of the

drum is o mecasurc of the R, valuc of the componcnt. The amplitude

T
of the gignal can be usod as o quantitative cetimation of the
luminesccont component. FPhosphoresccent lifotimes can be measured

from the rate of decay of the luminoscent sighal after cutting

off the cxcitating redintion.
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ii)} INPLUEZNCE OF PHOSPIIOROSCOPE DESIGH ON PHOSPHORESCENCE:
INTENSITY,

79

O'Haover and Wincfordner'“derived a roelationship

between phosphoroscope design and measured phosphoresconce intensity
for the conventional rotating cylinder and Beceqguorel phosphoroscopes.
The ability of the phosphoroscope to resolve short and long lived
emissions is dircctly relatod to throe time periods which arc a

function of phosphoroscopc design and spoed of rotation. The time

periods beings

i) the cycle time, tc' which is the period of time
for onc complete cycle of cxcitation and observation.
ii) +the cxposure time, tc’ the time during which
the sample is excited or observed, and tt’ the transit time,
which is the time takén for to to reach maximun value.
iii) tho dolay time, tj, the time betwcen the end
of onc cxcitntion period and the beginning of the next obscrvation

timc.
The magnitude of these time periods, relative to the

lifetime, T, of the luminescent spocies, influenccs the measurcd

rodiant flux of luminesccnce.

The ratio of Pp" the averagoe dc photocurrent
observed using a phosphoroscope, to that which would be obgerved
without the phosphoroscope if prompt fluorcsccence and scattered
light were not to intorfere, Pc, ig given by o ,

Jthe [ i)

1 - g
_ 'EC/I

© st

X
i
6 k™

i3
tc

It is convenicnt to calculate times rclative to
tc beoausce such valuc arc indepcendent of the epeed of rotation,
g 4 of the phosphoroscopc. Relative times arc then denoted with
a prime supcrscript. Intensitics relative to the absolute
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intonsity, Ips, under steady state conditions aro algo denotod

with prime supcrscripts. Thus tho above cguation now heocomes

T

' P !
O( = ___E = (t a3 -.]]7.:-‘;— . il
7
- T
Pc 1 —-¢
where el o 32' _ td + tt
D tc tc
- - +
tE’ = EE = to tt
t t
c ¢
and |
oo &
+
¢

iii) CHARACTERISTICS OF THE SINGLE DISC PHOSPHOROSCOPIE,

The dimensions of the slots in the rotating
digc and the fixed slits in thoe cell holder are critical. The
glot in the rotating disc is centred on the fixed slit in the
oxcitation or cmission system of the spectrofluorimeter (Fig,l19 )
If the contro of the slot in the rotating disc and, similarly,
the fixed slits in the ccll holder subtend onclon =% and yothun~the
dimensions of the disc can bo related to the time functions in

the equation for the determination of o(l.

Thoe velooity, v cm/s of o point on the olge of the

rotating disc is given by
v o= 2Tro cn/s

et vt gy

60

where 0 i the speced of rototion in rpm and r is the rodius in emse.




fixed _

cshit
rotating
disc
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FIG. 19 Schematic representation of time functions of single-

disc phosphoroscope.




TRANSIT TINE ¢, , (For the ccse y0 > x0)

The slit in the roteting dise is contred on the fixed
slit in the excitation or cmission systom (Fig.-19). If the slit
in the rotating disc subtends an angle x° ot the centrc, then a
point, A, on the circumforcnce will travel a distance 4 - ﬁ’ ~g tho

slit traverses its own width, W, across the fixed silit. The length

0
of the arc A ~ A’ ig 33%8“ .« 2T om

The tronsit time, tyy 1z the time token for the fixed
5lit to become completely illuminated. This is the time reguiroed for
a fixed point 4 to move to 4 y sinco it is the time taken for the
Yrailing edge of the glot in the rotating dise to reach tho top
edge of the fixed slit. The transit time ie thus

§ o= e e 2T . 60, = X
L 360° 27r € 66

EXPOSURL TIME T

The exposure time is the time taken for the leading
olge of fho rotating disc to pass both top and bottom cdges of the
fixol slit (in whiéh time a point, B, on the edge of the disc will
have travelled a distance B - Bf, (Fig. 19) minus the cquivalont
digtance at the circumference of the width of the slit in the
rotating dise (i.c., the transit timo)

Thug

/ ’
BwB) - (-2 ) = % , 2Tr= % . 2> cn
36009 3600

A {y = x) scoonds.

N 60

DARK TIME td"

The cxtreme edges of adjacont glits in the
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rotating dise (Fig. 19) arce separated by a distance

2T » 4, x0 , 2T cn
3 360°

= 2T r 120+ _x cm
360

The contres of the two stationary slits are scparated
by a distance of TT r cms. The total dark time is that time
between the trailing cdge of onc slit in the rotating disc leaving
the lower odge of the gtntionary slit and the leading edge of the
negt slit in the rotating disc reaching the lower cdge of the

next fixed =slit,

Tr -~ _y0 2T
3600

The total dork time is thus

Ty = Mr -—x% 27T - 27T r{ l20 + x° )|, _60
360° 3600 21T r @
.o t, = 60— (x+v)
a o

Thus, for phosphorescence alone to be observed then
2 +y° < 60° sinco tho maximum slit widths for the rotating
shutter and fixed glite which will give tﬂ = 0 is given when
x% + yO = 60°.

CYCLE TIHNE tc’
The eycle time £Hr o rotating disc with three

aperturcs iz givon by
to = time for 1 completc revolution = 2 L[nlg

) 3 3
e tC = ETT I . G_Q = 20
' 3 2T r © 8.

\
\
The distance between lower edges of the fixed slits is '
\
\
|
\
\
\
\
\

Thus for the cose y>x the times rolative to tc aros
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.b'l‘, = _X -t(l = -—’ + tD = ég_..‘.'._Y.
120 120 120
! f
‘to = _Y.=X tg = X
120 120
and for the case %X > ¥.
tt’= Y td’ 60 - (x + v) tD'= 60 - x
120 B 120 120
! £

In the single disc uscd in the prosent oxperimente
x0 > y°, The relative responsce of the phosphoroscope as a
function of sample lifetime was calculated using the cquation for

o' and plotes of<%'against’f for discas of different dimensions

are shown in Fig. 20. In the o' T’ surve o(ris proportional to the
reading obtained by an integrating d.c. photometor. For values
of T'<10 oand for a gpced of rotation of 7,000 rpm T = Yty =
200/7000 ~ 0.03 seconds and the lumincscent intensity obscrved
will be minimal. For valucs ' > 100 (i.c., T > 0.3 scconds) then
the measurcd lumincscent intensity is indopendent of spoed of
rotation of the phosphoroscope. IHonce the response will only show
variations with speed of rotation for samples with lifctimes
in the range 0.3 = 0.03 scconds. However if the responsc is a
function of shutter speet thon the lifetime of the samplo mey be
caleulated from intensity readings token at two differcnt
shuttor speods. For cach shutter speed a value for 1 is
obinined by dividing the unknown wvalue of the sample Dby tc as
dotermined for that shutter spced. Bach of thesc valucs can then
be substituted into the cqguation forci'togethor with the other
relative times ond the two resulting cquations then solved

gimultancously for T .
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iv) QUALITATIVE AND QUANTITATIVE ANALYSIS,

Soveral matorials in conventional usc in thin layer
chromatography were used in the gtudy including paper, collulosc
acotate and aluminium backed aluminium oxide and silica gel., A1l
wore foun& t6 allow the measuroment of phomvhorescence from

adsorbed” organic somples.

The background phosphoresccence of the supports
was foun& to vary being minimal for cclluloso acetato. Aluminium
oxide and silica gol layers were found to give a relatively high
phosphorescent background which could be considerably reduced by
washing in solvent prior to chromatography. Paper was found to
have the highest phosphoroscent background probably dus to tho
prescence of organic binders and whitencrs in tho fibres, Howevor
the luminescent spectra and lifetimes of samples obtainod on these
thin layors werc very similar to those obtaincd in conventional

galventa,.

Fig. 2t ehows a chromatographic soparation of three
sulphonamidces, sulphadiazine, sulphamcrazine and sulphamethazine,
2 FJ of cthanol conftaining %pgof cnch of the sulphonomides wasg
separated chromatographically using an alwuninium backed silica
zol plate in the solvent systcm81 cH 013 (30) / Me o (12) / Nﬂ3 (1).
The plate wns doveloped for onc hour and the phosphorescence from
the scparated fractions rccorded using the thin layer phoaphorimeter.
The lumincscence charactoristics and Ry values for cach spot arc

given in Table 25.
T AB L E 25,

COMPOUND R¢ Aenm | Ap nm T scconds.
Sulphadiazine 0,41 | 290 A20 0.7
Sulphamcrazinc .52 | 290 420 0.8
Sulphamethazine | 0.68 | 290 420 0.8
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The roproducibility of tho systom is shown from tho repliesteo
gscans in TFig. 2. The emission from a single spot measured thirty
times over a poeriod of one hour was found to give a coefficicent of
variance of 2 %. However, as with all chromatographic procecdures,

a serics of identical soamples measured affer a chromatographic

step gove cocefficionts of variance of 7 -~ 8 %. Tho application

of samples in the form of reectongular zones rather than spots

improved gquantitation slightly. If the zones arc scanned at right
angloa to the dircetion of do?olopomont then the combinod functions

of the rotating samplc and phosphoroscope disc in ginilar t5 tho system

usod in the flying spot technique of chromatographic gquantitation.

Tho application of samples dircetly on to thin
laycer plates in order to produce calibration curves was found to
be unsatisfactory. This_was duc to difforent degrees of spread
of the sample on the thin layers and the variation of the baseline
betweon samples, although ccllulose acctate was found to give

exccllent basclines when used for this purposc.

v) FURTHER APPLICATIONS,
Elcotropliorctic separations can also be oxemined
by this tochnique, cnabling scparations of complex mixtures such as
plasma and drug-protein binding phenomenon fto be studied. Multiple
gcans can be performed at different wavelengths of oxeitation and
cnigsion. Modification reactions can be performod on chromatographed
zonce and the omount of data available for the charccterization of

maknowng c¢an thus be greatly inereased,

The combined technique is condidered to have great
potontial for usc in pollution conirol, pharmacoutical and biological
analysis and other ficlds where small quantitics arce to be

determined in complox nixturecs.
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Tho thosieg describes stulics on the cextent to which
phosphorimetric mcthods arce appropriate for the analysis of drugs,
thoir motabolites and other anuvtrionts. The lumincscence propertics
of sovoral classces of drugs have been gtudicd and offorts have aleo

been made to improve technigues usced in phosphorimctrice analysis.

In the sfudy of tho barbiturates it was shown that
thosce barbiturates containing o 5,phenyl substituent were
phosphorcescent and that those substances could be dotermined at the
submicrogram level, In other cascs only prompt fluorcscence was
obgerved and ite intensity was not substantially improved by
working at TTOK. The complementary nature of low temperature and
room temperature studice thus bocdame ovident, Structurc
lumincsconce corrclations were studied and the naturc of the
luninescent specics clucidated. 4 method for the fluorimeiric
Adotermination of thoe barbiturotes in biclogical fluids was also

devised,

Whereas the barbiturates weroe only fecbly luminescent
the sulphonamides were found to have a more intense luminesccnce.
Structure-luminescenco studies permitted the prediction of those
compounds which might ﬁsofully be determined by the fluorescence
technigue, and o fluorimetric method for the determination of gome

aulphonamides wos devisel.

In the general survey of the psychotropic drugs it
was clear that mony of thege drugs could bo cstimated
phosphorimetrically together with the catecholamines whose mode of
action they potentiate. Structurc~lumincscence studicae of these

compounds indiecatce that the acridon nucleus is responsible for
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tho intripsic luminescénce in many of the tricyclic antideprossants

and phenothiazines.

The thin layor phosphorimctor has the advantage over
the conveontional phosphorimetcr that low concentrations of
substances in complex mixtures con he determined in situ, and the
system shows improved reproducibility comparcd with conventional

phogphorimetry.

The vtility of thoe phosphorimetric techniqgue in tho

analysis of drugs and poisong has thus boon validated.
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