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Introduction 

High field ‘H NMR spectroscopy has recently been shown to be a powerful tool mth 
which to detect and characterize drugs and their metabohtes m intact bloflulds [l] The 
method 1s fast (<5 mm/sample) and mvolves mmlmal sample preparation and m contrast 
to many chromatographlc techniques does not require different expenmental protocols 
for the detection of different classes of compounds, 1 e it IS a general method Any drug 
or metabohte with suitable protons m its structure will be observed when present at 
concentrations exceeding the detection threshold value of -50 PM This feature has 
been very useful m detecting novel metabohtes of pemcllhns [2] 

There are, however, some problems associated with the ‘H NMR detection of drug 
metabohtes m intact bloflulds The first IS the observation of metabohte ‘H resonances m 
the presence of the large signal due to water (>lOO M) The resulting dynamic range 
problem necessitates the use of some form of selective water suppression [l] Secondly, 
the large number of resonances from endogenous blofluld components leads to 
considerable spectral crowding m the rather narrow chemical shift range (-10 ppm) of 
the proton This spectral crowding can mterfere with the observation and quantltatlon of 
drugs and then metabohtes m the blofluld 

For fluorinated drugs, the dynamic range and spectral crowding can be overcome by 
using ‘9 NMR detection rather than ‘H NMR as has been recently demonstrated [3-51 
These reports highlighted the advantages of 19F NMR m blofluld studies, particularly the 
high relative sensltlvlty (83% of the sensltlvlty of ‘H NMR), the large chemical shift 
range (-800 ppm) and the absence of fluormated endogenous compounds 

However, proton decoupling 1s often essential for maxlmlzmg sensltlvlty and for 
proton-decoupled 19F NMR spectra, 1 e 19F {lH> NMR, only a single resonance line 1s 
observed for each fluorine label m the molecule Even if decoupling IS not applied and 
proton-coupled 19F multlplets are observed the ‘ZJH,F data obtained gives only the 
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number of protons couphng to the fluorine nucleus and no mformatlon on their chemical 
environment In order to obtam the maxlmum amount of mformatlon on fluorinated 
metabohtes of unknown structure, it 1s important to know both the number and type of 
protons m the vicinity of the fluorme label In this study this goal was achieved by the 
apphcatlon of two-dlmenaonal (2-D) IH, 19F correlation spectroscopy (2-D, ‘H, 19F 
COSY) This techmque effects the correlation of proton and fluorme-19 nuclei via a 
scalar couphng interaction, nJH,F The resultmg 2-D ‘H, 19F COSY NMR spectrum 
directly gives the chemical shift of each proton coupled to every 19F nucleus The use of 
19F detection ehmmates the dynamic range and spectral crowding problems of ‘H NMR 
observation as it does for the 1-D 19F NMR expenments A further major advantage 
results from the apphcatlon of 2-D ‘H, 19F COSY with 19F detection smce overlappmg 
lH signals (coupled to 19F) from correspondmg protons m very similar metabohtes are 
resolved, due to the spreading of 19F resonances across the fluorine dlmenslon of the 2-D 
NMR spectrum 

This commumcatlon describes the apphcatlon of the 2-D ‘H, 19F COSY experiment to 
the observation of flucloxacllhn (I) and its metabohtes (II-IV, chemical names given m 
Results and Dlscusslon, structures m Fig 1) m rat urme 

Experimental 

Four male, albino rats (CFY stram, Charles River), weighing approx 250 g were 
placed m mdlvldual metabolism cages with food and water freely avadable On the day of 
the experiment, two of the animals, Nos 1 and 2, were given an intravenous bolus 
mJectlon of sodmm flucloxacllhn eqmvalent to 200 mg kg-’ of the pure free acid (dose 
volume 1 ml sterile water kg-‘) The remaining ammals, Nos 3 and 4, were given an 
intravenous mJectlon of sterile water (dose volume 1 ml kg-‘) and served as controls All 
ammals were returned to the metabohsm cages after dosmg Urme was collected du-ectly 
mto mdlvldual COz(s) cooled contamers over penods of O-6 and 6-24 h after dosing 
Samples were stored at -70°C until assayed The concentrations of I-IV m the O-6 h 
post-dose urine of rat No 2 were determmed by 19F NMR [3] and mlcroblologlcal (MB) 
assay [3] to be I, -1700 (NMR), -1800 (MB), II, -230 (NMR), III, -140 (NMR), and 
IV, -100 pg ml-’ (NMR) 

Figure 1 
The structures of compounds I-IV 



FLUCLOXACILLIN METABOLITES 399 

The urine samples for NMR spectroscopy (450 l.~l) were used neat and unfiltered DzO 
(50 ul) was added to act as an internal lock of the magnetic field All NMR spectra were 
acquired on a Bruker AM400 spectrometer equipped with a 5 mm ‘H, r9F dual probe 
‘H and 19F NMR spec tra were obtained at resonance frequencies of 400 13 and 376 50 
MHz, respectively One-drmenstonal 19F free mductron decays (FIDs) were collected 
mto 32K data pomts with a sweep width of 7042 Hz A 0 5 Hz hne-broadenmg function 
was applied prior to Fourier transformation (FT) One-dtmenstonal ‘H FIDs were 
collected mto 32K data points with a sweep width of 5208 Hz, using gated trradratton 
water suppression A 0 3 Hz line-broadening functton was applied pnor to FT 

The ‘H, 19F heteronuclear shift correlated 2-D NMR spectra were obtained using the 
polartzatron transfer expertment of Bax and Morris [6] with broad-band ‘H decoupling 
during 19F acqulsrtton Sweep widths of 7 kHz for 19F (F2) and 2 kHz for ‘H (F,) were 
employed, the 19F FIDs being acquired mto 4K data points Thuty-two scans and two 
dummy scans were collected for each of 128 increments (0 125 ms) of the evolutton time 
A polartzatron transfer time of 84 ms, opttmtzed for nJrrF 6 Hz, and a relaxation time of 
1 s were used The 90” lsF and ‘H pulses were 14 0 and 9 9 us, respecttvely and the total 
acqmsrtton time was 97 mm The raw data was zero-filled, and processed using unshtfted 
sine-bell functrons m both dtmenstons, to give a 2K x 1K matrrx after double IT 

Results and Discussion 

The metabolism of flucloxacrlhn and the rdentrftcatton of the resultant metabohtes 
have been studied by a number of groups [3, 7, 81 The three major metabohtes 
Identified by these workers were (SR)-flucloxacrlhn pemctllorc acid (II) 5’-hydroxy- 
methylflucloxacrlhn (III) and (SS)-flucloxacdhn pemctllotc acid (IV) 

Figure 2 shows the rH NMR spectra of the O-6 h post-dose urme of rat No 2 and that 
of a O-6 h control urine sample from rat No 3 The addrtronal htgh field resonances m 
the post-dose spectrum (arr -1 6-1 0 ppm) have been unambtguously asstgned to the 
gem-drmethyl groups of I, II and IV [3] Even at the htgher field strength of thts study 
(400 vs 250 MHz), resolutron of the gem-drmethyl resonances of III was mcomplete The 
aromatic region of the post-dose urine ‘H NMR spectrum (rat No 2) also showed 
addrttonal resonances (Fig 2) due to I-IV However, these resonances were sublect to 
severe overlap by one another and by the resonances of endogenous compounds such as 
hrppurate and assignment was therefore not posstble 

Ftgure 3 shows the 19F { rH} NMR spectrum of the O-6 h post-dose urine of rat No 2 
Four resonances are clearly observed, free of overlap by any endogenous components 
and of any dynamic range problem (the assignments were confirmed previously by 
“sptkmg” experrments with authenttc materials [3]) The presence of dtscrete resonances 
for I-IV 1s a good mdtcatron of the sensrtrvrty of 19F chemical shifts to remote structural 
change, even 8-10 bonds dtstant This 19F chemtcal shift dtspersron allows the separate 
charactertzatton of the proton resonances connected to each fluorine atom (via scalar 
coupling) by the use of the 2-D rH, 19F COSY experiment From such data the structural 
envuonment of the connected protons m each metabohte can be determmed 

Ftgure 4 shows a contour plot of the 2-D ‘H, 19F COSY NMR spectrum of the O-6 h 
post-dose urine of rat No 2, together wtth the correspondmg F2 (r9F) prolectron and ‘H 
NMR spectrum Each of the four fluorme resonances exhrbtted correlattons to two 
coupled protons These correspond to the protons ortho and meru to the fluorine nuclei 

t3Jw -9 Hz, 4JH,F -6 Hz) The COSY expertment was tuned for “JH,F values of -6 Hz 
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Figure 2 
The 400 MHz lH NMR spectra of (a) the O-6 h unne of rat No 3 (control), (b) the O-6 h post-dose urme of 
rat No 2, (c) the high field expansion of(b) Key 0, I, *, II, W, III, Zzr, IV 



FLUCLOXACILLIN METABOLITES 401 

Figure 3 
The 1-D ‘9 {‘H} NMR spectrum of the O-6 h post-dose unne of rat No 2 Key 0, I, *, II, n , III, *, IV 

(D2 = 84 ms) and thus no correlations were either expected or observed to the para- 
protons (5JH,F -0 7 Hz) The contour plot clearly shows that as a result of the 19F 
chemical shift dlsperslon the otherwise overlapped resonances of the o&o- and me&- 
aromatic protons of I-IV are resolved and freed from interference by endogenous 
component resonances The proton chem!cal shifts of each proton coupled to each 19F 
nucleus m I-IV could thus be obtamed In this particular case, the known metabohtes 
II-IV are all slmllar m structure to the drug flucloxacllhn (I) m the fluorme-contammg 
aromatic rmg Thus, the protons coupled to the 19F nucleus exhibit similar chemical 
shifts For unknown metabohtes the ability to obtam mformatlon on the chemical 
environment of protons m the vlcmlty of the fluorine label could be crucial m a structure 
determmatlon Two-dlmenslonal ‘H, 19F COSY NMR 1s a powerful tool with which to 
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Figure 4 
(a) A contour plot of the 2-D ‘H, ‘9 COSY NMR spectrum of the O-6 h post-dose urme of rat No 2 The 
dotted lines trace out the connectlvlty between each fluorme and the ortho- (6, -7 25) and mela- (6, -7 55 
ppm) protons to which It IS coupled (b) The 19F (M) prolectlon of the 2-D spectrum (c) The correspondmg 
400 MHz I-D, ‘H NMR spectrum Key 0, I, *, II, W, III, *, IV 

obtain this mformatlon since metabohtes can be observed with good sensitivity (w r t ‘H 
NMR) m complex bloflmds with no mterference from endogenous component lH 
resonances 

Conclusion 

Two-dlmenaonal ‘H, 19F correlation spectroscopy has been shown to be a powerful 
technique for the detection and characterlzatlon of flucloxacllhn and its metabohtes m 
rat urme The methodology described has considerable potential m studies of the 
metabolism of other fluorinated drugs 
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