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SUMMARY 

ZNaphthacyl derivatives of barbiturates are formed in acetone at 30” within 
30 miu, in an essentially quantitative manner, using caesium carbonate as a catalyst. 
These derivatives absorb W radiation strongly at 254 nm. Using a variable-wavelength 
detector set at 249 nm, 1 ng of PrT,N-dlnsph~cylphcnobarbit~ could be detected 
after chromatography using a high-performance liquid ohromatograph equipped with 
a microparticulate reversed-phase column. This derivatization technique has the 
potential of allowing the determination of barbiturates, in small plasma or serum 
samples, in concentrations well below the rhcsapeu:.ic range. 

INTRODUffION 

Many W detectors used in high-performance liquid chromatography (HPLC) 
are single-wavelength detectors, most often operated at 254 run. At this wavelength 
the barbiturates show too low a natural absorption (in their un-ionized form) to 
permit a sensitive determination of these compounds by HPLC. Sensitive methods 
are needed, for exampIe, for monitoring plasma levels of barbiturates when limited 
sample volumes are available. 

A considerable increase in the W absorption of barbiturates can be achieved 
by postcolumn ionization caused by -the infusion of an alkaline btier solutionz. This 
requires special equipment, which is not commonly available in routine laboratories. 
Another means of overcoming the problem is pre-column labelling of the barbiturates 
with a suitable chromophore. Alkylating agents based on phenacyl or naphthacyl 
groups have been utilized to improve the W response of several classes of carboxylic 
acids2*_ The derivatization reaction is usually carried out in a non-aqueous medium 
(such as acetonitrile or acetone) in the presence of an alkaline catalyst (such as N,N- 
diisopropylethylamine2~s~7 or a crown ethe&6*s~9. In the present investigation the 

* Unsent address: R$ainstituut voor de Vokgerondheid, Stersenbos .l, 3511 ES Utrecht, 
The Netherlands. 
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suitability of a-bromo-2’-acetonaphthone (2-naphthacyl bromide) was tested for the 
alkyIation of barbiturates. 

The barbiturates were obtained from different commercial sources and were 
used without further purification. 2-Naphtbacyl bromide (NPB) from Aldrich-Europe 
(Beerse, Belgium) was rectystallii twice from ethanol. Caesium carbonate (reinst) 
was purcbasecl from Merck (Darmstadt, G.F.R.) and was dried and finely powdered 
before use. Acetone, chloroform, methanol and glacial acetic acid were of p.a. grade 
(Merck); the acetonitrile (UY grade) was also from Merck. N,N-Dimethylacetamide 
(puriss.) was obtained from Fluka (Buchs, Switzerland). N,N-Diisopropylethylamine 
(zur Synthese, Merck) was distilled before use. Distilled water was used throughout. 

Derkatizaiion procedure 

A 5%~1 volume of a barbiturate solution in acetone (0.0242 mg/mi was 
placed in a glass-stoppered centrifuge tube with the conical end drawn to a fine point, 
and mixed with 50 .ul of NPB solution in acetone (0.4-l .6 mg/ml)_ Caesium carbonate 
(%iO mg) was added and the tube was placed in a water-bath at 30”. After deriva- 
timtion, 50~1 of glacial acetic acid were added and the contents of-the tu’be were 
mixed until all of the caesium carbonate had dissolved. An aliquot of the resulting 
solution was injected into the liquid chromato,mph. In derivatization experiments 
at higher temperatures, the reagent mixture was heated in a closed 8 cm x 3 mm I.D. 
gI2ss capillary. 

The NPB derivatives of phenobarbital ]PB(NPB),] and amobarbital [AB- 
(NPBj,] were prepared on a larger scale for the purpose of structure elucidation by 
mass and 13C NMR spectrometry. Barbiturate (2 mmol) and NPB (4 mmol) were 
dissolved in 250 ml of acetone; caesium carbonate (10 mmol) was added aud the 
mixture was stirred for 18 h at room temperature. After filtration, the acetone in the 
filtrate was removed under reduced pressure. The residue was taken up in 10 ml of 
chloroform and the resulting solution was placed in the sample reservoir of a Chro- 
matospac Prep 100 preparative liquid chromatograph (Jobin Yvon, Longjumeau, 
France) equipped with a vari&le-wavelength UV detector. After elution with 
chloroform-methanol (99.5:0.5) through a column containing 100 g of silica gel 
(Kieselgel H nach Stahl, Merck), the appropriate fractions of the eluate containing 
the pure naphthacyl derivative were evaporated under reduced pressure. Upon 
injection into the highperformauce liquid chromatograph (for conditions, see below), 
the thus purified derivatives of phenobarbital and amobarbital yielded a single peak 
in the chromato,m A single spot appeared on a 0.21mm silica gel FW plate 
(5 x 10 cm, Merck), developed with chloroform-methanol (99:1) for the derivatives 
of phenobarbital and of amobarbital. 

About 500 pg of +&e uaphtbacyl derivative of mephobarbital was obtained by 
repez&d injections into the highperformauce liquid chromatograph (for conditions, 
see below) of the derivatization mixture of 5 mg of mephobarbitaJ, 5 mg of NPB 
and 5 ~1 of N,N-diisopropylamine in 2 ml of acetonitrile (5 h at 60”) and subsequent 
evaporation of the appropriate fractions of the eluate. 
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High-perfommce Liquid chromatography 
Analyses were conducted with a 6000 A solvent delivery system, a U6K injector, 

a @ondapak Crs column (30 cm x 4 mm LD.j, all from Waters Assoc. (Milford, 
Mass., U.S.A.), and a Rye Unicam LC3 variable-wavelength detector, set at 249 run. 
The eluent was 80% (w/w) methanol in water, passed through a 0.2~pm filter and 
deaerated ultrasonically, usually at a flow-rate of 2 ml/min. Chromatography was 
performed at ambient temperature. 

WV spectra 
UV spectra were run in 80% (w/w) methanol in water in a l-cm cell OQ a Cary 

Model 118 spectrophotometer. 

Mass spectra 
An AEI-MS 902 mass spectrometer was used. The ionizing current and voltage 

were 100 PA and 70 eV, respectively, for the recording of electron-impact spectra. 
All samples were introduced through the direct insertion probe and the spectra were 
recorded at a probe temperature of 160” for mephobarbital, 200” for amobarbital 
and 230” for phenobarbital. 

13C AJMR spectrometry 
A Varian CFT-20 spectrometer was used to record 20-M& 13C NMR spectra 

using CDCI, as the solvent. -_.. 

RESULTS AND DISCUSSION 

In order to verify the structures of the derivatives of phenobarbital, amo- 
barbital and mephobarbital, their mass spectra were obtained (Tab!e I). The molec- 
ular weights of the derivatives of phenobarbital and amobarbital (568 and 562 
a-mu., respectively) are consistent with the introduction of two naphthacyl groups. 
Mephobarbital, an N-methylated barbiturate, yielded a derivative with a molecular 
weight (414 a.nu.) that is indicative of the introduction of one naphthacyl group. 
Most fragments of the three compounds could be explained as occurring by standard 
proCeSSeS. 

TABLE 1 

PARTIAL ELEmRON-IMPACT MASS SPECTRA OF THE NAPHTHACYL DERIVATIVES 
OF PHENOBARBITAL [PB(NPB)J, AMOBARBITAL [AB(NPB)z] AND MEPHOBARBITAL 
[MBNPB] 

corqwund m/e end (relntive abunrturce, 9;) 

PB(NPB), 
AB(NPB)2 
MBNPB 

568(7); 399(S); 174(2); 168(5); lSS(lO0); l&(7); 127(48); 117(6) 
5620); 393(3); 170(l); X8(3); 15.5(100); 127(22) 
414613); 168(2); 155(10@); 127(26); 117(2) 

The 13C NMR spectra of the three compounds proved that the N-substituted 
naphthacyl derivatives of the barbiturates had been formed (the estimated shifts for 
the a-carbon atom of N-naphthacyl and 0-naphthacyl are 49 and 70 ppm, respec- 



Fig. I. U’i absorption spectra of 7.Opmof/l solutions of N,N-dinaphthacyIphenobarbitai and of 
phezolxrbital in 80% (w/w) methanol in water (the Iower spectrum belongs to phenobarbital). 

tive1y; 2 shift of 48 ppm was measured). The i.,,, of PB(NPB), was 249 nm, with a 
molar absorptivity of E = 115,000, which means about a .%I-fold increase in absorp- 
tion compared with phenobarbital (Fi g. 1). Good chromatographic properties of the 
naphtha& derivatives of the barbiturates were observed using a reversed-phase column 
and methanoI-water as the eIuent. Fig. 2 shows a chromatogram of six barbiturates 
after derivatization with NPB. The retention volumes and the capacity factors of al1 
derivatized compounds investigated in this study are summarized in Table II. As 
expected, the derivatives of the N-methylated barbiturates, mephobarbital and hexo- 
barbital, efuted first, king Iess lipophilic than the compounds with two naphthacyl 
groaps. The order of elution of the derivatives of related barbiturates - barbital, 
butobarbital, amobarbital, pentobarbital and secobarbital -was also clearly deter- 
mined by the relative lipophilicities of the parent compounds, the derivatives of 
the less li_pophilic compounds being eluted first_ 

Portions of 10~1 of solutions of PB(NPB), in methanol, at concentrations rang- 
ing from 0.20 to 100 mg,/l, were injected into the liquid chromatograph- The ratio of the 
mean peak height to the concentration was found to be constant (within experimental 
error) in the investigated concentration range (Table III), indicating that the detector 
response was linear up to at least 1 pg of PB(NPB)t injected. About 1 ng of PB(NPB), 
could be detected under the experimental conditions (signal-to-noise ratio 2-3). 
Modem single-wavelength detectors, monitoring the W absorbance at 254 nm, have 
an even better signal-to-noise ratio than the variable-wavelength detector used in l Lhis 
study. With such a single-wavelength detector it might be possible to detect sub- 
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Fig. 2. High-performance liquid chromatogram on a llrBondapak Czs column of barbiturates (each 
about O-03 mgjml) after derivatization with NPB (OS mg/ml in acetone) and caesium carbonate. 
Flow-rate, 2 mllmin; chart speed, 0.5 cm/m& sensitivity, 0.16 a.u.f.s. Peaks: I = hexobarbital; 2 = 
heptobarbital; 3 = phenobarbital; 4 = butobarbital; 5 = amobarbital; 6 = peutobarbital. 

nanogram amounts of PB(NPB),, despite the lower molar absorptivity of the com- 
pound at 254 nm than at 249 run. 

The peak heights of injected PB(NPB), were very reproducible, de,pending 
only on concentrations and not on volumes injected in the range 5-20 ,A The coef- 
ficient of variation for eight replicate IO-~1 injections containing 100 ng of PB(NPB), 
was 1.3%. ; 

T_4BLE II 

FGTENTION VOLUMES (V. AND CAPACLTY FACTORS (k’) OF DERIVA-FIZED EAR- 
BITURATES 

CORpOZOd No. of napktkacyigroups Vi.~d. k 

Mepholsarbital 
Hexobarbit2l 
Heptobarbital 
Barbital 
Pheuobarbital 
Butobarbital 
Amobarbital 
Pentobarbital 
Secobarbital 

6.3 1.17 
6.5 1X 
8.4 1.90 
9.8 2.38 
9.9 2.41 

13.7 3.72 
16.0 4.52 
17.5 5.03 
19.0 5.55 
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TABLE III 

PEAK HEIGHTS OF N.N-DINAI’THA CYL PHENOBARBITAL fPB(NPBbJ AFFER HPLC 
OF SOLUTIONS OF VARYING CONCENTRATION 

G?Jrceiarurrion Semifivity of detector Peak heighr’ Peak height QZ Peak keigkt 
(nkoll) 1a.u-fs.f t-4 O-02 a-u_ fs. (0.02 a.u_ff_))l 

CoRcenmrion 

020 0.02 0.68 
I.00 0.02 3.45 

10.0 O_OS 8.38 
1’00 0.64 10.44 

* Each value is the mean of three determtitious. 

0.63 3.4 
3.45 3.45 

33.5 3.35 
334 3.34 

The derivatization of phenobarbital with NPB was investigated at temperatures 
r,anging from room temperature to 80”, with N,Nd.iisopropyIamine and caesium 
carbonate as cata!ysts, and acetone, N,N-dimethylacetamide and acetonittile as the 
solvents. Elevated temperatures were necessary for the complete derivatization of the 
compounds with diisopropylamine. Acetone, in conjunction with caesium carbonate, 
was found to be an excellent medimm for the derivatization of the barbiturates at 
temperatures no higher than 30”. 

After derivatization, the reaction was stopped by the addition of glacial acetic 
acid in order to prevent the degradation of NPB into potentially interfering com- 
pounds. The percentage of phenobarbital converted into its N,N-dinaphthacyi 
derivative was investigated uude: varying conditions, using the previously prepared 
PB(NPB)2 as the external stamkd. The results are summarized in Table IV.Pheno- 
barbital, at a concentration of 0.05 mg/mi, was almost completely derivatized at 30” 
within 30 min with a 0.2 mg/mi NPB solution. The conversion of the other barbiturates 
into their naphthacyi derivatives was also investigated. All compounds, at concen- 
trations up to 0.1 mg/mi, were completely derivatized within 30 min at 30” when using 
a 0.8 mg/ml NPB solution in acetone with caesium carbonate as the catalyst. 

Recentiy, a sensitive HPLC method for the determination of some barbiturates 
(and related compounds) in serum has been reported*O. After extraction of the serum 
with chloroform, the compounds were chromatographed on a reversed-phase column, 

TABLE IV 

DERIVATISATION OF PHENOBARBITAL WlTH Z-NAPHTHACYL BROMIDE (NE’B) 

NPB concentration Phenobarbital concentration 
(mg!d (m&n4 

02 
02 
0.8 
02 
03 
0.8 
0.2 
0.8 
0.2 

0.05 
0.05 
0.10 
o_os 
0.01 
0.10 
O-05 
0.10 
0.05 

linie (rnin) Conversion (“/al 

3o” 80” 

10 72 loo 
20 89 
20 92 
30 97 
30 100 
30 loo 1cO 
40 104) 
40 100 
50 100 
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without derivatization, with IS% acetonitrile in water, and were detected by UV 
absorption at 195 run_ In our experience considerable interference in the chromato- 
grams by endogenous compounds in the serum or plasma can occur after a single 
extraction step, particularly when detecting at low wavelengths and when using low 
methanol or acetonitrile concentrations in the mobile phase. With the described 
derivawtion procedure the barbiturates are converted into products that can be 
detected at 254 run. At this wavelength, contrary to detection at 195 run, methanol 
cap be used as the co-solvent in the eluent instead of the very expensive UV-grade 
acetonitrile. A high methanol concentration (SO%, w/w) must be used in order to 

elute the NPB derivatives. 
Interferences in the chromatograms caused by underivatized compounds in the 

serum or plasma are therefore unlikely. Acidic compounds, particularly higher fatty 

acids, which are extracted from the plasma by organic solvents and are derivatized 
by NPB, might be a source of interference_ However, the naphthacyl derivative of 
pahnitic acid did not elute even after 3 h with 80% (w/w) methanol in water at a 

flow-rate of 2 ml/m@ using pure methanol as the eluent the main peak of the 
naphthacyl derivative was eluted after 6 min (flow-rate 1 ml/min). 

The derivatization of barbiturates as described above might form the basis 

of a very sensitive method for the determination of these compounds in minute plasma 
or serum samples. For instance, the therapeutic range of phenobarbital in plasma is 
15-l0 &ml’i. If a minimal amount of 5 ng per injection (signal-to noise-ratio 10) 
can be determined with acceptable precision, and 50% of the entire sample extract 
after derivatization is injected, then a plasma phenobarbital level of 0.4 pg/ml could 
be determined in plasma samples of 10 ~1. 
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