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A safer methylation procedure with boron 
trifluoride-methanol reagent for gas 
chromatographic analysis of ritalinic acid in urine 
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Abstract: Ritalinic acid (RITA), the major metabolite of methylphenidate (Ritaline@) is extracted with a solid-phase C8 
column. Following elution, methylation of the carboxylic group is performed with boron trifluoride-methanol as a 
reagent. The methyl ester of RITA which structurally corresponds to the parent compound methylphenidate is re- 
extracted at pH 9-11. Each step of the analytical method has been systematically studied, particularly the parameters 
governing the esterification reaction with BF,-methanol. The recovery from the overall method is 96%. The limit of 
detection is 0.05 pg ml-’ with GC-NPD for a lo-ml urine sample. The method has been successfully applied to the 
detection and quantitation of RITA in urine specimens. The specificity of the methylated RITA peak has been verified by 
GC-MS in scan mode. Use of diazomethane or sulphuric acid is thus replaced by the use of a less hazardous reagent. 
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Introduction 

Methylphenidate [Ritaline@, methyl-a- 
phenyl-(Zpiperidyl) acetate] is a sympatho- 
mimetic amine used for the treatment of 
hyperkinetic children [l-3] and against mild 
depression [4, 51. The psychostimulant effect 
of methylphenidate (MEP) is similar to that of 
the amphetamines and its abuse has been 
observed in adult groups because of wide- 
spread clinical use [6]. MEP is rapidly meta- 
bolized in the body with 80-90% of the dose 
excreted in urine as non-conjugated ritalinic 
acid (RITA), 2.5% as oxo-methylphenidate 
and 5% as p-hydroxymethylphenidate [7, 81. 
Less than 1% of MEP is excreted unchanged in 
the urine of hyperkinetic children [9], although 
this may be enhanced by acidosis. 

Because of the hydrosolubility of the mol- 
ecule, RITA cannot be extracted from urine by 
the commonly used organic solvents. This may 
explain why MEP abuse is not detected more 
frequently in drug screening programmes. 
RITA in urine can be determined by gas 
chromatographic (GC) methods following salt- 
ing out liquid extraction [9] or solid-phase 
extraction [lOI and methylation of the 

carboxylic functional group of RITA convert- 
ing it back to the parent compound MEP. The 
methylation reaction is carried out with diazo- 
methane [9] or with methanol and concen- 
trated sulphuric acid [ 10, 111. 

Both diazomethane and concentrated sulph- 
uric acid are hazardous. Diazomethane is a 
powerful irritant for the skin and the eyes, and 
can cause cutaneous and pulmonary hyper- 
sensitivity upon acute and chronic exposure 
[ 121. Its IDLH level (immediately dangerous to 
life and health) is low (10 ppm or 20 mg mm3) 
and it is a potential carcinogen. The exposure 
limit to diazomethane is 0.4 mg me3 for an 8-h 
work shift. Furthermore, diazomethane can 
cause severe explosions. The hazardous nature 
of concentrated sulphuric acid is well known 
with its risk of burns to the skin and the eyes. 

This paper describes the development of an 
improved analytical method for the determi- 
nation of RITA in human urine. The method 
employs a new clean-up scheme and a safer 
methylation technique using the ready-made 
boron trifluoride-methanol reagent. The 
methylated RITA is suitable for both quali- 
tative screening by thin-layer chromatography 
and quantitative determination by GC. 
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Materials and Methods 

Reagents and materials 
All solvents used were analytical grade from 

Merck. Methanol and chloroform were re- 
distilled. HPLC quality water was used. 

Pure MEP and RITA were gifts from Ciba- 
Geigy (Basel, Switzerland) for use as stan- 
dards. Stock solution of MEP was prepared in 
methanol at 1 pg $I. RITA was in aqueous 
solution at 1 pg kl-‘. Diphenylamine of >99% 
purity was used as internal standard (Fluka, 
Buchs, Switzerland) at 0.5 kg PI-’ in chloro- 
form. 

BF3--methanol reagent (12% by wt) was 
purchased from Supelco and kept refrigerated 
in Mini-Vials (Alltech No. 95050) in 5-ml 
fractions. Mini-Vials (3 ml) used for collection 
of eluate, esterification reaction and liquid- 
liquid re-extraction were purchased from 
Alltech (No. 95030). The Mini-vials were 
screw-capped with 18 mm TFE-lined silicone 
rubber septa (Alltech No. 95302) for maximum 

tightness. The Reacti-Vap evaporating 
accessory and Reacti-Therm heating module 
were obtained from Pierce Chemicals. 

Disposable Cs solid-phase columns (3 ml per 
500 mg sorbent weight) were purchased from 
Baker. A stock drug-free urine was provided 
by a smoker (one of us). It was chosen to assess 
the potential interference by nicotine since 
many of the specimens for drug analysis in 
urines are from smokers. 

Gas chromatography with NPD andlor FID 
A Hewlett-Packard 5890 GC equipped with 

dual NPD/FID was used. The detectors are 
respectively connected to CP-Sil 8 CB and CP- 
Si15 CB, 25 m X 0.32 mm capillary columns in 

the same oven. By means of a two-hole 
graphite ferrule, the two columns are intro- 
duced in the same injector. A temperature 
programme of 120 to 155°C at a rate of 1.5”C 
min-’ was used. After 1 min at 155°C the 
temperature was raised to 280°C at 30°C min-’ 
and maintained for 10 min to purge the 
columns. The nitrogen flow rates on both 
columns were 1.3 ml min-‘. Conditions for 
NPD were: 3 ml hydrogen, 77 ml air, 17 ml 
nitrogen make-up gas. Conditions for FID 
were: 34 ml hydrogen, 440 ml air, 28 ml nitro- 
gen make-up gas. The temperatures for both 
detectors and injector were 300 and 28O”C, 
respectively. Split ratio, 1:lO. 

Sample preparation procedure 

Conditioning of the C, column. The column 
was eluted with 2 x 3 ml methanol followed 
by 2 x 3 ml water. The columns were not 
allowed to dry. 

Solid-phase extraction of RITA. Ten milli- 
litres of urine were introduced into the Cs 
column and the flow rate adjusted so that it 
took about 4 min to pass the specimen through 
the column. The column was rinsed with 5 ml 
water, dried for 5 min under full vacuum and 
centrifuged for 10 min at 3000 rev min-‘. 

Elution of RITA. The RITA was eluted into 
a 3-ml Mini-Vial by pushing 3 ml of MeOH- 
glacial acetic acid (99.9:O.l) slowly through the 
column with a plunger and evaporated to 
dryness at 60°C under nitrogen. 

Methylation with BF3-methanol. One milli- 
litre of BF,-methanol reagent was added, the 
vial stoppered carefully and incubated in an 
air-circulated oven at 90°C for 4 h. After the 
vial had reached the oven temperature (15 
min), it was rapidly vortexed for 5 s at hourly 
intervals. At the end of incubation, the vial was 
cooled to roo’m temperature and the reaction 
stopped by adding 0.5 ml of water. 

Liquid-liquid re-extraction of methylated 
RITA. The reaction solution was made 
alkaline (pH 9-11) by adding 0.3 ml NaOH 
37% then 1 ml chloroform and vortexed for 1 
min. The mixture was centrifuged for 3 min at 
1000 rev min-’ and 60 ~1 of diphenylamine was 
added. The organic phase was quantitatively 
transferred to a Mini-Vial and evaporated to 
dryness under nitrogen and brought to 100 t_~l 
final volume with chloroform. 

Results 

Methyfation yield with BF,-methanol. Influ- 
ence of temperature and reaction time 

Orientation experiments showed that the 
esterification of RITA by BF,-methanol to the 
parent compound MEP requires more drastic 
conditions of temperature and time than the 15 
min at 50°C reported for other compounds 
[13]. Temperatures from 60 to 110°C were 
studied for a 2-h reaction time in the vial. The 
esterification yield was still very low at 7O”C, 
and even at 9O”C, only 85% of RITA was 
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converted. At 110°C there is risk of over 
pressure from the gas phase reagent inside the 
vial upon heating and subsequent leakage by 
the Teflon lined-septum. For this practical 
reason, the temperature of 90°C was chosen to 
study the required time to complete the re- 
action. The amount of BF3--methanol reagent 
used in the procedure was sufficient for the 
methylation of 100 kg of RITA in the vial. 
Five experiments were repeated at each time 
with a relative standard deviation (RSD) 
~8%. A plateau is observed between 4-5 h 
(Fig. 1). The determined yield of esterification 
is 97% + 7 (N = 8) at 90°C and 4 h incubation 
time. 

Recovery studies 
The recovery studies were carried out by 

spiking lo-ml volumes of drug-free urine with 
5 u.g of RITA per ml. The steps of interest 
were then conducted in each case. The re- 
covery of RITA from urine after the solid- 
phase extraction with the Cs column is 
100% + 8 for N = 3 experiments. The re- 
covery of methylated RITA from the liquid- 
liquid re-extraction step with chloroform was 
assessed by spiking an aqueous BF,-methanol 
solution at various pH values from 9 to 14 with 
standard methylated RITA. The extraction 
yields of methylated RITA by chloroform at 
pH values 9-12 were nearly quantitative (N = 
2). pH does not have much influence on the 
extraction efficiency but a slight drop is ob- 
served with pH over 12 (Fig. 2). Overall 
recovery of RITA throughout the whole pro- 
cedure has been determined in N = 9 repeated 
experiments. The overall recovery of the pro- 
cedure is 96% + 9. 
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Figure 1 
Optimization of esterification yield of RITA versus re- 
action time and temperature. 
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Figure 2 
Influence of pH range on the re-extraction recovery of 
methylated RITA 

Chromatography 
Quantitative determination is made with 

capillary GC-NPD relative to diphenylamine 
added to the final solution to eliminate in- 
jection error. This procedure is acceptable 
since the overall recovery of the procedure 
approaches 100%. The linearity of the cali- 
bration curve was studied by spiking lo-ml 
volumes of drug-free urine with standard 
RITA at various concentration levels from 0.5 
to 7.5 kg ml-‘. The linearity of the area ratio 
of methylated RITA relative to diphenylamine 
as a function of concentration is shown in Fig. 
3. The equation of the regression line is Y = 
0.4674X - 0.0071. The sensitivity of the NPD 
to methylated RITA (i.e. MEP) was 1 ng at a 
signal to noise ratio of 10. The practical limit of 
detection of the method was 50 ng of RITA 
per ml urine in the conditions adopted. Using 
the FID, the limit of detection was 100 ng. 

The method was applied to a few urine 
samples suspected to contain MEP due to drug 

Figure 3 
Nitrogen phosphorus detector response to increasing 
concentrations of methylated RITA extracted from urine. 
Area ratio of methyiated RITA to internal standard 
diphenylamine. 
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NPD FIO 

Figure 4 
NPD and FID chromatographic profiles of a MEP positive urine extract. (NPD Att.X6 and FID Att.X4.) 

abuse. The NPD and FID chromatograms of a 
positive MEP sample are presented in Fig. 4. 
The peak is equivalent to 120 ng of methylated 
RITA corresponding to 1.2 kg ml-’ in the 
urine specimen. The presence of nicotine and 
its metabolite cotinine indicates that the sub- 
ject was a smoker. 

Discussion 

The mechanism of ester formation from 
alcohol and carboxylic acid in the presence of 
an electron-pair acceptor like BFs has been 
described [ 141. Esterification by BFs-meth- 
anol can be rapid and has found applications in 
pesticide analysis, fatty acids and nitrosoamino 
acids [ 131. The BF3-methanol esterification 
method has not been studied by others for the 
analysis of RITA in urine. The commercial 
availability of BFs-methanol as well as the less 
hazardous character of the reagent led us to 
investigate the conditions for methylation of 
the carboxylic functional group in the RITA 
molecule. The reagent presents the advantage 
of a long shelf life (6 months), in contrast to 
diazomethane which should be freshly pre- 
pared. 

The sample preparation within the method is 
convenient since transfer of solutions is 
limited, although potential problems with the 
methylation process are the long incubation 
time and possible leakage. Several types of 
septa have been tested for the tightness of the 
3 ml reaction Mini-Vials to ensure no gas 
leakage when BFs is brought to 90°C during 
4 h. The TFE-lined silicone rubber septa pro- 
vided the highest efficiency and safety. In the 
final stage of the procedure outlined, methyl- 
ated RITA is recovered in chloroform and 
appears to be stable. Hydrolysis of the methyl- 
ester is not apparent since the results with 
extracts injected the day after the preparation 
showed the same profile. 

Because of the hydrophylic properties of 
RITA, an extraction with classical organic 
solvent would not yield good and consistent 
recovery. The clean-up procedure described in 
this paper is different from the previous 
column extraction techniques which uses C,s 
and has a reported detection sensitivity of 
31 t_t.g ml-’ [lo]. Quantitative recovery is 
obtained with Cs column and, moreover, 
better purification and enrichment results in 
high signal to noise ratio as shown by the 
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chromatogram baseline. This laboratory is 
equipped with a GC where two capillary 
columns of different polarities are permanently 
mounted onto two detectors, NPD and FID, 
respectively [15]. This facility provides more 
confidence and reliability in routine results but 
the use of two detectors is not a necessity of the 
method. The efficiency of the clean-up scheme 
allows the use of either detector but NPD is 
preferred for its better specificity. The absence 
of interfering substances at the retention time 
of the methylated RITA peak and its definite 
identity have been verified by injection of the 
urine extract into a GC-MS system (Finnigan’s 
ITS40). The mass spectrum is similar to that of 
reference MEP, and mass chromatograms 
exhibit no mass fragment at the retention time 
of methylated RITA. 
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