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SUMMARY 

A new derivatization technique for tertiary amines has been developed. The 
amine is extracted at ambient temperature after addition of sodium iodide with meth- 
ylene chloride containing an aryl chloroformate ester. By use of two new reagants. 
2.4-dichlorophenyl and pentafluorophenyl chloroformate, the carbamates formed 
have high electron-capture response. The derivatization is rapid, often completed 
within 5 min. Amitriptyline was determined down to 6 ngjml directly in a spiked 
plasma sample. A method for selective derivatization of a tertiary amine in the pres- 
ence of the corresponding secondary amine is given. 

INTRODUCTION 

Numerous methods for the quantitative analysis of tricyclic antidepressants 
e.g. amitriptyline (AIMI) and related compounds have been published’. Electron- 
capture gas chromatography (GC) has been used to a rather limited extent. probably 
due to the fact that the derivatization step is often very time-consuming2_ 

Derivatization of tertiary amines with trichloroethyl chloroformate (TCE) to 
carbamates with excellent GC performance and high electron-capture response has 
been reported previously’*3. 

Most of the methods for trace analysis of compounds in complex aqueous 
matrices, e.g. plasma, are laborious and involve several extraction steps before the 
final assay’. Furthermore, precautions against adsorption losses during the extrac- 
tions are often necessary but not always successfulJ*s. 

A technique for rapid quantitative determination of tertiary amines in bio- 
logical material after derivatization with chloroformate esters has recently been re- 
ported6. The plasma sample is extracted with an organic solvent containing a chloro- 
formate ester. Extraction and derivatization therefore occur in the same procedural 
step. In such an approach, adsorption losses should be of minor importance. Further- 
more, the combined extraction and derivatization procedure can be performed at 
neutral or slightly acidic pH which is advantageous when dealing with compounds 
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unstable at high pH, e.g. phenothiazines’_ The procedure given in ref. 6 could, how- 
ever. be applied only to compounds containin, 0 benzylic or allylic groups at the 
nitrogen atom. 

This study presents a further development of the derivatization technique, 
which makes the method applicable also to N-methyl substituted tertiary amines. 
Reaction conditions for determination of amitriptyline in presence of plasma are 
given. 

E?CPERIME?ii_AL 

Apparatrrs 
Gas chromatograph_v. A Pye Unicam gas chromatograph Series 106 equipped 

with a flame ionization detector was used for evaluation of reaction conditions_ 
Lovv concentration analysis was performed with a Hewlett-Packard 5710 A gas 

chromatograph equipped with a 63Ni electron-capture detector_ Argon with 57, of A 
methane was used as carrier gas (flow-rate 30 mljmin). 

The glass columns ( 120 x 0.18 cm I-D_) were filled with 3 7; OV-17 on Gas- 
Chrom Q. 100-120 mesh, and operated at 3lO’C for analysis of AM1 as the 2.4 
dichlorophenyl carbamate. 

Mass spectrometri__ An LKB 9000 mass spectrometer was used with an ioniza- 
tion ener_q of 70 eV. The compounds were introduced by GC using a column as 
above. 

Chemicals ami reagents 
Methylene chloride and trichloroethyl chloroformate (TCE) (Ega-Chemie, 

G.F.R.j vvere distilled before use, the latter in vacua. Toluene UvasolR (E. IMerck. 
G.F.R.) was used as recieved. 

2.4Dichlorophenyl chloroformate (DCP) and pentafluorophenyl chlorofor- 
mate (PFP) were synthesized from 2,4_dichlorophenol (Fluka. Switzerland) and 
pentafluorophenol (Fluka), respectively, by treatment with 20 “/:, phosgene in toluene 
(Fluka) according to the general procedure described in ref. 7. Assay gave a content 
of 9s :; for DCP and 96 y0 for PFP. Alcoholic alkali was prepared by dissolving 2.8 g 
of potassium hydroxide in 75 g of methanol and 25 g of distilled water. All other 
chemicals were of analytical grade. The identity of all derivatives was confirmed by 
mass spectral analysis. 

Evulrrutiol~ of reaction conditions. The amine (5 - 1 O-‘&i) was dissolved in phos- 
phate buffer pH 6.0 (p = 0.2. unless otherwise stated) containing sodium iodide. The 
appropriate chloroformate ester was dissolved in methylene chloride containing the 
internal standard. Equal volumes (2.00 ml) of aqueous and organic phases were 
shaken in centrifuge tubes at 2O’C. The reaction was quenched by addition of 5 ml of 
0.2 .\I sulphuric acid. 

The peak area ratio to the internal standard derivative was calculated. The 
absolute yield was determined by a comparision with peak area ratio obtained with a 
reference sample containing known amounts of the derivatives. 

The internal standards were: desmethyl-2chloroimipramine for AMI. nortrip- 
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tyline (NTP) for 2-chloroimipramine (CIM) and 4-phenyl-1,2.3.6-tetrahydropyridine 
for pethidine. 

Determhation of amitriptylitre in spiked plasma samples. Plasma ( 1 .O ml) in a 
small centrifuge tube (8 ml) is mixed with 1.0 ml of a phosphate buffer solution pH 6.0 
(,u = 0.2) containing AMI (685 ng/ml), CIM (35 ng/ml) and sodium iodide (1.0 &f) 
and 2.0 ml 3 - 10e3 A4 solution of DCP in methylene chloride. The mixture is shaken 
for 10 min at 20°C. 

The tube is centrifuged for 2 min, and the organic phase is transferred to 
another extraction tube containing 0.5 ml of toluene. The organic phase is reduced to 
L’U. 0.5 ml by evaporation. Alcoholic alkali (0.5 ml) is added and a homogenous 
solution is obtained_ After 5 min. 2 ml of 2 M sodium hydroxide is added and the tube 
vigorously shaken for 30 sec. A few microlitres of the organic phase is taken to 
analysis and quantitated by peak area measurements_ 

Determimtiorz oj amitr_iptGle itr presence oj nortriptylitle. A 2.0-ml volume of a 
phosphate buffer solution, pH 6.0, containing AlMI (90 ng/ml), CIM (102 ngjml) and 
NTP (1100 ng/ml) is mixed with 2.0 ml of a 4 - lo- 3 &I solution of TCE in methylene 
chloride. The mixture is shaken for 5 min, then 0.5 ml of 2.5 &f sodium iodide and 0.5 
ml of 1.5 - lo-’ J4 DCP in methylene chloride are added and the tubes are shaken for 
10 min. The organic phase is treated as above. 

RESULTS AND DISCUSSION 

Reaction principles ill two-phase systems 
The aqueous phase containing the amine is extracted with an organic solvent. 

e.g. methylene chloride containing the chloroformate ester. In the organic phase. the 
amine base reacts with the reagent initially to an intermediate chloride ion pairs. The 
intermediate ion is distributed between the two phases and reacts with nucleophiles 
present. e.g. halide ions, to give a carbamate and an organic chloride (Fig. I_ path I). 
The intermediate ion can also react with water in both phases, giving the original 
amine (path II)6~“*“. A further reaction pathway involves a nucleophilic attack on the 
alkosy part of the intermediate ion. In such a reaction. an alkyl halide and the 
original amine would be formed (path III)‘O. 

N-Methyl tertiary amines do not react with alkyl chloroformate esters such as 
TCE at ambient temperature to give carbamates’ as is the case for benzyl- or allyl- 
substituted tertiary amines 6. This might be due to extensive reactions according to 
both reaction paths II and III. A reaction according to path III should be of less 
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Fig. 1. Reaction pathways for the intermediate ion. R,N, tertiary amine: ClCOO!?. chloroformate ester; 

R,NCOOi?‘, intermediate ion; R,NCOOl?. carbamate. 
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importance if an aryl chioroformate ester is used”. However, the hydrolysis reaction 
is not eliminated and this leads to consumption of the reagent with a concomitant 
liberation of hydrogen chloride. This wi11 give a decrease in pH, which in turn will 
increase the ion-pair distribution of the amine to the organic phase and, as a resu!t, 
lower the reaction rate for carbamate formation. 

If an aryl chloroformate ester, such as DCP or PFP, is used in combination 
with a strong nucleophilic agent like iodide ion6. reaction pathways II and III are 
strongly supressed and rapid carbamate formation occurs even at room temperature_ 

Rem-riot2 condiiions 

The influence of iodide ion in the aqueous phase on reaction yield is shown in 
Ta3le 1. The reactions were followed up to 30 min. Both AMI and CIM gave a 
constant _vieId within 5 min. The low yield obtained at an iodide concentration of 0.05 
_V is ascribed to a higher extent of hydrolysis. which indirectly gives rise to a complete 
consumption of the reagent (DCP). Essentially the same reaction behavior was found 
for other tertiary amines. such as promazine and imipramine. When pentafluoro- 
phenyl ChIorofonnate (PFP) was used as reagent the effect of hydrolysis was even more 
pronounced_ However. with an increased buffer capacity (,u = 0.4). 0.5 .M sodium 
iodide and a tenfoid increase of the PFP concentration (3 - IO-” &I), the yieid, e.g. for 
CIM. uxs quantitative Lvithin 5 min. 

TABLE I 

INFLL’EXCE OF IODIDE ION COKCENTRATION ON THE YIELD OF Z,4-DICHLORO- 
PHESYL CARBAMATES 

Yield (f;: 

Iodide ion concenrrarion (M) 

0.05 05 
- 

AIIlitlipt~tiIl~ 29 99 

2-Chloroimipramine -7 101 
Petkdine & loo+ 
__- 

* Reaction times. 25 min; aqueolts phase, phosphate bufTer (p = 0.2) pH 6.0; orpnic phase. 5 - IO--’ 

.\I U-dichIorophenyI chIoroformate in methylene chloride. 

The choice of pH is a key point since the amine only reacts as base. At a Iow 
pH. the reaction rate is reduced since the distribution ratio as base is low owing to a 
high distribution ratio as ion pair with iodide. On increase of pH_ the distribution 
ratio of the amine as base increases but there is also a rapid increase in the hydrolysis 
rate of the intermediate ion6. 

The influence of the organic soivent on the reaction rate is mainly due to its 
elect on the distribution of the amine and the intermediate ion pair6. Solvents pro- 
moting high ion-pair distribution of the intermediate ion to the organic phase are 
preferred since the hydrolysis rate in the aqueous phase is high. However, hydrolysis 
can also occur in the organic phase, which is why solvents with low ability to dissolve 
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TABLE II 

ELECTRON-CAPTURE RESPONSE AHD RELATIVE RETENTION FOR Z,CDICHLO- 
ROPHENYL AND PENTAFLUOROPHENYL CARBAMATES 

Detector temperature: 325°C. fR = Retention time. 

DCP PFP 

Amitriptyline 5 4 5.7 
Z-Chloroimipramine 4 _ 4.8 
Pethidine 3 2 6.6 

water should be used. IMethylene chloride, which fulfills these requirements_ is there- 

fore a suitable solvent. 
Table Ii shows the elctron-capture response for some of the derivatives de- 

termined at optimum detector temperature_ In all cases it was found that the response 
Increased slightly with increasing detector temperature, levelling off at about 300°C. 
The choice of reagent is not very critical with respect to the magnitude of the electron- 
capture response. 

I , , 0 

6 4 2 

min 
Fig. 2. Gas chromatogram obtained after a two-phase derivatization of amitriptyline (6 ng/ml) in a spiked 
plasma sample. Peaks: 1 = DCP-amitriptyline; 2 = DCP-2chioroimipnmine. 
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Analysis of amitri$_dine in the presence of plasma 
The two-phase reaction can easily be performed with spiked plasma samples. 

DCP is preferred to PFP as reagent mainly owing to the lower concentration neces- 
sary for derivative formation_ 

Methanolic alkali is added to remove excess of the reagent and other by prod- 
ucts that disturb the GC analysis3*“_ 

The peak area ratios were the same as those obtained from compounds dis- 
solved in phosphate buffer solutions, indicating a quantitative yield of both AM1 and 
CIlM deri\ ati\ es. The time for quantitative yield of the derivatives was not influenced 
by plasma. 

The standard cun-es were rectilinear passin, 0 the origin in all cases. The lowest 
concentration determined was 6 ng:‘ml (Fig. 2). 

Chloroformate esters react fast and quantitatively with secondary amines”. 
This means that if a plasma sample containing AlMi and its main metabolite NTP (N- 
desmethylamitriptyline) is treated according to the method for AMI the same deriva- 
tive is formed from both the tertiary and the secondary amine. However, if the sample 
is first extracted with a sollent containing an alkyl chloroformate ester, only the 
secondary amine forms a carbamate. When this reaction is completed, sodium iodide 
and an aryl chloroformate ester are added and the tertiary amine is derivatized. This 
principle \vas tested with AMI and NTP using trichloroethyl chloroformate and 2,4- 
dichlorophenyl chloroformate as reagents. The peak area ratios obtained did not 
differ from those obtained when NTP was absent_ With an appropriate combination 
of the two chloroformate esters it should be possible to quantitate both the tertiary 
and secondary amine within the same chromatographic run. 

XCKXOWLEDGEMEXTS 

I thank Professor Goran Schill and Dr. Per Hartvig for valuable discussions of 
the manuscript. 

‘Pentafluorophenol was generously provided by Dr. P. A. Johansson. Skilful 
laboratory assistance was given by Barbro Naslund. 

Financial support from the Swedish lMedica1 Research Council and The 
Scheele foundation is gratefully acknowledged. 

REFEREXCES 

I B. A. Sco&ts, K. P. Maguire. T. R. Norman and G. D. Burrows. Cfin. Chenz.. 76 (19SO) 6. 
2 P. Hat-wig and 8. NZsIund. J. Citrornurogr.. 133 (1977) 367. 
3 P. Hartrig W. Handl. J. X’essman and C. 51. Swahn. Anal_ Clren~.. +3 (1976) 390. 
J D. Wesrerlund and A. Theodorsen. Acra Pharnt. Sue&u. 11(1975) 127. 
5 J. Feketc. P. Del Castilho and J. C. Kraak, J_ Chronrarogr.. 2W ( 1951) 319. 
6 K. E. Karisson and P. Hat-wig. Acre Pharnt. Srcecicu. IS (1981) in press. 
7 I. C. Raiford and G. 0. inman. J_ Amer. C/wz Sot., 56 (19X) 1586. 

8 I(_ E. KarIsson and P. Hartvi;ig. dctu Plzurr,z. Sue&a. 17 (1980) 249. 
9 K. E. Karlsson and P. HartviS. Acra PIrrrm. Swcica. IS (1951) 193_ 

IO J. D. Hobson and J. G. .MeCluskey. I_ Chenz. See.. 15 (1967) 20015. 
11 J. W_ Barnhart and E. N. Massad. J. Cfuomarogr.. 163 (1979) 390. 
i:! P. Hat-wig. K. E. Karlsson, C. Lindberg and L. 0. Boreus, Eur. J. C&r. Phnmzacol.. 11 (1977) 65. 


