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In general, the quantitative gas chromatographic (CC) analysis of amines as 
free bases at low concentrations is limited by adsorption and decomposition in the 
column and tailed peaks. In order to overcome these limitations, the amino groups 
and other functional groups if present in the molecule have been masked by 
different types of derivative formation reactions prior to GC analysis. The derivatives 
used include acetylL4, trimethylsilyP, enamines3*5, trimethylsiIylenamines6, trirnethyl- 
silylheptafluorobutyry17, trifluoroacetyls, pentafiuoropropiony19, heptafluorobuty- 
rylr”, p-tosylamides” and isothiocyanates*2~*3. 

During a study of the determination of ammo acids by GC, we found that 
alkyl chloroformates are ve_y useful as derivatization reagents for the micro-scale 
GC of amino acids14.15_ Alkyl chloroformates react readily not only with the 
a-amino groups but also with other functional groups such as imino, phenolic 
hydroxyl, sulphydryl and imidazoiic NH groups in aqueous alkaline media at room 
temperature to provide the corresponding compounds with N-, 0- and S-substituted 
alkyloxycorbonyl groups. 

The present study, based on this observation, was undertaken in order to 
explore the possibility of carrying out the GC of some phenolic amines, 3-methoxy- 
catecholamines, indoleamines and related amines as their N,O-alkyloxycerbonyl 
derivatives. The results suggested that the N,O-cthyloxycarbonyl (EOC) derivative 
is the most suitable for the GC of these amines. 

EXPERiMENTAL 

Amines were obtained, mostly as hydrochloride salts, from Sigma (St. Louis, 
MO. U.S.A.) or Nakarai Chemids (Kyoto, Japan). AU salts, prior to use, were 
dried in a vacuum desiccator over phosphorus pentoxide and dissolved in water to 
give a concentration of 100 &ml as the free base. Amines obtained as free bases 
were dissolved in a few drops of 5% hydrochloric acid and then made up to 100 
pg/mL with water. A standard solution containing LOO ccg/ml of each of the 12 amines 
tested (see Table I) was also prepared as described above and was used for the evalua- 
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tion of the GC separation. In the preparation of calibration graphs, 3,4dimetboxy- 
phenethylamine was used as the internal standard and the remaining 11 anmines were 
classified into two groups, one containing synephrine and 5_metho@ryptamine and 
the other all other amines. AlI amine solutions were stored in capped g&s bottles 
maintained at 3°C. Methyl, ethyl, isobutyl, n-butyl and n-amyl chloroform&es 
stabilized with calcium carbonate were purchased from Tokyo Kasei Kogyo flokyo, 
Japan). Diisopropyi ether of reagent grade was further purified by distiktion in an 
all-gWs apparatus. AII other chemicak were the puresz avaiIabte grades from standard 
commercial c*urces. 

Volatile derivatives of amines were prepared in an aqueous alkaline medium 
based on the observations in a previous study =. An aliquot of the standard solution 
(IG-100 pg of each amine) and OS ml of the internal standard solution (100 pg$nl) 
were pipetted into a IO-m! polyethylene-stoppered vial. To tbis solution, 0.5 ml of 
10% sodium carbonate solution was added, and the total volume was made np to 
2 ml with water if nv. Subsequently, 0.2 ml of ethyl chloroformate was added 
and the mixture was vigorously shaken for 10 min at room temperature. The 
resul’ting derivatives were extracted three times with 1.5 ml of diisopropyl ether. 
The ethereal layers, consisting of the derivatives together with excess of the reagent, 
were aspirated with a Pasteur pipette, and the combined extracts were evaporated to 
dryness at 75% under a stream of air in a draft chamber to ensure the removal of 
alI eL:CeSs of reagent. The residue was redissolved in 50-100 ~1 of diisopropyl ether 
and the solution was then dried over a small amount of anhydrous sodium sulphate. 
A 2-4941 volume of the resulting solution was injected into the gas chromatograph. 
The other NO-akyloxyczrbonyl derivatives were similarly prepared and analy_&, 
except that 0.2 ml of methyl chloroformate and 0.1 ml of isobutyl, n-butyl and 
n-amyi chloroformates were used individually instead of ethyl chloroformate. 

Gas chromatography and IZWSS spectrometry 
A Shimadzu 4CM dual-column gas chromatograph equipped with hydrogen 

fIame ionization deetcrs, on-column injection ports and a linear temperature 
programmer was used. 

The column packings were prepared using n-butanol-chloroform (I :I) as a 
coating solvent according to the solution coating technique’6. Most of the work was 
carried out with a siknized glass column (OS m x 3 mm I.D.) packed with a two- 
component stationary phase (1.5% OV-17 + 0.2% SP-LOOO) on lOO-lZO-mesh Uni- 
port HP. The packed cokmm was coditioned at 275°C for 5 h wit& a n&rogen 
ffow-rate of 30 ml/min. The chromatographic conditions used to efkct the separation 
of the NO-EOC derivatives of amines are given in Table 1. 

For combined gas chromatography-mass spectrometry (W-MS), a Shimadzu 
LKB !XK@ instmment with the -me type of column as used for GC analysis was 
employed_ 

Cuiilmrion graphs 
A number of Wan&&, ezch containing 50 pg of the intcmal standard and 

varieus amounts of amines (10400 pg of each), were converted into the N,O-EOC 
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derivatives and analysed as described above. The peak-height ratios relative to the 
internal standard were plotted against the amount of amine derivatized. 

Reaction conditions for the preparation of N,O-aikyloxycarbonyl derivatives 
of 12 amines were established on the basis of a previous investigation”. An initial 
effort was directed to testing the applicability of five alkyl chloroformates which 
were commercialiy available and inexpensive. Each of the amine derivatives prepared 
by using these reagents was first chromatographed individually in order to evaluate 
its GC behaviour and properties in parallel with the investigation of GC columns 
suitable for the separation of amines. Of ftve derivatives examined, the N,O-EOC 
derivative proved to be the most useful for the analysis of the 12 amines tested in 
terms of GC separation, volatility and absence of peaks derived from reagents. This 
derivative was therefore selected for subsequent studies. 

Amines containing a @-alcoholic hydroxyl group showed a tendency to give 
peaks of poor shape on non-selective phases such as OV-17 and OV-1. The serotonin 
derivative showed a longer retention time on a selective phase (SP-lOtlO) and could 
not be eluted with the temperature programme used. However, al1 of the peaks ehrted 
from an SP-ICKIO cohmm were sharp and symmetrical. The best result was obtained 
with a column with a mixed-stationary phase (1.5% OV-17 + 0.2% SP-1000) and 
this was therefore adopted in subsequent work. Further, the other four derivatives of 

TABLE I 

COMPARISON OF THE RETENTION TlMES OF FIVE KINDS OF N,O-ALKYLOXYCAR- 
BONYL DERIVATIVES OF TWELVE AWES 
GC conditions: 1.5% OV-17 -k 0.2% SP-lo(#) on Uniport HP (100-120 mesh); 0.5 m x 3 mm 
LD- &ass column: nitrogen ffow-rate, 60 ml/mini temperature programme, lOO-275°C at 8”C/min 
and held at 275’; injection and detector temperature, 280°C. Retention times are given in minutes 
and seconds_ 

Aminr Derivative’ 

MOC EOC 

PlXXlCthylamine 3-12 
@-Hydroxyphenethylaminfz 7-40 
3+Dimethoxypbenethylamine 9-55 
Tyramine lo-46 
Synephriae 13-12 
3-Methoqtyramk 13-12 
Tryptamine 14-20 
0CtOpUkZ 1441 
Metauephrine 15-16 
S-Metoxytrypt 1648 
Normetaeephrine l&%8 
SerotQnin 2U-24 

3-59 544 6-12 7-19 
8-20 9-40 lo-20 11-14 

IO-30 11-50 12-29 13-22 
12-02 x-37 1546 17-22 
14-14 1628 18-07 19-as 
14-22 16-28 15-07 19434 
14-54 15-59 16-28 17-19 
1541 17-43 1847 20-14 
1610 18-06 19-01 20-31 
17-24 18-17 18-47 19-35 
17-32 19-19 20-14 2141 
21-12 22-53 24-11 2637 

iw-ROC” K-BOC” K-AOC” 

* MCIC = methy!oxycarbonyl; EOC = ethyloxycarbonyl; BOC = butyloxycarbonyl; AOC = 
amyloxycarbonyl. 

“EEetentiontimesofthepeakscierivedfrom~~areasfollows:iso-BO~~~dll-ll; 
II-BOC, 9-23 and i l-50; rr-AOC, IO-26 and 12-H) min-sec. 
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each amine also showed reasonable peak heights on m culmm~ The retention times 
of five derivatives are compared in Table I. None of&e isobutyloxycarbonyi. n-butyl- 
oxycarl~nyl and n-amyfoxycarbonyl derivatives of serotonin cot&d be eluted witk tke 
temperature programme used- JXeIativeIy large peaks derived from the reagents were 
observed when isobutyl, n-butyl aad n-amyl cblorofonnates were used. This may 
be due to the difk~.Ity of complete removal of excess of reagents with Iower 
vofatiiity~ A typical gas cbromatogram for the N,O-EOC derivatives of 12 amines is 
shown in Fig. I. The separation of two pairs (%methoxytyramine-shrine and 
5-xethoq-tryptamine-normetanephrine? cotid not be achieved_ 

The structures of all of the N,O-EOC derivatives prepared by the procedure 
descried above were ducidated by GC-MS- A mokc&r ion peak (M+) which is 
consistent with the structure postulated was observed for each derivative_ The 
GC-MS study indicated that. as expected, the amino and phenolic hydroxyl 
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groups are substituted with ethyloxyearbonyl groups but the @-alcoholic hydroxyl 
groups am not. 

fu order to assess the conversion yield of the N,O-EOC derivatives in the 
derivatization procedure, pure reference standards of tyramine and octopamine were 
synthesized. The average yields (n = 4) obtained when these representative amines 
were derivatized together with all other amines were 96.7 % for tyramine and 92.1% 
for octopamine. 

The standards were also used to check the stability at room temperature of 
the N,O-IZOC derivatives of amines by injecting the same at two intervals. The 
results showed that there was no siguificant degradation over at least I week. 

A calibration graph for each amine ia the range of 10-100 pg was prepared 
using, for convenience, 3,4dimethoxyphenethylamme as the internal standard. The 
linearity for each amine was satisfactory for quantitative determination. However, 
when diethyl ether was used instead of diisopropyl ether as the extraction solvent, the 
reproducibility of the liucarity for amines containing a /?-alcoholic hydroxyl group 
was inadequate, probably owing to the inconsistent eBiciency of extraction. 

In conclusion, it should be noted that the recommended derivatives are easily 
prepared in aqueous alkahue medium and are stable, unlike most derivatives 
developed previously_ We propose a GC method which, with its rapidity and sim- 
plicity, has a real advantage over the methods presently available. Tbis method has 
been us4 in our laboratory for the routiue determiuatioa of tyramine and related 
amines in various foods and urines. 
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