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ABSTRACT

Three derivatising reagent$have been studied as possible
pre-column derivatisation agents for aliphatic amines for reversed-
phase HPLC with electrochemical detection. O-Acetylsalicyloyl
chloride, N-succinimidyl-3-{(4-hydroxyphenyl)propionate, and methyl
p-hydroxybenzimidate.HCl were éxamined. O-Acetylsalicyloyl chloride
was shown to be a suitable derivatising reagent. Firstly, pure

-amine derivatives were prepared using the Schotten-Baumann reaction
conditions and the structure of the compoundé were confirmed by
melting point, IR and NMR spectroscopy, and TLC analysis.

Analyses were carried out on an ODS-Hypersil column using as
rmobile phase 50:50 methanol-0.025 M phosphate buffer pH 8 and the
derivatives were detected at a glassy carbon electrode set at +0.9 V
vs Ag/AgCl. Results for all amine derivatives have indicated the
suitability of LCEC detection method with good linearity, precision
and sensitivity. Then the amine derivatisation was applied to
in-situ determination of amines in dilute aqueous solution to
give 100% yield, and a linear response down to 10“6 M
concentration level. Amine dérivatives obtained. from-
N—succinimidyl—B-(4—hydfoxypheny1)propionate and methyl p-hydroxy-
benzimidate.HCl can also be detected by LCEC but problems were

observed with these reagents.
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CHAPTER I

INTRODUCTION

1. ELECTRCCHEMICAL DETLECTION IN HPLC

tuch work in HPIL has recently been focused on the
developient of improved detection techniques. This is primarily
because better and better detection methods are needed for the
analyses of more complex mixtures of organic and inorganic
cdmpounds. reproducible, fast, and accurate methods are always
a consideration for the development of-detection in HPIC.
ecently, multi-wavelength UV, fluorescence, and electrochenical
detectors have - .. become quite popular for HPLC. Among these,
electrochemical detection has been shown to be very sensitive

and selective [1].

1.1. Classification of Electrochemical Detectors

Several types of electrochemical detectors have been
developed for HPIC systems, including conductometric, polaro-
graphic, and amperometric detectors. Rucki [2], Stulik and
Pacakova [3,4] have reviewed in detail the applicatioh of these
detectors. The main discussion focused on the development of
more gelective and sensitive detectérs. The principal electro-

chemical detection technicues can be summariged as follows;




1.1.1. Conductometric Detectors

A specific detector, monitoring ionic species in solution
streams; the conductometric detector contains a cell for
conductivity measurement, containing electrodes made of metal
or graphite. The current across the cell is monitored as a
constant alternating voltage is applied to the electrodes.
Successful detection of chawges in the eluent conductivity is
possible even when the detector has a small dead volume ( a few

pl ) [5]. These detectors have thus a specific application and

will not be considered further.

1.1.2. Electrolytic Detectors

Polarographic and amperometric detectors are the most -
popular electrochemical detectors for HPIC. The technique is
based on the recording of current at a particular voltage,
resulting from electrolytic oxidation or reduction: of electro-
active species. The polarograéhic detector uses a dropping or
static mercury electrode as the working electrode. The ampero-
metric detector is similar but uses glassy ca:bon or metal
electrodes. In each case usually only a small proportion of the
electroactive species ( 1% - 10% ) is electrolysed in the cell.
With some designs in which the analyte is fully or nearly fully
reacted, the detector is termed a coulometric detector. These-
detectors usually have electrodes with a large surface area to
achieve a complete reaction. -~when complete electrolysis is
achieved, unlike the amperometric detector response should not be

dependent on electrode area, temperature or variation in eluent



flow rate [2]. Generally, all these detectors have detection
limits in the picogram level with good dynamic behaviour and .

linear response [6].

1.2. Advantages of Electrochemical Detection

Most of the electrochemical detectors for HPIC offer
advantages in :-
a) Sensitivity

An important criteria in selecting a good detector, the
analysis of analytes can be achieved down to nanogram and
picogram levels and the detection limit is much lower than

ultraviolet detectors.

b) Selectivity

Only compounds containing an electrochemically active group
can be detected and the applied potential can be adjusted to
oxidation or reduction potentials to give a selective response

for different electroactive corpounds.

c) Wide linear range

Electrochemical detection easily covers a linearity of up to
four or five orders of magnitude of concentration.
Electrochemical detectors can also have low dead volumes and

are considered economic to operate [1].



2. ELECTROCHEMICAL, DETECTCR OPERATION AND DESIGNS

2.1. Electrochemical Detection Principles

The measuring principle in liquid chromatography with
electrochemical detection ( LCEC ) is based on the measurement
of the current which flows upon anodic oxidation or cathodic
reduction of ions or molecules at a constant applied potential.
The current measured is equivalent to the amount of analyte
converted at the working electrode. According to Faraday's
law :

Q = nFN

where ( = the measured number of coulombs
the nunber of electrons involved in the reaction

the faraday ( F = 9.65 x 107 Coulombs per mole )

o]
It

=
i}

N = the number of mcles of samples converted into
product
Differentiating the above equation, with respect to time,
dQ/dt = nF dN/dt = I
The observed current { I ) is proportional to the number of

moles electrolysed per second.

2.2. The Cell Designs

The construction of the measuring cells for electrochemical
detectors are based on one of three concepts:'wall-jet, thin-film,
and porous electrode. The cell consists of a three-electrode
system; working, auxiliary, and reference electrodes. The

potential is applied between working and reference electrodes.




B current passing through the reference electrode would change its
potential. The auxiliary electrode plays an important

role to keep the potential difference between reference electrode
and working electrode at the desired value, so that, the reference
electrode can be a stable and reliable reference half~cell which
can be used as a reference point for potential measurements. The
positi&n for the auxiliary electrode is placed opposite to the
working electrode and across the flow stream. The reason is to
prevent reductior after the oxidation, which could happen for
reversible reactions and this arrangement gives a greater linear
range. A variety of electrode materials can be used, including
SJ;.lver,r carbon, platinum or gold [6]. Glassy carbon electrodes
are the most common and have been used for the present research

project in a thin~film detector.

2.2-1. ‘iqall— .Iet

Several ICEC detectors have employed the so—called wall jet
principle in which the stream of eluént flows as a jet
perpendicular to the electrode surface ( usuwally glassy carbon )
{71, as illustrated in Figure 1. This design gives a major
advantage in a swall cell volume and mechanical cleaning but a

low conversion is produced by this detector.
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fig. 1. Schematic diagram of wall-jet detector.

2.2.2. Thin Film

The cell in a thin-film detector is built up from two large
surface area of glassy carbon plates as working and autiliary
electrodes. The reference electrode consists of silver tube
used as the cell outlet which has been coated internally with
~silver chloride by applying a conditioning potential. A small
amount of NaCl in the mobile phase is important to maintain the

reference electrode.



The geometry of a typical thin film cell is shown in Figure
2 [8}. A six angular shape spacer ( 100 um )} is placed between
working and auxiliary electrodes which allows a laminar flow for
the eluent as a thin film across the surfaces of the electrodes.
The surfaces of the electrodes are highly polished to maintain an

efficient reaction of electrolyte.

in ( from colunmn )

reference " working

electrode electrode

{ silver { glassy carhbon )
tube )

Fig. 2.- Geonmetry of the thin-layer detector cell

A
test electrode l\\\ test electrode 2
-
—"s:é 5 _~f< —
7‘<1’:’5 H:’S;“/———J’

/

auxiliary and
raeference electrodes

Fig. 3 - Geomztry of porous graphite cell



2.2.3. Porous Electrode

The measuring cell contains a high-surface area, porous
graphite electrodes through which the eluent passes. The high
surface area of these electrodes permits a higher conversion
rate and coulometric detection. The cell can alsc be operated
for long pericds without a reduction in signal due to conta- -
mination. The design of a typical dual detector cell is shown in

Figure 3 [9].

2.3. Current-Voltage Relationship

Oxidation or reduction of an analyte containing an electro~
active gfoup takes place on the surface of the electrode only if
the potential of the working electrode reaches a specific value.
The molecules will be oxidised or reduced as rapidly as they reach
the electrode, providing the potential is higher than the halfwave
potential, E1/2‘ In Figure 4, two voltammograms are pfesented for
the redox reaction in a static system: ohe of an oxidisable ( I )

and one of reducible ( II ) compourd. The voltammogram of each

compound 1s characterised by its halfwave potential { E

1/2 ) and
limiting current. At low potential there is no current and if
the voltage is increased as El/2 reached, the current also rises
as reaction occurs, until the limiting current reached. At still
higher potential, the background reaction becomes exorbitant due
to electrochemical oxidation or reduction of aqueous solution.
The halfwave potential depends on the gpecies and medium used,

vhile the limiting current is dependent on the maximum mass

transport of the analyte towards the electrode [10].



I anodic

background
current y

limiting
"current

{
i
|
i

R
&)

Ey/201

;cathodic

Fig. 4. Voltammograms of an oxidisable ( I ) and a reducible

{ 11 ) compound.

2.3.1. Oxidative Electrochemical Detection

In the oxidative mode, the working electrode is the anode
and held at positive potential. A typical electrochemical

reaction is the detection of phenols {11 - 13].



HO —@—:MIZH 0 :@: il o+ 2+ 207

praminophenol quinone imine
potential = 1.0 V

Fig. 5. Anodic Oxidation of p—aminophenol

Both inorganic amines [14,15] and biogenic amines and their
metabolites have been widely investigated by HPIC with
electrochemical detection {15 — 17]. The principal compounds
examined are catecholamines { norepinephrine, epinephrine, dopa,
dopamine,.adrenaline, and noradrenaline ), which are found in
biclogical fluids such as the nervoﬁs‘system;,ufine; andi brain fluid.
They are easily oxidised at carbon electrodes in the potential
ranging from +0.5 V to +1.0 V. The detection limit is. the
picogram level with goced linear behaviour.

Electrochemical detection can also be used to meonitor
sinwle phenols at potentials of +0.7 V to +1.1 V. Other compounds
which have been studied include @ vitamins [18,19], alkaloids

[20,21], and aromatic amines [22 - 25] ( phenylenediamines,

benzidines and amincphenols ).

10



2.3.2. Reductive Electrochemical Detection

In contrast to the oxidative mode, the reductive mode uses
a cathodic working electrode. However, the major problem with the
reductive mode is dissolved oxygen, which is reduced at negative
potentials { from -0.5 V to -1.1 V } and this signal can interfere
with the signal from the compound of interest. To overcome this
' problem, oxygen has to be rigorously removed from both the mobile
phase and from the sample solution prior to injection into HPLC
system. Many aromatic and aliphatic nitro compounds hawve been
examined with reductive electrochemical detection [26 - 28].
Typical reactions are as follows [29]:

+ de” + 4H —————v >R~ @ - NHOH + H.O

R-@ - NO S

2

R~ @ - NHOH + 20 + 2 ————— >R =@ - N, + H0

Mercury electrodes have been used for determining nitro
compounds in the reductive mode by Lloyd [30 - 33], Lyle and Saleh
[34}. For example, Lloyd has analysed organic explosive residues
using a pendent mercury drop electrode ( PHMDE ) operated at -1.0 V
vs Ag/AgCl.

Azo compounds and their derivatives [35 - 36]) also give

responses to reductive electrochemical detection.

11




3. PRE~-COLU&N DERIVATISATION FCOR ELSCTROCHEMICAL DETECTION IN

REVERSED-PHASE HPIC

Derivatisation is an important technigue in UPIC thch can
be used to increase selectivity and sensitivity of detection where
the original compounds do not respond. This approach is mainly
used to enhance ultraviolet or flucrescence detection but has also
been used to enhance electrochemical detection,

The main reason for derivatisation of trace compounds for
electrochemical detection is to be able to detect the analyte at
a lower concentration level in a sample [37). Derivatisation can
be accomplished in two ways, i.e. either by changing the original
properties of the sample or by addition of an electrochemical
active group as a substituent.

The formation of the LCEC active species ¢an be carried out
either in a pre~ or post—column reaction aithough the latter is
not very common and thus it will not be discussed further.

Derivatisation alsc gives the advantages of selective detection.

3.1. Reagents for Pre—column Derivatisation for LCEC

[99]

everal reviews of pre-column derivatisation techniques
have been published [38 - 44 ] and some typical reactions have
been sumnmarised in Teble 1. Derivatising reagents are chosen
depending on analyte of interest. The present study is concerned
primarily in the enhancement of the detection of amines and
previous studies of their derivatisation will be considered in

detail.

12




Table 1. Summary of some typical reactions for pre-column
derivatisation of functional groups
Functional Reagent Applied Reference
group potential
for
detection
isocyénates 1. methoxy-2-phenyl-| +0.8 V vs 45
| l-piperazine Ag/AcCl
2. tryptamine +0.8 V vs 46
Ag/AgCl
hydrazines salicylaldehyde +1.0 V vs 47
Ag/AgCl
carboxylic acids ”p-aminophenol +0.7 V vs 483
Ag/AgCl
 cyanide ion p-benzoquinone +0.7 V yg 49
Ag/AgCl
metallic cations 1. diethyl +0.7 V vs 50 = 52
wil®, oot g2, dithiocarbamate Ag/ACl &
Co3+,Pb2+,Cd2+)- 2. pyrrolidine +1.2 V vs
dithioccarbamate Ag/AgCl
e;hers ( ~ as silver picrate -0.8 V vs 53
ethylene dibromidej Ag/AgCl

13




3.2. Redgents for Pre-column Derivatisation of Aliphatic Amines

for LCEC

Aliphatic amines are widely used industrial chemicals and
one of the major raw materials used in the production of other
chemicals, pharmaceuticals, pesticides and dyestuffs [54].
Amino compounds are also present as analytes of interest in
several.biological fluids. Since GIC techniques have difficulty
with polar and basic compounds, HPIC offers an attractive
approach for the determination of these compounds but as the
aliphatic_compounds have no chromophore, derivatisation is

necessary to enhance detectability.

3.2.1. Previous Studies of Pre-column Derivatisation for

Oxidative ICEC

Several derivatising reagents are suitable for the pre-
column derivatisation of amines for oxidative LCEC. In most cases
the derivatisation reaction has been applied to amino—acids.

Primary alkyl amines and amino-acids can be determined
following pre-column derivatisation with c-phthalaldehyde ( OPA )
in the presence of a suitable thicl. Harsing, Nagashima, Vizi,
and Duncalf [55] have derivatised histamine using OPA and
2-mercaptoethanol in sodium tetraborate-methanol. As shown in
Figure 6, the deri&atisation took I 2 min at pH 9.5 before

injection into the HPLC system. However, 33% decomposition of

the histamine derivative was observed after 60 min.

Determinations of thiol were carried ocut at +0.5 V using a glassy




carbon electrode and the detection limit for histamine was 50 pg
at a signal to noise ratio of 3:1. This method has been applied
to histamine that was extracted from the different regions of

rat brains.

Clio
. oH 9.5 ~
| + RSH + R.NH2 __“T__;; : _ N - R' + 2H2
ClG : 2 min > : :

Fig. 6. Reaction between primary alkylamines and OPA in the

presence of an alkylthiol

A significant problem with pre-column derivatisation of OPA
is the‘instability of the derivatives, which needs careful timing
to maintain reproducibility. Hence, Allison, Mayer, and Shoup
[56] have suggested alternative thiols such as tert-butylthiol
to produce more stable iscindole derivatives.

Further studies have been done by Jacobs [57] for derivati-—
sation of primary amines using OPA. Because of the instability of
the isoindole derivatives, sulfites were substituted for thiol as
the co-reagent as shown in Figure 7. These compounds showed good
in-situ stability. However, the problem with the derivatives was

the tendency to be hydrolysed at low pH, which restricted the

chromatographic conditions for analysis.

15



CHO 3

_ P > 8 . _
+ 802 + R'NH, —> - N - R' + 4,0 +00
2 2 . 2
30 min_ >
room temp.

CHO

Fig. 7. Reaction between primary alkvlamines and OPA in the

presence of sulfites

The determination of amines and amino-acids has been studied
by Mahachi, Carlson, and Poe [58] using P, N-dimethylamino-
phenyliscthiocyanate. The reaction scheme for derivatisation of
an amino-acid is showm in Fig. 8. 21 aminc-acids have besn
derivatised and gave thiochydantoin derivatives which were amenable
to detection at a glassy carbon electrode set at 0.85 V vs
Ag/AgCl. The separation was complete within 80 min with a.C8
colum using a mobile phase containing acetonitrile and phosphate
buffer pll 2.0 ( 75:25 ). They reported the yield for 10 of 21
amino-acids ranged from 80% - 90% with a detection limit of 0.1 g

to 1 ng. [Further studies have been tried to identify the

N-terminal amino-acid of a dipeptide and a tripeptide.

16
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]

I ", 1l il +
~— NHOCHL, RIS s ~—mcommomme — T
. i :
R ‘ R
aminc-acid '
o =R . 0 R
1 2
s N o+ mu— —E < 5 g g
\,7 2 . R Y
NH S

|

R' _

Fig. 8. Reaction scheme for derivatisation of terminal: aminc-acids

with p—N, N-dimethylaminophenylisothiocyanate

Misson. and Sternson [59] have also studied p-dimethylamino -~
phenylisocyanate as a derivatising reagent and applied it to the
analysis of extracted arylhydroxylamines in liver homogenates.
The reagent is.not itself electroactiver =~ ° 7 . T
but reacts with arylhydroxylamines to form electro-oxidisable
products { Fig. 9.) shown to be suitable for monitoring. in HPIC
with amperometric detector at 0.5 V vs Ag/AgCl. The derivative

detection was linear over the concentration range 1 x 10"6. Mouto

2
5x 10 ° il ‘
H Cil. O
N |
N-OH N N-R
. + RN=C=Q 2N 1'1
» extract
B CHB\, Hydroxyurea
R= (0
~ < >
Ci ,

Fig., 9. Derivatisation of arylhydroxylarﬂines with

p—dimethylaminophenylisocyanate

17




Shimada, Tanaka, and Nambara [60] have examined alternative
potential derivatising reagents for amines. They prepared N-(4-
anilinophenyl)isomaleimide ( APIM ) and N-{4-anilinophenyl)-
isophthalimide { APIP ) for pre-column derivatisation of amines
in HPIC with oxidative electrochemical detection. Two amines,
phenylethylamine and piperidine were selected as the model
compounds for primary and éecondary amines. The derivatisation
reaction tock 1 hour in acetonitrile-0.05 M borate buffer
( PH 9.0 ) at room temperature { Fig. 10 ). N-(4-anilinophenyl)-
isomaleimide gave the detection limit of 13 pg‘at an épplied
potential +0.4 V vs Ag/AgC] and was claimed to be the most

suitable derivatising reagent for pre-column derivatisation in

terms of its sensitivity and selectivity.

O O
- |
R*-N O.o + R''NH, 1 h, room temp . N-(E—CH::CHC—NR“
o CH3CN~borate ~
APIM puffer Q
Q O 1 h,room temp N R'-ll\I—C : )
R'-N CH CN—borate 0
buffer
APIP Piperidine
H
Phenylethylamine

Fig. 10. Derivatisation of amines with N-(4-anilinophenyl)~
iscmaleimide ( APIM ) and N-(4-anilinophenyl}-

isophthalimide ( APIP )

18



Non-electroactive amines can be derivatised with a deriva-
tising reagent containing a phenolic group. This group can then
be utilised for the detection of derivatives by high performance
liquid chromatographic technique with electrochemical detection.
Shimada, Tanaka, and Nambara {61] have studied two derivatising
reagents for the derivatisation of primary and secondary amines.
N-succinimidyl vanillate and N-succinimidyl homovanillate were
prepared from vanillic acid and homovanillic acid by condensation
with N-hydroxysuccinimide. The derivatisation was studied in
detail for N-succinimidyl homvahil late employing ethylphenyl-
alaninatg as a model compound ( Fig. 11 }. The reaction was
carried out in pyridine at 60°C for 30 min, to give the ethyl
phenylalaninate derivative in 83% yield. With the potential of
the detector at 0.8 V vs Ag/AgC1, the detection limit was 200 pg
and a linear response was obtained over the range of 1.0 ng to
25 ng of ethylphenylalaninate. A similar method was applied to

piperidine but the results have not been given in detail.

CHy0 Oy_ pyridine
HO O CH,,COON s CH,CHNH, N
. } . | 60°C, 30 min
COC,Hy

0 .
Ethylphenylalaninate
o | CH,0
N-OH + HO CH, CONHCHCH, ~ph
Q COOC, Hg

Q
Fig. 11. Derivatisation of ethylphenylalaninate with

N-succinimidyl homovanillate

19



Jacobson, Marshall, Mine, Kirk, and Linnoila [62] have
developed a pre-column derivatisation scheme for the analysis of
biogenic amines found in very low concentrations in body fluids
using the N-hydroxysuccinimide ester of 3-(4-hydroxyphenyl)-
propionic acid as a derivatising reagent. They used serotinin and
histamine as electroactive and non-electroactive amines for
acylation with the derivatising reagent to demonstrate the. -
efficiency of extraction into organic solvents during sample
preparation before injection into the HPIC system. ( Fig. 12 ).

All the amine derivatives in this studies were séparable by HPLC

and detectable by electrochemical detection with recoveries of -

50% to 90%.
‘ 0
(—X(CHZ)Z NH,, (l)
i + N-o—&-(cprz)@— OH

N
Histamine o)

pH 9.8, 30 s,room tenp /—-\(CH2)2"TH —(O
extraction HN\\4? N OzC“(CH2)2—<<i::>> og + N-OH

O
Fig, 12, Dperivatisation of histamine with N-hydroxysuccinimide

ester of 3~ (4-hydroxyphenyl)propionic acid

In other studies, Mine, Jacobson, Kirk, Kitajima, and
Linnoila [63] have further examined derivatisation using .
succinimide esters. They acylated histamine and N—methylhistamine
from rat brain with the soluble Bolton-Hunter reagent, sulpho-
succinimidyl-3+ (4-hydroxyphenyl) propicnate (Fig. 13 ).

Derivatisation was carried out at pl 9.8 to pH 10 at room
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temperature and the solution was vortexed for 30 s before

extraétion. ‘The vield of pure derivative after purification by

ion chromatography was 78%. Using a working potential at +0.56 V,

the detection limits were 0.1 pmole for histamine and 0.2 prole of
N-methylhistamine. They suggested that the above reagent could possibly
aléo be - used for the derivatisation of spermidine,

histidine, phenylethylamine, and amlno—a01ds [(63].
(CH

— PP (CH ) R,
- 8 -_ C(CH } H +
f1 N\/N ———"—'—’fA' £ 2 R,-N NO 2 Z_QO

30 s shake 1

B ) : 0 5‘-—" SO4Na
H ~ H histamine A= HO@(CH ) p:—o~N
>

cH, H X -methylhistamine S
H

CH., N“~methylhistamine

3
Fig. 13. Derivatisation of imidazole amines with sulpho-

succinimidyl-3- (4-hydroxyphenyl)}propionate

An investigation of reaction of the sulpho Bolton~Hunter
reagent, sulphosuccinimidyl-3-(4-hydroxyphenyl)propionate with
P—phenylethylamine has been carried out by Gusovsky, Jacobson,
Kirk, Marshall, and Linnoila [64). As shown in Figure 14,
derivatisation in 0.1 M Na2CO3 0.01 M NaHCO3 buffer solution
{ pH 10 )} at room temperature was completed in 10 min. A number
of endogenous, non—endogenous,_aliphatic and aromatic amines were
also examined using the sulpho Dolton-llunter reagent. For the
derivative of F-phenylethylamine, the detector response increased

with increasing oxidation potential. However, they reported that

additional peaks also appeared in the chromatograms as well as the
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main peak of interest.

Na0,5 o |
| I
: ; — O
cz-xzc:HzNHz * N-O-C (CHz) 5 .
Phenylethylamine
) " o Na0,S 0
pi 10, 10 mln E{ 3 m__ff
room temp @m CH N—c (CH }2—@@1 + | N-oH

0
Fig. 14. Derivatisation of phenylethylamine with the sulpho

~ Bolton-Hunter reagent

Tanaka, Shimada, and Hambara [65] have reported a novel
ferrocene feagent, N-succinimidyl 3—ferrocenyl propionate for the
pre-column derjvatisation of amines ( Fig. 15 ). The derivatives
contain a ferrocenyl group as an electrophore, which can be
oxidised at a low potential and thus detected selectively in the
presence of phencols or arcomatic amines. Phenylethylamine and
tryptamine have been examined with this reagent. The maximum
sensitivity could be reached at +0.4 V ys Ag/AgCl with a detection
limit of 0.2 omole.

CH,CN-borate A
(CH2)2CCXZN ]+ RNH,, buffer ‘ @lCH ) C—iL—R

20 min
@ <

Fig. 15. Derivatisation of amines with N-succinimidyl

3-ferrocenyl propionate
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Chou et é_.'g. {661 hasalso applied derivatisation technicques
to improve the detection of amines. The derivatising reagent was
a polymeric anhydride containing-O-acetyléalicyl;as e
| a labkelling moiety ( Fig. 16 ). Derivatisation has been carried
| out on primary and secondary amines; such as propylamine,
butylamine, nonylamine, diethylamine, and morpholine. The -

‘ reaction conditions have been optimised and need-mild conditions

’ of 60°C for 20 min.  The yield of the derivatives ranged from
28% from morpheline up to 96% from butylamine. They used a UV
detector but were also able to detect using an electrochemical
detector in the oxidative mode with the potential at +1.0 V

although the compounds have no apparent electrophore.

0

. O W_MQ
(::) Polystyrene

back bone
b} + R'NH2 R’ IIH([‘
CH3CN
I >, O—C-CH
60°C, 20 mln
’ 2
+ R'R'"'NH R'R''NC
()-C--CH3
il
O

Fig. 16. Derivatisation reaction of primary and secondary amines

with polymeric anhydride
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3.2.2. Pre-column Derivatisation of Amines for Reductive ICEC

Caudill and co-worikers [67] and Jacobs, and Kissinger [6O]
have proposed the use of 2,4,6-trinitrobenzencsulghonic acié as a
derivatising reagent for alkylamines for reductive LCEC. Using
2,4,6-trinitrophenyl derivatives, the low detection limits of LCUC
can normally be achieved in picogram levels for easily reduced
compounds. Caudill and Wightman [69] have studied £he use of
2,4,6—trinitrobenzenesulphonic acid ( TGS )} to derivatise
¥-aminobutyric acid, p-aminoisobutyric acid, «-aminobutyric acid,
f-alanine, L-alanine, glycine, and f-aminovaleric acid. As
shown in Fig. 17, the reaction took 30 min at pd 9.2 with 0.2 ¥
potassium tetraborate. The trinitrophenyl derivatives of amino-
acids were detected amperometrically using carbon electrodes
and the working electrode potential was ~0.5 V vs a saturated

caloinel electrode ( SGE ).

R
|
SO3H NH-CH-CO.,H
R 2
02N N02 i 02N NO2
+ H2N-CH-C02H 30 min N + .50
0.2 ¥ borate’ 2773
. . buffer pH 9.2
) amino-acid
NOZ NO:

Fig. 17. Derivatisation of amino-acids with

2,4,6-trinitrobenzenesulphonic acid
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Jacobs and Kissinger [68,70] studied three reagents:
2,4-dinitroflucrobenzene ( DNFB ), 2-chlcro-3,5-dinitropyridine
{ DNCP }, and 2,4,6-trinitrobenzenesulphonic acid ( TWBS ) for
use as reagents for pre-celumn derivatisation for LCEC ( Fig. 18).
Aniline was selected as a model for derivatisation. DBoth glassy
carbon and gold / mercury amalgam electrodes were used for

reductive mode electrochemical detection.

F 80,1
O No,  ON f\’lmz  oN NO,
N Cl
NO, NO,

DNFB " DNCP TNBS
Fig. 18. Derivatising reagents for derivatisation of amines

‘The derivatisation was carried out in borate buffer at pH 9
( for THBS } and acetone at pl 8.8 to pH 9.0 ( for DNFB and
DHCP ). The mixture was incubated at room temperature for 1 hour.
Bach derivative was detected using both ILCEC detection at -0.85 V
vs Ag/AgCl and UV detection at 254 nm. Only TNBS appeared suited
to application as a pre-column derivatisation reagent for LCIC.
It gave the most detectable derivatives with minimum production
of interfering by-products and was suited to application in
aqueous systems.

2,4=pinitrofluorobenzene, DNFB ( Sanger's reagent ) is also

a potential derivatising reagent for amines using a hybrid
technique called " LC-photolysis-FEC " ( LC-hv~EC ) which has been
studied by Krull and co-workers {71,72], the mechanism involved
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5 ) from the parent compound

which was detected at an oxidative potential. They have applied

photolytic cleavage of nitrite { NO

this reaction to the determination of amino-alcohols and amino-
acids ( Fig., 19 ). They reported the limit of detection for these

amines ranging from 20 ppm te 200 phb.

F HNR-CH

Ny v NO,

—

HO-R-NH,  + 20 min, 35°C

Fig. 19. Derivatisation of amino~alcohols with

2,4—dinitrofluorobenzene ( DNFB )
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4. PURPOSE OF RESEARCH

Pre-column derivatisation is important in HPIC to enhance
detection for compounds which are not readily detected
spectrophotometrically. Aliphatic amines with a high polarity are
not suitable for! GIC but can be separated by HPIC. However, they
are difficult to detect, and it is desirable to form a suitable
derivative containing an electroactive group.

In comparison with UV and fluorescence detection, so far
only a few applications of potential derivatising reagénts for
pre~colunn derivatisation of aliphatic amines for HPIC with
electrochemical detection have been studied. Most of these have
problems related to the effectiveness of derivatisation,
separation by HPIC and selectivity and sensitivity of detection.

The present studies have examined two simple and easy
derivatising reagents for their suitability for the derjivatisation
of aliphatic amines. The products can be readily separated by
HPLC. Firstly, O-acetylsalicyloyl chleoride was studied as a
derivatising reagent because it can readily form a derivative
containing a free phenolic group which should be extremely
electroactive and could be monitored by electrochemical detection
in the oxidative mode. Pure amine derivatives have been prepared
using O-acetylsalicyloyl chloride. The composition of each
product was confirmed by physical and spectroscopic methods.

They were then examined by reversed-phase HPIC with electro~

chemical detection to .investigate the suitability .of
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these products especially the sensitivity and detectability of
derivatives under the optimum chromatographic conditions.

Then, the prepared amine derivatives have been used as
standards in a study of in-situ derivatisation of amines in dilute
soluticn. The yield of derivatives has been examined and the
limit of detection and the linearity of analyte have been
détermined.

A second reagent, N~succinimidyl—i—(4*hYdroxyphenyl)-
propionate ( Bolton-Hunter reagent ) has also been studied in some
detail as a derivatising reagent for the derivatisation of
aliphatic amines. The phenolic group from this reagent is
electrochemically active.

In addition in two brief studies, Wood's reagent, methyl
prhydroxybenzimidate.HC1l, which should give derivatives with a
response to electrochemical detection have been examined and

the ICEC properties of the widely used dansyl derivatives were

examined. These last compounds are frequently formed for

fluorescence detection but are potentially also suitable for

electrochemistry.
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CHAPTER II

EXPLERIMEMNTAL

1. MATERIALS AND METHODS

1.1. Reagents and Chemicals

O-Acetylsalicyloyl chloride and 3~(4-hydroxyphenyl)propicnic
acid-N-hydroxysuccinimide ester { Bolton-Hunter reagent ) were
purchased from Fluka AG, CH 9470, Buchs, Switzerland. N-Hydroxy-
succinimide 3-(4~hydroxyphenyl)propionic acid and N,N-dicyclo-
hexylcarbodiimide were purchased from Aldrich Chemical Co. Ltd,
England-'Methyl p~hydroxybenzimidate.HCl ( Wood's reagent } was
purchased from'Sigma‘Chemical Co., Poole, Dorset, England.
Dansyl-I~aspartic acid, dansyl-L-valine, dansyl-L-proline, and
dansyl-L~glycine were purchased from Sigma Chemical Co., Poole,
Dorset, England.

Sample amines included benzylcmine from Aldrich Chemical
Co. Ltd, Ingland, cyclohexylamine from BDH Chemicals Litd, Poole,
England, piperidine from FSA Laboratory Supplies, Loughborough
England and N-methylaniline from Hopkin and Williams Ltd, Essex,
England. HMethanol HPLC grade was purchased from FSA ILaboratory
Supplies, Loughborough, BDH Ltd, Poole and ROMIL Chemicals Ltd,
Shepshed, England. Water, propan-2-o0l, tetrahydrofuran, and ethyl
acetate HPIC grade were purchased from FSA Laboratory
Supplies, Loughborough, England. Sodium chloride was AR grade.
Phosphate buffer ( pH § } was prepared by dissclving analytical

reagent grade disodium hydrogen orthophosphate { 2.1197 g ) and
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sodium dihydrogen orthophosphate ( 0.0417 g ) in 250 ml water.

HPLC separations were carried out using an Applied Chromato-
graphy System ( ACS ) LC500 (Macclesfield, Cheshire, UK ) pump
connected te a Rheodyne 7125 inijection valve { 20vpl sample
Iooé } and Shandon Southern stainless steel colunn ( 10 om X 5 mm
i.d. ) packed with 5 pm ODS-ilypersil shandon Southern ( Queens-
ferry, UK } ( Batch No. 10/1229 and 10/1721 ). The analytes were
detected using Cecil Instruments CE 2012 variable wavelength UV
detector ( Cambridge, UK )} at 254 nm, Perkin Glmer 2000 £luore-
scence spectrophotometer ( Beaconsfield, Bucks, UX ) with the
excitation and emission wavelenghhs set at 340 nm and 530 nm,
respectively, and Kipp Analytical bHodel 9205 coulometric detector
( Prmen, Hetherlands } in series and the peaks were recorded on
a Linseis L650 chart recorder.

The specitra of the amine derivatives were measured on Pye
Unicam 5P3-100 IR spectrophotometer and NMR spectrometer Model Ei-
360A at 60 MHz. The relting point of the amine derivatives was

measured using Gallenkamp melting point apparatus.

1.3. Procedures and Tests HPLC Column

The HPIC column was packed by preparing a slurry . of
1.90 g OD5~Hypersil ( 5 pm ) packing material in propan-2-ol and
packing upward under pressure ( 6500 psi ) with 100 ml propan-2-ol
{ upward ) and 40 ml propan-2—-cl { downward ) followed by 50 ml

50:50 methancl: water as eluent using a pressure amplification
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pump. The column was tested by using a test colum mixture
containing benzamide, acetophenone, benzophenone and biphenyl in
a mobile phase of 70:30 methanol: water at a flow rate of 0.8
ml/min and UV as a detector set at 254 nm. The efficiency of the

peaks was found to be 2524, 2933, 2953, and 3606 respectively.

2. DERIVATISATION REACTICNS

2.1. Derivatisation of Amines using O-Acetylsalicyloyl Chloride.

2.1.1. Preparation of Derivative Standards

The general procedure for derivatisation of amines is based
on the Schotten-Baumann reaction conditions {73]. The amine
{1.04g 5 and OQ—-acetylsalicyloyl chleride { 1.0 g ) were dissolved
in 2 M NaOH ( 20 ml } and diethyl ether ( 30 ml ), respectively.
Then they were mixed and shaken in a flask. The aqueous layer was
separated and washed twice with diethyl ether { 10 ml }. Finally
the solution was acidified with 2 M HCl to pH 7.0. The solution .
was then extracted with chloroform { 2 % 5 ml ) and after
evaporation of the extract to dryness, the product was obtained as
a solid which was recrystallised from ethyl acetate and ethyl
e*her.

The spectra of the amine derivatives were then confirmed
by melting point, thin layer chromatography, infra-red and proton

nuclear magnetic resonance spectroscopy.
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2.1.2. Chromatograghic Analysis of Salicylamide Derivatives

The general chromatographic conditions for HPIC analysis of
amine derivatives were as follows: The eluent, consisting of 50:50
methanol: 0.025 ¥ phosphate buffer ( pH 8 ) containing 0.001 M
HaCl was degassed under reduced pressure before use; flow rate was
1.0 ml/min; coulometric detection was monitored at +0.9 V vs

Ag/hgCl and chart speed was 1 om/min.

2.1.3. Heasurement of the Optinum Applied Potential of Amine

Derivatives
lOf3 M 2-hydroxybenzamide derivative of piperidine in 50:50
MeOll: water ( 10 gl } was injected into the IIPIC system. The
potential of the coulometric detector was increased in steps from

+0.5 V to +1.0 V vs Ag/AgCl and current reasured as peak height.

2.2. Derivatisation of Amines in Dilute Aguecus Solution

2.2.1. Derivatisation of Piperidine with O-Acetylsalicyloyl

Chloride
A series of derivatisations of a solution of 1 x 107 % u

piperidine in 0.1 M NaOH ( 10 ml )} were carried out. Increasing
amounts of O-acetylsalicyloyl chloride were added ranging froi
10 mg to 200 mg. The derivatisaticns were allowed to react at
room temperature for 1 h. Then, in each case, a sanple of the
reaction splute ( 10 pl } was injected into the HPLC system.

For detection, the applied potential of electrochemical detector

was set at 0.9 V vs Ag/AgCL. The same procedure was used for

derivatisation of 10_5 # piperidine in 0.1 i waCl { 10 rl ).
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For general derivatisation of amine solutions, the
same procedure as-above was used but 200 mg of O-acetylsalicyloyl

chloride was used.

2.2.2. Derivatisation of N-Methylaniline with O-Acetylsalicyloyl

Chloride using Valdez and Reier [74] Method

Three sclutions were prepared for analyses. Solution No. 1
was acetonitrile with molecular sieves added for drying. Solution
No. 2 was O-acetylsalicyloyl chloride in dried acetonitrile,

10 mg/ml with molecular sieves added for drying. For solution
No. 3, the standard of N-methylaniline sclution was made up to
1000 ppm. |

In a 2 ml vial, 100 pl of solution No. 1 and 10 pl of
solution No. 3 were mixed together with molecular sieves. The
sanple was Ehen allowed to dry for 10 min, after which time 1000
pl of solution lic. 2 was added to the vial. The sample was heated
at 75°C for 90 min to 120 min. Finally, the sample { 10 pl } was

injected into the HPIC system.

3. DERIVATISATICN OF AMINES USING 3-(4-HYDROXYPHENYL)PROPIONIC

ACID-N-HYDROXYSUCCINIMIDE ESTER ( BOLTON-HUNTER REAGENT )

3.1. Preparation of Bolton-Hunter Reagent

The reagent was prepared by modification of the procedure of
Rudinger and Ruegg [75]. 3-(4-hydroxyphenyl)propionic acid
( 1.661 g } and N-hydroxysuccinimide ( 1.151 g ) in tetra-

hydrofuran ( 7 ml ) were mixed at -5°C for 2 hours

with dicyclohexylcarbodiimide ( 2.475 g ) and then kept
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at room temperature for 10 hours. The mixture was then treated
with acetic acid ( 0.12 ml ) to destroy the excess of
carbodiimide. After 1 hour the mixture was diluted with ethyl
acetate ( 10 ml ), the dicylohexylurea was filtered off and washed
with ethyl acetate and the combined filtrate and washings were
evaporated to dryness under reduced pressure. The residue was
recrystallised from ethyl acetate ( 20 ml ) by addition of light
petroleum ether ( 40°C - 60°C ) to give'm.p. 116°C = 120°C

( Lit. 120°C - 122°C ). The product was homogenous on separation
on a TIC plate ( silica gel ) in eluent ethyl acetate-methanol

( 95:51 V/V }-

3.2. Preparation of Derivative Standards

The amine ( 200 pl ) in 0.1 M NaHCO3 ( 40 ml ), pH 8.5 was
reacted with the Bolton-Hunter reagent { 300 mg }. After 3 hours
at room temperature, the solution was extracted and washed twice

with chloroform ( in the ratio of 2 ml CHC1 1 ml NaHCoO

3¢ 37-
After evaporation to dryness, the product was recrystallised from
ethyl acetate and petroleum ether { 40°C -~ 60°C ). The first
crystals were discarded and the solution was filtered using a
sintered filter containing silica gel { 60 - 120 mesh ). The
derivative was eluted from the colum with ethyl acetate. The
first 1 ml of eluate was discarded and the rest was collected in

a series of fractions. After recrystallisation using chloroform and

evaporation under N,, the derivative was collected ‘using

filtration under vacuum.
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The derivatives were then ddentified by melting point; thin
layer chromatography, infra-red and proton nuclear magnetic

resonance spectroscopy.

3.3. Iligh Performance Ligquid Chromatographic Analysis of the

Bolton-Hunter Derivatives

Derivatised samples { 10 pl ) in a methanol-water solution
were injected directly into the chromatographic system. The
separation was carried out on ODS-Hypersil { 5 um ) reversed-phase
column ( 10 cm X 5 mm }). The eluent of methancl-pH 8 phosphate
buffer 50:50 was pumped isocratically at 1.0 ml/min. The peaks
were detected electrochemically at an applied potential of +0.9 V

vs Ag/AgCl and UV detection at 254 nm.

3.4. Derivatisation of Amines with Bolton-Hunter Reagent in

Dilute Aqueous Solution

Solutions of the amines ranging from 10 ° M to 10~2 # in 0.1
il NaHCOB, pH 8.5 { 10 ml ) were nixed with the DRolton-Hunter
reagent { 5 ng }. The mixture was allowed to react for 3 hours at
room temperature. Then, the solution ( 10 pl ) was injected

directly into the HPIC system.
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4. DERIVATISATION OF AMINES USING METHYL p-HYDROXYBENZIMIDATE

HYDRCCHLORIDE

The derivatisation method is based on the procedure of
Wood et al. [76]. 2 x 10”% M amine was prepared in 0.005 M
borate buffer at pH 9.2. 4 x J.O“2 M Methyl p-hydroxybenzimidate.HC1
was a}so prepared in the same buffer. The reaction was started
by adding an amount of methyl p-hydroxybenzimidate.HC1l solution (inOQ

pl ) to the amine solution ( 100 pl ) to give a final molar ratio

20:1. After 3 hours at 50°C, the solution ( 10 pl ) was injected
cnto the reversed-phase HPLC ODS-Hypersil ( 5 pm ) column,

(10 cm x 5 mm ). The eluent consisting of 70:30 methanol-

phosphate buffer ( pH 8 ) containing 0.05 M l-hexanesulphonic

acid was pumped at 1.0 ml/min. The derivatives were detected

at the applied potential of +0.9 V vs Ag/AgCl and UV detection

at 254 nm;

5. ANALYSIS OF DANSYL DERIVATIVES BY ICEC

10-3 M Solutions of commercially prepared dansyl derivatives

were dissolved in a methanol-phosphate buffer ( pH 8 )} solution

( L0 ml ). The solution ( 10 pl ) was injected onto the reversed—
phase ODS-Hypersil ( S pm ) colum ( 10 cmx 5 mm }. The eluent,
consisting of 50:50 methanol: phosphate buffer ( pH 8 ) was

pumped at 1.0 ml/min., The peaks were detected at the applied

potential of 0.9 V vs Ag/AgCl and UV detection at 254 nm.
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CHAPTER IIX

RESULTS

3.1. Preparation of Standard Amine Derivatives using

C-Acetylsalicyloy] Chloride

Samples of the standard amine derivatives hagd> been prepared
by previous student but werenot fully characterised [77]. The
preparation of derivatives used a Schotten-Baumann reaction

conditions.

a. 2—Hydroxybenzamide of Piperidine

The piperidine derivative was pale yellow crystals in 70%
vield; m.p. 126°C = 129°C ( Lit. [78] 142°C ); IR spectrum ( in
najol on Dr discs ): 3350 cnrl { I-bonded -Ci! group ), 1600 -

1

163C ¢ - ( C = 0 of amide }, and 1580 cm-~1 { C = C of aromatic

ring ); 'E-R ( CDCL, )}, AH = 1.7 { s, GH for

]
5 13E, )

by = 6.7 - 7.3 (m, 41, for aromatic ring ), and 8H = 9.3 ( s, 1,

3 -t . 1
'] J = H -7 = - - . - v
br-ClI2 { C112 )3 le ), ﬁH 3.6 ( s, 44, for N—Cd2 { CH

for phenolic proton ). The thin layer chromatography on silica

gel in chloroform showed a single spot at R. = 0.39.

b. 2-liydroxybenzamide of N-ilethylaniline
The N-methylaniline derivative was cbtained as pale buff-
coloured crystals in 73% yield; m.o. 108°C - 109°C; IR spectrum

: . v 4 -1 T
( in nujol on KBr discs }: 3350 cm (. B-bonded ~0il group },
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1

1600 - 1630 cw ¥ (C = 0 of amide ), 1580 em L ( C = C of aromatic

ring ), and 2830 cm_l { N-CH3 group }; '"HI-iBR CDCl3 Y SH = 3.5

{ s, 3H, for -Cii, on nitrogen }, §.. = 6.3 -~ 7.6 ( m, 94, for

3

aromatic proton ), and %H = 9.7 { s, 1, for phenolic proton }.

1Y
il

The thin layer chromatography on silica gel in chloroform showed

a single spot at Rf = 0.56.

c. 2-Hydroxybenzamide of Benzylamine
The benzylamine derivative was obtained as colourless
crystals in 80% yield; m.p. 135°C - 138°C ( Lit. [79] 134°C }; IR

spectrum { in nujol on KBr discs ): 3350 cm"l { H-bonded ~Ol1

1 1

group ), 1600 ~ 1650 cm ~ ( C = 0 of amide ), 1580 cm ~ ( C = C of

aromatic ring ); 'I=IR { CDCL. ): 3H = 4.5 (&, 21, for —CH

3 9 b

g = 646 - 7.7 (m, 9, for aromatic proton ), and SH = 8.3

{ s, 1 H, for phenolic proton }. ‘The thin layer chromatography
on silica gel in chloroform showed a single spot at Rf = 6.9,

d. 2-lydroxybenzamide of Pyrrolidine
The pyrrolidine derivative was pale yellow.crystals in 63% yield; m.p.
124°C - 137°C; IR spectrum ( in nujol on KBr discs ): 3350 o+

{ H-bonded -OH group )}, 1600 — 1630 e ( € = 0 of amide ), and

l n
3 )edy, = 1.3

l )
{ sy 4, for =a-Cll~{ CH, ) ,—CIL, }, §, = 3.6 (s, 41, for

1590 cm ~ ( C = C for aromatic ring }; 'H-IGR { CDCI

. . 1 a . . N .
~wfgg2 { CL2 }2f§g2 . 8H = 6.5 7.3 ( m, 4i, for aromatic ring }

and §,

= 9.3 ( s, 1lil, for phenolic proton }. The thin layer

38



chromatography on silica gel in chloroform showed a single spot

at R = 0.30.

3.2. Scparation of Amine Derivatives

Piperidine, l-methylaniline, pyrrolidine, and benzylamine
derivatives were separated by using HPLC with electrochemical
detection and an: eluent of 50:50 Methanol-phosphate buffer pH §.

Fig. 20 ~ Chromatogram of 2-Hydroxybenzamide of'Amines

using HPLC with Electrochemical Detection

Table 2 - Retention Times of the 2-Hydroxybenzamide of

Amines

1

= tR - to )/ to vhere tR = retention time for the

k&

2-hydroxybenzamide derivative and t.O = retention time for

solvent.
Derivative tR ( min ) to { min ) i
pyrrolidine ' 2.5 _ 1.0 1.5
piperidine 3.7 1.0 2.7
N-methylaniline 4.5 1.0 3.5
benzylamine 12.5 1.0 11.5
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Fig. 20, Chromatograms of 1 x 10

Amines in MeOH-H..O

2

3

pyrrolidine
piperidine
N-methylaniline
ICEC
I___A_/
0 1 2 3 4 5 6 7

40

M 2-Hydroxybenzamide of

HPILC conditions:
Column: ODS-Hypersil
. (10 cm x 5 mm)
M/phase: 50:50 MeOH-phosphate
buffer pH 8 (containing
0.001 M NaCl)
Injection: 10 wl of solution
Detection:
EC: +0.9 V vs Ag/AgCl
20 pA range
uv: 254 nm, 0.1 AUFS




3.3. Effect of Applied Pctential vs Peak Height for

2-Hydroxybenzamide of Amines

To determine a suitable applied potential for electro-
chemical detection, the 2-hydroxybenzamide of piperidine was
exanined at different potentials and the detector response was
measured ( Fig. 21 }.

Fig. 2 - Relationsﬁip between Applied Potential and Peak

Response of 107> i 2-Hydroxybenzanide of

Piperidine

3.4. Calibration Curves for 2-Hydroxybenzamide of Amines

Célibration curves were measured for the pure derivatives
using HPILC with electrochemical detection
Fig. 22 - Calibration Curve . for the pure 2-liydroxybenzamide
of Piperidine in Methanol
Fig. 23 - Calibration Curve for the pure 2-lydroxybenzamide
of M-Methylaniline in Methanol
Fig. 24 - Calibration Curve for the pure 2-Hydroxybenzamide

of Benzylamine in Methanol
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Fig. 21 - Relationship between Applied Potential and Peak Response

of 1 x 10'-3 M 2-lydroxybenzamide of Piperidine

250

200

150

Peak height/ mm

100

50

0 T T T T T 1
0.4 0.5 0.6 0.7 0.8 0.9 1

Applied potential (V vs Ag/AgCl)
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Fig. 22 - Calibration Curve for 10_7 M Pure 2-lydroxybenzamide

of Piperidine in Methancl with Electrochemical

Detection at 0.05 uh

60

504

40

30~

Peak height / mm

204

10

0- H T T T
0 2 4 6 8

x10™"M piperidine derivative
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Fig. 23 - Calibration Curve for 10-6 M Pure 2-Hydroxybenzamide

of N-Methylaniline in Methanol with Electrochemical

betection at 0.1 pA

30+

25+

204

154

Peak height / mm

10

0 - T T T T 1
4 2 4 6 8 10

x10™°M N—methylaniline derivative
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Fig. 24 - Calibration Curve for 10‘_4 M Pure 2-Hydroxybenzamide

of Benzylamine in dMethanol with Electrochemical

Detection at 20 pA

80

70

60+

50

40~

Peak héigh1 / mm

30

20

101

0 T T T
0 2 4 6 8 10

x10™*M benzylamine derivative
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3.5. 2-Hydroxybenzamide of Piperidine using O-Acetylsalicyloyl

Chloride

A series of experiments were carried out to measure the
yield of the derivative prepared from a dilute soluticn of
piperidine in 0.1 M NaCH ( 10 ml ) with O-acetylsalicyloyl
chloride ( 10 ng — 200 ng )} to deternmine the quantity of reagent
required to éive satisfaction reaction.

Fig. 25 - Percentage Yield of Derivatisation of 1 x 10—4 M
Piperidine in 0.1 M NaOl with increasing Amounts
of O-Acetylsalicyloyl Chloride

Fig. 26 - Percentage Yield of Derivatisation of 1 x 10~S M

| Piperidine in 0.1 ¥ NaOH with increasing Amounts

of O-Acetylsalicyloyl Chloride

Fig. 27 - calibration Curve for Derivatisation'of 107
Piperidine in 0.1 M NaOQH

Fig. 28 ~ Calibration Curve for Derivatisation of 107
Piperidine in 0.1 i NaOH

Fig. 29 - Chromatograms of 1 x 10+ M 2~Hydroxybenzamide of
Piperidine from Reaction and O—ACetylsalicyloyl
Chloride Blank in 0.1 M NaQu

Fig. 30 - Chromatogram of 6 % 10“7 M 2-Hydroxybenzamide of
Piperidine from Reaction with O-Acetylsalicyloyl

Chloride {( 200 mg ) in 0.1 M NaOU

46




Fig. 25 — Percentage Yield of Derivatisation of 1 x :LO-4 M
Piperidine in 0.1 ¥ NaCH with increasing Amounts of

O-Acetylsalicyloyl Chloride

120

100+

80

60

Yield / %

40+

20

0 T T T 1
0 50 100 150 200

mg of O—acetylsalicyloy! chloride
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Fig. 26 - Percentage Yield of Derivatisation of 1 x 107§
Piperidine in 0.1 M HaOH with increasing Amounts of
O-Acetylsalicyloyl Chloride with Electrochemical

Detection at 1.0 WA

100 4
90+
804
70+
60

50

Yield / %

40
30
20+

10

f T i ] L
140 150 160 170’ 180 190
mg of O—~acetylsalicyloyl chloride
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Fig. 27 - Calibration Curve for Derivatisation of 10—5 M
Piperidine in 0.1 ¥ NaQOH with Electrochemical

Detection at 1.0 uA

140

120

100

80+

60 -

Peak height / mm

40
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0 T T T T ]

4 6
x107°M piperidine
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Fig. 28 - Calibration Curve for Derivatisation of 107 M

60

504

43

304

Peak height / mm

20

10 -

Piperidine in 0.1 M ilaOH with Electrochemical Detection

at 0.5 PA

T

4 5
x1075M piperidine

r -
&
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Fig. 29. Chromatograms for 1 x 1074

M 2-Hydroxybenzamide of
Piperidine from Reaction and O-Acetylsalicyloyl Chloride
Blank in 0.1 M NaOH

piperidine
.derivative HPLC conditions:
] Column: ODS~Hypersil (10 cm x Smm)
M/phase: 50:50 MeCH-phosphate buffer
pil 8 {(containing 0.001 M NaCl)
Injection: 10 pl of solution
EC detection: +0.9 V vs Ag/AgCl
L' pA range
ICEC
29A 29B
- | |
0 1 2 3 4 8 & 0 1 2 ¥ FT5 4
min

29A - Derivative from 1 x 1072 Piperidine in 0.1 M NaOH
29B - O-Acetylsalicyloyl Chloride Blank in 0.1 M NaCH
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Fig. 30. Chromatogram of 6 x 10'-7 M 2-Hydroxybenzamide of

Piperidine from Reaction with O-Acetylsalicyloyl

Chloride ( 200 mg )} in 0.1 M NaOH

HPIC conditions:

Column: ODS~Hypersil (10 cm x 5 mm)
M/phase: 50:50 MeOH-phosphate buffer
pH 8 (containing 0.001 M NaCl)

Injection: 10 ul of solution
EC detection: +0.9 V vs Ag/AgCl
0.05 pA range

piperidine derivative

\

~J
@©
\O4,
=
(=]

4 5 6

oT
[

oL
o

Derivative from 6 x 10/ M Piperidine in 0.1 M NaOH
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3.6. N-Methylaniline and Benzylamine Derivatives in 0.1 M NaQl

Both amines also examined for the potential of

derivatisation in dilute aqueous solution with O-acetylsalicyloyl

chloride

Fig.

Fig.

Fig.
Fig.

'ig.

200 g ).

31 - calibration Curve for Derivatisation of 1074
N-tethylaniline in 0.1 M NaOH

32 - Chromatograms of 1 x 1077 2—Bydroxybenzamiﬁe of
N-Methylaniline from Reaction K

33 - Chromatograms for Derivatisation of N-Methyl--
aniline using the valdez and Reier Method

34 - Calibration Curve for Derivatisation of 10 M
Benzylamine in 0.1 M NaCH

35 - Chromatograms of 1 x 107+ M 2-Hydroxybenzamide of

benzylamine from Reaction and O-Acetylsalicyloyl

Chloride Blank in 0.1 M NaCH

3.7. studies of Reaction Yield using O-Acetylsalicyloyl Chloride

(200 mg )

Table 3. - Percentage reaction yield of derivatisation

Amine Derivative % Yield

1074 4 107 107 1
piperidine 100 ' 100 100
N-methylaniiine 42.5 54.6 - .
benzylamine 99.2 - -
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Fig. 31 - Calibration Curve for Derivatisation of 10_4 I
N-Methylaniline in 0.1 M NaCOH with Electrochemical

Detection at 10 pA

120

100

80

60

Peak height / mm

40 4

201

0 T T T T

4 6 8
x10™*M N—methylaniline
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Fig. 32. Chromatograms of 1 x 10 - M 2-Hydroxybenzamide of

N-Methylaniline from Reaction ..

oy

N-methylaniline
derivative

HPLC conditions:
Column: ODS-Hypersil
(10 cm x 5 mm)
M/phase: 50:50 MeOH-phosphate
buffer pH 8 {containing .
(0.001 M NaCl)
Injection: 10 pl of solution
BEC detection: +0.9 Vvs
Ag/2gCl
1 pA range

N-methylaniline

N-methylaniline
derivative

ICEC

32A : 32B

A N

o 1 2 3 4 5 6 0 1 2 3 4 & &

323 - 1 x 107; M Pure N-Methylaniline Derivative in 0.1 M NaOH
32B - 1 X 10 ° M N-Methylaniline after Reaction using 200 mg of

O-Acetylsalicyloyl Chloride prepared in 0.1 M NaOH
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Fig. 33A. Chromatograms for Derivatisation of N-Methylaniline

using the valdez and Reier Method

min min
0o 1 2 3 4 5 6 7 0 1 2 3 4
¥ \\/' L S v
v
HPié conditions:
refer to
Fig. 33B
ICEC
33 (1) 33(ii)
.
p———t————+ ———t +——
0 1 2 3 4 5 6 7 0 1 2 3 4
mn min
33(i) - 1000 pl O-Acetylsalicyloyl Chloride in CH.CN

33(ii) - 1000 ppm N-Methylaniline in CH.CN

3
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Fig. 33B. Chromatograms for Derivatisation of N-Methylaniline

using the Valdez and Reier Method

uw
HPIC conditions:
Column: ODS-Hypersil (10 cm x 5mm)
C—-acetylsalicyloyl M/phase: 50:50 MeCH~phosphate buffer
chloride pH 8 (containing 0.001 M NaCl)
Injection: 10 pl of solution
Detection:
N-methylaniline EC: +0.9 V vs Ag/AgCl
20 pA range
UV: 254 nm
1.0 AUFS
ICEC

Ll

33(iii) - 1000 ppm N-Methylaniline + 1000 yul O-Acetylsalicyloyl

Chloride in CHBCN
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Fig. 34 - Calibration Curve for Derivatisation of 10 % M
Benzylamine in 0.1 M NaQll with Electrochemical

Detection at 10 pa

120

100

804

604

Peak height / mm

40+

20+

] I T
0 2 4 6

x10™*M benzylamine.
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Fig. 35. Chromatograms of 1 x 1074 M 2-Hydroxybenzamide of
Benzylamine from Reaction and O-Acetylsalicyloyl

Chloride Blank in 0.1 M NaCH

HPIC conditions:

Column: ODS-Hypersil (10 ¢m X 5 mm)
M/phase: 50:50 MeOH-phosphate. buffer
PH 8 (containing 0.001 M NaCl)

Injection: 10 pl of solution
EC detection: +0.9 V vs Ag/AgCl -
10 pA range

352 - 1 x 10~ M Pure Benzylagine Derivative in 0.1 M NaOH
358 ~ Derivative from 1 x 10 % M Benzylamine in 0.1 M NaOH
3BC - 1x 10_4 M O—-Acetylsalicyloyl Chloride Blank in 0.1 M NaOH

1 2 3 4 S5 6 7 8 9 10 11 12 13 14
min
358
-

' ‘ ' i " ' ‘ ' ' —
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

35C

T

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14



3.8. Precision Studies of Derivatisaticon of Amine with

O-Acetylsalicyloyl Chloride

Data of N-methylaniline excluded because N-methylaniline
gave a low yvield.
Table 4. - Reproducibility of Amine Derivatives from

Reaction in 0.1 M NaCH

Amine Injection |[Peak height, mean, mm| CV
piperidine { 1 x 107 M ) 4 61.3 1.4
benzylamine ( 1 x 1073 M ) 4 10.5 5.5

Coefficient of variation = 100 x ( SD/X )

3.9. Derivatisation of Amines using Bolton-Hunter Reagent

Three amines were derivatised using Bolton-Hunter Reagent.

The derivatives obtained after extraction using chloroform.

a) 3-(4-Hydroxyphenyl)propionamide of Cyclohexylamine
The cyclohexylamine derivative was white crystals in 25%

yield; m.p. 88°C - 90°C; IR spectrum ( in nujol on KBr discs):s

1

3320 cm - ( H-bonded -OH ) and gave three bards between 1560~

1

1620 cm ~ ( C = O and N-H of amide }. ‘H-NMR (cocl, ye .

6,7 - 7.3 ((m, 4H, for aromatic ring'), = 2.4 = 3.2(( t, &,
H

4H, —CH -CH'z— ), and §, = 0.9 = 2.0 (m, 11H, hexyl ring ).

2
The thin layer chromatography on silica gel in ethyl acetate

gave a single spot at Rf = 0.84.
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b) 3-{4-Hydroxyphenyl)propionamide of Benzylamine
The benzylamine derivative was white crystals in 30% yield;

m.p. 74°C = 77°C; IR spectrum { in nujol on KBr discs ): 3310 cm

-1
{ lI-bonded -OH )} and gave three bands between 1540 - 1640 cm

and N-H of amide j. 'H-MNMR ¢ .CDC13/DMSO): &.,=6.4-7.1(m,

H

94, for aromatic rings ), SIJ = 4.2 (d, 2, ~CH,C.H. ), and
51{ = 3.2 { s, 4H, —CIIZ—CH2- }. The thin layer chromatocjraphy
on silica gel in ethyl acetate gave a single spot at

R = 0.81.

c) 3~(4-Hydroxyphenyl)propionamide of Piperidine
The piperidine derivative was brown gum in 25% yield. The

melting point was not measured. IR spectrum { in nujol on KBr

1

discs ): 3200 cm T ( H-bonded ~OH ) and 1600 cm * (C = 0 of

amide ); ‘H-MMR ( CDCl, ): SH = 6.4 ~ 7.1 {(m!, 4H, for aromatic
. : . _I_ ] ] 1
ring ) and 5{1 = 0,7 ~ 1.6 {(m, 108, N-CH,, ( CH,, ) ,CH

2 Y. The
thin layer chromatography on silica gel in ethyl acetate

gave a single spot at Rf = (.89,

6l

1

(C

O




3.9.1. The HPIC Study of Pure 3~-(4-Hydroxyphenyl)propionamides

of Amines
The pure amine derivatives were examined by ICEC using
the same HPLC conditions as employed for the 2-hydroxybenzamides
of amines.
Fig. 36 - Chromatograms of 3-(4-Hydroxyphenyl)propionamide
of Cyclchexylamine in MeOH—HZO
Fig. 37 - Chromatogram of 3-(4-Hydioxyphenyl)propionamide

of Benzylamine in MeOH—HZO

Fig. 38 - Chromatogram of 3-{4-Hydroxyphenyl)propionamide
of Piperidine in MeOH—H2O
Table 5 = Retention Time for the 3-(4~Hydroxyphenyl)-
propionamides of Amines
k' = ( tR - tO Yy / tb where tR = retention time
for the amine derivative and to = retenticn
time for solvent
Amine derivati&e Capacity factor, k'
cyclohexylamine . 4.3
benzylamine 2.3
piperidine ! 5.7

The applied potential of 3-(4-Hydroxyphenyl)propionamide
of amine was also carried out and the detecter response
was measured.

Fig. 39 - Applied Potential vs Peak Height for 1 x 10_3 M

3-(4-Hydroxyphenyl) propichamide of cyclohexylamine
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Fig. 36. Chromatograms of 3-(4-Hydroxyphenyl)propionamide of

Cyclohexylamine in MeOH-H 0

HPLC conditions:

Colwmn: ODS-Hypersil (10 cm x 5 mm)

M/phase: 50:50 MeOH-phosphate buffer
pH 8 (containing 0.001 M NaCl)

Injection: 10 pl of solution

EC detection: +0.9 V vs Ag/AgCl

36A
10 pA range
o 1 2 3 4 5 6
min LCEC
F
368 0.05 pA range

o o
i+
[«5%

2 3

min

Q-
[

36A - 1 x 10_2 M Cyclohexylamine Derivative
36B - 1 x 10 ' M Cyclohexylamine Derivative
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Fiqg. 37.. Chromatogram of 1 x 10 - M 3- (4-Hydroxyphenyl)-

propionamide of Benzylamine in MeOH—H20

HPIC conditions:
Column: ODS-Hypersil (10 cm x 5 mm)
M/phase: 50:50 MeCOH-phosphate tuffer
pPH 8 (containing 0.001 M NaGl)
Injection: 10 pl of solution
EC detecticn: +0.9 V vs Ag/AgCl
20 pA range

1% 10> M Pure Benzylamine Derivative in MeOH=H.O

2
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Fig. 38. Chromatogram of 1 x 10 ° M 3~-(4-Hydroxyphenyl)-

propionamide of Piperidine in MeOH-H.O

2
piperidine
derivative

HPIC conditions:
Column: ODS-Hypersil
(10 cm x 5 mm)
M/phase: 50:50 MeOH-phosphate
buffer pH 8 (containing
0.001 M NaCl)
Injection: 10 pl of solution
EC detection: +0.9 V vs
Ag/AgCl
0.5 pA range
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Fig. 39 - Relationship between Applied Potential vs Peak Height

for 1 x 10°° n 3-{4-llydroxyphenyl )propionamide of

Cyclohexylamine

110 1
100 -
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80
70
60 -

50+

Peck height/ mm

40

30+

20

10

0 1 1 .
0.4 0.5 0.6 0.7 0.8 0.9 i
Applied potential (V vs Ag/AgCl)
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3.9.2. berivatisation of Cyclohexylamine in Aqueous Solution

using Bolton-Hunter Reagent

The calibration curve for pure 3-(4—hydroxagﬂmqyl)propiona:
mide of cyclchexylamine.was firstly measured using ILCEC.
Fig. 40 - Calibration Curve for 1 x 100 M ~1x 107 M.
3- (4-Hydroxyphenyl)propionamide of Cyclohexylamine
Then, derivatisation of cyclohexylamine was carried out in dilute
aqueous solution using bicarbonate solution.
Fig. 41 - Chromatograms for Cyclohexylamine derivative
after reaction and Bolton-Hunter Reagent Blank
Table 6 - Comparison of Yield for Derivatisation of
Cyclohexylamine in 0.1 M NaHCO3 with Electro —
chemical Detecticn at 0.9 V vs Ag/AgCl, 0.5 pA

range

Concentraticn Peak height ( mm ) % Yielad

(o) pure derivative | in-situ derivative
5

1x 10 67 61 91

6

1x 10 18 21 116

3.9.3. Derivatisation of Denzylamine in Aqueous Solution using

Bolton-Hunter Reagent

Because of decomposition of pure penzylardne derivative, the
calibration curve was not measured. However, the in-situ
derivatisation was carried out to examine the efficiency of

derivatisation in aguecus solution.
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Fig. 40 - Calibration Curve For 10™° M 3-{4-Hydroxyphenyl)-
.propionamide of Cyclchexylamine with Electrochemical

Detection at 0.2 pa

45 -
40-
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Fig. 41, Chromatograms of Cyclohexylamine Derivative and

Bolton-Hunter Reagent Blank in 0.1 M NaHCD3

cyclohexylamine
derivative

HPLC conditions:
Column: ODS-Hypersil (10 cm x 5 mm)

M/phase: 50:50 MeOH-phosphate buffer
pH 8 ({(containing 0.001 M NaCl)
Injection: 10 pl of solution
EC detection: +0.9 V vs Ag/AgCl
0.1 pA range
1.0 pA range
HA rang g
ICEC
41A 418
T/ }—J"I|
o 1 2 3 4 5 6 0 1 2 3 4 5 &
min min
4

41A - 10 * M Cyclohexylamine Derivative after Derivatisation with
Bolton-Hunter Reagent

41B - Bolton-Hunter Reagent Blank
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Fig. 42 - Chromatograms of usenzylamine Derivative after

Reaction and Bolton-llunter Reagent Blank

3.10. Derivatisation of Amines using Wood's Reagent

Cyclohexylanine was selected as a medel for derivatisation
using Wood's reagent.

Fig. 43 - Chromatograms of Cyclohéxylamine[xmivative with

and without Ion-pair Reagent ( i-hexanesulphonic

acid ) and Wood's Reagent Blank

3.11. Electrochemical Studies of Dansyl Derivatives

Soﬁe dansyl derivatives of amino-acids were exanined using
LCEC,
Fig. 44 and 45 - Chromatograms of Dansyl Proline in 50:50
MeOlH-phosphate buffer

Table 7 - k' values for Dansyl Derivative of amino-acids

k' = { tR -—-tO ]/ lqa vhere tR retention time for -

retention time for

the dansyl derivative and t.o

solvent
Dansyl derivative k'
Glycine 1.2
Threonine _ 1.4
Aspartic acid 0.1
Lysine 3.2
Proline 2.8
valine 4.2
Phenylalanine ' 3.3




Fig. 42, Chromatograms of Benzylamine Derivative and

Bolton-lunter Reagent Blank in 0.1 M NaHCO

benzylamine
derivative

LCEC
423 &
0. 1 2 3 4 5 ¢
min
r--\
LCEC
428
-
t+ 4— } —— 4 :
O 1 3 4 5 6 7
min

3

HPLC Conditions:

Columm: ODS-Hypersil (10 x 5 mm)

M/phase: 50:50 MeOH-phosphate

buffer pH 8 (containing 0.001 M

NaCl)

Injection: 10 pl of solution

EC detection: +0.9 V vs Ag/AgCl
0.1 pA range

42a - 1 x 10—5 M Benzylamine Derivative after Derivatisation with

Bolton~-Hunter Reagent

428 - - Bolton-Hunter Reagent Blank
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Fig. 43Ak. Chromatograms of 2 x

:LOH4 M Cyclohexylamine Derivative

and Wood's Reagent Blank without Ion-pair Reagent

HPIC conditions:

Columm: ODS-Hypersil (10 cm x 5 mm)

M/phase: 70-30 MeOH-phosphate buffer
pH 8 (containing 0.001 M
NaCl}) :

Injection: 10 pl of solution

EC detection: #0.9 V vs Ag/AgCl

' 20 pA range

o 1 2 3 4 5 ¢

Cyclohexylamine derivative

T
L
N

Lk
b-
W
ol

Wood's Reagent blank



Fig. 43B. Chromatograms of 2 x.-l()-'4 M Cyclohexylamine Derivative

after Derivatisation and Wood's Reagent Blank

with Ion-pair Reagent
HPIC conditions:
[ refer to Fig. 43C

Wood's reagent blank
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Fig. 43C.

Chromatograms fof 2 x 10_4 M Cyclchexylamine Derivative

after Derivatisation and Wood's Reagent Blank’

with Ion-pair Reagent -

HPIC conditions:
Column: ODS-Hypersil (10 cm x 5 mm)
M/phase: 70:30 MeOH-phosphate buffer
(containing '0.05 M 1-hexane-
sulpheonic acid and 0.001 M
MaCl)
Injection: 10 pl of solution
Detection:
BEC: +0.9 V vs Ag/agCl, 20 pA range
Uv: 254 nm, 0.2 AUFS

cyclohexylamine
derivative

4

I

o
|
o8]
w -+
N-9
(¥
(=)}

Wood's reagent blank
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Fig. 44. Chromatograms of Dansyl Proline in 50:50 MeOH-phosphate

Buffer

HPIC conditions:

Column: ODS-Hypersil (10 cm X 5 mm)

M/phase: 50:50 MeOH~phosphate buffer
pH 8 (containing 0.001 M NaCl}

Injection: 10 pl of solution

EC detection: +0.9 V vs Ag/AgCl

dansyl
proline
ICEC
1.0 pA range
0.05 LA range
-
dansyl
44 \ 44B proline
= t t t t t } t t t f ——t t
0 1 2 3 4 5 6 0 1 2 3 4 5 6
min min

44A - 1 x 10:3 M Dansyl Proline in MeOH-phosphate Buffer pH 8
44B - 1 x 10 ° M Dansyl Proline in MeOH-phosphate Buffer pH 8
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Fig. 45. Chromatograms of Dansyl Proline in 50:50 MeOH-phosphate
Buffer

min

0 1 2 3 4 5 6 7

] M "
T T

—t— t .
hnmmﬂmvﬂwmmﬂme”VM“”W\ -
45A proline

HPIC conditions:

Column: ODS-Hypersil

uw (10 cm x 5 mm)

M/phase: MeOH-phosphate
buffer pH 8 (con-
taining 0.001 M NaCl)

Injection: 10 pl of

solution
Detection:

UV: 254 nm, 0.1 AUFS
dansyl Flucrescence:
proline | N ex * 340 nm

em - 530 nm

Fluorescence

458

457 - 1 x 10_3 M Dansyl Proline in MeOH-phosphate Buffer pH 8

458 - 1 x 10"~ M Dansyl Proline in MeOH-phosphate Buffer pH 8
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CHAPTER 1V
DISCUSSION

Since LCEC is suitable for the analysis of phenols,
research in this field has been aimed mainly at the development of
derivatisation techniques which introduce a phenolic group.

As described earlier, polar compounds such as amines, which are
difficult to analyse using GIC, can be easily derivatised to

give products that can be separated and detected by HPIC using
suitable detecteors including UV, fluorescence, and electrochemical
detectors. In my research, an electrochemical detector has been
selected in conjunction with HPIC because of its sensitivity

and selectivity compared to others for the analysis of
electroactive compounds.

Recently, pre-column derivatisation with phenolic compounds
has become popular in order to improve the detection of analytes
in HPIC with electrochemical detection. Although, there are
many reports describing the utility of LCEC for the determination
of electroactive compounds, ohly few reagents can be used and
are suitable for derivatisation of aliphatic amines. Many acid
chlorides such as tosyl chloride [80], and benzoyl chloride {81,82]
have been used to derivatise aliphatic amines and polyamines
for HPIC separation and detection with ultra-violet spectroscopy.

The tendency to use acid chlorides as the derivatising reagents,




led us to develop a potential derivatising reagent by employing
salicyloyl chloride, i.e. O-acetylsalicyloyl chloride, for pre-
column derivatisation of aliphatic amines for ICEC. A phenolic
electrochemical active group from the derivatising reagent
has been formed by using the Schotten~Baumann alkaline reaction
conditions. This compound: has the ‘advantage that the phenolic
group is protected during reaction and then the acetyl group
is removed by hydrolysis. This phenolic group is easily |
detected by oxidative electrochemical detecticn. Other phenolic
compounds such as Bolton-Hunter reagent ( 3- (4-hydroxyphenyl)-
propionic acid-N-hydroxysuccinimide ester ) and Wood's reagent
( methyl p-hydroxybenzimidate.HCl ) are also possible for use
with LCEC. These two reagents are widely studied as derivatising
reagents for aliphatic amines. Fig. 46 shows the structure
of the reagents named above.

Each of these reagents and the detection of theif

derivatives using ICEC are discussed in more detail.

0
OﬂC*CH3 o o
0 . \/ Q
i I
-C1 WN—0-C(CH,,). H
. 2°2
=0 - +
?=NH2 Cl
OCH3
O-acetylsalicylayl Bolton-Hunter Wood's reagent
chloride . reagent |

Fig. 46. Structure of O-acetylsalicyloyl cinloride, Bolton-tlunter,

and Wood's reagents
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4.1. Reaction of Amines with O-Acetylsalicyloyl Chloride

Preparation of pure 2-hydrogybenzamides of amines were
carried out by reacting the amines with C-acetylsalicyloyl
chloride. 'The amine was firstly dissolved in 2 ii tiaCil and
O-acetylsalicyloyl chleride in diethyl ether was added. The
mivture was shaken. 7The two layers were scparated and the
aqucéou.: layer was acidified with 2 : ICl down to pil 7.0. The
proauct was extracted. 7The crystalline solid derivatives then
needed further recrystallisation to give a pure amiﬁe derivative.
The yields were almost 70%5. The schematic diagram of reaction
is shown on Fig. 47.

The identity of the products from derivatisation of amines
( see Section 3.1 ) were confirmed by spectroscopic { IR and
MR } and TIC analysis. The main characteristics such as the
dominant three-band for an amide group on the IR spectrumn
has shown the products are amide derivatives. A single spot

on the TIC plate had indicated that the products are pure amine

derivatives.
HOS
0 3 | ~CH,
0.1 M Naod PRI
£~C1 T NHR extract
NHR
room temp. {_ _
R' 2-hydroxy—
benzamide

N~ piperidine @I?Hﬂ-% Nemethyl- derivative
1.

L e aniline
DN— pyrrolidine -

Fig. 47. Derivatisation of amines with O-acetylsalicyloyl chloride
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4.1.1. Chromatographic Conditions

The HPLC conditions "for separation of'2-hydrox§r
benzamides of amines were selected including the
choice of solvents for mobile phase, pH, composition of eluent,
and temperature. The optimisation of the electrochemical detector
for detection of 2-hydroxybenzamide of amines should also be
considered. The orevious student, [77] who had initially carried
out the experiment, suggested the most suitable mobile phase
composition for analysis of amine drivatives to be a solution
of methancl-0.025 M phosphate buffer pH 8. Kissingér [83)
has reported buffered mobile phase in the concentration range .
0.01 ¥ to 0.1 . In addition, phosphate buffer can be used
as a modifier, which reduces the peak tailing, increasing the
efficiency of separation, and also acts as the supporting

electrolyte for the electrochemical detector‘[84].

4£.1.2. Optimisation of Electrochemical Detector Potential

In the analysis of amine derivatives, the electrochemical
detector has been used in conjunction with HPLC. Basically
the detection is at a conétant applied potential, while the
current is weasured as a function of time. As explained before,
the applied potential relates to the minimum potential at which
the current reaches its liniting current plateau, so that,
the maxirum current response to the analyte can be maintained
at all times. In this study, the signal of detector response

is measured in terms of peak height. 7 determination of the
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limiting current plateau was carried out and [Flg. 21 shows

the peak heights measured at the different applied potentials
for a series of injections of the 2-hydroxybenzamide of
piperidine. The detector gave a response above the applied
potential of +0.5 V and the measurerceht was limited to applied
potential of +1.0 V. Further incrgase beyond this applied
potential, would propably cause a significant increases in
background.current and neoise levels. From this work, an applied
potential of +0.9 V was chosen for the detection of anmine

derivatives.

4.1.3. Chromatographic Separation of 2-liydroxybenzamide of

Anines
Using the suggested conditions [77], each amine derivative
was well separated by ICEC. Fig. 20 shows the separation of
three amine derivatives: 2-hydroxybenzamide of pyrrolidine,
2-hydroxybenzamide of piperidine, and 2-hydroxybenzamide of
N-methylaniline. The capacity factors( k' ) for the amine
derivatives were less than 12 and are shown in Table 2 wiich
agreed in order of peolarity with the results of Rf chtained
by the TIC analysis { see Secticn 3.1 ). Fig. 20 also shows
the chromatogram obtained from the UV detection at 254 nm in
comparison to electrochenical detection. Therefore, those
amine aerivatives can also be detected using the UV detector.
ilowever, the sensitivity of the UV detector was limited in

further applications so that use of the electrochemical detector
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for the determination of these amine derivatives was fully

considered.

4.1.4. Standardisation

In HPLC analysis, calibration can be achieved using either
internal or external standardisation [85]. Analysis using
an internal standard requires the adﬁition of a compound that
elutes close - to the analyte, meanwhile when external standard
is considered the actual compounds of interest arc used in
the preparation of calibration curves.

Calibration curves for electrochemical detection of peak
height yé_concentration were prepared for three pure amine
derivatives, 2-hydroxybenzamides of piperidine, N-methylaniline,
and benzylamine. All standard solutions were prepared in
pmethanol. The pealk heights of the amine derivatives were
calculated from the LCEC response. Fig. 22 shows a linear
calibration curve was obtained for the 2-hydroxybenzanide

T4t

of piperidine in the range studied, from 1 x 10

X 10_6 i with a good correlation coefficient of 0.9950.
For the Z—hydroxybénzamide of -methylaniline, linear calibration
curves were also obtainad and the level of 10"6 M concentration
vas detectable with correlation coefficient of 0.5964
( Fig. 23 ).

In the case of benzylamine, calibration curve was only

plotted at 10’4 M orange with correlation coeifiicient of (.9979

{ Fig. 22 ) and & linecar calibration as low as the other
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two amine derivatives should also be possible. Therefore,
these pure amine derivatives can be used as external standards
to monitor the in-situ derivatisation of amines in dilute aqueous

solution.

4.1.5. Stability of 2-Hydroxybenzamide Amine Derivatives

The pure amine derivatives either in dry state or in
methanol soluticn appeared to be stable without decomposition
for a long time at room temperature as they gave comparable
results on repeating injections or preparing new sample’ solutions after .

a pericd of time.

4.2. The Study of Amine Derivatives in Dilute Aquecus Solution

To demonstrate the usefulness of amine derivatives, the
in-situ derivatisation of amines in dilute solution using
O—-acetylsalicyloyl chloride was undertaken. As demonstrated
earlier, the amounts of pure amine derivatives detected by
ICEC were linear at low concentrations.

For preparation of samples, a sodium hydroxide solution
was used as a derivatisation media. To gquarantee complete
reaction for all amines studied an excess of reagent would prcbably
be required. For example, Wellons and Carey [86] employed an
excess of m—toluoyl chloride in the derivatisation of'amines

for complete reaction.
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In the present study, the reaction with three amines,
piperidine, W-nethylaniline, and benzylamine, has been studied |
in detail. For the general preparation of amine derivatives
the amine was firstly dissolved in 0.1 i #a0il. . Then, the
&derivatising reagent, O-acetylsalicyloyl chloride was added
as a solid to the solution. The derivatisation was allowed
to react under room temperature for 1 h. Then, 10 pl of solution
was injected directly onto the colunn and detected by -
electrochemical detection at +0.9 V vs Ag/AgCl. Io washing

or extraction steps viere necessary hafore injection.

4.2.1. 2-Nydroxybenzamide of Piperidine in 0.1 M HaQd

Firstly, the efficiency of derivatisation was studied
to examine the pércentage yield of derivatisation in 0.1 M
HaoH and the amount of O-acctylsalicyloyl chloride that was
required to complete the reaction has been determined. As
shown in Tig. 25, the percentage derivatisation of 1 x 10“4 I
piperidine increased as the welght of O—acetylsalicyloyl chloride
added incresased. At 190 g of O—-acctylsalicyloyl chloride,
100% derivatisation has taken place for 1 x 10*ch A piperidine
in 0.1 & 'agil. llowever for satisfactory derivetisation,
O~acetylsalicyloyl chileride ( 200 g )} was used in further
studies. To deternine the percentage yield, the pealk heights
of derivatised piperidine werecoupared with the pure piveridine
derivative calivration curve. The retention time of the

derivatised piperidine has also heen compared with the standard.
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Fig. 26 shows a similar shape for the percentage yield with increasing

amounts :° of O-acetylsalicyloyl chloride with 1 x 10“S [

piperidine. Once again, under the same conditions, the reaction

proceeded to 100% dérivatisation. Therefore, both graphs. indicate

that the O-acetylsalicyloyl chloride is available for reaction
with the amine in dilute acucous solution. It is noted that
saall amount. of the reagent was also hydrolysed at dilute levels
in acueous solution.

Fig. 29 shows the chromatograms of derivatised piperidine
using O~acetylsalicyloyl chloride in 0.1 ¥ NaOll and of
O-acetylsalicyloyl chloride in 0.1 i NaOi for comparison.

A single peak was obtained indicating t.:hat no by-product of‘
derivatisation was present othetr than the hydrolysed reagent.

From the chromatogranm in Fig. 30, the limit of detection.
that was achieved with the electrochemical detector at
0.05 pA sensitivity is 6 x 10"-7 ¥ of piperidine. The limit
of detection was defined as the concentration of analyte that
will produce a signal to noise ratio { §/N ) of 2 and is
considered to be the minimum concentration that can be detected
{87]. The rain factor which limitad the detection at the lowest
sensitivity was the noise present in the chromatogram. hite
(87] has categorised thiree tynes of noise including short-—
term noise, long-term noise and drift. The main causes of
short—term noise are susp pulsation, recorder and detector
itself ( stability ). I[eanwhile temperature and pressure

fluctuation can affect tile long-term noise. Finally, drift
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results from mobile phase and temperature variations. lowever,
most: of these factors were eliminated to minimise the sources
of noise during experiments, for example, effective degassing
of the eluent was found to be important for increasing the
stablility and reducing the noise.

For the detection of pure piperidine derivative, the
electrochenical detector showed a good linear responss. ‘“he
study was also carried out to ensure the electrochemnical detector
response was linear with concentration for the in-situ
derivatisation of amines. A series of piperidine solutions
for calibrationwere prepared and QO-acetylsalicyleyl chloride
was added to each solution. After injection onto the colunn
and detection by the electrochemical detection, a grapii was
prepared by plotting the peak height of the response against
the concentration ( Fig. 27 ) and:was.found to be linear over the.
concentration range of 1 x 107> i of piperidine to 1 x 1077 u
with correlation coefficient of 0.9920. In a&dition, the
derivatisation has been extended into lower level concentrations.
A5 shown in Pig. 28, the derivatisation produced a linear
calibration plot from 1 10_6 Htolx 10_5 il of piperidine
with correlation coefficient of 0.9950. This result suggests
this method should be useful for the trace analycis of amines
in dilute agueous solution when the sample has been required

to be analysed in a trace quantity.
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4.2.2. Derivatisation of N-Methylaniline in Dilute Agueous

Solution

In order to demonstrate that a variety of amines could
be derivatised in dilute aqueous solution, N-methylaniline
has been studied using a simi1ar.method to the derivatisation
ci plperidine. Assuning that the excess of O-acetylsalicyloyl
chloride { 200 g ) should be maintaineq to ensure complete
reaction, the experiment was carried out-in 0.1 M NaCH. A sample
of N-methylaniline at various concentration ( from 10“4 M to
10_6 4 ) was firstly derivatised. After allowing to react
for 1 h, the solution was directly injected intec the HPLC
system. ‘The applied potential was also set at +0.9 V vs Ag/AgCl
for detection.

Using the pure 2-hydroxybenzamide of N-methylaniline
as a standard, the retention time of peak height has been
compared. The éxample of chromatogram for derivatisation of
H-methylaniline is shown in Fig. 3Z. llowever, the chromatogram
shows an additional peak higher than the peak for the
ti-rnethylaniline derivative. This peak was further checked
against the N-nethylaniline blank and found to correspond to
r-methylaniline in both UV and ICEC detectors.

The main factors that affected the reaction were steric
effects of N-methylaniline and its reduced nucleophilicity
oving to the electron—withdrawing effect of aromatic ring.

The similar problem has arisen in the derivatisation of primary

and secondary amines by Chou et al. [66]. They explained the
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reactivity of a secondary amine was 2 - 3 times lower than

a primary dmine caused by the steric effect.

In the study of lincarity of detection at 107" &
concantration lavel, the electrochemical detector was still
giving a linear response with good correlation coefficient
of $.9949 { Fig. 31 ). lHowever, the precise detericination
of calibration curve at lower concentration could not be achieved
because the derivatisation was incomplete.

In erder to improve the yield of derivatisation, an
alternative procedure was carried out to derivatise
ti-methylaniline in which followed the valdez and Reier [74]
method.  dhe authors have reported a. successful method for
derivatisation of alcchols in agquecus samples. Because their
orocedure for derivatisation of alcohols in aqueous solutions
used an acetonitrile-based solvent system, the method was modified
by changing the solvents for N-mefhylaniline and O-acetyl-
salicyloyl chloride, respoctively. The reaction was allowed
to stand overnight. Unfortunately, no reaction was ooserved
on the chromatogram as shown in Fig. 33. The present proccdure
was shown to give a better result than the Valdez ang Deier
method even though 100% derivatisation efficiency was not

achieved.
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4.2.3. Derivatisation of pBenzylamine in Dilute Aquecus Solution

For the preparation of 2-hydroxybenzamide of benzylamine
in dilute agueocus solution { 0.1 ¥ {Na0H ) the same procedure
for piperidine was taken. The derivatisation efficiency of
benzylamine was also good. Only a single peak was obtained
after derivatisation. Fig. 35 showus a COmparison_bEtWEen
the yield of benzylamine derivative in dilute agueous and the
pure benzylamine derivative. fThe O-acetylsalicyloyl chloride
blank and products were detected at the higher sensitivity
of the electrochemical detector ( 10 pA range ). The applicd
potential was set up at +0.9 V vs Ag/AgCl.

A séries of benzylamine concentrations has also been
prepared for a calibration curve. A linear result was obtained
for detector response in the range studied from 1 x 10—4 R
to 1 x 10"3 ¥ benzylamine in 0.1 M Nalil with correlation

coefficient of 0.9985 ( Fig. 34 ).

4.2-4. Efficiency of Derivatisation in Dilute Aqueous Solution

All amines studied have shown a good response to the

LCEC detector.  Piperidine and benzylamine can be easily .
derivatised in dilute argueous solution and high yields were
achieved. Table 3 shows a comparison of derivatisation vield
for three amines. As explained, N-methylaniline could only

_ , - . ]
e derivatised to nearly 55%. At a concentration of 1 x 1¢ °
v-nethylaniline, the peak of interest could not bLe detectoed

freorm the tailing peak of underivatised ii=methylaniline.
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The precision studies of the HPIC method using the LCIC
detector were investigated by injecting four samples of cach
amine derivative prepared separately in dilute agueous solutions.
The calculation of coefficient of variation of the TORC detector.
for piperidine derivative was 1.4% at 1 x 10_5 #y eanwinile
for the benzylamine derivative was slightly higher than piveriding
derivative which the LCEC detector gave 5.5% at 1 1 1077
as shown in Table 4. ‘fhus, the reproducibility was considered
good for the pre-column derivatisation of aliphatic amines
using O=-acetylsalicyloyl chloride in dilute agqueous solution

and ICEC.

4,3. Derivatisation of Amines using Bolton-Hunter Reagent

Bolton-Hunter reagent has been selected as a derivatising
reagent since it had advantages for the derivatisation of amines.
Firstly, the carboxyl group is activated as the N-hydroxy-
succinimide towards amine groups. The Bolton—-Hunter reagent
has also been used as a radiolabelling reagent to introduce

1251 } into peptides [88,89], because

radiocactive iodine atcms (
of its high reactivity toward peptides and other nucleophilic
groups. Meanwhile, water-soluble sulpho analogue of Bolton-—
Hunter reagent ( sulphosuccinimidyl-3-(4-hydroxyphenyl)propionate )
has also used to determine amines in body fluids ( mammalian

brain } using ICEC [62-64]. The derivatisation cccurred

more efficient. by using the sulpho Bolton-Hunter reagent.
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y-llydroxysuceininide esters were firstly uscd to svitheses

peptides [90]. Then, Bolton-liunter [88] developed a new method
for labelling proteins with the acylating reagent, W-succinimidyl-
3- (4~hydrosyphenyl) propionate ( called 2olton-lunter reagent )
which reacts with free amino groups in the protein to form

amides.  The amidation conditions were 1.0 » borate buffer
containing protein at pH 8.5 and the reaction took 15 min at

°C. They reported the yield was only 13% - 53%. In another
study, Shing and Rucho [89] ha\}e also used tne Bolton-junter
reagent and reacted it with polypeptides to convert them to the

amide derivatives. The protein was' dissolved in 0.1 M NaHCO
5

3
at pH 8.7 and then reacted with 12

I-labelled Bolton-Hunter
reagent for 3 h at 23¢C.

Lased on these methods, the direct reaction of the Bolton-
unter has bhesn enployed as a derivatising reagent in the pre-
column derivatisation of aliphatic amines. In a preliudnary
study, an experiment was carried out to exanine the reaction
of Zolton-ilunter reagent with amines. The above procedure
was moedified with 0.1 M ‘Nal-}CO3 at pil 8.5. The amine was dissolved
in 0.1 & HauiCo, and then the Bolton-Hunter reagent was added
to the solution. After 3 h reaction, the mixture
was extracted with chloroforna. The extract was injoected into
the IPLIC systen ancg the peaks were detected using TG detector.
‘the chromatogram was comparced with the Polton-Hunter blon'c.
vhen this extracted solution ( containing cyclohemylanine

derivative ) was treated with 0.1 i IIC1 ané injocted onto the
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column, the observed peak disappeared from the chromatogra.

ience, the peall obtained after the first e:::tracti_on could be

the peak of amine derivative, which was hydrolysed

after treated with acid and could not give response to the \

LCEC detector. Thus, the Belton-thanter reagent has been utilised |

for the derivatisation of amines. ‘
Firstly, the pure amine derivatives hawe been prepared

from cyclohexylamine, benzylamine, and piperidine. The

dGerivatisation with Bolton-~llunter reagent was carried out at

pll 2.5 at room temperature. The reaction was terminated after

3 h. The schematic diagram of reaction is shown in Fig. 42. ‘

O 0 .
i 0.1 M NaCO, pH 8.5 ‘
R'NH, + N-0-C(CH,),, OH >
3 h,. room temp. ‘
O B

. 0 o \
extraction with i
' > R'NH-C (CHz} 3 H o+ N-0#
CHCl, |
0

3= (4~-Hydroxyphenyl) -
propionamide of amine

R? |

<:>~ NH2 cyclohexylamine |

CH2NH2 benzylamine

iig. 40. Derivatisationr of aliphatic amines with solton—ilunter ‘
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To obtain the pure derivatives, the by-product, nrovaply
I i % L

prhydroxyphenylpropionic acid, wvas removed by employing a colwin
containing silica. Then the TIC analysis confirmed that only
a single compound was present. The products are 3-{4~hydroxy=~

phenyl) propionamides of amines.

1N

W
.

- Chromatographic Studies of 3-{4-iydroxyvhenyl)propionamide

of Amndines

The chromatographic conditions used methanol-0.025 M
pnosphate buffer pll 8.0 as an eluent. Usino the electrochenical
detector wvith applied potential set at +0.9 V vs Ag/AgCl;
the prepared pure anine derivatives were separated by 1PIC.
fig. 36 shows the chromatogram of 3—( d~hydrozyphenyl) prosionamice
of cyclohexylamine, which gave a single peak on detection.
lowever, in the casc of 3-{d~nhydroxyphenyl)provionanide of
benzylamine, tuo peaits were observed in the chromatogram as
demonstrated in Fig. 37. The additional peak is probably caused
ny the breakdown of benzylamine derivative in the wethanol-
water solution. The saine problem has been reported by Gusovsky
et al.[64], in the study of sulpho Boltom-Hunter roagent as
a derivatising reagent. leanvhile, Pig. 38 shows the clwonatogran
of 3-{(4-hydroxyphenyl)propionamide of piperidine derivative
in wmethancl-water. 7The cepacity factors ( X' ) for the amine
lerivatives were 4.3, 3.3, and 5.7 for cyclohenylanine,

benzylamine, and piperidine derivatives, respectively { dabhle 5 .

93




=

In the study of detector response with the anplied notential

potential, Fig. 39 shows a plot of the peak height vs applied
potential for 1 x 10"3 i1 3= (4-hydroxzyphenyl) prosionanide of
cyclonexyvlanine. The LCRC detector only gave response above
+0.5 V appliad potential which increased with applied potential.
the limiting current of cyclohexylamine probably reached a
plateau about +0.% V vs Ag/AgCl. Thus, the ICIC detector vas
sot at 0.9 V vs Ay/hgCl for the detection of andne derivatives.
For the pure cyclohexylamine derivative, the calibration
curve was firstly plotted by preparing a series of cyclohexyl-
amine sclutions. Decause the sensitivity of electrochomical
detector L;iave noc problams at 10_6 i cyclohexylamine derivative
lavel, the experinent for preparation of calibration curve
was tested at this level. Fig. 40 shows a calibragion curve
of pure cyclohexylamine derivative giVing a linear response
over the range 1 x l()_6 Mto 1k 107 M of concentration
with correlation coefficient of 0.9970. fThe in-situ
derivatisatic?n of amines using iclton-tHunter reagent was then
carried out in .1 X ;--Iai;CO3. In cach case, 5 g of reagent
was used te react with amines. The efficiency of derivatisation
was compared with pure standards of 3-{(4-hydromyvhenyl) -
propionamice of anines.

For in-situ derivatisation of cyclohexylanine, the samle

was derivatised under the conditions described in the experimental

section, and the peak obtained from the IOLC detector shoved

the saire retention tine as the pure cycloherylamine derivative.
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fig. 41 snows the chromatograns of cyclohexylanine derivative
after reaction in agquecus solution with the DLolton—flunter reagenc
blank also in agueous solution { 5wy / 10 il L?&‘ICOB ).

Under the present conditions, the vield of in-situ

derivatisation of cyclohenylanine was nearly 1008 at tho

i

concentration of 1 lOmS i cvclonexylaine ( Table § ). The

peak haight was calculated' Dy comparison with the pure amine
derivative. llowever, for 1 x 10“6 ol Cyclohexylanine, the vield

was ebove 100%. The iain reason is the peaks of interest and

peals in the blank were very close and had nearly the same.reténtion
tine.

In addition, the detection was carried out at the higher
sensitivity { 0.5 pA range } which gave the ambiguous peak
between the cyclohexylamine derivative and Bolton-Hunter blani.

Por in-situ derivatisation of benzyloamine with Dolton-
tunter r.eagent in dilute agqueous solution, the derivatisation
was not Mlly studied because its pure derivative slowly
deconpesed and was Jifficult to plot a calibration curve at
low concentration. lovever, Fig. 42 shous the chromatograns
of benzylamine derivative after rcaction shoving that the
in-situ derivatisation is still possible.

In conclusion, the evperiment could not be further studied
since the Solton-iunter reagent has given proolens such as
moor resolution, the reagent peak interfered with the derivative
peaik, the product was noi very sensitive ‘to LCEC, and instability

of the derivatives.
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4.3. Derivatisation of amines using qood's Deagent

Since the eod's reagent, methyl prhydronybenzimidate.liCl
has had a sindlar role to the Bolton-Hunter reagent for .
the selective labelling of proteins with radicactive ioding
{ 1251 }r it was selected as o derivatising reagent for amines
ancd which can be detected using LCEC.  The viood's reacent is
less reactive and woderately stable in agueous solution corpare
to the olton-llunter reagent (76]. o far, the main purpose
of %Wood's reagent has mainly been used to form an;iodinated;imidoéster‘
product and: which then reacts with amino groups. of' the proféin to give the
amddine linkage [76,81 - 96}. ‘The schamatic diacran of reaction

is showm in #ig. 49.

125

I
. + -—
NH., C1
HO . c’i 2 + .
] OCH, -
125, 3

5

Fig. 49. Amidination of Proteins with 12 I Labelled

Wood's Reagent
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For example, Vood ct al. [76] have discussed the use
of Wood's reagent to preparc a radicactive labelled protein.
The iodinated reagent is .- - " | 'dissolved in slightly alikaline
P (0 0.005 i borate buffer, pil 9.5 ) to react ™ with protein
amino groups at 37°C, to vhich it couples through an am}dine
linkage.

To study additional possible reagents For ICEC trial
experinents were carried out on Vood's reagent. The phenolic
group of ood's reagent'is believed to be electrocheiically
active. %o test itérapj_.alication, 2 derivatisation was
carried out with aliphatic amines. With cyclohexylanine as

Ca model, ﬂle derivatisation was studied using the nodified
procedure from Wood et al. {76]. The derivatisation recaction

is shown in Fig. 50.

ol
NH + 0.005 M borate buffer

2 oH 9.2, 3 hy 50°C -

C=NH2+C1
OH OCH,
+ CHJOH + cl

C=nm. b

T

N-H

Fig. 50. Derivatisation of cycloheryylamine with %Wood's reacent.
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Lecause the positive charge is oreserved in the product, |
ion-pair chromatography has been usced to inprove the retention |
time of cyclonexylamine derivetive ( Fig. 43B Yoo 7. @ % ‘

. An eluent consisting of  methanol-0.025 ¥ phosphate buffer
pﬁ §.0 l-hexanesulphonic acid ( 0.05 M ) was sclected for use
in the mobile phase. The amine derivative was detected with the |
applied potential of ICEC detector set at +0.9 V vs Ag/AgCle |
Fig. 43A, 43B, and 43C show the chromatograms of cyclohexylamine

derivative using Giood's reagent. {fithout lon—pair, the retention

time of the derivative was very short and peaks were eluted

together with the solvent front ( Pig. 437 }. Trom the small peak

( Fig. 43B and 43C } observed in the chromatograms, the result

was suggested that the ¥Wood's reagent alsc has potential as

a derivatising reagent for =lectrochemical detection. But,

the disadvantage was the amine derivative needs the use of ion-pairing

for separation.

4.6, Llectrocherdcal Studies of pansyl flerivatives

S50 far, the dansyl derivatives have been widely studied as
a derivatising reagent for fluorescence detection {97 — 99].
In this preliminary study, thoe dansyl derivatives of amino-acids
have been eaained as potential eloectrochanical derivatives
bocause of dimethylamino ¢groupz. To show that :
dansyl derivatives can be studied by the LCIEC detection, the
separation of dansyl proline is illustroted in rig. 44. The

-6 .. - . ; ‘ .
level of 1 x 10 7 i of dansyl proline was detocted by ICIC
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detector. By comparison, UV and fluorescence detectors were
also commected for detection of dansyl proline. he UV detector
was set at 254 mm wherecas the cicitation and enission wavelengtis
of fluorescence detectors were 340 nn and 530 ma.  Fig. 45

shows both chwomatograms obtained from these detectors.

For other dansyl amino—acids studied, the retentien tiwes
have peen swimarised in Table 7. From the results of capacity
factor { k' ), most dansyl derivatives ﬁere\. N
well separated by LCEC.

In wider application, the efifectiveness of ILIC detection
can be Ifurther studied and the flucrescence detection can be
used &s comparison. fThe studies should be examined in ternas
of linearity, selectivity, and reproducibility by both detectors.
Jecause the IGIC detection is nmore sensitive dovm to sub-nanogran
level, the dansyl derivatives would also be studied in theso

cetection levels.
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CHAPTLR V
COCLUSION

Since TLAC detectors are availaple for the analysis of
compounds containing a onenolic group, one of the goals of
the research was to develop a new derivatising reagent for
pre-colunn derivatisation of aliphatic amines in reversed-phase
HPLC with electrochemical detection. Because the LCEC offers
an attractive method, the application of the detector should
also increase sensitivity, selectivity, and simplicity of
detection. for amine derivatives.

O-rcetylsalicyloyl chloride has been proved to be the
most suitable Gerivatisiig reagent for derivatisation of aliphatic
amines. The derivatisation procedure is reparkably siiple
and easy to perform. All pure amine derivatives werce stable
crystalline solids and can pbe kept at roon temperature. The
separation of amine derivatives can be achicved by LCEC within
12 win and wost samwles give detoection down to sub~nanogra:
level., ‘e LCEC detector response is also. lineardown to :I.O"6 M.

The ability of (,Macetylsalicyloyl chloride to react with
aliphatic acines has bpeen studied in the dilute agueous scluticil.
Taking piperidine as a iodel for aliphatic avines, the efficiency
of in-situ derivatisation is high with 100% recovery for all
concenhtrations studied. The detector responsc is also linear

-~

.\ -0 .. . . ‘o I L
down ko 10 7 i concentration level of piperidine derivatised.
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iovever, for aromatic amines. which are weakly basic, the
corivatisation was not coipleted in the dilutoe agueous solution.

The derivatisation of aliphatic amines with Solton-iuntor
cut. The results obtained for thoese reagents suggested that
HPIC with electrochenical detection can be nonitored Ly Using

o

the amine derivative from Dolton-unter and viood's reagent
but-therefare practi¢al'difficulties?of resolution and because of the
need of an ion-pair reagent.

Finally, the dansyl derivatives should be further studied

using electrochemical detection . wiich can be used together

and wood's reagents in agueous solution have also been carriod
with fluorescence detection.
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