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Abstract: The chromatography of a series of tertiary amines and the corresponding N-oxides have been studied and the 
Functional Group Contribution Approach used to describe retention correlations between them. Good correlations are 
observed between the behaviour of compounds on HPLC and with the exception of some alicyclic nitrogen compounds 
also on thin layer chromatography. The models produced are used to predict k' and Rf values for ranitidine N-oxide and 
tamoxifen N-oxide based upon those for the parent molecule. The deviation between actual and predicted values was 
larger than expected, presumably due to the structural or physico-chemical differences of ranitidine and tamoxifen 
compared to the model compounds. 
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Introduction 

The formation of N-oxides is an important 
metabolism route for many tertiary amino 
compounds in animals and man. Certain N- 
oxides act as possible inducers of cancer [1]. N- 
oxides have been identified generally after 
isolation by chromatography followed by mass 
spectrometry or simply co-chromatography 
with authentic reference standards. Direct 
analysis of N-oxides is problematical due to 
their thermal instability, when they are con- 
verted back to the parent amine or other 
pyrolysis products. They are also highly water 
soluble, making solvent extraction difficult. 

Reversed-phase HPLC retention data have 
been reported to correlate well with partition 
coefficients (log P) for structurally similar 
compounds. Consequently, a particular sub- 
stituent might be expected to provide a con- 
stant change in log P, and a corresponding 
constant change in retention for a given set of 
compounds, providing the chromatographic 
system is modelling the octanol-water par- 
titioning correctly - -  the so-called functional 
group contribution approach (FGCA) [2]. 

This paper presents an investigation into the 
chromatographic behaviour of putative N- 
oxide metabolites relative to the parent amino 
compounds with the aim of predicting reten- 
tion data for N-oxides. A set of model corn- 

pounds were evaluated by reversed-phase 
HPLC and standard thin layer chromatography 
(TLC) systems and the data generated were 
used to predict k' and Rf values for ranitidine 
N-oxide and tamoxifen N-oxide based upon 
those of the parent molecules. 

Experimental 

Reversed-phase HPLC was carried out using 
a 150 × 4.6mm i.d. Zorbax Rx C8, 51xm 
column. The eluent was methanol-0.02 M 
phosphate buffer, pH 5.0 (80:20, v/v), giving a 
measured pH of 6.6, delivered at 1 ml min -1. 
The 0.02 M, phosphate buffer pH 5.0 was 
prepared by dissolving 2.70 g of potassium 
dihydrogen orthophosphate and 0.023 g of 
disodium hydrogen orthophosphate in 11 of 
distilled water. Lithium nitrate was used as 
void volume marker (retention time = to). 
Retention times were converted to capacity 
factors, k', according to the equation: k ' =  
(tr - to)/to, where tr is the retention time of the 
peak of interest. 

The silica TLC plates (SG 60 F-254) were 
supplied by Merck. The retention of solutes 
was expressed in terms of Rm values [3], 
where: 

Rm = log [±  - 11 
Rf  
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Rf = ratio of the distance travelled by the 
analyte from the origin relative to the solvent 
front. 

A test set of tertiary amino compounds and 
the corresponding N-oxides were obtained 
from IC! Pharmaceuticals and commercial 
sources. The N-oxides used in the investigation 
are shown in Fig. 1. The amines studied 
possessed pKa values between 5.7-9.9 and log 
P values between (1.2-4.9). 

Results and Discussion 

Reversed-phase HPLC 
Log P values are related to the partition 

coefficients of compounds in their unionized 
form. In the HPLC eluent, where the pH is 
below the pKa, the compound will be ionized 
and the effective lipophilic character, log D, is 
related to log P by the expression 

log P = log D + log [1 + 10 (pK"-pH)] (1) 

In an ideal chromatographic system log D is 
proportional to the logarithm of the capacity 
factor (log k') and log P is proportional to log 
k~ (the logarithm of the capacity factor of the 
unionized compound, i.e. when eluent pH > 
pKa). Hence, equation (1) can be expressed as: 

log kp = log k' + log [1 + 10(PK"-PH)] .  (2) 

For the set of test compounds, a good 
correlation (R 2 -- 0.92) was observed for log k' 
values of N-oxide against the tertiary amines 
(Fig. 2). 

One pair of compounds, tribenzylamine and 
its N-oxide (Fig. 1), did not fit this correlation. 
This anomaly was probably due to a com- 
bination of the steric effects of the three benzyl 
groups around the nitrogen and the relatively 
low pKa (5.7) for the amine. 

Using the model described in Fig. 2, the 
capacity factor of ranitidine N-oxide was pre- 
dicted from that of the parent compound. The 
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Figure 1 
Some typical N-oxides used as model compounds.  
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Figure 2 
Log k' N-oxide versus log k'  amine. HPLC column: Zorbax Rx C8, 150 x 4.6 mm i.d. Eluent: 70% methanol -0 .02  M 
buffer (pH 5); measured  pH 6.6. Linear regression: log k'  (N-oxide) = 0.97. Log k' (amine) - 0.11. 
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Table 1 
Predicted and actual k '  for ranitidine based on the model  
HPLC data 

Predicted k '  Actual  k '  

Ranit idine - -  1.0 
Rani t idine 0.78 0.47 

N-oxide 

predicted and actual k' values for ranitidine N- 
oxide are not as close as would have been 
expected from the data for the model com- 
pounds (see Table 1). This may be due to 
ranitidine having a measured log P of 0.27 and 
consequently it is outside the range of log P 
values for the set of model compounds. 

Correcting for the state of ionization, by 
converting log k' values to log kp should result 
in a better correlation. However, these data 
showed poor correlation, although they could 
be split into two sets: compounds where the 
amine log P values were greater or less than 2. 
The poor correlation was further exemplified 
by comparison of log kp and calculated amine 
log P values which again showed little corre- 
lation. This suggests that there is an incon- 
sistency in the calculation of log k~, probably 
due to the pKa values calculated for the 
compounds. It has been reported [4] that pKa 
calculations are subject to an error of +0.25 
when in an aqueous environment. The HPLC 
eluent, containing 70% methanol, will pre- 

sumably add to the inaccuracies associated 
with pKa. 

Thin layer chromatography 
Examination of previously published TLC 

data [5] on aromatic tertiary amines and their 
N-oxides showed good correlation (R 2 = 0.92) 
with one system in particular as illustrated by 
Fig. 3. However, the same system applied to 
the model set of alkyl and alicyclic tertiary 
amines, and N-oxides gave very poor results 
with the N-oxides typically remaining at the 
origin. 

Many other TLC systems were evaluated 
with generally limited success. Of these, the 
highest correlation (Re= 0.90) of N-oxide 
against tertiary amine R m values was observed 
with the system of methanol-0.1 M sodium 
chloride [6] (Fig. 4). However, this correlation 
was restricted to the alkyl compounds. The 
alicyclic compounds did not show a good 
correlation. 

From the regression based upon the data for 
the alkyl series, the Rf values for tamoxifen 
and ranitidine were used to predict the Rf of 
their respective N-oxide metabolites (see 
Table 2). 

The predicted and actual Rf values for 
tamoxifen N-oxide show reasonable agree- 
ment, although the agreement for ranitidine is 
not as good as expected. This latter feature 
may be attributed to the quite marked struc- 
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Figure 3 
N-oxide versus amine R m values for a series of aromatic compounds TLC system: silica plates with solvent CHCI 3- 
E t O H - N H 3  (95:4:1, v/v/v). 
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Figure 4 
Rm values for N-oxide versus amine for the model set of alkyl (l l)  and alicyclic (*) compounds. TLC system: silica plates 
with solvent methanol-0.1 M sodium chloride. Linear regression: Rm (N-oxide) = 0.60. Rm (amine) + 0.36. 

Table 2 
Predicted and actual Rf values for tamoxifen N-oxide and 
ranitidine N-oxide based on the model TLC data 

Predicted Actual 
Compound Rr Rf 

Tamoxifen 0.24 0.19 
N-oxide 

Ranitidine 0.19 0.10 
N-oxide 

tural and physico-chemical differences be- 
tween this compound and the set of model 
compounds used in the present study. 

Conclusions 

The FGCA,  which has been the basis of 
previously successful studies [7, 8] did not work 
as well as was expected, i.e. addition of oxygen 
to an amine to produce the N-oxide did not 
result in a constant change in R m o r  k' under all 
circumstances. 

However,  in certain limited cases the N- 
oxide metabolites of alkyl and alicyclic tertiary 
amines could be characterized by their reten- 
tion characteristics relative to the parent tool- 

ecule on both reversed-phase HPLC and stan- 
dard TLC systems. This approach could be 
useful in identifying N-oxides from relatively 
impure samples. 

On TLC the two sets of compounds (alkyl 
and alicyclic) cannot be described by a single 
relationship. This is in contrast to the aromatic 
amines and their N-oxides [3], where their 
more fixed steric and electronic environment 
probably makes the F G CA  more applicable. 
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