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Abstract
Purpose: To develop a protocol for rapidly and successfully measuring pK, values of a wide range of drugs using small weights of sample.

Methods: Because of the great diversity of structures of drug molecules, it is difficult to find a single method that can be relied on to measure any and all pK,s in just one attempt. An efficient approach has been
developed in which pK,s are measured in aqueous solution at low concentration in experiments lasting 4 minutes, during which multiwavelength UV spectra are collected during acid-base titration in a buffered
solution. Failed experiments are easily analysed to enable an alternative, successful method to be chosen and run on the same instrument.

Results: Samples were chosen to exemplify different classes of drug, with varying water solubility, UV absorbance and number of pK_s. All samples were initially screened by fast, aqueous pH-UV titration using
3 microlitres of 10mM stock solution in DMSO (typically 10ug of sample per aliquot). Successful samples are shown in table 1. Some samples were poorly water-soluble but remained in solution via
supersaturation for the duration of the short experiment. There were two classes of failed measurements: either UV absorbance changed during the experiment but the sample precipitated, or there was no UV
change during the experiment. Samples that precipitated were re-run successfully using 3L of stock in three consecutive fast UV experiments in the same solution with three different ratios of water-methanol
created by successive dilution and aqueous pK,(s) obtained by extrapolation (table 2). A new instrument, Sirius T3 enabled the remaining samples to be measured by potentiometric titration in 1mL of water-
methanol using 50 microlitre aliquots of sample from 10mM DMSO stock solution (typically 0.2mg of sample per aliquot) (tables 3 and 4).

Conclusion: A two-step analytical approach enables pK,(s) of ionizable drugs to be measured quickly and accurately using 10ug of sample by the pH-UV approach and 0.2mg by the potentiometric approach.
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The Sirius T3 (figures 1,2 and 3) is a new instrument that has been developed for measuring pK,s using very small quantities of drug substance. Due to the great diversity of structures of drug molecules,
traditionally it is difficult to find a single method that can be relied on to measure any and all pK,s in just one attempt. The new instrument uses a combination of approaches to assess and successfully
determine these parameters. A suggested procedure is outlined in the flow-chart shown in figure 4.

An efficient approach is first to use a Fast UV technique in aqueous solution. This four-minute experiment will often provide a valid result, but if it does not, the reason for failure will allow the analyst to choose an
appropriate alternative method that will work. The Fast UV technique uses only 3uL of a 10mM DMSO stock solution in which the sample is dissolved in a multi-component buffer solution and titrated between
pH 2 and 12 (figure 5) in only 1mL titration volumes.

The presence of the buffer allows for a stable pH to be reached very quickly after each addition of titrant. The pK, result is obtained from changes in multiwavelength UV spectra (220- 700nm) with respect to pH
(figure 6), which occur if the disposition of electrons in chromophores containing conjugated double bonds, carbonyl groups and other UV-absorbing groups changes with the molecule’s ionization state. It is
obvious from the data quality if the Fast UV method has worked, and this data quality can be automatically monitored by software without need for manual inspection. If the method works, then the result will be
the aqueous pK,, which is the result required. Moreover, the result will have been obtained in about four minutes.

There are two principal reasons why the Aqueous Fast UV technique could fail: the sample could precipitate during the assay, or it could have no pH-active chromophore. If the sample has UV response but it
precipitated, it can be re-run by Fast UV in the presence of cosolvent. An example is shown is figure 7 for diethylstilbestrol and results extrapolated to aqueous conditions (figure 8). Therefore, only 6uL of a 10mM
DMSO stock solution was required to determine pK,s of compounds in this category.

In terms of throughput, the Fast UV method could measure 50 samples in aqueous solution or 18 samples in the presence of cosolvent in about 3.5 hours.
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If the sample had no UV response but it did not precipitate, it can be re-run by a pH-metric method under aqueous conditions. If it had no UV response and it precipitated, it can be re-run by a pH-metric
method in the presence of cosolvent.

Potentiometric titration is a powerful method for pK, measurement because it is based only on pH measurement (hence the name pH-metric). It can therefore measure pK,(s) of all drugs, including those
such as aliphatic amines or carboxylic acids that show no significant UV absorbance associated with the ionizable group. The Sirius T3 has been developed for titrating in 1mL volume of solution, making it
possible to do pH-metric titrations using 0.2mg of sample. Because such low amounts are difficult to weigh, samples were prepared using 50pL aliquots of 10mM sample stock solution in DMSO.

pH-metric methods take about 25 minutes to measure a sample in aqueous conditions or 75 minutes to measure one sample in the presence of cosolvent using three consecutive titrations in the same
vial. An example of pH-metric data is shown for the aqueous titration of ofloxacin (figures 9-11).
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