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ABSTRACT

THE ACID/BASE PROPERTIES OF PROCAINE. DIBUCAINE, AND
DYCLONINE IN AQUEDOUS SOLUTION STUDIED BY FOURIER TRANSFORM

INFRARED SPECTROMETRY.
Darla Gault Little
Master of Science

The primary effect of local anesthetic agents in
producing a nerve conduction block is to decrease the
permeability of the nerve membrane to sodium ions.!
According to the specific receptor hypothesis, the most
favored theory today. the anesthetic must first diffuse
through the nerve sheath and then bind to a receptor site
located in the nerve membrane.l It is well known that the
oK, or dissociation constant of a specific local anesthetic

2 Fourier

is directly related to its nerve blocking action.
transform infrared spectrometry was used to analuze the
characteristics of procaine. dibucaine, and duclonine, all
local anesthetics. A DK, study was performed using agquecus
and mixed sclvent solutions of varuing huydrophobicity to
investigate the soclvent effect on the pKy of these local
anesthetic agents. By comparing and contrasting the infrared

Spectra of these anesthetic agents in agueous, 25%, 50%, and

75% acetonitrile sclutions, the effects of varying sclvents



iii

and pH could be studied. Procaine, dibucaine, and duclonine

were analyzed in an approximate concentraticon of 0.04 M at a

pH range of 2 - 12. Common absorption bands were observed as
the solvents and pH were changed.

From their absorption spectra, the pKa values of
procaine, dibucaine, and duclonine in water were
experimentally determined using two different methods cf
calculation. These experimental values, listed in Table 3,
compare favorably with reported literature values for agueous
solutions. Addition of acetonitrile to prepare aguecus
solutions containing 25, 50, and 75 volume percent
acetonitrile caused the pK; values to vary, neither steadily
increasing nor steadily decreasing, but remaining in the

range of 8 to 3.
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CHAPTER 1
INTROBUCTICN
PROCAINE
Structure and Chemistry

Procaine, Cy3HpgN20z, alsc referred to as H-amino-
benzcic acid 2-(diethylamino) ethuyl ester is a tertiary amine
and is classified as an ester linked local anesthetic. Its
structure is illustrated in Figure 1. Other pertinent
chemical and physical data for this compound include: a
melting pocint of 61°C, a molecular weight of 236.30 a.m.u.,

and its action as an alkalgcidal base.l'3

Figure 1 - Structure of Procaine®

3
'.J

The hydrochlcride form, precaine hydrochlcride,

Occurs as a white crystalline powder that is freely socluble

in water.d as chacainéa it is smplousd as the sole lcczl

anesthetic agent for pain control in de'wtistrg.Li



Structure and Chemistry

Dibucaine, CagMagMNaOn, alsc known as Percaind®, Cin-
chc:ainégz Nupercainégz and 2-butoxy-N-L[2-(diethylamino)-
ethyll-4Y-gquinglinecarboxamide is a gquinaoline derivative and
is classified as an amide type local anesthetic.2 8 1Its
structure is illustrated in Figurs 2. 0Other chemical and
phusical data for this compound include: a melting point of
64°C, a molecular weight of 343.82 a.m.u. and its actiocn as a

lipid socluble }:1ase.515

N
N\—0(CH2) CH

CONHCHCHGNCCoHg) o

Figure 2 - Structure of Dibucaine
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Form.S Dibucaine is known to be cne of the most potent,
, and longest acting of the commonly employed
local anesthetics.’/ It is about Fiftsen times as potent and
8S toxic as procaine, and its anesthetic action lasts about
thrse times as 1cng.7 Dibucaine hydrochleride is

infrequently used either topically or by injection.7




Duclonine
Structure and Chemistry

Dyclonine, CygHp7NOp or 1-(4-Butoxyphenyll)-3-
{l-piperdingll-l-prgpancnz is chemically unigus From all
cther local anesthetics in that it is a ketone.B Its
structure is illustrated in Figure 3. Other important
chemical and physical information include: a melting point of

175-178°C for the hydrochloride, a molecular weight cof 288.43

a.m.,u. and its action as a topical anesthetic.8

CH5(CHp) 0 COCHoCHp—N

Figure 3 - Structure of Dyclaonine

The hydrochloride Form, Dyclonrnine hydrochlcoride is a
white crystalline compound which is slightly soluble in
water, but freely soluble in both alcochol and acetcne.B as
Dgcloné® hydrochloride it is primarily used as a topical
anesthetic and is administered to patients with a known

Sensitivity to local anesthetics of other chemical groups.s



General Properties of local Anesthetic Drugs

Local anesthetics have many actions in common, and
before discussing the pharmacology of the individual members

these general properties will be considered.B
Chemistry and Structure - Activity Relationship

All useful local anesthetics consist of three parts.
There is a water loving or hydrophilic amino group that is
connected by an intermediate group to a lipid soluble or
lipophilic aromatic residue. The amino group is either a
tertiary amine as in the case of procaine, dibucaine and
duclonine, or a secondary amine. The link between the
intermediate group and the aromatic residue is either an
amide bond, as in dibucaine, or an ester linkage as in
prccaine.lo Dyclonine as mentioned previously is chemically
unigque in that it is a ketone.B The nature of this
interhediate linkage is important in defining several
properties of the local anesthetic, including the basic mode

of biotransformaticn.l

Amide linked local anesthetics such
as dibucaine are relatively resistant to hgdrclgsis.l

Changes in any part of the local anesthetic molecule will
alter the anesthetic potency and the toxicity of the
CDmpound.s In the case of procaine, increasing the length of
the alcoholic group leads to a greater anesthetic potencg.s
It also lsads to an increase in toxicity so that cocmpounds

With anm ethyl ester, like procaine, exhibit the least

Loxicity.B 1ne length of the two terminal groups on the



tertiary amino nitrogen is also impcrtant.s
Mode and Site cof Action of Local Anesthetics.

The nerve membrane is the sitz at which local
anesthetic agents exert their pharmacological actions.1l
Several theories exist today as to prescisely where cn the
nerve membrane local anesthetics act to produce a conduction
blockage.18 The most fFavaored thecry today prcposes that local
anesthetics act by attaching themselves to specific receptors

i

in the nerve membrane. The action of the drug is direct,

not brought on by some change in the gesneral properties of

the cell membrane.1

Both biochemical and electrophysiocl-
ogical studies have shown that a specific receptor site for
local anesthetic agents exists in the nerve membrane.l The
loczl anesthetic receptor is most likely lccated at or near
the scdium chamnel in the nerve membrane, either on its
external surface or cn the internal axoplasmic surface.l

The mechanism or mode of action of lccal arnesthetics
can be described as follows. The local anesthetic agent will
block nerve conducticn by interfering with the process

essential to the generation of the nerve action potentia

[

namely the large transient increase in the permeability of

the membrane tc scdium ions that is produced by a slight

m
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i
C
0
t
w
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o
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dspolarization of the nerve membrane.
8ffect of 1ocal anesthetic agents in producing a conduction
Block is +g cdecrease the permeability of thes nerve membrane

i 3 ; : ;
@ sodium icns.l! As statsd previously, the lccal anesthetic



recepter is most likely located at or near the sodium channel
in the nerve membrane. Therefore, there is strong evidence
that when a local anesthetic molecule diffuses through the
nerve sheath and binds to a receptor site located in the
nerve membrane it acts as an antagonist to block sodium ion

permeability and the fFinal result is a conduction blockade.
Effects of pH and pK; on Local Anesthetic Activity.

As prepared in the laboratory, a local anesthetic
amine or base is only slightly soluble in water and guite
unstable on exposure to air.© This form of the drug has
little or no clinical value. Weakly basic it combines
readily with acids to form local anesthetic salts. These
local anesthetic salts are quite soluble in water and
comparitively stable. Thus, local anesthetics used for
injection are dispensed as salts, most commonly the hydro-
chloride salt dissolved in either water or saline solution.®

It is a well known fact that the pH of the local
anesthetic solution and the characteristic BKg of the local
anesthetic have a direct effect on its nerve blocking
action.l3 Acidification of tissue will decrease lccal
anesthetic activity. For example, if a local anesthetic is
injected into an inflamed area anesthetic activity will
decrease because the inflammatory process produces acidic
Products. The pH of normal tissue is 7.4, the pH of an
inflamed area is S5 to B. 0On the other hand, alkalinization

Of a lgcal anesthetic soclution speeds the onset of action or



the time it takes for the local anesthetic to begin
morking.13 This is especially true when anesthetics are
applied to isolated nerve trunks or to the cornea, where the
buffering capacity of the tissue fluids is limited.l® It has
been predicted therefore that previous alkalinization of an
anesthetic solution will increase its clinical effective-
ness.l? However objective tests have fFailed to substantiate
this point, and most alkaline preparations have the
disadvantage of being relatively unstable.l?

As previously stated, local anesthetics are available

as salts.a

In agueous sclution the anesthetic salt exists in
two forms simultanecusly, the uncharged basic faorm and the
charged cationic form.© The relative proportion of sach form
present in solution depends on both the pH of the solution or
the surrounding tissue and also the pK,, or dissociation
constant, of the specific agent.l3 The two factors involved
in the anesthetic action of a local anesthetic are diffusion
of the agent through the nerve sheath and binding at the
receptor site in the cell membrane.lS The uncharged, lipid
soluble, free base form is responsible for diffusion of the
local anesthetic through the nerve sheath whereas the charged
cationic form is necessary for binding at the receptor site.C
A local anesthetic with a high pKg has very feuw
Molecules available in the free base form at a normal tissue
PH of 7.4.16 Apnesthetic action of this agent would be poor
Because tog Few base molecules would diffuse through the
NBrve membrane. 0On the other hand a local anesthetic with a

WILLIAM F. M2AG LIRRARY

ANZISTRRIIMVINT v Y i g (¢ AYre TARY IV I YN Y



low pK; has a very large number of base molecules which are
able to diffuse through the nerve sheath. However,
anesthetic action of this agent would also prove inadequate
because at a normal intracellular pH only a very small number
of base molecules would associate back to the cationic form
necessary for binding at the receptor site.lB

In clinical situations the pH of the extracellular
Fluid determines the ease with which a local anesthetic moves
from the site of administration into the cell membrane.l’

The intracellular pH remains guite stable and independent of
the extracellular pH.17 This is because the hydraogen ian
like the local anesthetic cation does not diffuse through
tissues.l? The pH of extracellular fluid may therefore differ
from that of the nerve membrane.l’ The ratio of anesthetic
cation to base may therefore also vary at these sites.1”

The BKyq of a local anesthetic not only gives us some
idea of the relative proportion of uncharged and charged
molecules in solution but also is directly related to the
rate of onset of clinical action of a specific local
anesthetic.l8® aAs in the case of procaine, the onset of
action is quite high due to the fact that its pKy value is
alsao high.ls It can be concluded that the relative onset cf
action of a local anesthetic is directly proportional to its
C@spective pKa.ls

These concepts are the main goals of this research
BToject which are to study the acid/base properties of local

a : . LE o . : :
NeSthetics in aqueous acetonitrile solutions using Fourier



Transferm Infrared Spectrometry. These PKy studies are
performed with aguecus and mixed solvent solutions of varying
hydrophobicity to investigate potential changes in pK; upon

nerve membrane interaction of these local anesthetic agents.

Pharmacological Actions

Local anesthetics not only block conduction in nerve
axons in the peripheral nervous system but also interfere
with the Function of all organs in which conduction or
transmission of impulses occurs .20 Therefore, they have
important effects on the central nervous system, the
autonomic ganglia, the neuromuscular junction, and all types
of muscle fiber .20

All nitrogenous local anesthetics, including
procaine, dibucaine, and dyclonine, may cause stimulation of
the central nervous system or tNS.20  This action produces
restlessness and tremor which may lead to clonic convul-
sions.c0 Typically, the more potent the anesthetic the more
readily convulsions may be prcduced.eo Alterations aof CNS
activity ares thus predictable from the local anesthetic agent
in guestion and the blood concentration level.Z0

A study dorne by Frank and Sanders in 1363 suggested
that the apparent stimulation and the subseguent depression
Produced by applying local anesthetics to the CNS were both,
in fact, due solely to depression of the neuronal activity.
The svidence For this thecry is that, when a local

aneSthetic, in this case procaine, is applied to the cortical
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neurcns in isclated slabs of cerebral cortex, only depression
of the directly evoked electrical responses is obtained.B
Depression of activity is alsc the aonly effect that

anesthetics like procaine produce in monosynaptic and

polysynaptic spinal reflexes, according to a study done by

Taverner in the 1960’s.20 Uunlike cocaine, a natural
anesthetic, synthetic anesthetics such as procaine, dibucaine
and dyclonine are less stimulating to the higher cerebral
centers and do not cause addiction.l0,21

Local anesthetics also affect transmission of the
neuromuscular jv..mr:ticm.-"-’a Harvey in 1838 observed that the
close intra-arterial injection of as little as 0.2 milligram
of a particular local anesthetic into the cat’s tibialis
anterior muscle reduced twitches and tetanic responses evoked
by maximal motor-nerve volleys, and the response aof the
muscle to injected acstglcholine.Ea The muscle, however,
responded normally to direct electrical stimulation. A local
anesthetic will not only affect the neuromuscular junction
but it also have a marked affect on the synaptic endings of
the ganglion cells. When procaine was added to the fluid
Perfusing a ganglion, preganglionic stimulation fFailed to
Blicit postganglionic discharges and the ganglion cells
Became insensitive to stimulation by acetylcholine.SZ

Following systematic absorption, local anesthetics
8Ct on the cardiovascular sgstem.ee The primary site of

a : ; i )
Ction ig the myocardium, where decreases in electrical

Bxcj e
xcltabllltg, conduction rate, and force of contraction
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occur.S® Studies on isoclated atrial and ventricular muscle
revealed that procaine increased the effective refractory
period, raised the threshold for stimulation, and prolonged
conduction time.Z2 These cardiac actions of this local
anesthetic would be of therapeutic interest were it not for
the rapid metabolic destruction of the compound and the
propensity of local anesthetics to cause central stimula-
tion.22
Finally, local anesthetics have been known to depress
contractions in strips of isolated intestine and in the
intact bowel. This spasmolytic action seems to be caused by

local anesthetic depression of the smooth muscle. This study

was done by Z2ipt and Dittmann in 1971 .22
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Chapter II

HISTORY

General Descripticn of Infrared Spectrometry

When electromagnetic radiation passes through
molecules it is transmitted, scattered and absorbed. The
absorption phenomenon helps resolve relationships between the
wavelength of absorbed radiation and molecular structure.

For the infrared region of absorption which pertains to
wavenumbers within the range of 12,800 to 10 cm-l. molecules
can be treated as masses (atoms) connected by springs
(bonds). It is a property of mechanical systems that they
have characteristic vibrational frequencies or rescnances
that absorb ernergy from applied oscillatory forces. Small
masses or shift springs give rise to high vibrational
frequencies and it is a consequence of the tightness of bonds
that molecular vibrations occur in the infrared region. The
probability of absorption per molecule depends on the change
of dipole moment during vibration. A large change in dipole
moment accompanies intense absorption.83

Even for simple molecules the number of vibrational
freguencies is large. However, not all of these vibrations
Will appear in the spectrum because many are highly
SUmmetrical vibrations that produce small changes in dipole

Moment. 4 Further complication is that overtones and
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combination bands occur with moderate intensitu. Fortunate-
ly, certain functional groups and structural units have
characteristic absorption frequencies that change very little
fFrom molecule to molecule. For many structural units, the
frequency shifts that do occur can be related to variations

in the neighboring structure .23

Principles of Fourier Transform Infrare ectrometr
Introduction

Since radiant energy consists of trains of electro-
magnetic waves, generally of many frequencies superimposed,
the instantanecus electrical and magnetic fields at any point
will be the resultant of those due to the individual
frequencies. Therefore it should be possible, in principle,
to retrieve all the information carried by a beam simply by
letting it fall on a radiation detector and plotting the
response as a function of time. Before the invention of the
Michelson interferometer there was difficulty with such an
approach in that alternating fields, with freguencies of the
order of 1014 Hz, were many crders of magnitude too fast to

follow with any known detector .St
The Michelson Interfercmeter

This speed difficulty was overcome through the use of

the Michelson interferometer which is diagrammed in fFigure 4.
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Radiation from the source is collimated by lens L and then
divided into two equal parts by the beam splitter BS. The
beams are reflected back by plane mirrors M1 and M2.

Portions of both beams are finally incident on the detector.
If the two mirrors are an equal distance from BS, the
detector will see the same time-varying electromagnetic
Fields that it would have seen without the interferometer,
but, because of losses, they will be only about half as
intense. If mirror M2 is then moved to the right along the
optical axis, the phases of the two beams reaching the
detector will differ, and interference will result. The
retardation of the phase for a given increase in path length
depends on the wavelength of the radiation, and is aobserved
by the detector as a series of successive maxima and minima
of intensitg.a&

To be used as a spectrometer, mirror M2 is forced to
move at a constant speed for a distanmce of a few millimeters,
which is many times longer than the longest wavelength to be
encountered. This causes the response of thes detector to
Fluctuate at a rate dependent on the spesed of motion and the
wavelength of the radiation. The action of the interfe-
Cometer can be thought of as equivalent to chopping the
Tadiation at a fregquency given by 2UV where v is the velocity
of the moving mirror in centimeters per sscond, and V is the
Wavenumber of radiation in cm~l. In a tuypical instrument,
this is Bquivalent to chopping simultanecusly at a Freguency

c .
SMtinucusly variable From about 1250 Hz at the high
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wavenumber end of the spectrum to 125 Hz at the low end.
These fregquencies are easily followed by a thermal detsctor
which responds to the time derivative of the temperature
rather than the temperature itself. This detector is known
as a puroelectric detector .Z5

This combination of fregquencies with corresponding
amplitudes will produce a unique interfercgram. The
pulsating beam leaving the interferometer is directed through

the sample cell and focused on the detector .2 See Figure 5.
FTIR Detectors

Interferograms are not readily interpreted without a
digital computer. From a mathematical standpoint the
interferogram is the Fourier transform of the spectrum.

Therefore, the Jjob of the computer is to apply the inverse

26

i Fourier transform.
Fourier transform infrared spectrometers employ
infrared detectors of two types. The first type is known as
a8 thermal detector which operates by sensing the change of
M temperature of an absorbing material with output obtained

from a puroelectric detector, bolometer, thermistor bolo-

meter, pneumatic detector, or Golery detectcr.a7 The sescond
type of detector is a guantum detector which senses infrared
Fadiation based on the interaction of radiation with the

Blectrons in a solid which cause electrons to be excited to a

Righer energy state.=’



O IR source

...........

Figure 5.

Interferometer
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Optical Diagram of FTIR Spectophctometar28
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Cylindrical Internal Reflection - Sampling Technigues

Sample analysis may be performed by using a technique
knouwn as internal reflectance spectroscopy. This technigue
involves passing the infrared radiation through an infrar=d
transmitting crystal of high refractive index and then
allowing the radiation to reflect off the crystal after
extending slightly into the solution.B3 The advantage of
this technique is optical matching of the interferocmeter beam
and crystal geometry and easy processing of liguids,
especially water. A useful design propcsed by Wilks utilizes
a crystal rod with cone-shaped ends. This design is illus-
trated in Figure B. It is known as the circle accessory and
allows the inccming infrared rays to be directed to the
cylindrical surface at the desired angle of incidence.2%

The crystal rod in the circle accessory may bs made
up of zinc seslenide, germanium silicon, sapphire, or zinc

sulfide. The rod is sealed within the sample chamber. This

chamber allows for a free flow of sample soc that it fills
Smoocthly and empties completely. The sample to be measursd
mu t t - = 3 ES
STt cover the entire rod complestely.
This circle cell is useful for the fcourier transform
infrared analysis of strongly absorbing liguids, solutiocns,
and mixtures. Normally, when water is us=sd as a solvent it

is difficult to perform FTIR dsterminaticons because uwater’s

TBgicn of 3000 cm—1 tend tc chscure the weakzsr more
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important bands. This problem is overcome by internal
reflection spectroscopy because the beam penetration into the
sample is extremely small. The effective path per reflection

is about 0.0015 mm. Thus, with ten reflections the effective

pathlength is about 0.015 mm, which results in absorbances in

the correct range for agqueous sclution measurements .o
Advantages of FTIR

Fourier transform spectroscopy has two great
advantages over conventional techniques.30 First of all it
makes use of all frequencies from the source simultaneocusly,
rather than sequentially as in a conventional scanning
instrument.3° This is called the Fellgett advantage, after
the scientist who First described it.30 1In addition to the
Fellgett advantage, the sensitivity of the FTIR method is
greater than that of the dispersive technigue because more
radiation enters the slitless system. This is known as the
Jacquinat advantage.ao

Another advantage of this instrumental technique is

Continual internal calibration of the scanning mirror. This
Calibration is perfomed by an internal laser. Due to this
Calibration the data collected is more accurate and precise
than other technigues because the laser signal is used to
C8ordinate sampling intervals and the point at which data
€0llection should begin between successive scans .31

Lastly, the use of microcomputers and automation make

this technigue more useful and less time consuming. Before
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the 1870’s the interferogram had to be analyzed using an
audio-frequency wave analyzer and an XY plctter.87 Mierps
computers have allowed for more rapid spectra generation from
interferograms due to the rapid performance of mathematical
computations. Also, data manipulation such as bhaseline
correction, smoothing, and subtractions can be performed now

due to increased computer power and storage capabilitg.38

Disadvantages

Although there are many advantages in using FTIR
spectroscopy there are also its share of disadvantages.

These disadvantages include the sensitivity of the instrument
to temperature and vibration, alignment of the instrument’s
components, and a decrease in accuracy due to approximations
used in computer calculations.32,33

A disadvantage which must also be pointed ocut when
cylindrical internal reflection technigues are used is that
this is a low light throughput technigue. For this reasan,
the intensity of infrared radiation reaching the detector is
decreased and high resclution may not be obtained.3%

The cell’s pathlength utilized in cylindrical
internal reflection accessories also presents a problem.
This pathlength limits detection of substances in very small
Concentrations.32 A concentration of 0.5% is usually the
lower limit of detection. However, this lower level of

®tection can be decreased by using a Quantum detector.3°
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Fourier Transform Infrared Spectrometers Instrumental Design

All FTIR spectrometers consist of four basic systams.
These systems include the interfercmeter and detector sustem,
the data acquisition and optics control system, a general

purpose computer, and the operator interface.38 These have

all been discussed previocusly to scme extent.
Background of FTIR Spectrometry of Aqueous Sclutions

Due to the invention of the cylindrical internal
reflectance technigque, the infrared spectra of agueous
solutions can now be studied both qualitatively and
quantitativelg.aa

Quantitative studies were performed by Wang and Rein
and by Mathias. Wang and Rein measured the spectra of solu-
tions cof varying concentration of beta lactams in agueous
solutions.=2 Mathias studisd various concentrations of gly=
Cine in water soclutions. Both groups found that theres was an
gxcellent Beer’'s lLaw relaticnship.as’BS Other studies include
the analysis of shampoo formulaticns by Sabc, Gross, and
Rosenburg and the analuysis of fFermentation broths containing
ME8thancl, ethancl and acstone by Kuehl and Crocombe. Goulden
BhNalyzed cows milk and Baca studied the effects of varying
SClvent ang pH of l-adamantanamine, an anti-viral agent.38
Qualitative studies include an evaluaticn of aguecus
Ntibictic solutions by Wang and Pein.>2 Ancther study by
_J.
>#hias inveclved the determinaticn of the spectra cof water-

Polymers such as polyace
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CHARPTER III

APPARATUS AND MATERIALS

BioRad FTS-40 FTIR Spectrometer

The FTS-40 is a high performance research grade

Fourier Transform Infrared Spectrometer manufactured by
BioRad Laboratories, Inc., Digilab Division. The FTS-4C
consists of two major components, an optical bench and a
model 3240 Data sgstem.as See Figure 7.

The optical bench houses the infrared power scurce, the
single mode helium—-neon laser, the fast scanning BO degree
Michelson interferometer, the sample compartment, and the
pyroelectric bolometer .37

The 3240 Data system controls the optics bench and
performs all the mathematical functicns. It includes a
central processing unit, a twelve-inch, high rescluticn color
monitor, a full upper and lower case keyboard and joustick, a
data storage unit, a 6-color, single-page, digital plotter,
and a 120 character per second dot matrix printer.37 The
Optics bench requires dry air or nitrogen at a minimum of 12
Psi, at approximately 0.2 CFM for proper operation of the air
bearing_ In addition, it is highly recommended that an oil/
water trap and micron filter be used to prefilter the bearing
ir,37

The ceramic IR scurce requires a supply of non-

r ) . :
**Tesive cooling water. A minimum water Flow of cne liter
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per minute at not more than 28 C is necessarg.37 A schematic

diagram of the optics bench of the FTIS-40 is illustrated in
g 37

Figure
Infrared light from the ceramic IR source is collected
by the torrodial mirror, Tl, and focused at the aperature.
Pl collects the energy which passes through the aperature and
produces a collimated beam which is directed onto the beam
splitter in the interferometer .37 The interfercmeter then
modulates the IR bheam. The collimated, modulated beam that
exits from the interferometer is reflected by flat mirror,
F2, and collected by off-axis paraboloid, P2, which focuses
the beam down to a 12 mm circular image at the middle of the
sample compartment. The beam then travels to an aspheric
mirror, Al, which focuses the beam on to a detector, 01. The
image size produced here is approximately 2 mm in diameter
which just fills the 2 mm detector element.3’/ Also light
from a helium-neon laser follows the same path and is
detected by the laser detector .3’

A cylindrical internal reflection accessory was used
for the measurement of the agueous acetcnitrile solutions.
The circle accessory was a 3—mL flow-thru cell containing a
8 mm diameter zinc selenide internal reflection crustal. A

diagram of the circle accessory is in Figure g,38
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pH Meter

An Orion model SA 520 pH meter, manufactured by Orion

Research Inc., (5239 Main Street, Boston, Massachusetts 02123,
Catalcg Number SA-520) was used with a glass electrode to
measure the pH of the aguecous acetonitrile solutions. This
instrument is a microprocessor controlled pH meter with a
touch-sensitive keyboard for fast, convenient, and reliable
pH, electrode potential and concentration measurements with

automatic temperature compensaticm.38

Ccmbination pH Electrode

An Orion micro glass/reference combination electrode
was usad. (Orion Research Inc., 529 Main Street, Boston,
Massachusetts, 021238). The glass membrane and calomel

reference electrodes are combined in one prcbe.&o

Chemicals

The following chemicals or solutions were purchased
fFor use in this research project.
A. Sargent Welch (Midwest Regicnal Office, Cleveland,
Ohiag).
Buffers pH 4, 7, and 10 (catalog numbers

S-30141-10-A, -B, and -CJ.
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GFS Chemicals (Columbus, Ohio).
BM Double-distilled Hudrochloric Acid from Uycon.
(Catalog number BB0).
Fisher Scientific Company (Chemical Manufacturing
Division, Fairlawn, New Jersey).
Acetonitrile (Catalog number 700 1386).
Matheson, Coleman and Bell Manufacturing Chemists
(Norwood, 0Ohio).
Acetonitrile (Catalog number AX14S 2726).
Sigma Chemical Company. (P.0. Box 14508, St. Louis,
Missouri? prcvided:&l
1. Procaine Hydrochloride Anhydrous Salt.
(Catalog number 37F-0644).
2. Dibucaine Huydrochloride Anhydrous Salt.
(Catalog number 45F-0763).
3. Duclonine Huydrochloride Anhuydrous Salt.
(Catalog number 15F-04%B88).
Malinckrodt Inc. (Paris, Kentucku).

Potassium hudroxide pellets.
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CHAPTER IV

EXPERIMENTAL METHODS

Introduction

The experiment in this research projsct deals with

the determination of the infrared spectra cf both agueous and
agueous/ascetonitrile scluticons cf procaine, dibucaines, and
duclonine to observe the structural changes which cccur in
these compounds as a8 function of pH and solvent cocmpositicon.
Once theses spectra are determined, they are manipulated by
using the curscr motion key to datermine the baseline and to
select important peaks. Then the abscrption bands or peaks
attributed toc arnesthetics in all sclutions are used to
determine the pK; of these drugs in aguesous and mixed

solvents,
Part A: Preparaticn of Reagents

This experiment invoclved the pregaration of the

8llowing sclutions:

1. S M solution of potassium huydroxide.
25% acetonitrile sclution in water.
S0% acetconitrile socluticn in water.
#o< acetonitrile solution in water.

C.C% M szlutions of procaine in water, 25%



acetonitrile, 50% acetonitrile, and 75% acstonitrile.

B. 0.03 M soluticns of dibucaine in water, 25%
acetonitrile, S0% acetonitrile, and 75% acetonitrile.
7. 0.03 M spolutions of dyclonine in watsr, 25%

acetonitrile, S0% acetonitrile, and 75% acetonitrile.

Part B: Flow-thru Cell and Pump Set-up

A circulating pump attached to a flow-thru circle
cell is utilized in this experiment. The circle cell is
placed intoc the FTIR chamber compartment. The input hose to
this cell criginates in the reacticn beaker containing the
sample solution. The output hose from this cell leads to the
same reacticn beaker. This beaker alsoc contains the
combination pH electraode. In Figure 10 ths set-up of this

apparatus is shown .32

This set-up allows the varicus
solutions to be pumpsed through the circle accessory
continucusly as the pH is adjustsd. When the pH stabilizes

- a8t the desired value, the pump is shut off and the spectrum

of the sclution is measuresd.

)]

Part C: FTIR Measurzment Samples

(8]

Standard gperating procedure of the FIS-40.

After the system is turned on the user must log into

3B rNow

'rECtUTQ by typing in a predefined directory name.
&=L is ready tao begin working with the menu softwar= by

*Ng the top menu key.3® The displayed selections allow
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Diagram of the Flow Thru Cell and Pump Set-up32
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+he user to choose a zommand arnd bring up the parameter cage

o 1
- ~—
10 select ene

associated with that zccmmand.

fFunction keys used cgu.te freaquently in this exceriment are
listed as follaws:ae
Fl: Set-up spectccmeter
F3: Scan and display
FS: Display
F39: Subtraction
The instrumental spec:ficaticns or parametzrs used with these
four Functions are list=sd in Table 1. These parameters were
SBt manually but could easily be changed or corrected during
the course of the sxuperiment.

Within the set-up function, the system electronics
Calibrated, the interferogram is displayed, and
Undamental instrument parameters are determinsd. Set-up is
f}ber used to align the interferometer and certain cptical
sories,3B
Once the scectrometer is calibrated and aligned, the
8TSund spectrum is collected and stored as a single beam
trum ang is used in the calculation of the abscrbance ar
ttance spectrum of the test sample.35 A transmittance

1S the ratic of the sample single beam spectrum to



Table 1
Inétr;mEhtal Specificatians
Detectcr: Internal
can-spesd: 20 kHz
Delay: 5.0 secgnds
Aperture: 0.5 om.
Low Pass Filter: 4.5 kHz
Collect Sensitivity: 1
Scan and Display
Spectrum Type: Absorbance
Background
Resclution: 4 cm™
Numker aof Scars: cSB
Spectral Pegion Start: 3000 cm’
Spectral Region End: 300 cm~
Nocise Lewvel: 0.05
Apodization: Triangular
lay
Horizontal Axis Start Point: 3000 cm” !

BHorizontal Axis End Point: 300 cm”
Uertical Axis Maximum Ualue: 0.08
Qertical Axis Minmimum Value: =0..04%

3500.5 cm~ L
ght Edge: 3100.0 cm™ !
tracticrn Factor: 10

Used
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the background spectrum. The absorbance spectrum is produced
by computing the lcgarithm toc the base 10 of the reciproccal
of the transmittance spectrum.35 Both the hackground and
sample spectrum can be determined by using the scan and
display Function, which can ke accessed by prassing key F3.
First, the background spectrum name is entered and the return
key is pressed. To exscute the scan and display function,
the execute key is utilized. Once the background is stored,
the abscrbance spectrum may be taken by entering its spectrum
name first and then executing the function using the execute
key. The sample spectrum is displayed and is saved in its
cwn file by pressing key FB and the execute key. The
spectrum may be recalled at any time by using the display
Function.=B

The last parameter page to be used is the subtraction
Function. The subtraction command produces a plot which is
the diffsrence between the sample’s abscrption spectrum and
the refersnce abscrption spe:trum.35 The spectra are not
Overwritten during a subtracticon but instead the criginal
g8ata is retained, and the difference between the two spectra
1S stored under a new spectrum name. The subtractian
function was very useful in this experiment in cbserving how
the Spectra of sample sclutions at high pH comparsed to those
t a loy pH. The peaks that changed drastically in
ESorbance cuer the specified pH range weres easily spctted
their respective wavenumbers were detsrmined using the

SO moticn functicon.
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Part D: Experimental Procedure Using the 3200 Data System

1. Reference spectra cof procaine, dibhucaine, and dyclcnine
are collected in agueous 25% acetonitrile, S50%
acetonitrile, and 75% acetonitrile sclutions at acidic

condition, pH 2.

2. Once an acceptable rafsrence is established, the H is
adjusted to the next interval by the addition cof KOH. A
pump is used ta carry this sclution through the circle
cell until a stable pH is displayed on the pH meter. The
pump is then turmned cff. Intervals to be tested include

g Yy n8g 85 Tyes, ~8,9285 angd-11s

3. The sample spectrum cof each aliguoct can be detsrmined
by using the scan and display command described earlier,
All spectra are saved and may be recalled using the

display Function.

Y. Once the sample and refsrence spectra have been
collect=d, an average baseline is determined for a giwven
peak. The baseline absorbance is subtracted frcom the
maximum for each peak to give a net absorbance value which

N turn is used to calculats the pK, of the drugs in the

a

~y .
~ Various sclutions.



alkaline conditions.

consistently
increased.

n the 1578-1334%
8C8tonitrile soluticns of
t,

duclonine occcurrsd in the

SClutions monitored. The

+-
4

I

The acid/base properties of procaine,

Fourier Transform Infrared Spectrometry.

spolvent and pH on these compounds in water,

One major absorpticn bard, pesk X,

1832-1800 cm~! range for all soluticns tested.

SCira of procaine, dibucaine

CHAPTER UV

EXPERIMENTAL RESULTS AND DISCUSSION

L]

ytroductign

dibucaine,

dyclonine in varying sclvents and pH were studied by using

The eff=ct of

25, 50, and 78

percent acetonitrile were studied by noting the net
absaorbance of the infrared absorption bands common to all
spectra as the pH was adjusted from acidic conditions to

By using pH 2 solutions as the

pH became more hasic could bs notead.

appears=d

In the case cof prcocaine peak X cccurred in the

P=ak ¥

cm—l range fcr both aguecus and

dibucaine. Lastly peak X Ffaor
1725-1182 cm~ ! range for all

individual wavenumbers for peak X

22 illustrate the characteristic infrared

, and dyclonine in water and

37

and

backgrcund, any absorption band changes which cccurred as the

in all the local anesthetics soclutions as the pH
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25, B0, and 75 percent acetonitrile solutions under alkaline
conditions.
A correlatiocn chart was used to interpret the

. characteristics of these infrared spectra. The regiocon from
$00C-1400 cm™ ! is useful For the indentification of various
Functional groups. The range of infrarsd wavelengths used in
this experiment was approximately 3000-300 cm™ . This region
shows absorption bands arising from scissoring, stretching,
and bending vibrations. Using this chart, peak X may be
attributed tc both the NHy scissoring vibraticn and the NHg
bending vibration mode for prcocaine, the sscondary amide bend
and the NHg bending vibraticnal mode for dibucaine, and,
lastly, the C-N and C=0 stretch vibraticnal modes for

dg:lcnine.*a

The DKa values of the anssthestics were calculatesd
using the net absorbkancezs value changes of peak X in wvarying
Solvents and pH. These values are listsd in Tables 4 to 15.
The zbsorbance valuss cof these peaks were plotted
BH to cbtain an S-shaped curve. In Figure 23 is

, =3 . .
he type of curve obtained. A curve fitting program

w
H
3
m
(.
)
0
!
['1'
M
0
0
[

1l anesthetic scluticns studied. The

[

ST8Ssicn crder used For each peak measured is alsoc listed



Absorbance

Figure 23.

pH

Standard Plot of Absgrbance vs gH
for a8 Weak Acid, HA
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in Tables 2 to 13. Using these curves the BKg of procains,
dibucaine, and dyclonine could be determined by twc methods.

The first method involved using the S-shaped curves
to obtain the relative values for [A™] and [HAR]. The ratio
of [A™] to [HA] was then calculated using the following

f‘crmula:lia

el = A - fa 1>
CHAI] Ab - A

Standard values for A, Aa, and Ab are given in Figures 16.

The logarithm to the base ten of this fraction was then

calculated. These values are also listed in Tables 2 toc 13.
These determinations can be calculatsd dus to the

dissociation of these compounds. The equilibrium expression

for such a dissociation can be mr‘itten:"*3
Kg = [HT1 _L£A~3 27
CHA2

Taking the negative log of both sides of this esguaticn gives:

pKg = pH - log [A ] (3
CLHAJ
fhe Slope intercept form of the eguation which gives a

log [A"3 = .pH =, pKg C4d
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Comparing equation % to the egquation for a straight

line, y = mx + b, the measured pK, values can be determined
where y = log [AT1/CHA], the slope is equal tc 1, and the

intercept equals the negative pK;. Thus, when the log term
is plotted vs pH, the slope is 1, the intercept is negative

PK5, and the line crosses the pH axis at pH = pkK At this

a
point CA™ ] equals [HAJ, therefore, the log of the ratic of
these terms is zsro, making pH = pKa.%a
Using the above form of the equation the logarithm
values of the ratigs are obtained and plotted agzinst the
measured pH. The best line Fit is calculated using linear
regression and the measured pK,; is determined by obtaining
the pH at which the lire crosses the x axis. These graphs
are illustrated in Figures 36 to 47.
The second method fFor determining pKg; involved using

a computer program known as Hyperplot. Hyperplot is an easy
to use program for data aralysis and plotting for the IBM
PC/XT/AT ccmputers.LH Single keystrocke commands allcw access
to 150 Hyperplot Functicns. it Data may be input in ocne- or
two-dimensional form From a disk file, the keyboard, or with
a graphics cursor, and cutput is to a dot matrix printer or a
.iOttet‘.LH Once the data is read in, a wide wvariety of
a8thematical and graphics functions may be performed.

The Hyperplot function used in this project was
1FErentiaticn of the plotted data. Namely absocrbance
S PH for the local anesthstic sclutions. Taking the

tVative of Yy (absorbance) with respect to x (pH) a spike-
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shaped curve is cbtained. The maximum of the curve is the
corresponding pK, value which can be displayed by using the
curscr motion key. The Huperplot functigns for each
anesthetic solution are shown in Figures 48 to 583.

The pK, values obtained by both methods, namely
Hyperplot and linear regression are listed in Table 14.
These pKa values must be adjusted due to the Fact that the
hydrogen iocn activity measured by the pH meter must ke
corrected. The reason for this is that the electrode
response is affected by solutions containing nonagueous
solvents.3S This correction can be done by using a formula

proposed by McBryde and Mui. The formula is as follows:
»» = 107PH , H*3 (53

The symbol ** represents equilibrium constants established
For mixed sclvents.?® These constants are 0.97 for 25%
acetonitrile sclutions, 1.22 for S50% acetonitrile solutions,
and 2.42 For 7S% acetonitrile solutions.?® Once the CHY] is
determined using equation S, the adjusted pH can be
Calculated. As mentioned earlier, the pH equals pKa at the
BH intercept whsn the log [A-1/CHA] is plotted versus pH,
thus the values obtained are the ad justed pK, values. These

values are listed in Table 15.
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Table 2
Local Regression
Anesthetic Medium Peak_ X Hyperplot Formula
cem™13 CpKg) (pKg)
Procaine in water 16086 < ke = 3 6
25% acetonitrile 1606 8.4 8.5
50% acetonitrile 1606 8.0 H.2
75% acetonitrile 1632 9.3 87
Dibucaine in water 1578 B4 8.2
25% acetonitrile 1334 B.0 7.8
50% acetonitrile 1334 8.3 8.5
75% acetonitrile 1334 8.7 Ba7
Duclonine in water 1182 B:.S B:3
25% acetonitrile 1600 8.8 B.B
S50% acetonitrile 1600 8.4 8.4
75% acetonitrile 1726 8.3 B33
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Table 3

Ad tusted oK, Values

Local Regression
Anesthetic Medium Peak X Huperplot Formula
cem™ 1) (DK g) (pKg)
Procaine in water 1608 9.1 Q.0
5% acetonitrile 1806 8.3 8.6
50% acetonitrile 18606 Bl 8.3
79%lacetonitrile 1632 gL 7 9.1
Dibucaine in water 1578 8.1 8.2
5% acetonitrile 1384 a8 7:8
50% acetonitrile 133% Bkt Bib
75% acetonitrile 133% Skl g4

Duclonine in water 1182
25% acetonitrile 1800
50% acetonitrile 1600
75% acetonitrile 1726

ODmOm
N m;
OmoOo
N W



Table 4

Experimental Data Obtained From Peak X For Procaine

In Water.
Net Absgrbance A-1 / A
jols § Peak X gH Peak X
6.48 0.013 6.7 -1.68
7 .62 0.016 6.8 -1.37
B8.21 0.018 7.1 -1.27
B8.43 0.020 7.3 -1.18
B8.66 0.023 7.5 -1.08
8.85 0.025 2.2 -0.96
.01 0.027 7.9 -0.86
g9.23 0.030 8.1 -0.73
8.65 0.037 8.3 -0.59
9.88 0.040 8.5 -0.47
10.22 0.043 8.7 -0.31
8.9 -0.16
8.1 0.00
3.3 0.19
3.5 0.36
9.7 0.58
3.9 0.84

Egression order = S



Table S

Experimental Data Obtained From Peak X For Procaine
In 25% Acetonitrile.

Net absorbance Log CA-1 / CHA]
oH Peak X H Pesk X
5.66 O0r 011 B.75 -1.7e
7 .68 Q. 013 70 =1y 143
8.26 0.014 7325 -0x.95
B.46 0% Q15 8 -0.63
B.74 0.017 7. 758 =048
B8.36 04048 8.0 =0ha8
s 32 0.020 8. 25 -0n 15
89553 00241 8.5 -0y D82
Sn 71 0.021 Bs 75 0.02
8- 86 0022 940 028
RO .23 0.0g22 9. 25 0. 2
10.E0 0.023 955 Q.55
it , 30 0.023 8. 75 0.75
a8 .43 0.024 10.0 0.85
159 .01 0.024 10:.285 1.5
10.5 L 20!
10.75 1 .81

ression aorder = S,



Table 6

Experimental Data Obtained From Peak X For Procaine
In 50% Acetonitrile.

Net A n Log CA-] / CHAJ
pH Peak X BH Peak X
58y 0.00580 895 S vhe
8.9 0.00BE5 7.0 =1.03
7.87 0.00870 7ic8 #0:75
8.12 0.011 748 -0:52
8.29 0.011 Yirs =g:4c
B.55 0.013 8.0 2g:15
8.73 0.014 8:85 0.04
§:92 0.014 8.5 0.18
8:.33 0.016 8.75 B:38
R0 .49 0.016 9.0 0.80
9.88 0.82
95 B L
8,75 399
10.0 1,80

Regression order = 3.



Table 7

Experimental Data Obtained From Peak X For Procaine
In 75% Acetonitrile.

N A n Log La-1 7/ CHAl
BH Peak X gH Peak X
4 .88 0.0080S 5.8 -1 .B7
6.18 0.00845 6.0 ~1 .56
7.2 0.00810 8.9 =1.88
B8.05 0.01 6.8 -1.11
8.57 .00k 7.8 -0 .88
8.03 0.013 7.8 -0.81
S.66 0.016 8.0 -0.59
20 .%1 0.018 8.2 -0.38
10.83 0.018 8.8 -0.18
8.2 .08
9.8 0.40
10.0 0.86
10.% 1.58

Regression order = 5.



Table B

Experimental Data Obtained From Peak X For Dibucaine

In Water.
Net Abscrbance Log C[A-1 ¢/ CHAI

oH Peak X BH Peak X
3.55 0.00110 B 5 -1.68
4 7P 0.00115 6.75 =1 §27
S <328 0.00310 7.0 e
6.12 0.00415 7.258 =0,.75
5.83 0.00580 7.5 =0, 157
7. <78 0.00885% 7..75 =e el
7 (99 0.010 8.0 =0 518
8.15 0.011 BES -0.007
B .3 0.014 8.5 D817
8.48 0.020 B.75 (915 d8]
8.72 0.020 s 0.57
B8.392 0.024 SLES 0.88
9.10 0.026 aLs il i=drs
8.30 0.027 8.7 1.68
10.00 0.0c28

Egression corder = 4.



Table 8

Experimental Data Obtained From Peak X For Dibucaine
In 25% Acetonitrile.

N ) cban Log CA-] / CHAI
oH Peak X pH Peak X
%.39 0.00045 6.78 -2 8%
$.28 0.00140 7.0 -1 .84
5.29 0.00205 Z.85 -0 .88
7.18 0.00S60 2.8 ~0.%1
iz .37 0.00760 Z.75 -2.28
7 .68 0.026 8.0 0,21
8.03 0.053 8.85 0.58
B.45 0.084 B.B 1.06
B.27 0.082 8.75 1.98
8.5 0.08s0
8.0 0.085

gression order = 4.



Table 10

S

Experimental Data Obtained From Peak X For Dibucaine

In

WOOomDOIND

50% Acetonitrile.

N A rban

.00425
.00720
.016
.027
.057
.084
.124
.148

O000000O0

Log CA-1 / CHAJ

BH

7. 50
.75
.0
.25
o
. 25
.0
.25

VDo ®oN

Peak X

=1 .86
-1.05
=0, 82
=0, 32
0.008
0.36
0.78
1.45



Table 11

Experimental Data Obtained From Peak X For Dibucaine
In 75% Acetonitrile.

A ban Log [A-3 / CHAIJ

oH Peak X BH Peak X
5.84% 0.00485 795 =1 .38
6.86 0.00565 7 .80 =188
7. 8% 0.00755 788 -0.38
8.18 0. 003845 8.10 -0.67
8.33 0.010 8.38 0.4t
8.60 0.014 8.6 =015
B8.83 0.018 8.85 0.07
8.05 ©.020 9.0 0.34%
8.5 0.020 8.35 0.68
0., 37 2.0e% 9.8 1.05
g9.85 L7s

ression order = 4.



Table 12

Experimental Data Obtained From Peak X For Duclonine
In Water.

Net Absorbance og CA—-] / CHAJ

Peak X pH Peak X
0.00565 6.75 “2. 46
0.C05B0 7.0 -1 65
0.00535 7,28 e S0
0.00415 7.5 -0.76
0.00240 7.75 ~0.53
0.00730 8.0 “On 28
0.00815 8.25 -0.05
0.018 8.8 0.17
0.018 8.75 0.48
0.036 S.0 0.78
0.046 S.e8 e
0.056

0.058

ression order = S.



Table 13

Experimental Data Obtairmed From Peak X For Duclonine
In 25% Acetonitrile.

N Absgcrban A-] / [HA]
cH Peak X pH Peak X
3.56 0.00175 7.0 -1 .88
5.78 0.010 789 =132
6,37 0.013 7.5 -0.88
70 3P 0.020 7.75 =0 7
7 .92 0.024% B.0 -0 .47
7.90 0.035 8% 25 0. 2B

8.28 0.055 B.5 =0.035
8.61 0.085 B.78 0= 18
B8.81 0. 124 .0 Q.40
8.386 0-. 154 g.25 0. 6%
S9.17 0,181 8.5 0.73
10,0 0.188 .75 1420
10.0 1.64%

gression order = 4.



Table 14

Experimental Data Obtained From Peak X For Duclcnine
In 50% Acetonitrile.

Net A rban A-] / CHA
oH Peak X pH Beak X
4 .46 0.00200 7 .0 2.3¢e
6.08 0 .800585 7 2S5 52
B.78 0.00860 7.5 B .87
7Z.12 0.014 7.75 0.6B6
7 . 37 0.018 8.8 8.40
7 B5 0.0286 8.25 8.8
7 .85 2.038 8.8 =@,
8.08 0.0B6 B.75 -=0..36
B8.20 0.083 g.0 = 2 PRI
8.42 6 184 8.85 -0.86
B8.85 0.278 9.5 —3i e
8.00 0.300
8,50 0.320

BOgression order = 4.



Table 15

Experimental Data Obtained From Peak X For Duclonine
In 75% Acetonitrile.

Net Absocbance A-1 / A
oH Peak X pH Peak X
Y4, 0.00110 7.0 -2.39
6. 0.00130 7.25 -1.43
6. 0.00140 7.5 -0.94
7 0.00300 7.75 -0.B0
- 0.00SB0 8.0 -0.36
. 0.00810 B.25 -0.08
2, 0.015 8.5 0.20
8. 0.027 B8.75 0.44
8. 0.035 9.0 0.76
8. 0.068 g.25 1.27
8. 0.030 8.5 2.03
9. 0.093
9. 0.105

Lgressicn order = 4.



CHAPTER VI

CONCLUSION

The pKa values of procaine, dibucaine, and dyclonine
in agueous sclutions were determined experimentally using
Fourier Transform Infrared Spectrometry. This method proved
reliable for ocbtaining reproducible disscciation constants.
The literature values for the pK; of procaine and dibucaine
in water are 8.1 and B8.3 respectivelg.&7’%8 A literature
value for the pK, of dyclonine could not bes found.
Experimental pKa values as determined using FTIR ar= 8.1,
8.4, and 8.5 for procainme, dibucaine, and dyclcnine
respectively. These values are in good agreement suggesting
FTIR spectrometry is a reliable methed for determining the
PR, of these local anesthetic agents. Knowing this fact,
Solutions containing increasing concentraticns of the solvent
ipetanitrile were measured toc observe changes, if any, in
LRBeir respective pKgq values. As increasing concentraticns of
€8tonitrile are used, the hydrophobicity of the solvent
’ﬁiranment increases. This rise in hydrophobicity has been
BWn to affect the pK4 cf many compounds including amina
ds ang anti-viral agents.aa‘&s Due to this prior work, it
f8lt that this pK5 study of mixed sclvent sclutions of
-Ng Nydrophokicity could be used to observe potential

. s : 5 . ) ’
- *N pKy; upon membrane interaction of procaine,



58

dibucaine, and dyclonine, all local anesthetics.

Referring tc Table 3, it can be shown that increases
in acetonitrile caused the pKa values to fFfluctuate, neither
steadily increasing or steadily decreasing from the pKg; value
in water. Initially, procaine and dibucaine both followed
the same pattern. In 25% acestonitrile, the adjusted pKa
values were determined to be B.3 and 7.3 for procaine and
dibucaine respectively. On the other hand, the adjusted pKg
value of dyclonine increased slightly to 8.B with an increase

in acetonitrile to 25% of its total volume. In 50%
acetonitrile the adjusted pK; values of procaine decreased to
a value of B.1. Similarly, the pK; of dyclonine dropped to
B.S. Dibucaine showed a slight increase in pK; to 8.4.
Finally, the addition of 75% acetonitrils caused an increase
in pKa Eor ald -Ehres.angsthetics. to 8.7, 9.1, and B.7 Foer
proccaine, dibucaine, and dyclonine respectively. 0One could
cocnclude that at this concentration of acetonitrile, namely
.~ 75%, the pKgy will increase or become greater. However,
' Soluticns which were less hydrophobic gave varying pKg
Malues, showing no particular pattern For all three drugs.
918 DK, values did remain in the range of 8 to S under
NCreasing hydrophobic conditions. The pKy of any typical
SCal anesthetic in use lies between 8.0 and 3.0.21
As was mentioned previcusly, a local anesthetic whose
%S too high has very few moleculss available in the free

' form at 3 normal tissue pH of 7.%. Anesthetic action
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would be poor because too few molecules would diffuse through
the nerve membrane. 0On the other hand, a local anesthetic

whose pK; is quite low has a very large number of base

molecules which are able to diffuse through the nerve sheath.
However, anesthetic action of this agent would prove
inadequate because only a very small number of base molecules
would associate back to the cationic fForm necessary for
binding to the receptor site. Procaine, dibucaine, and
dyclonine im aqueous solution have pK; values that are in the
favorable range for local anesthetics, namely B to 8. As the
environment becomes mcre hydrophobic, which was shown
experimentally by adding acetonitrile, the pK, values of
procaine, dibucaine, and dyclonine fluctuated sligﬁtlg but
not enough to greatly affect the performance of these
anesthetics on the nerve membrane.
The development of a cylindrical internal reflection

- cell allowed us to measure the absorbance of agueous
'}oluticns using Fourier Transform Infrar=sd Spectrometry.
gﬁwever, it did have its disadvantages. As mentioned before,
he Circle cell has a low light throughput. In other wcrds,
11y 10 o 20 percent of the beam passes through the cell
thout a sample present. This disadvantage may have caused
:-Bxperimental error. Another source of error was the low
?1litu of the anesthetics used in aguecus solutions. The
IECile nelped to dissolve the anesthetics, but the

S were easily saturated. Only small molar
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ccncentrations could be made, thus, limiting the detection of
these drugs using FTIR spectrometry.

In order to better understand the effects of varying
pH and solvent hydrophobicity on local anesthetic agents,
further studies should be done and Further experimentation
should be performed using FTIR spectreometry. This analytical
method has been used to study polymers deposited directly
upon the internal surface of the reflectance apparatus.Es
This same procedure could be repeated but instead of polymers
a synthetic membrane could be coated onto the inner surface
of the circle cell. In the case of local anesthetics, this
membrane would seem to be a more favorable match to that of
the actual nerve membrane and, in turn, should give a more

accurate determinaticon of the pK; of these agents upon

membrane interaction.
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Figure 18. IR Spectrum of Dyclonine in Water at pH 9
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Figure S4.

Hyperplot of Dibucaine in 50% Acetonitrile
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