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ABSTRACT

The Acid/Base Properties of l-Adamantanamine in Agueous
Acetonitrile Solutions Studied by
Fourier TransformlInfrared Spectronetry

Roseann Ther esa Baca
Mast er of Sci ence

Fourier Transform Infrared Spectroscopy is an instrunental
techni que which is used for the identification and characterization of
chemi cal conpounds. Wsing this technique, all the frequencies of a
broad region of infrared energy can be neasured sinmultaneously. 1In the
past, this technique was not useful in the neasurenent of aqueous
sol utions due to the strong O0-H absorption bands. This probl emhas been
overcome with the advent of cylindrical internal reflectance techniques.

Wth these concepts in mnd, the decision was nmade to anal yze
the characteristics of 1l-adamantanamine, an anti-viral agent, in
aqueous-acetonitrile solutions. The effect of varying solvent and pH
was studied by comparing and contrasting the infrared spectra ;)f
aqueous, 25% acetonitrile, 50% acetonitrile, and 75% acetonitrile
solutions of 0.013 M l-adamantanamine at pH from 5-13. Two common
absorption bands were noted as the solvents and pH changed. The
absorbance changes of these two peaks at various pH val ues were then
used to calcul ate the PK_ val ue of 1l-adamantanamine in aqueous and m xed
sol vent s.

Thi s pK_ st udy was performed with aqueous and mxed sol vent
sol utions of varying hydrophobicity to investigate potential changes in

pKa of this antiviral agent. The pKa val ue of 1-adamantanamine in water






was experinentally calculated to be 10.8 and 10.4 for the tw peaks,
peak A and B, in the infrared spectra of this conpound which were
nonitored. Addition of acetonitrile to 257 of the solvent volune
i ncreased the PK_ determned from Peak A and B to 11.0 and 10.7,
respecti vel y. But, further increases in acetonitrile concentration
decreased the pKa val ues. It can be concluded that as the
hydr ophobi city of the solutions increased wth increasing acetonitrile
concentrations, the PK_ of the drug remained in the al kal i ne pH range of

9.7 - 11.0.
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GHAPTER |

I NTRCDUCTI ON

1-ADAMANTANAMINE

Structure and Chemstry

1-Adamantanamine, C10H17N’ al so known as anmant adi ne,

3'7) decan-l-amine IS a

1-am noadanantane, and Tricyclo (3.3.1.1
tricyclic amne. Its structure is illustrated in Figure 1.  Qher
pertinent physical and chemcal data for this conpound include: a
nelting point of 206-208 ©C, a molecul ar wei ght of 151.25 g, and its
action as a | ysosonot ropi c weak base. 1,2,3,4

NH,

Figure 1 - Structure of l-adamantanamines

The hydrochloride form 1-adamantanamine hydrochloride, is a

white, crystalline conpound which is soluble in both water and al cohol . 5

As Symmetrel @, it is used nost often as an antiviral agent in the






prophyl axi s and synptomati c managenment of respiratory infections due to

the influenza A virus. 6

Phar macol ogy

Phar nacodynamc studies of the absorption, distribution, and
excretion of 1l-adamantanamine have denonstrated that the conpound is
rapidly and conpletely absorbed from the gastrointestinal tract after
oral admnistration. Peak blood |evels are achieved within two to four
hours, and the drug's half-life in serumis approximately twenty hours.
Approxi mately ninety percent of the drug is excreted by the kidneys as
the unnodified conpound. Also, it is excreted relatively slowy,
therefore doses taken once or twce a day wll mintain blood

Ievels.7’8’9

dinical Wes

Even t hough 1-adamantanamine inhibits the replication of several
viruses in vitro, its main application in clinical practice is for the
prophyl axis and synptamatic treatnent of influenza A infections. This
antiviral activity against the influenza A virus was first denonstrated
in 1964. S nce then, it has been found to be effective against all
strains of influenza A tested, including the Texas (H3N2) ;thd USSR
(H,N,) subtypes. 3,7,10

Studies have denonstrated that the drug is seventy percent
effective as a prophylactic and nay al so be used as a therapeutic agent
agai nst influenza A 7 e such investigation by 0'Donoghue, studied the
effect of 100 ng of 1-adamantanamine on hospitalized patients agai nst
Hong Kong influenza A He found that the drug prevented clinical
i nfluenza and decreased the total nunber of days of hospitalization in

patients admtted during an epi dem c9.






The Center for D sease Control has proposed guidelines for the
uses of 1l-adamantanamine described previously, These recommendations
are as folloms:11

1. The drug should be given as quickly as possible after recognition
of an influenza out br eak.

2. The drug should be admnistered to immunodeficient people, to
reduce the spread of the virus and naintain care for high risk
persons in the honme setting, as an adjunct to |late immunization oOf
high risk individuals, and in individuals for whom the influenza
vacci ne i s contraindi cat ed.

3. Wen the drug is used as a therapy in high risk groups, it should

be admni stered one to two days after the onset of the illness and

continued for two days after the synptons subsi de.
Dosage

The adult dosage of 1-adamantanamine hydrochloride is 200 ng
daily, either as a single dosage or two equally-divided ones. The drug
is available in the form of capsules or syrup. This therapy is
mai ntained for at |east 10 days fol |l owi ng a known exposure or throughout

the six-week risk period.7
Adver se Reacti ons

The nost common adverse reactions include nausea, anorexia,
vomting, hyperexcitability, trenors, slurred speech, ataxia, psychotic
depression, insomia, lethargy, dizziness, blurred vision, and skin

12

r ashes. These side effects appear to be dose related occurring after

doses of 300-400 mg/day in adults. S






Contrai ndi cati ons

This drug should be admnistered with caution in patients wth
inpaired liver and kidney function, epilepsy or psychiatric disorders,
in pregnancy, or in nursing nothers. Aso, the drug should not be
admnistered to children under fifteen years of age who have been

exposed to rubella. 8

Mechani smof Action

As mentioned previously, 1l-adamantanamine IS a sSynthetic
antiviral agent. It is thought to prevent virus replication by
inpairing the attachnment and penetration of the virus into the host
cell. 7 Furthernore, the characteristic of 1-adanantanamine as a
| ysosonotropi ¢ weak base has been involved in the inhibition of the
endocytosis of a virus. 4

According to the endocytosis nodel, the attached virions are-
incorporated into endocytic vesicles in which a fusion of the virus and
vesi cl e nenbranes occur when the pH of the vesicle is reduced. This
fusion rel eases the virus into the cell cytoplasm thereby, initiating
the infection process. Researchers have proposed that the antiviral
effect of |ysosonotropi c weak bases is due to their ability to interfere
with this process. This has been illustrated by a study of the effects
of |ysosonotropic weak bases on the infection of baby hanster kidney
cell's by Sindbis virus.

The | ysosonotropi ¢ weak base, 1-adamantanamine, probably acts by
buffering the pH of endosones, nenbrane-bound vacuoles that surround -

virus particles as they are taken into the cell. Prevention of






acidification in these vacuoles blocks the fusion of the virus and
endosome nenbrane, therefore, the viral genetic naterial is not
transferred into the cytoplasmof the cell and an infection does not
occur . Many studies have supported this concept concerning the
i mportance of intralysosonal pH in the uncoating process of envel oped
RNA viruses such as influenza A rubella, parainfluenza 2 and 3, and
| ynphocytic chorioneningitis virus, and the inhibitory effect of am nes
on viral growh due to their neutralization of intralysosomal pH 13

The concepts just stated are the basis of this research project,
which is the study of the acid/base characteristics of l1-adamantanamine
in aqueous, acetonitrile solutions using Fourier Transform Infrared
Spectronetry. This PK_ study is performed with aqueous and m xed

sol vent solutions of varying hydrophobicity to investigate potential

changes in pKa upon nenbrane interaction of this antiviral agent.






CHAPTER 1I

H STORY

Principles of Infrared Spectronetry

The infrared region of the electromagnetic spectrum includes
radi ation wi th wavenunbers within the range of 12,800 to 10 cn{l. Thi s
region of the spectrumis subdivided into near, mddle, and far-infrared
radiation. The [imts of each region are 12,800 to 4, 000 cm_l, 4,000 to

1 1

200 cm ~, and 200 to 10 cm ~ respectively. Mny anal ytical applications

are confined to the 4,000-670 em™ L portion of the infrared region.14
Wthin the md-infrared region, there are many absorption bands

These bands are attributed to the transfer of energy fromthe infrared

radiation to the vibrational energies of particular bonds or functional

5

groups in the nol ecul es of the sanple.1 The frequency or wavel ength of

absorption depends on the relative masses of the atons, the force
constants of the bonds, and the geonetry of the atorrs.16

In order for a nolecule to absorb infrared radi ation, a nol ecul e
nust undergo a net change in dipole nonent as a consequence of its
vibrational or rotational notion. In other words, the vibration of the
nol ecul e nust produce an oscillating di pole noment so that there can be
an electrical interaction between the nol ecule and the electric field of
radiation.14

There are two basic types of nolecular vibrations: stretching
and bendi ng. A stretching vibration is one in which there is a

rhyt hm cal nmoverent al ong the bond axis such that the interatomc






distance is increasing or decreasing. The two types of stretching
vibrations are symmetric and asymmetric. A bending vibration is one in
which there is a change in bond angl e between two bonds. The four types
of bending vibration possible include scissoring, rocking, waggi ng, and

6 Figure 2 illustrates the various types of nolecular

tw sting. 1
vi brati ons.

Al the vibration types are possible in a ol ecul e containing
nore than two atons. A so, coupling of vibrations may occur if the
vibrations involve bonds to a single central atom The result of
coupling is a change in the characteristics of the vibrations

i nvol ved. 14,17

I nfrared Spectrumof a Substance

The infrared spectrum of a substance is the napping of the
nol ecul e's vibrations. The spectral data consists of vibration-
frequencies and intensities of interaction with infrared radiation.
Presence of various types of atons, bonds, or functional groups is
inferred by conparison with established group frequencies in correlation
charts. 18

Absorption band positions in infrared spectra are present ed as

1 is nost often

16

wavenunbers or wavel engths. The wavenunber unit of cm
used since it is proportional to the energy of the vibration.

The band intensities are expressed as transmttance or
absorbance. The ratio of the radiant power transnitted and the radiant
power incident on the sanple is transmttance. Absorbance is the .

| ogari thmof the reciprocal of transmttance. 16






N

Symmetric Asymetric

(a) Stretching vibrations

I n-plane rocking I n- pl ane scissoring
Yy
Qut - of - pl ane waggi ng Qut - of - pl ane twi sting

(b) Bending vibrations

Figure 2 Types of nolecular vibrations. Note: + indicates
motion from plane toward reader; - indicates notion from plane away
from reader. 14






Trends in Infrared Spectronetry

Infrared spectronetry has been used effectively in qualitative
and quantitative analysis. Its nost inportant use has been in the

4 But in the 1970's, infrared

identification of organic corrpounds.1
spectronetry was felt to be a vani shing technique.19 Thi s soon changed
due to the effect of conputerization on all aspects of acquisition,
processing and storage of data, and identification of spectra. These
advances led to a resurgence in the use of infrared spectronetry

especially Fourier Transformlnfrared Spectronetry. 16

Theory of Fourier Transformlnfrared Spectronetry

I NTRCDUCTI ON

The technique of Fourier TransformInfrared Spectronetry al |l ows
all the frequencies of a broad region of the infrared spectra to be
neasur ed si mul taneously. The frequenci es which are seen at the detector
create an interference pattern <called an interferogram Thi s
interferogram is then converted into spectroscopic terns wutilizing
fourier transformation, a nmathenatical operation. 20

In practice, two interferograns nust be recorded, transforned,
and ratioed to produce the transmttance or absorbance spectra which are
useful in chemcal analysis. The two interferograns necessary are the
sanpl e and the background interferograns. |In addition, to inprove the
signal -to-noi seratio of the resultant spectrum the interferograns from

nmul ti pl e scans are co-added before the fourier transformis perforned to

further reduce the noise.






Al aspects of Fourier TransformInfrared Spectronetry will be
discussed in detail in the upcomng sections. The theory behind this
t echni que, the instrumentation involved, the advantages and
di sadvantages of the technique, and the history of the use of this

techni que wi th aqueous solutions wi |l be reviewed.
The M chel son Interferoneter

Fourier transform infrared spectroneters utilize a scanning
M chel son interferometer. The theory upon which this is based can be
introduced by studying the two-beam interferoneter first described by
Mchelson in 1891. The Mchelson interferoneter is a device which
bisects a beam of radiation that l|ater reconbines after a path
difference is introduced. The intensity variations of the reconbined
beans are neasured by a detector as a function of path length
di fferences.“’ This type of interferoneter is denonstrated in Figure 3.

As shown in the figure, a beam of radiation is split by a
beansplitter into two equal halves. One half of the radiation is
transmtted while the other half is reflected. The resulting beans are
then reflected froma fixed mrror (at point F) and a noveable nirror
(at point M 19

These beams then neet at the beansplitter and interfer_é. Hal f
of each beamis directed toward the detector and the other half of the
beamis directed toward the source. Both of these output beans contain
equi valent information; but the variation of the intensity of the beam
passing to the detector as a function of the path difference is what

produces the spectral information in a Fourier Transform Spectromneter. 19
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Figure 3. Schematic diagram of a Mchelson interferometer. The

medi an ray is shown by the solid line, and the extremes of the collinated
beam are shown by the broken lines. 1






The processes occurring in the Mchelson interferoneter can be
illustrated by using an idealized situation in which there is a source
of nonochromatic radiation, producing an infinitely narrow perfectly
collimated beam In this case, the beansplitter is a nonabsorbing film
wth atransmttance and refl ectance of fifty percent. The optical path
difference between the beans traveling to fixed and novable mrrors is
known as retardation. A zero retardation, when the fixed and novabl e
mrrors are equidistant from the beansplitter, the beans interfere
constructively. In this situation, all the light reaches the detector
and its intensity is the sum of the beans passing to the fixed and
novabl e mirrors. Qn the other hand, when the retardation is 1/2 A cm
the beans will interfere destructively and all the light returns to the
sour ce. Then at a retardation of )\ cm the beans interfere
constructively again. In addition, if the signal at the detector is
neasured as the mrror is noved at a constant velocity, it wll vary
sinusoidally with a naxi num bei ng neasured each tine the retardation is
an integral multiple of )\ .20 .

The interferogramcan be cal culated as a function of retardation
and/or tine. Several factors can affect the interferogram  These

include the efficiency of the beansplitter, the detector response, and

the anplifier characteristics. 19 ’

From this interferogramthe spectrumis derived by cal cul ating
the fourier transformation. Fourier transformation is a mnathenati cal
procedure by which a digitized interferogram produces the spectrum 21
The fourier transformof a neasured interferogramis a sinple operation
if the source is nonochronmatic |ight. If the source is enitting_;
continuous radiation or several discrete spectral lines as for
pol ychromati c sources, a digital conputer is required to performthe

cal cul ati on. 20






13

Types of Interferoneters

There are two types of interferoneters, slow scanning and fast
scanni ng. The basic difference between these two types of
interferoneters is the scan speed of the noving rrirror.20

Siow scan interferoneters were used in the late 1960's for
far-infrared spectronetry, 6-600 cm'l. Typi cal scan speeds are on the
order of 4 um/sec. The usual technique for neasuring spectrumwth this
techni que involves nodulating the beam wth a mechanical chopper at
frequenci es between 10-20 Hz. This signal is anplified by a |ock-in
anplifier before it is digitized A1 exanple of a slow scanning
interferoneter is a step scan interferoneter in which the noving mrror
is adjusted in a staircase fashion. 20

The second type of interferoneter available is the rapid
scanning interferoneter. It is used in the neasurenent of |ow or nedi um
resolution md-infrared absorption spectrum in which the interferogram
has a high signal to noise ratio. The typical mrror velocity is 0.158
cm/sec. Because of this high mrror velocity, the spectral frequencies
are nodul ated in the audio-frequency range which then can easily be

anplified using a band pass filter. 20

Sanpl ing the Interferoneter

Interferograns are neasured, digitized, and stored in the
conputer until the fourier transform calculation can be nade. The

m ni numnunber of resol ution el enents whi ch can be sanpl ed can be






calculated by the Nyquist Griterion. This rule states that any waveform
that is a sinusoidal function of tine or distance can be sanpled at a
frequency greater than or equal to tw ce the bandw dth of the system
A this frequency, the signal may be effectively recorded w thout any

| oss of infornation or detail.19

Gonput i ng Techni ques

As stated previously, once the interferogramis collected, the
mat henatical calculation known as the Fourier Transform nust be
perforned in order to convert this information into a spectrum There
are now avail abl e several types of Fourier transform operations. Two
wll be discussed in this manuscript: the conventional nethod and the

fast fourier transform nethod.
Conventi onal Fourier Transform

Prior to 1966, a basic algorithm know as conventional,
classical, or discrete fourier transform had been used to conpute the
spectrum from the interferogram To perform this conputation, ea;:h
point is first nultiplied by the corresponding point of an analyzing
cosine wave and then the resultant values are added together. |If the
frequencies of -the interferogram and the anal yzing wave are-the same,
the resultant wave will be a large positive nunber. The magnitude of
the sum will be proportional to the anplitude of the cosine wave

i nterferogram 19






Fast Fourier Transform

I n 1965, Cooley and Tukey described an al gorithmwhich has cone
to be known as fast fourier transform FFT. In this nethod, the
necessary conputations are drastically reduced when conpared to the
classical fourier transform The nunber of conputations can be reduced
because the discrete fourier transformof an interferogram of N points
can be expressed in a general matrix form and that matrix can be
factored in a manner to reduce the overall nunber of conputations. 19

Thi s reduction in the nunber of conputations necessary to obtain
a spectrum can save the chem cal spectroscopist a tremendous anount of
tine. |In fact, nost conmercial systens have a m croconputer which can

performan 8192 point FFT in under 2 m nutes. 20

Factors Affecting the Interferogramand Spectrum

Several paraneters and nmat hemati cal operations can be performed
on the interferogram and spectrum These operations will change the

appear ance of the spectrum
Resol uti on

Resolution is a neasure of an instrument's capability to
di stinguish between separate spectral lines of nearly equal
wavel engt h. 21 In order to resolve the two lines, it is necessary to
scan the spectrum long enough so that one conplete beat frequency is
conplete. So an interferoram nmust be recorded from the point of zero

retardation to the point where the two waves are again in phase. 14






Apodi zat i on

Wien a cosine wave interferogram is unweighted, the shape of
the spectral line is due to the conbi nation of the true spectrumand the
sinc function. The sinc function is the transform of the boxcar
truncation function. |If a different weighting function is used, the
instrunent |ine shape will be changed. 20

Apodi zation is the process of multiplying the interferogramby a
wei ghting function, which suppresses the nagnitude of the band side
| obes.  Apodi zation functions control the instrunent |ine shape and act
as a snmoothing function, since the anplitude of the high spatial
frequencies in the interferogramare reduced. Wen the absorpti on bands
in the spectrumare broad, their spatial frequencies are low and |ess
affected by an apodi zation function. In general, the overall effect of
these functions is to inprove the signal to noise ratio in the spectrum
but with a slight 1oss in resol ution, 2

The types of apodization available include boxcar truncation,
trapezoidal, triangular, triangular squared, Bassel, cOSine, Si nzz,'
Gaussi on, and Happ-Genzel . 19 G these, the nost common apodi zation
function used in Fourier Transform Spectronetry is the triangular
apodi zation funct-ion. This nmethod wll reduce side |obes, but-wth a

21 Wien

slight reduction in resolution and with sone peak shape effects.
this apodi zation is used, the background spectrumw || not be affected
since its interferogram has little information at large retardations.
O the other hand, the narrow absorption lines wll be apodi zed and have

a new | i ne shape. 19






A second popular apodization function is the Happ GCenzel
function. The performance of this apodization function is simlar to
that given by triangular apodization.19 An inportant feature of this
function is that it nost closely approximates the true spectral
l'i neshape function showing correct linewidth and no storage side
| obes. 21

A third apodization function conmonly used is the boxcar

truncation. This function achi eves the highest apparent resol ution with

no reduction in fal se sidel obes.21 It has been noted that the use of
this function will inprove quantitative anal ysis. 22
Snoot hi ng

Snoot hing the spectrumelimnates the effects of noise. There
are many snoothing algorithns available, the nost common et hod being
boxcar integration. The basic premse for all snoothing functions is
the calculation of a new value for the data using several data
surrounding the original data points. The snooth function is perforned
by conputing the fourier transform mltiplying by an apodi zatior;
function, and conputing the inverse transform This function wll make
the data nore pleasing to view, but, resolution is degraded by a factor

of 2 or nore. 1o - T

Basel i ne Adj ust ment

Wien spectra have baselines with continuous drift or slope, it
may be necessary to perform baseline correction. This involves the -
elimnation of the tilt and curvature of the spectrum The tilt is a
paraneter to account for any constant offset in the baseline, and the

curvature is the sl ope of the baseline.






Spectral Subtraction and Addition

Spectral subtraction or addition is used to obtain a nore
accurate display of a spectrumof conponents in a mxture or to observe
changes following a treatment of the sample. This is acconplished by
det er m ni ng sanpl e and reference spectra, then nultiplying the reference
spectrum by a scaling factor, and then perfornming the addition or

subtracti on. 21

Fourier TransformlInfrared Spectroneters | nstrunental Design

Al Fourier Transform Infrared Spectrometers consist of four
basic systens. These include the interferoneter and detector system
the data acquisition and optics control system a general purpose
conputer, and the operator interface. A block diagram of these

conponents is illustrated in Figure 4 23

Interferometer Design and Drive Systens

The sinpl est version of the Mchel son interferometer is conposed
of two plane mrrors with a beansplitter between them where ofie mrror
can nove in a direction perpendicular to the plane of the other

m'rror.19

The bearing support for the moving mrror nust be di scussed
in detail because the bearing has a direct effect on the operating
resol ution, bandw dth, and applications of the FTIR analyzers. There
are four types of bearings available: air bearing, oil bearing, flex

poi nt, and ball slide. 23
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Mbst research-grade instruments enploy an air bearing support
whi ch provi des excellent nechanical perfornance, high resolution, and
has the wdest field application. Cne drawback is that it requires a
high quality source of air or nitrogen.23

The second type of bearing, the oil bearing, is rarely
incorporated into Fourier Transform Infrared Spectroneters. Thi s
bearing will provide about the same flexibility and advantages as the
air bearing.23

Flex pivot bearings are used in low resolution instrunents
They are inexpensive, but the nmaxinum resolution attainable wth this
bearing is four wavenunbers.

The ball slide bearing is used when the interferoneter is
constructed with corner cube reflectors. This bearing provides high
resolution at a low cost. The major disadvantage of this bearing
is that its operation may produce acoustic interference.23

Anot her i nportant conponent of the interferoneter is the moving-
mrror drive mechanism The higher the resolution and maxi num
wavenunber in the spectrum the higher nust be the quality of the drive
nechani sm The crudest drive nechanisns available are wused in
interferoneters for far-infrared spectronetry at Ilow or nedium
resolution of the slow scanning or stopped-scan variet&? Medi um
resolution md-infrared interferometers are rapid scanning and operate
by signal averaging repetitive scans. The earliest mrror drive

nechani smwas a spring nmount which was displaced by an el ectronagnetic

transducer. Later, higher resol ution systens were designed in which the






21

main interferonmeter was attached to the nmoving mrror of a reference
interferoneter which was triggered by nmonochromatic light. Mre recent
advances utilize a mcroconputer-controlled drive in which the position
of the nmoving mrror is nonitored throughout the neasurenment by
continuously keeping a record of the fringes of a l|aser reference

. 19
i nterferogram

Sour ces for Fourier Transform Spectrometers

The common sources enployed in md-infrared spectroneters
i nclude the A obars, Nernst glowers, and ni chrome coils. Mst research-
grade instrunents incorporate the @ obar (silicon carbide) source which

is usual ly water cool ed. 19

Infrared Detectors

Infrared detectors enployed in Fourier Transform Infrared
Spectronmeters are either thermal detectors or quantum detectors.
Thermal detectors operate by sensing the change of tenperature of an
absorbing mnaterial wth the output obtained from a thernocoupl e,
bol oneter, therm stor bol oneter, pneunatic detector, or Golay detector.
The nost commonly used thermal detector is the room tenperature
pyroel ectric bol oneter, DIGS detector, conposed of deuterated triglycine
sul fate. 19

Quantum detectors detect infrared radiation based on the
interaction of radiation with the electrons in a solid which cause

electrons to be excited to a higher energy state. The nost commonly

used detector in this category is the mercury cadmum telluride






detector, MCI. This detector nmakes use of the properties of a mxture
of two semconductors to excite electrons from one state to another.

19

It nust also be maintained at liquid nitrogen tenperatures. The MCT

detector has a higher degree of sensitivity and superior perfornmance at

hi gher nodul ation frequenci es. 23

Dat a Systens

Before the 1970's, the time savings gained due to the
Si nul taneous neasurenents of all wavelengths was not realized to its
full est extent because of the tine del ays involved in the conputation of
the spectrumfromthe interferogram Interferograns had to be recorded
on nagnetic tape and transferred to the conputer center for cal cul ation
of the spectra. And, when spectral data was required imedi ately after
data collection, the interferogram had to be analyzed using an
audi o-frequency wave anal yzer and an XY plotter. 19

Then in the 1970's, stand-alone fourier transform infrared
spectronetric systens becane available wth mcroconputers. Most
m croconputers operate under a file nmanagenent systemin which all daj[a
and prograns reside in a mass storage unit, usually a magnetic disk.
The conputer functions under an operating system that perforns nost
operations. This systemis flexible and all ows nul titaski ng. 19

As the capabilities of the mcroconputers have increased, the
speed with which conputations are conpl eted, the speed at whi ch nenory
is accessed, and the nenory space have all increased. Al so included as
basi c hardware is a keyboard to communicate wth the instrunent, a video

display, a hard disk drive, and a hard-copy plotter. 19 )






23

In addition, sone instrunments will have an interface system
whi ch enploys automated function keys. These keys can be used to
aut omat e some of the procedures. An exanple of such a key exists in the
system used in this work for baseline correction. By using the
automated function keys for this procedure, the conputer chooses the
i deal points to be used for the baseline determnation, calculates the

corrections, and displays the corrected spectrum24

Sanpl i ng Techni ques-Cylindrical Internal Refl ection

One technique available for sanple analysis is interna
refl ectance spectroscopy. This technique involves passing the infrared
radiation through an infrared transmtting crystal of high refractive
index, and allowing the radiation to reflect off the crystal after

extending slightly into the solution.25

The use of a cylindrica
internal reflection elenent is the basis of the cylindrical interna
refl ection. The advantage of this technique is optical matching of the
interferometer beamand crystal geometry and easy processing of |iquids.
W1 ks has proposed a useful design utilizing a crystal rod with polished
cone-shaped ends. Figure 5 illustrates this design. It is known as the
circle accessory and permts the incomng infrared rays to be directed
to the cylindrical surface at the desired angl e of i nci dence. 2°--

Useful crystal materials include zinc selenide, gernanium
silicon, sapphire, and zinc sulfide. This crystal rod is sealed wthin
the sanple chanber. This chanber had been designed to provide a free
flow of sanple so that it fills wthout trapping bubbles and enpties

conpletely. Wen a sanple is measured, the solutions nust cover the -

entire crystal rod conpletely.25
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This circle accessory is wuseful for the fourier transform
infrared analysis of strongly absorbing liquids, solutions, and
mxtures. Wen water is used as a solvent it is difficult to perform
FTIR determnati ons because of water's highly absorbing nature. Because
of this fact, the presence of highly absorbing bands such as the CH

1 tend to obscure the weaker nore

stretch in the region of 3200 cm
interesting bands. This problemis overcomne using the circle accessory
due to the pathlength through the solution.26 The pathlength utilized
by this type of accessory is in the range of 3.6-21 jm depending on the
wavel engt h. 2> x thi s pathl ength, concentration of 0.57 of noderatively

absorptive sanples are detectable and yield reliable information in the

3200-750 cm” ! range.

Advant ages of Fourier Transform|nfrared Spectronetry

Fourier Transform Infrared Spectronetry has several inherent
advantages which nake it a wuseful analytical technique. These
advantages include Fellgett's advantage, Jacquinot's advantage;
continuous calibration, and the utilization of mcroconputers.

Data from all spectral frequencies can be neasured
sinultaneously with the sane detector. This advantage known- as the
nmul tiplex advantage or Fellgett's advantage permts the neasurenent of
many conponents in a single stream wthout nmutual interference,
identification of inpurities not targeted for analysis, and the ability

to anal yze conpounds in the presence of water. 14,23,27,28






Anot her advantage of this instrunental technique is the absence
of slits and filters. This is known as Jacquinot's advantage. 21
Because of this, the naxi numallowed throughput is not influenced by the
slit height and grating constant. The source energy is not |limted by
the use of slits. Therefore, the intensity of the infrared radiation
reaching the detector is greater than wth dispersive instrunents. Due
to this increased throughput, mxtures which are too opaque or conpl ex

7

for conventional dispersive techniques can be neasured. 27 \n addit]i on,

high resolution is obtainable because the resolution can be easily
controll ed by the use of apodi zati on techni ques. 28

Continual internal calibration of the scanning mrror is another
advantage of this instrunental technique. This calibrationis perforned
by an internal laser. Due to this calibration, the data collected is
nore accurate and preci se than ot her techni ques because the | aser signal
determnes sanpling intervals and the point at which data collection
shoul d begi n between successi ve scans. 2

In addition, the utilization of mcroconputers and aut onati‘on
nmake this technique nore useful, easier to mani pul ate, and nore cost
effective. Mcroconputers have permtted nore rapid spectra generation
from interferograms due to the rapid performance of nathenatical
conputations. A so, data nanipulation such as baseline c_drrecti on,
snoot hing, and subtraction can be perforned now due to increased
conputer power and storage capability. Al of these factors plus the

saving of the chemst's tine decrease the cost of the use of this

i nstrunent ati on.






D sadvant ages

There are several points in which there is a trade-off in
accuracy and convenience. These disadvantages include a decrease in
accuracy due to approximations enployed in conputer calculations, the
sensitivity of the instrunent to tenperature and vibrational changes,
and alignnent of the instrunent's conponents.

Gonputers are used to sinplify the processing of fourier
transformdata. The rapid performance of these calculations nay lead to
a decrease in accuracy. Snall peaks nay be lost due to round-off and
scaling errors. Peak appearance may be altered due to certain
calculations such as baseline correction and subtraction. Al so,
probl ens nay arise in peak detection if the conputer programutilizes an
i nterpol ati on process. 29

In addition, Fourier Transform Infrared Spectroneters are
sensitive to heat extrenes. Tenperature affects the optical perfornmance
by degrading the interferoneter alignment, the infrared source, and the
infrared detectors. Therefore, a tenperature-controlled housing }s
necessary. This decreases the convenience of the technique and
significantly increases the cost of the instrunent. 23

The Fourier TransformlInfrared Spectroneter is al SO sersitive to
vibrations in the 50-300 Hz range. This is due to the fact that the
infrared signal is nodulated at simlar frequencies. Thus, such
vibrations nust be elimnated or the quality of the infrared spectrum

wll be affected. 23






Also, the quality of the spectrum nmay be affected by
msalignnent of the fixed mrror relative to the noving mrror. In
addi tion, the accuracy of the maintenance of the plane of the noving
mrror during scanning will affect spectrum appearance. Another factor
whi ch influences the shape of the spectrum is the quality of the drive
mechani smused for positioning the moving mrror. 1°

A di sadvantage which nust also be mentioned when cylindrical
internal reflection techniques are used is that this is a low |ight
t hroughput technique. This neans the percent of energy passing through
the accessory w thout sanple is only 10-20% of the open beam t hr oughput .
For this reason, the intensity of infrared radiation reaching the
detector is decreased, and, high resolution nay not be obt ai ned.

Another  problem which acconpanies cylindrical i nt er nal
reflection accessories is the cell's pathlength. This pathlength is an
advantage but also limts the detection of substances in mnute
concentrati on. Usually, a concentration of 05% of noderately
absorptive sanple is the lower limt of detection. |t nust be nentioned

that this lower |evel of detection can be decreased to 0.05 to 0.1%>Ew

using a MCT detector.

Summary of the Fourier TransformlInfrared Spectronetry of Agueous
Sol uti ons

Infrared spectronetry has not been widely used in the fields of
bi ochem stry or medi ci ne because nost neasurenments in this area require
an aqueous solvent. Traditionally, it was difficult to neasure aqueous

sol uti ons because the intense water absorption bands obscure nost of the






md-infrared spectrum A though water does absorb infrared radiation
strongly, fourier transform infrared spectra of sanples dissolved in
water are not particularly difficult to neasure provided a cell wth the
proper pathlength is used. It has been noted that cylindrical internal
refl ectance el enents provide a short enough pathl ength for the infrared
spect roscopy of aqueous sol ution from 3200 to 800 cm 1.30
This techniqgue is now used to perform qualitative and
quantitative studies on aqueous solutions. Qualitative studies which
have been perforned include an evaluation of aqueous antibiotic
solutions by Rein and Véng. The characteristics of five percent
oxacillin were shown to have absorption bands associated with the
bet a-1 act am carbonyl group plus bands due to other conponents in the
mxture. Another study by Mathias, involved the determnation of the
spectra of water-sol ubl e pol yners such as pol yacet am doacryl i c aci d. 25
Both of these groups |ater performed quantitative studies. Véng
and Rein neasured the spectra of solutions of varying concentration of

30

the beta lactams in aqueous solutions. Mathias studied various

concentrations of glycine in water solutions. Both groups discovered

25,30

that there was an excel lent Beer's | aw rel ationshi p. Q her studies

include the analysis of shanpoo formulations by Sabo, Goss, and
Rosenberg, of fernentation broths containing nethanol, et Hénol, and

acetone by Kuehl and G oconbe, and cows mlk by Goul den. 25






Because of the success these researchers had in the measurenent
of aqueous solutions, the advantages of wusing cylindrical internal
reflectance, and the advantages of Fourier Transform Infrared
Spectrometry previously listed, it was decided to deternine the
qualitative differences of aqueous acetonitrile solutions of
l-adamantanamine at various pH concentrations. The spectral
simlarities and differences will be anal yzed and the PK, val ues of the

drug as a function of acetonitrile content will be detern ned.






CHAPTER III

APPARATUS AND MATERI ALS

IR/32 FTI R Spectroneter

The IR/32 is a single-beam rapid scanning md-infrared range
spectromet er manufactured by IBM Instruments, Inc. The standard system
consi sts of an operator's console and an optics bench. Figure 6 is a
bl ock di agramof the nain assenbly. 21

The operator's console controls the optics bench and perforns
all the mathematical functions. It includes a twelve-inch display, a
pushbut t on keypad, an ei ght-inch diskette drive, a hard disk drive, and
a XY 749 printer/plotter. The data systemis run by an | BM syst em 9000
m croconput er wi th IR/32 executive software.

The optics bench houses the infrared source, heliumneon |asar,
interferoneter, sanple conpartrment, and infrared detector. This bench
requires a dry, oil free air or nitrogen supply for the purge and air
bearing. Al so a self-contained heat exchanger and circul ati ng punp unit
provides a water cooling system to carry away excess heat from the
source and power supply. A schenatic diagram of the optics bench is

illustrated in Figure 7.21 -

Infrared light fromthe helicoil globar source(A is directed
into the Mchelson interferometer consisting of a beansplitter (C),
fixed mrror (D), and nmoving mirror (E). The noving mrror is nounted
on a rectangular air bearing which noves at a constant vel ocity because

of a linear induction notor. The infrared radiation from the

interferoneter passes through the sanple conpartnent with a focus at
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position H The radiation is then focused onto the infrared detector
). In this case a liquid nitrogen cool ed nercury-cadiumtelluride
detector was used. A so light froma heliumneon laser (B) follows the
sanme path and is detected by the | aser detector. 21

A cylindrical internal relfection accessory was used for the
neasurement of the aqueous, acetonitrile solutions. The circle
accessory was a 3-mL flowthru cell containing a 1/4" dianeter zinc
selenide internal reflection crystal. A diagramof the circle accessory

isin Fgure 8.26

pH Met er

The Gion Mdel SA 520 pH Meter (Qion Research |ncorporated,
529 Main Street, Boston, Massachusetts 02129, Catal og Nunber SA-520) was
used to neasure the pH of the aqueous, acetonitrile solutions. This
instrunent is a mcroprocessor controlled pH neter with a touch-
sensitive keyboard for fast, convenient, and reliable pH electrode
potential, and concentration neasurenents wth autonatic tenperat ure

conpensat i on. 31

Conbi nati on pH H ectrode

A Oion mcro glass/reference conbination el ectrode was used
(Gion Research Incorporated, 529 Main Street, Boston, Mssachusetts,
02129). The glass and cal onel reference el ectrode are conbined in one

tube wth a saturated potassiumchloride filling solution. 32
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Chem cal s

The follow ng chemcals or solutions were purchased for use in

this research project.
A Fsher Scientific(Fsher Scientific, 711 Forbes Avenue,
Fi ttsburgh, Pennsyl vania, 15219) provided: 33
1 Buffers pH7, 4, and 10(catal og nunbers 50-b-101, 107, and
-111).
2 Hydrochloric Acid, ACS reagent (catal og nunber Al44-500)
3. Sodi um hydr oxi de, anhydrous pel |l ets(catal og nunber 318-100)
B Adrich Chenmcal Gonpany (A drich Chemical ., P. 0. Box 355,
M | wvaukee, Wsconsin, 53201) provided: 34
1. Acetonitrile, 99+%, spectrophotoneter grade(catal og nunber
15-460-1) .

2. 1-Adamantanamine, 95% catal og nunber 13857-6).






GHAPTER | V

EXPER MENTAL METHCDS

I ntroducti on

This experinent involves the determnation of the infrared
spectra of various aqueous, acetonitrile solutions of 1l-adamantanamine
to denote the changes whi ch occur in the structure of this conpound as a
function of pH and solvent conposition, QOnhce these spectra are
determned, they are nanipulated by using the baseline adjustnent,
snmoot hi ng, and peak picking functions available with the FTIR/32. Then
the absorption bands common in all solutions are used to determne the

pK, of the drug in aqueous and mxed sol vents.

Part A Preparation of Reagents

Initial set-up of this experinment involved the preparation of
the foll ow ng sol utions:
0.6 N solution of Hydrochloric Acid
5 M sol ution of Sodi umHydroxi de
25% Acetonitrile Solution in Wter
50% Acetonitrile Solution in VWater

75% Acetonitrile Solution in Véter

© a0 A~ w N P

0.013 M Sol uti ons of l-adamantanamine in water, 25% acetonitrile,

50% acetonitrile and 75% acetonitrile






Part B Flowthru Cell and Punp Set-up

A flowthru cell connected to a circulating punp is utilized.
The cell is inserted into the FTIR The input hose to this cell
originates fromthe reaction beaker containing the test solution. The
output hose from this cell leads to the same reaction beaker. This
beaker al so contains the conbination pH el ectrode. Figure 9 illustrates
this set-up. Because of this set-up, the various sol utions can be punped
through the flowcell continuously as the pH is adjusted. Oice the pH
stabilizes at the desired interval, the punp is turned off and the

spectrumof the solution is determ ned.

Part C FTIR Measurenent of Sanpl es

St andard Qperati ng Procedure

A standard operating procedure should be established using the
options function to set the parameters one w shes to enploy. Th{s
procedure should include the follow ng information: resolution, nunber
of scans, type of apodization, detector type, plot device, wavenunber
boundari es, and-transnittance and absorbance boundari es. The parameters
used in this experiment are listed in Table 1. Once these parameters
are set, this procedure should be given a nane and saved. Thereafter,
each time the instrument is turned on, this operating procedure can be

recal | ed.
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Figure 9. Flow-thru cell and pump set up.
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TABLE 1

I NSTRUMENTAL SPEQ FI CATI ONS USED DUR NG TH S PROJECT

Resol ution
Scan counts

Syst em Par anet er s

Apodization met hod

Correlation for Data Col | ection
Det ector Type

Keyboard Enabl ing

Pl ot device

Dat a Processi ng Paraneters
Snoot h

Nunber of passes

Nunber of points spanned

Peak Pick CGeneration of Peak Tabl e

Peak table |imts(nunber of
poi nt s)
Peak sort qualifier

D splay Control Paraneters
H gh frequency limt

Low frequency |imt

% Transm ttance Maxi mum

7% Transm ttance M ni num
Absor bance Maxi mum

Absor bance M ni num

File
Default Di sk Drive Presently

Autonatic File Name Generation
Defaul t Qperator Nane

Defaul t Sanpl e Nane

Def aul t Sanpl e Descri ptor

Set Quary for file save

2 cm_1

64

Tri angul ar

Low

MCT

Enabl ed

| BM I nstrunewnts XY/749

Savitzky-Golay Smoot h activat ed
1
7

20

Decr easi ng wavenunber

3100. 00
1000. 00
100. 00
0.0

.8

=.02

Drive #4(hard disk)

Soft disk #0
D sabl ed
Baca

l1-adamantanamine
Flowthru Grcle cell
Enabl ed






Gol I ection of Background and Sanpl e

Bef ore a sanpl e spectrumcan be col | ected, a background spectrum
of the solvent used as the diluent for the drug nust be collected.
These two interferograns nust be recorded, transforned and ratioed to
produce the absorbance spectrum The absorbance spectrumis desired in
this project because nost procedures used in the manipul ation of data
require this node. The followng sequence can be utilized when
col | ecti ng background and sanpl e spectra:

1 Load the Sandard (perating Procedure using the Load/Save function
of the options keypad command sequence.

2 Install the flowthru cell. Punp through this cell the background
solution consisting of the solvent system and l-adamantanamine.
Background spectra to be collected include 1-adamantanamine
solutions in water, 25% acetonitrile, 50% acetonitrile, and 75%
acetonitrile solvents at acidic condition, pH 2

3 Gollect the background spectra by using the keypad comrand,
col | ect - backgr ound. ‘

4. (nce an accept abl e background, snal | CO2 and wat er absorption
peaks, is established, the pH shoul d be adjusted to the next
interval by the addition of NaOH. The circle punp will pump this
solution through the flow cell for fifteen mnutes. A the end of
this waiting period, the punp should be turned off. Intervals
which are tested include pH5, 6, 7, 8, 9, 10, 10.5, 11, 11.5, 12,
12.5 and 13.

5. The sanpl e spectrumof each aliquot can be determned by using the

keypad comrand "sanpl e. "






6. N ne sanple spectra are collected and co-added together using the
addition node of the FTIR/32 to obtain a spectrumw th increased

resol uti on and decreased noi se | evel .

Part D Mnipul ati on of Spectral Data

Ohce the sanpl e and background spectra have been collected, it
is necessary to nanipul ate the absorbance spectra using the baseline
adj ustment and snoot hing functions. In addition, the absorption peaks
which were common to all solutions are identified using the cursor
keypad command sequence. The mninmum and naxi num absorbance of each
peak at the various pH concentration are determned. These net changes

in absorbance will then be used to cal cul ate the Pk, of the drug in the

vari ous sol uti ons.






CHAPTER V

EXPER MENTAL RESULTS AND O SAUSSI ON

I ntroducti on

Fourier Transform Infrared Spectronmetry was used to study the
acid/base properties of 1l-adamantanamine in varying solvents and pH
The effect of solvent and pH on this conpound in water and 25, 50, and
75% acetonitrile solutions was studied by noting the net absorbance of
the infrared absorption bands common to all spectra as the pH was
adjusted fromacidic conditions to al kaline conditions. This was done
after a background spectrum at pH 2 was obtained. By using pH 2
solutions as the background, any absorption band changes wthin the
ranges of 3100-1000 e which occurred as the pH of the sol utions
becane nore al kaline could be nonitored. The aqueous and acetonitrile
solvents did not influence these spectra because the background
absor bances are subtracted out of the sanpl e spectra. )

Two major absorption bands, peak A and peak B, appeared
consistently in all the l1-adamantanamine sol utions as the pH becane nore
al kal i ne. The ‘ranges for these peaks were established. “In all

sol utions tested, peak A occurred in the 2939-2900 cm_1

B occurred in the 2866-2843 cm * range. Fgures 10, 11, 12, and 13

range, and peak

illustrate the characteristic infrared spectra of 1-adamantanamine in
water and 25, 50, and 75% acetonitrile solutions under alkaline

condi tions, pH 11
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To interpret the characteristics of an infrared spectrum a

1 is useful for

correlation chart is used. The region from4000-1400 cm
the identification of various functional groups. This region shows
absor ption bands arising fromstretching nodes. Wsing this chart peak A

and B may be attributed to the G N stretch vibrational nodes. 35

Det erm nati on of pKa Val ues

In order to study the acid/base properties of 1l-adamantanamine,
the pKa values for the drug were calculated using the net absorbance
changes of peak A and B in varying solvents and pH These val ues are
listed in Tables 2, 3, 4, and 5

The net absorbance changes of these peaks were then used to
obtai n an S shaped curve of absorbance vs pH Figure 14 illustrates the
type of curve which is obtained. In the acidic range, high H+
concentration, there is a predomnance of the HA form Wile in the
al kal i ne range, |ow Ht concentration, there is a predomnance of the
A" form Figures 15, 16, 17, 18, 19, 20, 21, and 22 illustrate the
curves obt ai ned. ‘

Wsi ng these curves, the relative values for [A-] and [HA can be
determined. The ratio of [A-] and [HA| is then calculated using the

foIIOV\ingforrmIa:36 ~-

[AT] _A— A,
[HA] A - A

(1)

Typi cal val ues for A A, and Ab are depicted in Figure 14






Figure 2 - EXPERI MENTAL DATA OBTAI NED FROM PEAKS A AND B I N AQUEQUS

10

10.5

11

11.5

12

12.5

13

SOLUTI ONS

Net Absorbance
Peak B

Peak A
0.0044
0.0049
0.0053
0.0061
0.0098
0.0282
0.0436
0.0665
0.0763
0.1261
0.1300

0.1319

0.

0.

0.

0.

0023

0023

0026

0035

.0058

.0147

.0241

.0380

.0405

L0411

.0420

.0425

Log [A-]/[HA]

Peak A Peak B
-1.39 -1.02
-0.65 -0.39
-0.36 0.07
-0.03 0.45
0.41 0.90






Figure 3 - EXPERI MENTAL DATA OBTAI NED FROM PEAKS A AND B I N 25%
ACETONI TRI LE SOLUTI ONS

pH

10
10.5
11
11.5
12
12.5

13

Net Absorbance

Peak A
0.0116
0.0118
0.0116
0.0123
0.0123
0.0133
0.0150
0.0159
0.0179
0.0210
0.0214

0.0215

Peak B

0.0006

0.0010

0.0009

0.0013

0.0012

0.0022

0.0040

0.0065

0.0076

0.0096

0.0097

0.0097

Log [A-1/[HA]

Peak

-1.00
-0.69
-0.38
-0.12

0.24

A

Peak B

-1.39
-0.74
-0.26

0.14

0.62






Figure 4 - EXPERI MENTAL DATA OBTAI NED FROM PEAKS A AND B I N
50% ACETONI TRI LE SOLUTI ON

Net Absorbance

pH Peak A
5 0.0007
6 0.0021
7 0.0023
8 0.0044
9 0.0069
10 0.0116
10.5 0.0147
11 0.0263
11.5 0.0277
12 0.0282
12.5 0.0284

13 0.0286

Peak B
0.0038
0.0034
0.0034
0.0080
0.0100
0.0155
0.0166
0.0196
0.0198
0.0216
0.0220

0.0222

Log [A-]/[HA]

Peak A

-0.65
-0.31
-0.98

1.03

1.40

Peak B

-0.23
0.11
0.37
0.63

0.92






Figure 5 - EXPERI MENTAL RESULTS OBTAI NED FROM PEAKS A AND B I N
75% ACETONI TRI LE SOLUTI ON

Net Absorbance Log [A-]/[HA]
pH Peak A Peak B Peak A Peak B
5 0.0106 0.0042 —_— -
6 0.0110 0.0032 _— _—
7 0.0114 0.0056 _— _—
8 0.0175 0.0097 _— —
9 0.0180 0.0137 -0.58 -0.54
10 0.0248 0.0187 -0.24 -0.20
10.5 0.0279 0.0217 -0.18 0.08
11 0.0456 0.0315 1.60 0.53
11.5 0.0464 0.0382 -——- -
12 0.0464 0.0385 _— —
12.5 0.0464 0.0386 --- ---

13 0.0464 0.0386 - -
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The logarithmof this ratio is then calculated. These val ues are al so
listed in Tables 2, 3, 4, and 5.

These determnations can be cal culated due to the dissociation
of the conpound. This dissociation may be represented by the formul a,
H = HF + A, The equi i bri umexpression for such a dissociation

can be witten: 36

kK, = [HY] [A7] (2)
[HA]

Taking the negative log of both sides of this equation and rearrangi ng

gi ves

pH=pKa'|Og{—§—f_*1]- (3)
This can be rearranged in the slope-intercept formof a equation for a
straight line to obtain: 36

log %Q—H— = pH - DKy %) -

Wing this information as a basis for this experinment, the
| ogarithm values of the ratios are obtained and plotted against th;a
neasured pH Linear regression is used to calculate the best line fit,
and fromthis graph the neasured pKa is determned by selecting the pH
at which the line crosses the X axis. These graphs are illustrated in
Figures 23, 24, 25, 26, 27, 28, 29, and 30.

The neasured pKa val ues can be obtained in this manner because
of the sl ope-intercept equation of the |ine showin equation 3. In this
equationy = log [A 1/[HA], m= 1, and b = -pK_. o, when the log term
is plotted vs pH the slope is 1, the intercept is -pka, and the Iine‘
crosses the pHaxis at pH = pK_. A this point [Al =[HY, therefore,
36

the log of the ratio of these terns is zero, naking pH = PK_ .
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Ohce the neasured pk, or pH val ues (pH') are obtained, it is
necessary to adjust these values. It is essential to do this because
the hydrogen ion activity neasured by the pH neter nust be corrected
because the electrode response is affected by solutions containing
nonaqueous solvents. This is done by using a fornula proposed by Mui
and McBryde. The fornula foll ows:

** 10'PH'/ (H¥] (5)

The synbol ** represents equilibrium constants established for mxed
sol vent s. 37 These constants are 0.97 for 25% acetonitrile sol utions,
1.22 for 50% acetonitrile solutions, and 242 for 75% acetonitrile
sol uti ons. 38

Once the [H+] is obtained using the formula for mxed sol vents,
the adjusted pH can be calculated. This is done by calculating the
negative | ogarithmof the [H+]. As stated earlier, the pH = pK, at the
pH intercept when Log [A]/[HY is plotted vs pH therefore, the val ues

obtained are the adjusted PK_ values. These values are presented in

Tabl e 6.
Adj usted pK
% Acetonitrile Peak A 2 peak B
0 10.8 10.4
25 - 11.0 10.7 ~-
50 10.2 9.7
75 10.2 10.4

Table 6 - Adjusted pK_ val ues obtained fromPeaks A and B in the
various confentration of acetonitrile






CHAPTER M
CONCLUSI ONS

Experinmental ly, the PK_ val ue of 1l-adamantanamine in agueous
solution was determned. It appears that Fourier Transform Infrared
Spectronetry can be used in this manner to obtain reproducible pKa
values. The pKa val ues obtained for 1-adamantanamine in water from
peaks A and B are 10.8 and 10.4, respectively. The PK_ val ues derived
from peaks A and B shoul d have been identical, but were not because the
pKa value neasured from peak B was less precise due to a |ower
absorbance intensity. These values are simlar to the literature PK,
val ue for 1-adamantanamine in water of 10.73. 39 As good agreenent was
obtained for aqueous solutions wusing this technique, solutions
contai ni ng i ncreasi ng concentrations of acetonitrile were neasured.

The solvent acetonitrile was chosen because it is mscible in
water, it has a very low basicity and no acidity, and the pH of the
solutions can be determned with glass pH electrodes. As increasing
concentrations of acetonitrile are used, the hydrophobicity of the
sol vent environnment increases. This increase in hydrophobicity has been
shown to influence the pKa of several conpounds including amno

acids.3’37

Wth these points in mnd, it was felt that this-pK_ st udy
of mxed solvent solutions of varying hydrophobicity may be used to
investigate potential changes in pKa of l-adamantanamine.

In 25% acetonitrile, the adj usted PK_ val ues were determned to
be 11.0 and 10.7. These pKa val ues increased slightly above the val ues

obtained in aqueous solutions. Fromthis data, one could conclude in

sol uti ons of | ow hydrophobicity, the PK_ value w || becone greater.






But, this increase in pKa did not continue. At 50%the adjusted pKa of
1-adamantanamine was calculated to be 10.2 and 9.7 (Qne could surmse
that the increasing hydrophobicity and the amine side chain of the drug
are interacting to produce this pKa decrease. This decrease in PK,
values did not continue. In 75% acetonitrile, the nost hydrophobic
solution, the pKa values for admantanamine were 10.2 and 10.4
Theref ore, one can concl ude that the pKa w Il be naintai ned greater than
8 in a hydrophobi c environment.

As was nentioned Dbefore, l-adamantanamine IS a weak
| ysosonotropi ¢ base whose antiviral activity nmay be attributed to
neutralization of lysosomal pH This action lies in its ability to
becone protonated within the acid interior of the |ysosones. This
results in the accunul ation of the protonated amine in the |ysosone. As
this process occurs the |ysosomal pH becones buffered and the virus
cannot penetrate the nenbrane.4O

The concept described previously is known as trapping by
protonation. |t has been concluded that bases w th higher pk's are nore
sensitive to this effect. A base wth a pKa below 8 wi |l not functidﬁ
inthis nanner.41

The pKa of 1l-adamantanamine renmains above 8. This indicates
that it would "be an effective |ysosonotropic weak base.”™ As the
acetonitrile concentration increases, the conditions becone nore
hydr ophobi ¢ as woul d be the case at nmenbrane surfaces. The adj usted pK_
values remain at approximately 10 with increasing acetonitrile content.
Ther ef or e, l-adamantanamine  can be considered an effective

| ysosonot r opi ¢ weak base.






I n conclusion, Fourier TransformlInfrared Spectronetry is useful
in the determnation of the effect of solvent and pH on 1-adamantanamine
solitions. This technique is useful because of Fellgett's advantage,
the power and speed of the systemis mcroconputer, and the use of
cylindrical internal reflectance.

Two problens did occur in this research project. The najor
probl em concerns the cylindrical internal reflectance cell, the circle
cell. This cell has a low throughput. Specifically, the percent of
energy getting through the accessory without sanple present is only
10-20% of the open beam throughput. This disadvantage is overcone
somewhat by using the MCT detector, but accuracy problens still exist in

determning spectra above 3200 cm'1 in solutions containing |ow

concentrations of noderately-absorptive sanpl es. 26

The second problem concerns the fact that only |ow
concentrations of the drug could be used because of its |lowsolubility.
Only 0.013 M solutions could be made because the solutions becane
sat ur at ed.

Further studies using Fourier Transformlnfrared Spectronetry in
the determnation of PK, val ues should be pursued. Additional studies
could be performed with l-adamantanamine in acetonitrile-KCL sol utions.
Al so, other drugs such as anaesthetics and other antiviral agents can be
tested. Furthernore, the technique used could be inproved upon by
utilizing a quantitative anal ysis sof t ware package.

Fourier TransformInfrared Spectronetry has been used to study
pol ymers deposited as layers of 20-50 nm thickness upon the internal

refl ectance element.19 It may be possible to apply this nethodol ogy to-

menbrane studies. A nenbrane could be deposited on the surface of the






internal reflectance elenent. An aqueous or mxed solvent solution
could be placed in the flow thru cell. It would then be possible to
nmonitor the drug' s pKa val ues at various pH val ues using the technique

devel oped in this work.
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