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ABSTRACT

In recent years varions fields of spectroscopy have been developed into powerful tools of
qualitative and quantitative analyses in biomedical and pharmaceutical research and development.
These include IR, NMR, UV-visible spectroscopy and X-ray spectrography in molecular structure
determination. In this survey the underlying principles and selected examples of these applications
will be presented, including the fundamental equations for IR, NMR, the physical properties of
common nuclei of biomedical interest (‘H, *H, "C, "N, “F and *'P), the use of FT-IR with "C and
"N labeling for studying protein-protein interactions, FT-IR study of the effects of cholesterol on
conformational disorder in lipid bilayers, pKa determination of N-hydroxy-N -aminoquanidine de-
rivatives by "N-NMR, “"F-MR quantitation of lens aldose reductase activity using 3-deoxy-3-F-D-
glucose, 'P-NMR evaluation of postischemia renal ATP and pH levels after ATP-MgCl. treatment
in rabbits, solid-state NMR in-the analysis of polymorphism, applications of 2D-NMR in structural
determination (e.g. COSY, DQFCOSY, NOESY, HMBC, HMQC, and 2D-INADEQUATE),
and analysis of flucytosine dosage forms by derivative UV spectroscopy.

It is hoped that this survey will stimulate the ever increasing applications of spectroscopic me-
thods in solving complex biomedical and pharmaceutical problems.
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INTRODUCTION

The electromagnetic wave spectum of the
a wide range of subatomic, atomic and molecu-
lar transitions, vibration, and rotations utilized
in the development of various forms of spec-
trometry in recent years'’ (see Figure.1). Among

these, UV-visible, IR, NMR spectrometry and X
-ray’ spectrography are most commonly used In
molecular structure determination in biomedical
and pharmaceutical research and development'!
(see Figure.2 for details).

In order to fully comprehend the utiliza-
tions and limitations of various forms of in-
strumentation, it 1s necessary to understand the
underlying principles involved. The fundamental
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Figure 1. Schematic diagram of electromagnetic spectrum and various forms of spectrometry used in pharmaceut-

ical and biomedical analysis. Shaded areas represent the most commonly used regions. (Adapted from R.T. Bau-

man, Absorption Spectroscopy, 1962, p.11)

equations for UV-visible, IR and NMR spec-
trometry will be briefly reviewed and selected
applications of them will be presented.

UN-VISIBLE SPECTROMETRY

The molecular absorption of energy in the
UV-visible region 1s dependent on the valence
electronic transition. It 1s most commonly used
i the quantitative analysis of compounds with
chromophore (which 1s a covalently unsaturated
group responsible for absorption) and auxochro-
me, a saturated group which alters both the wa-
velength (4we), and the intensity of the absorp-
tion maximum (Ewa). The fundamental equation

governing the relationship between the absor-
bance (A) and the molar absorptivity (e), the
concentration (¢, moles/liter) and the path
length (b) is known as the Lambert-Beer Law'.

A=e..C+b (1)

Various transitions involving different elec-
tronic structures (o, n, n) occur at different A
with different €n. values. Figure 3 and Figure 4
show the UV absorption spectra of cyclic thiou-
reas in three different solvents. It is worthnoting
that the different solvents affect not only the Zmx
‘but also €% In Figures 3 and 4 one can see
that as the polarity of the solvents 1s increased
from n-hepatane to ethanol and water, there 1s a
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Figure 4. The UV spectra of NN’ -dimethyltetra -
methlenethiourea.

gradual blue (hypsochromic) shift of the n-¢*
and n-n* (types II and I) transition, due to hy-
drogen bonding of the lone pair electrons with
EtOH and H:O, and more energy (shorter wave-
length) 1s required for the transition. For type
I (m-7%) band a red (bathochromic) shift is ob-
served by increasing the polarity of the solvent,
resulting from an electron redistribution with
enhanced electron density in the peripheral parts
of the molecule where the electrons are more ac-
cessible for H-bond formation®.

In recent vyears first derivative spec-
trophotometry'® has received increasing atten-
tion in the assay of drug formulations in clinical
and biological applications and in determination
of degradation products'* ~©. It involves the plot
of first derivative D:=dA/d. as a function of
wavelength (4). The method has been success-
fully applied to the determuination of pro-
pranolol in inderal tablets'”’, fluorometholone

and neomycin sulfate in combination'® and
many others”. An excellent review article by
Lee 1s available on the applications of first, se-
cond and higher order derivative spectroscopy in
drug analysis'®.

Cavrini et al. have successfully applied de-
rivative UV spectroscopy to the quality control
of commercial dosage forms of flucytosine and
the results have been compared with those ob-
tained by a HPLC procedure developed as a re-
ference method.!”

FUNDAMENTAL EQUATIONS FOR IR
SPECTROSCOPY AND APPLICATIONS

The necessary and sufficient condition for
IR absorption by a molecule i1s that a certain
molecular vibration leads to a change in molecu-
lar electric dipole moment. The energy absorbed
is related to the frequency of the electromagnetic
wave (V) by the equation:

E=hv | (2)

where h 1s the plank’s constant and V 1s re-
lated to the reduced mass of two atoms with
mass of m: and m: respectively :

1 ~
y= \/Z (3)
27¢ n

where c=velocity of light (cm/sec)

(= e me/(mms)
f—force constant (dynes/cm)

Using this equation, one can calculate that
the f for single bonds will be around 5X10° dy-
nes/cm, and 10 to 15X10° dynes/cm for double
and triple bonds, respectively, the exact number
depends on the type of atoms connected and the
rest of the molecule.

IR spectroscopy is most useful in the
qualitative detection and identification of func-
tional groups and specific molecular structures.
It can also be used to detect either intra- or 1n-
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Table 1. The IR stretching frequency of exocyclic double bond as a function of the ring strain'®’

O‘”:'CHQ Qr:CH2 CH,, —cn,
VC=CH;, 1651 cm’! 1657 cm-1 1690 cm-} 1750 cm-1
O O Do O
Ve=0o 1699 cm-! 1710 cm-l 1772 cml 1775 cm!
1740 cm-!

Table 2. The variation of Ve=o frequence due to the
inductive and resonance effects of X

(a) Inductive effect of X "&\ .
Shortens C=O bond length | S 0
tf, TVe=o R/ ()

X Ve=ocm !

Cl 1815-1785

F (the most electro negative) 1869 (the highest)
Br 1812

OH (monomer) 1760

OR’ 1750-1735

(b) Resonance effect of X Eif)
Increase bond length C=0, [bond (}rdf:r% \:: "“Qa*

Lt lfrequence /
X Veeo cm !
NH. 1695-1650
S 1720-1690

termolecular hydrogen bonds, the presence or
absence of ring strain, the effect of electronic
effect on bond strength, cis- vs. trans- configura-
tion, etc. The exact IR spectrum of a compound
is like the finger print of an individual. No two
different compounds can have exactly the same
IR absorption spectrum. Tables 1-2 and Figure
5 illustrate some of the applications mentioned
above'?.

It has been noticed that ring strain raises
the stretching frequencies of an exocylic double
bond. This is illustrated by the > C=CH: seres.
This tendency is also true for the >C=0 stret-
ching vibrations in aliphatic cylic systems. How-
ever, this generalization, namely, “the ring strain
increases as the ring size decreases,” does not
hold in the case of five- to seven-membered cyc-
lic thioureas and ureas, reflecting the lack of sig-
nificant ring strain in the five-, six- and seven-
member rings of thioureas and ureas’®. Table 2
shows how the different components of electron-
ic effect can affect both the bond length, the
force constant (f) and the V.-, stretching frequ-
ency.

Davies et al. have utiized FT-IR m a
quantitative study of the effects of cholesterol
on conformational disorder in dipalmitoylphos-
phatidylcholine (DPPC) bilayers.®® The method
is based on the finding that the CD: rocking
modes (600 - 660 cm ') from the acyl chains of
specifically duterated phospholipids occur at
frequencies depending upon the local geometry
(trans or gauche) of the C-C-C skeleton surroun-
ding a central CD. group. Three specifically
deuterated DPPC, ie. 444 4" -d--DPPC, 6,6,6 ,
6 -de-DPPC and 12,12,12',12"-d-DPPC  were
synthesized and used in the determination of the
effect of depth dependence.®
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Figure 5. IR absorption spectra of N,N’-dimethyl-
ethyleneurea showing the increasing O-H band and
broadening and shift of C=0 band after exposure
to the air, reflecting the absorption of moisture
(H:O) by the very hygroscopic nature of the com-
pound. (abapted from ref. 3).

I . Minimum exposure to the air.

11. Exposed to the air for 15 minutes.

III. Exposed to the air for 30 minutes.

Time Domain

Haris et al'® have employed FT-IR toge-
ther with 1°C and '°N labeling in studying pro-
tein-protein interactions. The proteins used are
bacterial HPr and IIA™ of E. Coli phosphoeno
pyruvate-dependent phosphotransterase system.
It was shown in this study that in an interaction
of 1:1 molar ratio of these two protems, the
overlap of absorbance of the amude I band (V.-.,
see Table 3) arising from the peptide group of
the unlabeled proteins made 1t impossible to de-
termuine the contribution from each protein to
the absorbance. It was further shown that uni-
form !'°C-labeling of HPr shifted the amide 1]
band of this protein by 38 — 45 ¢cm ! toward
lower frequency and revealed the previously
overlapped amide I band of the unlabeled I1A™
(1643 cm™1). This application of 13C labeling
demonstrates the potential of studying protein-
protein interactions using FT-IR. With proper
selection of systems and labeling, this type of
study can be extended to enzyme-substrate and
protein-ligand interactions as well as f-sheet
protein/a-helix protein interactions.®

FOURIER TRANSFORMATION IN
NMR AND IR

Frequency Domain

f(w) :f

SRA

M

f(Deotdt

e |

>

A+B

- A

f



Journal of Food and Drug Analysis. 1995, 3(1)

Table 3. FT-IR spectra of unlabeled and '*C and >N labeled HPr protein and interaction with IIA™ pro-

tein.

Frequency in ecm™

1

Amide | Amide 1l Carboxylate
Voo Sty Veor }"‘*‘*‘
Unlabeled HPr in 1636(s) — — — — =— - 1530-1550 1565(m)— — — — -
H»O at 20°C 1652(shoulder) i (weak, due to) ;
1682(shoulder) | 'H-*H exchange) :
Unlabeled 11 A 1645(s) : 1563(m) |
38) (41) |
15N-labeled HPr 1634(s) i 1450 1567(m) |
1650(shoulder) i (overlaps with :
1680(shoulder) | H-O-‘H )
- ---": absorbance) - -
13C/15N-labeled HPr 1598(s)4 ~ | 1 524(m) &~
in 2H:O at 20°C | ”
S
11 M ratio of 1643s)  _ ~ " 1524
13C/15N-labeled HPr 1585(s) 4 g 1563(m)
+ (clearly separated)
unlabeled 11 A™
vHo
To resolve complex spectrum due to over- V= o (4)
lap of different absorption peaks, a complex or 3 * Ho=27 * Veverveo(4) The fundament-

mathematical digital computer program (fast
Fourier transform) is usually used mm modern
equipment to convert the complex amplitude
waveforms in the time dormain to separable
amplitude waveforms in the frequency domain.
This 1s shown 1n the following radiofrequency
(RF) electromagnetic waves in the NMR signal
(10-11) “this increases the sensitivity by a factor of
ten and cuts down the sweep time required. The
same principle i1s also applicable in IR and far-
IR spectroscopy.

FUNDAMENTAL EQUATIONS INVOL
VED IN NMR SPECTROSCOPY AND
APPLICATIONS
E=hv

Energy (planck’s constant X

frequency)

al NMR equation
»=Magnetogyric ratio (a fundamental nu-
clear constant, see Table 4)
H.=—Magnetic field strength
v 1s further related to the mag-
netic moment u (see Table 4).

27 |
by = " (5)

[=Nuclear spin number (I=1/2 for *H)

If we introduce a proper frequency V, it will
be in resonance with «, the precessional frequ-
ency, ONE can be absorbed to flip the nucleus
from low to high energy state.

AE=h . v=h(y.H,/2n) by substituting eq.
(5) tor y
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The precessional angular

velocity w, 18 proportional to He
wo—7 « Ho

By combining eq. (4) and (6) we have:
ve Ho=2m = V

(Do—=27T * V

Gravity
<1 Wobbling
~—

Anguiar
momentum

Precession
orbit
1
'\.’ 1_

-

Nuclear
magnetic
dipoie u

Spinning
proton

HoO

(6)

(7)
(8)

Table 4. Properties of several nuclel of biomedical interest

we have : AE=h . v=u * H,/1 (9)
A
E AE
| Ho

Several nucler of biomedical interest (see
Table 4) have a spin number I of 1/2 and a uni-
form spherical charge distribution, while deuter-
ium (?H) has an I of 1. The number of orienta-
tions of these nuclel(with I of 1/2) may assume
in an external uniform magnetic field 1s equal to
2I+1=2. Among these nuclei, 'H, °C, >N, °F
and °'P are commonly employed in biomedi-
cal and pharmaceutical research. Because of the
low natural abundance of >N specially designed
instrument like a Bruker WH-180 spectrometer
operating at 18.25 MHz in the FT mode and lar-
ge (25 mm) sample tubes are required to pro-
duce interpretable spectrum.”?)(see Figure 6 for
details).

Because of the 100% natural abundance
both '°F and >'P containing compounds are gai-
ning popularity in biomedical and pharmaceuti-
cal research. For example, El-Tahtawy and Wolf
(13) of USC have used '?F-NMR in studying the
intratumoral metabolism, modulation and pharma-
cokinetics of 5-fluorouracil in vive in mice. Fari-
no et al."% of National Eye Institute have used
F NMR in the quantitation of lens aldose re-
ductase activity (implicated in diabetic compli-

Isotope Natural Relative Magnetic Spin Magnetogyric ratio
abundance sensitivity at moment u number (V)
constant field (radian sec™ ! gauss 1)
'H 99.9844 1.00 2.79268 V2 26,753
“H(*D) 1.56 X110 ¢ 9.64 X107~ 0.835739 1 4,107
13C 1.108 1.59X107° 0.70220 Va 6,728
SN 0.365 1.04X1073 —0.28304 v s 2,712
P 100 0.834 2.6273 V2 25,179
P 100 6.64X10" - 1.1305 V2 10,840

Adapted from ref. 2.
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Figure 6. (A)."N' NMR chemicl shift changes with pH of 2-[(2-pyridylmethylene) diazanyl}]-N-hydroxy-
methanamidinium 4-methylbenzenesulfonate in water solution; (B). '>N NMR chemical shift changes with pH of
l-amino-3-hydroxy-guanidine 4-methylbenzenesulfonate. These spectra were taken at the natural-abundance level
in 25-mm sample tubes, with broad-band decoupling, a repetition rate of 5's, and a pulse width of 35 us (34°
flip angle). The concentrations were about 0.3 M. The 3N NMR chemical shifts are reported in parts per mi-
llion upfield from an external standard made up to be IM H"”NOs in D:O (adapted from ref. 12).

cations like cataract, keratopathy, retinopathy,
and neuropathy) using 3-deoxy-3-F-D-glucose as
the substrate. Martin and his coworkers''> of
the Pennsylvania State University have em-
ployed *'P-NMR to evaluate postischemia renal
ATP and pH levels after ATP-Mg(l: treatments
in rabbits*?¥. It was found that ATP-MgC(Cl.
treatment improves postisochemic functional pa-
rameters without functioning as a direct source

of ATP or its precursors. The data support the
emerging concept that intracellular acidosis pro-
tects cells from reperfusioin injury.*>

SOLID-STATE NMR AND 2D NMR
SPECTROMETRY

1. Solid-State NMR and its application in
pharmaceutical Sciences
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NMR has been used in pharmaceutical scie-
nces In the elucidation of structures of com-
pounds, 1nvestigation of chirality of drug mole-
cules, determination of cellular metabolism, and
the study of biological macromolecules such as
proteins, nucleic acids, and polysaccharnides. In
most of these cases, solution phase NMR has
been applied. Since, many pharmaceutical pro-
ducts are in sohd forms, solid phase NMR may
be more convenient and useful 1in the direct ana-
lysis of pharmaceutical products.

Comparison to solution-phase, molecules in
solid-phase can not move freely. Due to dipolar
mteractions which do not average out to zero,
and chemucal shift anisotropy (CSA), solid-phase
NMR spectra will be broad, featureless if con-

ventional solution-phase NMR acquusition tech-

niques are used. High-power proton decoupling,
magic-angle spinning (MAS), and cross-polariza-
tion have to be used in the acquisition process
of solidphase NMR (see Figure 7).

Cr
Cy

proton decoupling
4

magic- angit spinning

M’A ?) C. CTOSS- poiarzzatzon
-J"'/ "'"‘"”""F\ |

{pr{}ton decoupling

+
magic-angle spinning

M"'W T

»”W *
hn (V’

1‘ \ ' : )
W \'\"5""‘*”“%“‘/’ VYT e conventional NMR

160 120 80 40 0
Figure 7. Solid-state '°C spectra of didanosine (ada-

M

pted from ret. 16)

Dipolar interactions can be solved through
simple high-power proton decouplng fields
which 18 similar to solution-phase NMR tech-
niques. Cross-polariztion 1s the technique 1n
which the magnetization of the rare spin system
like '°C can be enhanced by the transfer of
magnetization from the abundant spin system
like proton. This techniques has been used m a
number of 2D NMR techniques.

Molecules in the solid state are in fixed
orientations with respect to the magnetic field.
This produces chemical shift anisotropic (CSA)
effects. In solution-phase NMR, A spectrum
yields “‘average” chemical shift values which are
characteristic of the magnetic environment for a
particular nucleus. The average signal 1s due to
the isotropic motion of the molecules 1n so-
lution. For solid-phase NMR, the chemical shift
value 1s also characteristic of the magnetic envir-
onment of a nucleus, but a specific functional
group orented perpendicular to the external
magnetic field (Bo) will give a sharp signal char-
acteristic of the particular orientation. A specitic
group orientated parallel to Bo will also produce
a sharp signal. In solid state, a random distri-
bution of all orientations of the molecule exists.
This random distribution will give a very broad
NMR signal (see Figure 8). It has been known
that spinning could remove broadening caused

(A) j
|
-

perpendicular to Bo

v
(B) /! parallel to Bo
_)
(& A randomly oriented

Figure 8. Schematic representation of '°C signal
with different onentations of functional group (ada-
pted from retf. 16)
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by CSA"®. The concept of magic-angle spinning
(MAS) arises from the understanding of the
shielding constant, o.

G7Z= 2.C1cos*th

This constant is a tensor quantity, and can be
related to three principal axes where o1 18 the
shielding at the nucleus when Bo aligns along
the ith principal axis, and 6i is the angle this
axis makes with Bo. Under mechincal spinning,
this relationship becomes time dependent and a
(3cos?Bi-1) term arises. By spinning the sample
at the so-called “magic angle” of 54.7°, this
term becomes zero and thus remove the spectra
broadening due to CSA. The spinning rate is
also important in order to mummize side bands
(see Figure 9)'7. Solid-state NMR has been
successfully used in the study of polymorphism
or pseudopolymorphism'*® and in the quantita-
tive analysis of anhydrous carbamazepine and
carbarmazepine dihydrate''”.

/L\J static

0.5 Hz

HO,C*H,NH,
1.6 Hz

a 2.1 Hz

Figure 9. Solid-state *C NMR of the carboxyl car-
bon of glycine with different magic-angle spinning

rate (adapted from ref. 19).

11

I1. 2D NMR spectra

The most important development in mode-
rm NMR 1s the expasion of NMR mto two
frequency dimensions. Two-dimensional (2D)
NMR methods and related one-dimensional (1
D) multipulse sequences have given chemists
enormous power in the structural analysis of a
broad range of compounds. Nowadays, chemists
can solve the structural problem of many organ-
ic compounds, peptides, even polysaccharides
with very complicated structures“®” <% by just
using combination of various spectra of both 1D
and 2D NMR. Various techniques are briefly
discussed as follows, for more detailed explana-
tions of the procedures and requirements, the
original references should be consulted:

(1). Homonuclear Correlation Spectroscopy
(COSY) and Double-Quantum filtered COSY
(DOQFCOSY)

COSY 1is a technique used most frequently
in 2D-FT NMR. In normal COSY, both vertical
and horizontal axes provide for 'H chemical
shift. In COSY, 'H-'H connectivities can be ob-
tained through the examination of cross peaks
which are the results of spin-spin couplings of
protons. Figure 10 and 11 are the 1D 'H-NMR
and 2D COSY of geraniol, respectively. In
COSY spectrum, the cross peaks between C-6
and C-5, C-2 and C-9 protons are clearly shown.
Recently, Wang and Lee have successtully
identified the 1somenzation products of ce-
furoxime by using 'H-'H COSY 2D NMR (Fi-
gure. 12)*), where the coupling of C2-H and C-
4-H 1is clearly shown in the 1somerized product,
but not 1n the starting material which does not
have C4 proton.

In the COSY, singlet peaks are often too
intense so that S/N (singal to noise ratio) of the
overall spectrum may be poor. This often results
in considerable overlap along the diagonal, and
thus it 1s difficult to make assignments. This can
be alleviated by multiple quantum filtration.
Double-quantum filtration (DQFCOSY) 1s one
of the commonly used methods. Figure 13 1s the
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79
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Figure 10. The 'H spectrum of geraniol in CDCl; at
500 MHz (adapted from ref. 2, p. 271).

4”2~ CH,0OH
H 9,10

5 IH

8779 8

Figure 11. The COSY spectrum of geraniol in CDCls
at 500 MHz (adapted from ref. 2, p. 274). Note the
cross peaks between C-6 and C-5, C-2 and C-9 pro-

tons.

DQFCOSY sepctrum of geraniol. The peaks of
C-8,9 and 10 methyl group protons on the dia-
gonal line are much more clearly separated than
in basic COSY spectrum (Figure. 11), and the
cross peaks between C-6 and C-8, C-9 protons
are also clearly interpretable in Figure 13.
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Figure 12. The COSY spectrum of compound 1b m
DMSO-ds at 300 MHz (adapted from ref. 23). Note
the coupling of C2-H and (C4-H.

2 pm

Figure 13. The DQF-COSY spectrum of geraniol in
CDC(Cls at 500 MHz (adapted from ref. 2, p.275).
Note that the peaks of C-8,9 and 10 methyl group
protons on the diagonal line are much more clearly
separated than in COSY spectrum (Figure 11).
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(I1). Nuclear Overhauser and Exchange Spec-
troscopy ( NOESY)

In NOESY spectrum, the interactions amo-
ng spatially close protons can be seen as cross
peaks. Therefore, NOESY spectrum 1s very sen-
sitive to the inter-proton distance. This 1s useful
in determuining the spatial conformations of mo-
lecules. Figure 14 shows the NOESY spectrum
of fi-lonone. Because the side chain of f-1onone
does not have a fixed conformation, the 1,1’-Me
has cross peaks with both C-7 and (-8 protons.

(IID). 'H-13C single bond multiple-quantum corre-
lation spectrum ( HMQC)

In HMQC spectrum, all the cross peaks
from the carbon atoms to respective protons at-
tached will be seen. Therefore, 1t is very useful
in assigning the 'H-'°C connectivities. Figure 15
shows the HMQC spectrum of strychnine. All
the cross peaks between the proton(s) and the
carbon atoms to which they are attached are
presented.

(IV). YH-detected * H-'3C Multiple-Bond Correla-
tion spectrum ( HMBC)

Long-range H-C interactions of two and
three intervening bonds (?Jew and Jeu) of com-
pound can be seen as cross peaks. This 1s useful
in determination of the skeleton of a given com-
pound. In Figure 16, a number of long-range H-

C coupling can be seen, especially 14-C to 20-H
(SJ{Z’.‘H) and 8-H (3.](:?;{)

(V). 2D Incredible Natural Abundance Double
Quantum Transfer Experiment
spectroscopy (2ZD-INADQUATE)
2D-INADQUATE 1is the method used to
analyze adjacent (coupled) '°C-'°C pairs from
the correlation of double quantum transition
frequency and chemical shifts. It i1s very useful
in the determination of the connectivity of car-
bon atoms, 1n other words, in the establishment
of the carbon skeleton. The 2D-INADQUATE
spectrum of L-menthol 1s shown in Figure 17.
From this spectrum, one can connect all carbon
atoms from left to right.

13

Figure 14. The NOESY spectrum of f-ionone in
CDC(Cls at 360 MHz (adated from ref. 23, pp.118).
Note the cross peaks between the 1,1-Me protons
with both C-7 and C-8 protons.

Figure 15. The HMQC spectrum of strychnine in
CDCl; at 500 MHz (adapted from ref. 23, pp.160).
A window of 1-4.5 PPM chemical shift i1s selected
for 'H, and 20-80 PPM is sclected for '*C. This

spectrum shows all the couplings of '°Cs and the

protons directly attached to them.

A summary of 2D NMR techniques and
their uses 1s presented 1n Table 5.
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Table 5. Summary of 2D NMR spectra

2D Spectrum Information

Uses

COSY and proton-proton interactions establishment of 'H-'H connectivity

DQFCOSY

NOESY interactions among spatially analysis of spatial distance and
close protons conformations

HMQC interactions between carbon 'H-'*C connectivity
and respective protons
attached.

HMBC long-range proton-carbon eatablishment of skeleton and
interactions conformation

2D-INADQUATE adjacent '3C-1°C interactions establishment of carbon skeleton

t

Figure 16. The HMBC spectrum of strychnine in
CDCl; at 500 MHz (adapted from ref. 23, pp.168).
A window of 1-9 PPM chemical shift is selected for
'H, and 20-180 PPM is selected for '*C. This spec-
trum shows long range couplings between '°C
and 'H, e.g. 1°C-14 with C-20 and C-8 protons.

CONCLUDING REMARKS

Both 2D and 3D NMR methods have been
used in studying protein structures, protein-pro-
tein interactions, complex carbohydrates, nucleic
acids, and DNA/RNA and ligand interactions
(23 In addition, spectroscopic methods offer
many possibilities of in vivo (e.g. Magnetic re-
sonance imaging, '"F-FMR drug monitoring)

14
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Figure 17. The 2D-INADQUATE spectrum of L-
menthol in CsDs at 100 MHz (adapted from ref. 23,
pp. 178). The carbon skeleton of the complund 1s
clearly established by the pattern of connection (e.g.
a toe, etoband i, etc).

non-invasive, nondestructive quantitative as well
qualitative means of analysis of drugs and bio-
chemical substances of interest. With proper ex-
perimental design and instrumentation these me-
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thods may provide real-time information which
can not be achieved by other analytical methods.
It 1s expected that even more applications of the
methods reviewed will appear in the literature in
the near future.

REFERENCES

1.Bauman, R.P. 1962. Absorption Spectro-
scopy. pp. 1-25. John Wiley & Sons, Inc.
New York, NY.

2.Silverstein, R.M., Bassler, G.C. and Morrill,
T.C. 1991. Spectrometric Identification of
Organic Compounds, Wiley & Sons, Inc. 5th
ed. pp. 1-419.

3.Lien, EJ. 1966. Dipole Moment, Structure
And Activity Of Cyclic Ureas, Thioureas
And Related Compounds. Ph.D. dissertation,
pp.1-112. University of California San Fra-
ncisco, San Francisco, California.

4.Lee, A.R. 1992. Derivative spectroscopy and
its applications in drug analysis. Chin.
Pharm. J. 44 : 87-96.

0.Metwally, M.F. 1992. First derivative spec-
trophotometric determination of propranolol
in the presence of its degradation products.
Chin. Pharm. J. 44 : 407-412.

6.El-Maamli, M. 1992. First derivative spec-
trophotometric  determination of fluoro-
metholone and neomycin sulphate in com-
bination. Chin. Pharm. J. 44 : 451-455.

/.Cavrini, V., Bonazzi, D. and DiPietra, A.M.
1991. Analysis of flucytosine dosage forms
by derivative UV spectroscopy and liquid
chromatography. J. Pharm. Biomed. Analy.
4 : 401-407.

8.Davies, M. A., Schuster, H.F., Brau, J.W.
and Meudelsohn, R. 1990. Effects of chole-
sterol on conformational disorder
palmitoylphosphatidylcholine  bilayers. A
quantitiative IR study of the depth de-
pendence. Biochem. 29: 4368-4373.

9.Haris P.I., Robillard, G.T., VanDijk, A A.,
and Chapman, D. 1992. Potential of 13C and
N labeling for studying protein-protein in-

in  di-

15

teraction using Fourier transform infrared
spectroscopy. Biochem. 31 : 6279-6284.

10.Yumg, S.W. 1984. Nuclear Magnetic Re-
sonance Imaging: Basic Principles. pp. 1-164.
Rauens Press, New York. N.Y.

11.Derome, A.E. 1987. Modern NMR Tech-
mques For Chemistry Research. Pergamon
Press, New York, N.Y. pp. 1-280.

12.Tai, AW., Lien, E.J., Moore, E.C.. Chun,
Y., and Roberts, J.D. 1983. Studies of N-hy-
droxy-N'-aminoguanidine  derivatives by
nitrogen-15 nuclear magnetic resonance spec-
troscopy and as ribonucleotide reductase in-
hibitors. J. Med. Chem. 16 : 1326-1329.

13.El-Tahtawy, A. and Wolf, W. 1991. In vivo
measurements of the intratumoral metabol-
ism, modulation and pharmacokinetics of 5-
flurouracil, using '°F-nuclear magnetic re-
sonances spectroscopy. Cancer Res. 51 : 5806
-5812.

14.Karino, K., Kador, P.F., Berkowitz, B. and
Balaban, R.S., 1991. '"NMR quantitation of
lens aldose reductase activity using 3-deoxy-3
-fluro-D-glucose. J. Biol. Chem. 31 : 20970-
20975.

15.Martin, L.F., Peter, A.O., Fehr, D.M..
Landis, J.R., Cotter, J., and Briggs, R.W.
1992. *'P-NMR evaluation of postischemia
renal ATP and pH levels after ATP-MgCl.
treatment in rabbits. Am. J. Surg. 164 ; 132-
139.

16.Bugay, D.E. 1993. Solid-state nuclear magne-
tic resonance spectroscopy: theory and
pharmaceutical applications. Pharm. Res. 10
: 317-327.

17.Harris, K.D.M. andThomas, J.M. 1991. Pro-
bing polymorphism and reactivity in the or-
ganic solid state using !3C NMR spec-
troscopy: Studies of p-formal-trans-cinnamic
acid. J. Solid State Chem. 93 : 197-205.

13.Suryananayanan, R. and Wiedmann, T.S.
1990. Quantitaion of the relative amounts of
anhydrous carbamazepine (CisHi:N:0O) and
carbamazepine dihydrate (CisHi:N>O*2H:0)
In a mixture by solid-state nuclear magnetic
resonance (NMR). Pharm. Res. 7 : 184-187.




Journal of Food and Drug Analysis. 1995, 3(1)

19.Jelinski, L.W. 1987. High-resolution NMR
of solids. In Dyowski, C. and Lichter, R.L.
ed. NMR Spectroscopy Technmiques. Marcel
Dekker, Inc. New York. PP. 11-253.

20.Reddy, G.P., Chang, C.C., and Bush, C.A.
1993. Determination by heteronuclear NMR
spectroscopy of the compilete structure of the
cell wall polysaccharides of Streprococcus sa-
neuis Strin K103. Anal. Chem. 65 : 913-921.

21 .Abeygunawardana, C. and Bush, C.A. 1990.
Complete structure of the polysaccharnde
form Streptococcus sanguis J22. Biochem. 29
: 234248,

22 .Moreau, M., Richards, J.K., and Perry, M.
B. 1988. Structural analysis of the specific ca-

v

23.

24 .

20.

psular polysaccharide of Streptococcus pne-
moniae type 45 American type 72). Biochem.
27 1 6820-6829.

Wang, H.P. and Lee, J.S. 1993. Study on the
A°—- A% Isomerization during preparation
of cefuroxime double ester prodrugs. J. Food
Drug Anal. 1 : 145-153.

Nakanishi, K. 1990. One-Dimensional and
Two-Dimensional NMR Spectra By Modern
Pulse Techniques. University Sciences Books.
Mill Valley, Califorma, USA. pp. 1-234.
Live, D., Armitage, I.M. and Paterl, D.
(edits), 1990. Frontires of NMR 1n Molecu-
lar Biology. Wiley-Liss, New York, pp. 1-
283.

RESNRZ B R LD EFHEF M

~E

IS

H

A T

5 B P N K ER B B2 e B8

4

TR RFF A R A Y B BB A2 7 WY 5
HBE -, ORESEHHEEZ G TE, BN
BIERLMGE R RGALIR R R, nl i EE 2
Ko XS R FE RS o7 /G RS 2 1 0E o AU
HIFEHE M EWH R E TS, SRR %
iR A AR - R B
TH,.2H, B3C SNV R Py 2 M E A H 13 C
K USNIEI SR AEAZ AR, DU G B R AT AL AR O B %
(FT-IR)//EE EE EE HE M A M ERAE H
I ISNNMR & 7E N-hydroxy-N!-aminoquanidine
MTAY)Z pKa: F A F-NMR#l & 3-deoxy-3-F-D

16

2

-glucose LA TE & At AR BE BEBE B IR B 2 v R T8
ATP-MgCLEE R, L3 TP-NMRFF & B ik (1%
ATPZ & K pHHE : F H B R LR HEIRE T th 2 12

’";fa

 FE ] —HERZ I IR E OD-NMR)TER A E

(COSY.DOFCOSY.NOESY . HMBC.HMQC.2

D-INADEQATE); S FI %8 75t — i ye i i
S HT Flucytosine 7Y,

A A PR AT 38 %62 SERE ik, LIRRER &

FEZ BV R EEE R | [RIRE,
A DGERE . ARG RIIR G XGRS

Hoff | FIRER R H R




