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PREFACE

The compilation of Analytical Profiles of Drug Substances to supplement the
information contained in the official compendia is now a well-established
activity.

That we are able to publish one volume per vear is a tribute to the diligence
of the editors to solicit articles and even more so to the enthusiastic re-
sponse of our authors, an international group associated with pharmaceutical
firms, academic institutions, and compendial authorities. I would like to ex-
press my sincere gratitude to them for making this venture possible.

Over the vears, we have had queries concerning our publication policy. Our
goal is to cover all drug substances of medical value, and therefore, we have
welcomed any papers of interest to an individual contributor. We also
have endeavored to solicit profiles of the most useful and used medicines, but
many in this category still need to be profiled.

In the preface to the eleventh volume, I announced that we would try to
supplement previously published profiles with new data. Unfortunately, most
of the original contributors are no longer available to undertake this task, and it
has proven difficult to find other volunteers. We shall continue to pursue the
updating program, but it will not be as comprehensive as originally envisioned.

Again, I would like to request those who have found these profiles useful to
contribute papers of their own. We, the editors, stand ready to receive such
contributions.

ix
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2 VESNA CAPLAR ET AL.

l. Foreword, History, Therapeutic Catezory

Atenolol is a /3adrenolytic, cardioselective
drug, having no intrinsic sympathomimetic activity.
f3-Receptor blocking drugs were introduced in 1966,
to treat cardiovascular disorders. These drugs are
especially efficient in cases of coronary failure
(angina pectoris), arterial hypertension and cardi-
ac arrhythmia. The synthesis of atenolol was first
reported in 1970, (lgnand the first pharmacological
%nd glinical studies were made in 1973%. and 1974.

2-'4' L[]

2., Description
2e.ls Name, formula, Molecular Weight

Atenolol is 4-/2-hydroxy-3-/(l-methylethyl)-
amino/-propoxy/~-benzenacetamide and is also known
as 2-/p-/2-hydroxy-3-(isopropylamino)propoxy/phe-
nyl/acetamide or l-p-carbamoylmethylphenoxy-3-iso-
propylamino-2~propanol.

CH,CONH,

0CH2C|IHCH2 NHCH(CH3);
OH

14H22N203 Mol., wt. 266.33

2.2. Appearance, Color, Odor, Taste

G

Atenolol is a white powder. It is odorless
and has a slightly bitter taste.

3, Synthesis

Atenolol is synthetized starting from commer-
cially available 4-hydroxyphenylacetamide (1) and
epichlorohydrine (2) in 15-fold molar excess, (1)
with piperidine as a catalyst (see Scheme 1.). The
reaction mixture is stirred 4-6 hours at 95-loo C,
then allowed to cool to room temperature and left



SCHEME 1.

H

CH2CONH; @ CH2CONH>
\
+ CICH2CH-CHz ——= —
OH 1 2 OCH2CH-CH2
3
CH2CONH2
HoNCH(CH3)2
CH30H
OCquHCHzNHCH(CHa)z

OH



SCHEME 2.

CH2CONH2 CH2CONH,
/0\ +
OCH2CH-CH2 OCHz(I:HCHzNHCH(CH3)2
3 OH
CH2CONH, CH2CONH,
OCHCHCH,NCH,CHCH20

CH(CH3)2
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standing overnight. The precipitate is collected by
filtration and thoroughly washed with methanol to
remove unreacted epichlorohydrine, The product, 1l-
-(4-carbamoylmethylphenoxy)2, 3-epoxy-propane (g),
may be recrystallized from methanol, water or dio-
xane. The recrystallized compound 3 is reacted
with isopropylamine (24-fold molar excess), in me-
thanol as solvent, at the boiling point, for 5-3%0
minutes. The solvent and excess of isopropylamine
are distilled off, and the crude atenolol recrys-
tallized from water. The use of isopropylamine in
the equimolar amount, or in a small excess, resul-
ted in formation of an impurity, namely the product
of a reaction of atenolol 4 and its precursor, 3,
which had the structure of di-/3-(4°-carbamoylme-
thylphenoxy )-2-hydroxy-propyl/~isopropylamine (5)
(Scheme 2?%.

4, Physical Properties
4,1, Spectra
4,1l.1. Infrared

The infrared spectrum of atenolol, presented
in Fig. 1., was recorded with a KBr pellet. The_,
bands are assigned as follows: 3340 and 3160 cm
g—CO—NH), 290 (=CH), 1625 (~-C=0, amide I), 1500

-N-C=0, amide II), l4oo (H,N-CO-), 1385 (i-Pr),
1390, 1235 (arylether), 1176 (i-Pr), 1lo5, lo8o.
lo%o0, 910, 880, 8lo, 790, 700, &6o. (5) The ir spe-
ctrum of the "dimeric" compound exhibits the same
bands with the same intensities in the region %4ooo-
-1lloo cm ~ as does chpoundfb However, the bands at
lo85, 910 and 880 cm — (weak to medium) present in
the spectrum of atenolol are lacking in the spect-
rum of compound 5.

4,1.2, Ultraviolet

The ultraviolet spectrum of atenolol is pre-
sented in Fig. 2. It was recordedewith a methanolic
solution at the concentration 1o~ g/L. The A .
values of bands of atenolol and compound S lie :
at the same wavelenths (i.e. 225, 275 and 283 nm),
but their intensities differ slightly.

4.1.3. Proton Magnetic Resonance

The proton magnetic resonance spectrum of a-
tenolol in CDBOD is presented in Fig. 3. The spec-
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Fig. 1. Infrared spectrum of atenolol (KBr pellet).
Instrument: Pye Unicam SP3-200.
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Fig. 2. Ultraviolet spectrum of atenolol. Instru-
ment: Pye Unicam SP8-~loc UV-VIS
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Fig. 3. 80 MHz proton MR spectrum of atenolocl. Instrument:
Bruker WP 80 DS at 80 MHz (8 K points).
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Table 1. Assignment of proton MR signals in the
gpectrum of atenolol

b a *38
i

e d
HoNC OCI;'Iz OCH2CH-C-NHCH(CH;3),

, | ¢ h
b a P*() F{
Cc gA
Chemical shift Inten- Coupling const.
Protons (pom) Type sity J (Hz)
Ha 758 d(AB) 2 H Ja,b ENEY)
Hb 7.05 d(AB) 2 H Jb,a 8.755
Hc 4.99 s 2+1+1 H -
Hd 4.28-4.10 m 1H -
He 4,12 s 2 H -
Hf 3459 s 2 H -
HgA 3.03 dd 1H JgA,gB 12.5
| JgA,d 5.00
HgB 2.81 dd 1L H JgB,gA 12.5
JgB,d 5.00
Hi 1.25 d 6 H Jiill 5.254

tral assignments are shown in Table 1. (5) Charac-
teristic peaks of the proton MRI spectrum of compo-
und 5 (which may be present as an impurity in cru-
de atenolol) is presented in Table 2.

13-
v

(presented in Fig. 4.) were run in pulse FT mode on
a Jeol FX-loo spectrometer operating at 25.05 MHz.
The samples were measured in 5 mm tubes with TMS as
an internal standard. An 8K computer memory and in-
ternal deuterim lock ygre used. (5)

The broad-band ~“C NMR spectra of DMSO-d. so-
lutions of atenoclol and its "dimer" 5 are showR in

401.4. 1BC—NMR
-NMR spectra of atenolol and compound 5



0l

c-3.5'

-
CHaCONH,

CH

C-26
] 7
Ty 2
OCHZCHCHaNHCH(CH3),
OH
CH
c-4 c-2
c-1
c-r c-
3 c1 |8
™S
MMWM
180 160 %0 120 100 do 60 40 ' 0

20 ’
&(ppm)



o
B C-3.5 CH2CONH;

-2’6’ Ty 2
C-2,6 OCHZCHCH, /;NCH(CH3);
OH
c-v c-4
c”
CH;
™S
T T T T T T T T L] L
180 160 140 120 100 80 60 40 20 5 (ppm) 0
Fig. 4. 13C NMR spectra  of atenolol (A) and compound 5, (B) in

DMSO—dG. Instrument: Jeol FX-100 spectrometer at 25.05 MHz.
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Table 2. Assignment of proton MR signals in the
spectrum of compound 5

b a

d
HaNCOCH2 OCH2CHCH2|,NCH(CH3)
c f — e é)F{ g h i

Chemical shift Inten- Coupling const.

Protons d (ppm) Type sity 7 %Hz)

Ha 7450 d & H Ja0 b - 8.755

B 7.02 a 48 I 8.755

b b,a

H, 4.98 s ©6H -

Hd 4.2-4,0 m 2 H -

He 4,13 s 4 7 -

Hf %.59 S 4 " -

HgA 2.875 d 2H JgA,gB 5.0

HgB 2.98 d 2 H JgB,gA 5.0

Hh 2.8-3.0 m 1H -

Hi 1l.20 d 6 H J 6.504

Fig. 4. Since the solvent peaks cover one carbon
gignal, the complementary CD, 0D solutions were also
used in making the complete gssignment. In this way
an unambiguous assignment was achieved, applying
off-resonance and gated decoupling (NOE) spectra,
as well as tabulated data of chemical shifts for
related constitutional parts contained in the ate-
nolol molisule. (6)

The~-“C ITMR spectra of the CD,0D solutions re-
veal two signals belonging to noneéuivalent methyl
carbons of the isopropyl group. In the N0& spectrum
only one complex quartet was produced correspon-
dingly, so that only one first order C-H coupling
constant was determined, the other one was only es-
timated, as being higher by about 4 Hz (see Table
3.). The other multiplets were also very complex,
due to several long-range couplings and overlaps,
with both the solvents used. Higever, a rather com-
plete analysis of the coupled C NMR spectrum was
made with numerous first and higher C-H coupling
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Table 3.15C Chemical shifts® and 10c-1E coupling
constantsb for atenolol dissolved in CDEOD

C—atom S (ppm) lJCH 2JCH 3JCH
c-1° 50.75 (t) 13%2.6 2.031.5 -
c=2 69.59 (d) 142.6 2.4;2.4 -
c-3 71.78 (£) 144.0 2.4 -
O, 22,61 (q) 1204 - -
CHé 22.42 (q) 125.5 5.4 2.0
CH 19,68 (d) 131° - -
Cc-1° 158.86 (sg - 2 9.7
c-21,6° 115.%6 (4 160.1 4,9 -
C-3?,5? 1%0.84+ (d4) 158.7 2.4 7.1;4.9
o) 128,83 (s) - 5.7 7.8
C-11° 176.80 (s) - 6.6;4.4 -
C-2? 42,01 (§) 128.4 - 3,9

a Cfln ppm downfield from intermal TMS; accuracy
Zo0.02 ppm; off-resonance multiplets are given in
parentheses

nJCH in Hz; accuracy 0.5 Hz
nJGH values determined from the DMSO-d. solution
estimated to i'Zl. Hz

estimated to *2 Hz; the long range coupling con-~
stants can not be determined due to very complex
multiplets

o A0 O

constants which may be useful for a further struc-
tural study. The complete data are listed in Table

3.

In the DMSO-d,. solution only one CH,-signal
was found in the spéctrum of atenolol, ané the sol-
vent caused a slight downfield effect upony he che-
mical shift. On the other hand, all other C che-
mical shifts were moved substantially upfield, the
changes ranging from o. 6o for C-4% to 4.27 ppm for
the C=0 group %Table 4, The NOE spectrum shows
rather smeared multlplets which were not suitable
for precise determination of coupling constants,
except in very few ciges.

The broad band~“C NMR spectrum of the compo-
und 5 dissolved in DMSO-d. (Fig. 4B) shows the do-
ubling of the signals aroénd the chiral centre (Ta-
ble 4.), which demonstrates the presence of diaste-
reomers., In comparison with the atenclol carbon
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Table 4. 12C Chemical shifts® for atenolol and com-
pound 5 dissolved in DMSO-d

5

C-atom Type Atenolol Compound 5
- D264
Cc-1 t 49,92 Zg‘ié
- 2
c-2 d 68.25 67'94b
A 70432
CH . *

3 q 22.83 17.77C

17.77°

c
H5 q 22.83 16.76
. 51.41
Cc-1° S 157.15 157.25
c-2°,6" d 114.08 114,08
C-32,5? d 122.87 129.91
C-42 S 128.23 128.16
c-1? s 172.53% 172.90
c-21 t 41.27 41,27

& §in ppm downfield from internal T}MS; accuracy
-0.,02 ppm; off-resonance multiplets are given

b,c broadened signal indicates to chemical shifts

separated by less than o0.02 ppm

chemical shifts, the methyl signals are significan-
tly moved upfield, and those belonging to isopropyl
CH and C-1 are moved downfield. All other signals
are close to those of atenolol.

4,1.5. Mass

The mass spectra of atenolol and compound 5
were obtained by direct insertion of the sample in-
to CEC 21-1lo B mass spectrometer. Characteristics
of these mass spectra are summarized in Tables 5.
and 6, and Fig. 5, The ion source temperature was
150°C and 200-250 C, respectively, and the ionizing
electron beam energy was 7o eV.

Atenolol gave a molecular ion, with very low
intensity, at m/e 266, Other significant peaks are
due to the following fragments: isopropyl group (M-
-43), carboxamide group (M-44) and carboxamidome-
thylene group (M-56)., The base peak in the atenolol
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Table 5. Peak assignments in the mass spectrum of

atenolol
% m/e fragment
1.2 266 M*

24.5 222 M*-4L (-CONH,)
3.9 223 M*-£3[-CH(CH3),]
12.9 116 ‘CH2C|;|CH2NHCH(CH3)2

OH +e
43.1 107 [CHZQ o]
14.53 78 107- CHO
3.7 151 oz@cwfcowz
Lloo 72 ~CH,NHCHI(CHs),
23.5 723 ~HCHCHCH,NH-

OH

spectrum is due to isopropylaminomethylene group
(m/e 72). The base peak in the spectrum of compound
5 corresponds to radical-ion of protonated p-methy-
lenequinone (m/e 1lo7).

4,2. Solid Properties
F.0.1,. Meitlng ﬁange

Atenclol melts begween 1508 and 15200; COmpo~
und 5 melts between 154~ and 156 .

4,2.2, Crystal Properties

X-Ray diffraction data of atenolol are pre-
sented in Table 7.(5) The diffraction spectrum wes
produced by monochromatic radiation from the CuK
line (1.542 A) which was obtained by excitation at
35 kV and 20 mA. Recording condations were as fol-
18ws. Optics: detector slit 0.2 ; M.R, soller slit,
%°; beam slit, o.o0007'’; Nji filter, 3  take off an-
gle. Goniometer: scan at 2°, 2o0/min. Detector: am-
plifier gain 16 coarse, 9.1 fine. Scintillation co-
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Fig. g. Mass spectra of atenolol at 150°C (3) and compound
at 200-250°C (B). 1Instrument: CEC 21-110 B.

18]
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Table 6. Peak assignements in the mass spectrum of
compound 5

Jo n/e fragment

0.055 47% M*

5.3 222 —CHZ(EHCHZO—@ CH,CONH,

OH +-
o O]
42.6 279 HZNCOCH@OCHZC':HCHZFEICHZ—
OH  CHICH),
12 261 HZNCOCH@OCHmHCHZr;JCHZ-
CHICH3),

5o 44 -CONHZ
35.2 43 - CHICH3)y

Table 7. X-Ray diffraction data of atenolol crystal

20 12 db(interplanar distance)

9.62 43 9.1936
12.84 S 6.8943
16,04 20 5.5254
17.74 54 4,9996
18.22 6l 4,8689
19.22 74 4,6178
20.60 loo 4,3115
22,24 91 3.9971
2%.80 81 3¢ 7385
24,36 72 3,6538
26.40 92 3.3759
29.10 11 3,0686
31.84 42 2.8105
34,58 14 2.,59%8
35.94 17 2.4987
40.46 15 2.2296

& based on the highest intensity which is selected
as unity

b d = nA/2 sin @
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unter tube and DC voltage at plateau. Pulse light
selection EL 9v, En out. Rate meter: T.C. l.0, 5000
cps. (5)

4,%, Solution Properties
E.%,I. Squﬁllitz

All solubilities were determined at room tem-
perature and are presented in Table 8. The solub%ﬁ
lities are reported in accordance with U.S.P.(XX
ed.) definitions.(5)

Table 8, Solubilities of atenoclol

Solvent Solubility
methanol freely soluble

acetic acid soluble
dimethylsulfoxyde soluble

96% ethanol sparingly soluble
water slightly soluble
isopropanol slightly soluble
acetone very slightly soluble
dioxane very slightly soluble
acetonitrile insoluble
ethylacetate insoluble

chloroform insoluble

4.3.,2, Acidity (pK. )

The negative logarithm of the proton dissoci-
ation(cgnstant for atenclol was determined as pKa=
=0 A 7

=Z7eCoe

4,3,%3, Partition Coefficient

Atenolol has a low partition coefficient for
n-octanol-phosphate buffer (0.16 M). Its values we-
re 0,008 at pH 7.0 and 0.052 at pH 8.0.(7)

4,3,4, Dipole HMoment

The dipole moment of atenolo% was determined
in propionic acid solutions, at 20°C, using a Dipol-
meter DM ol (Wiss.-Techn. Werkst¥tten, D 812 Weil-
heim). The value found was 5.71=0.20 D.(5)
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4,3,5, Optical Rotation

The atenolol molecule contains an asymmetric
carbon atom. The commercial product, however, is a
racemic mixbure and its resolution has not been re-~
ported so far.

;. Methods of Analfsis
ol s ementa. alysls
Atenolol C,pH,,N,0, (266.33) calc.: C 63,13%
1472272%3 H 8.33%
N lo.52%
0 18.02%

00.00%
5.2, Titrimetric Determination - Electrochemical

Atenolol may be assayed in glacial acetic
acid/acetic anhydride 15:2 by titration with o.1 M
perchloric acid. The endpoint may be determined po-
tentiometrically using a glass/calomel electrode
pair.(5)

« %+ Chromatographic Methods
%.%.1. Thin Layer

Thin-layer chromatography was performed using
silica gel 6o Foc, Dlates (Merck); the solvent sys-
tem was dioxane—ggetonitrile—methanol-conc. ammonia
(25%) (60:36:5:4)., One hundred mg of the sample was
dissolved in lo ml of methanol, the solution spot-
ted on the plate and subjected to ascending chroma-
tography. After a front migration for at least 16
cm the plate was air-dried and sprayed with Dragen-
dorff’s reagent. Atenolol and compound 5 appear as
orange~brown spots, on a yellow background, at Rf
0.3 and 0.6, respectively.(5)

High performance thin-layer chromatography
(HPTLC) on silica gel plates was used for the sepa-
ration /3-adrenoceptor blocking drugs. The detecti-
on limit for atenolol was 25.0 ng, and the absorp-
tion wavelength selected for its determination was
205 nm.(8)

For gas-liquid chromatographic determinations
almnzx4on (I.D.) glass column packed with 3% OV-
lol on 8o0-loo mesh Gas Chrom Q was used.(5) The in-
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jector tempgrature was set at 50000, oven tempera-
ture at 190°C, gad detector (flame ionization) tem-
perature at 300 C. The sample was pretreatred with
trifluoroacetic acid anhydride as follows: to 2o mg
of atenolol in lo-ml volumetric flask was added 5
ml of dioxane and 0.5 ml of trifluoroacgtic acid
anhydride; the mixture was heated to %40°C and kept
5 min. at this temperature. The flask was then co-
oled to room temperature and the contents made up
to lo ml with dioxane. One ml of this solution was
mixed with 0.2 ml of internal standard solution (2
mg/ml of methyl ester of margarinic acid in dioxa-
ne) and 1 ul of the mixture forced into the injec-
tion block. The relative weight response of the de-
tector was calculated according to equation (1):
A, xC
RWR = i 1)
s XM
in which symbols have the following meanings:
AA = atenolol peak area of standard

AS = internal standard peak area
C, = concentration of atenolol (mg/ml)
concentration of methyl margarinate (mg/ml)

|}

In actual analyses the content of atenolol is
calculated from the areas of atenolol and internal
standard according to eq. (2):

AA X CS x looo

L, X RWE X W (2)

in which the meanings of symbols are following:

mg of atenolol =

AA = atenolol pesak area of sample
AS = internal standard peak area
CS = concentration of methyl margarinate (mg/ml)

RWR= relative weight response
W = weight of the sample (mg)

De3.2. High Presgsure Liquid

The apparatus used for high pressure liquid
chromatography was by Pye-Unicam (Cambridge), PU-
-4011 equipped with a PU-4020 UV detector. The co-
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lumn was prepacked with Partisil loem ODS (25 cm;
4,6 mm ID, 6 mm OD). The mobile phaSe was acetoni-
trile-dist. water-orthophosphoric acid (35:1lc0:0.1)
having a pH of 3.5. In some analyses benzimidazole
was used as an internal standard. The flow rate was
l.0 ml/min. and the detector monochromator was ad-
Justed at 222 nm; the amplifier gain was set at
0,08 A.U.F.S, The retention time of atenolol was
5.48.(5) In another case, a LiChrosorb E (RD-2,
ethylsilanized) column and a mobile phase consis-
ting of 35#% MeOH, and 655 of an aqueous solution
0.0005 M in HCl and 0.05 M in NaCl were used. The
analyte was detected at its peak absorption 220 nm,
using a variable-wavelength detector.(9)

5.4 Determination of Impurities

The "dimeric" compound 5, which may be pre-
sent in atenolol can be detected by all chromato-
graphic methods and determined by gas-liquid and
HPL chromatography.

6, Stability - Degradation

Atenolol, as the powder and in the form of
tablegs was kept at 50-60% relative humidity and
45-50"C for seven days. No changes were observed in
HPL chromatogram, neither did the color and appear-
ance of the material show change.

7. Drug Metabolism, Pharmacokinetics, Bioavailabi-
lity

Owing to low hydrophilicity only a small part
of atenolol is metabolised (about lo% of a doseg
The drug is also poorly bound to plasma protein
(less 5% of the amount in blood).(lo) Mostly of the
drug is eliminated, in its unchanged form, by seve-
ral routes, but prevailing via the kidney.(11l) Af-
ter oral administration atenolol is excreted with
urine to the extent of about 4o0%; (12-14), after
intravenous administration to the total urinary ex-
cretion encompasses 75-loo% of the dose (about lo-
-14% appeared in the form of catabolites).(12,15,
16) Urinary pH variations do not change the extent
of excretion with the urine.(17) Evidences was put
forward to show that atenolol is not eliminated ex-
clusively by glomerular filtration.(1ll) Atenolol is
also excreted with the faeces. After intravenous
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administration, about lo% of the dose excreted un-~
changed; after oral administration, 4o0-50% of the
dose appears in faeces, of which 6-87% accounts for
catabolites. (12)

Atenolol is characterized by a low hepatic
clearance; for the most part of body clearance is
extrahepatic.(18) The hepatic biotransformation of
atenolol gives rise to the pharmaceutically inacti-
ve catabolites, such as compound hydroxylated at
the methylene group attached to the benzene ring
and conpounds conjuzated with glucuronic acid.(?S

Only a small fraction of a dose of atenolol
reaches the brain and there is ratio of 2:10 bet-
ween the brain and plasma concentration. Atenolol
does not accumulate in tissues, such as lungs, he-
art and others.(7)

The pharmacokinetics of atenolol was studied
in young and old subjects: no age-related differen-
ces were found with respect to volume of distribu-
tion, and bioavailability.(1ll) The absolute bio-
availability (F), defined as the fraction of an or-
al dose which reaches the systemic¢ circulation in
unchanged form, was 0.55-0.56.(11) Other authors
report biocavailabilities of 50-63%5 for oral dosage
forms.(15,16,19-22) However, a given oral prepara-
tion possesses uniféerm bioavailability, and exhi-
bits but little variation in peak plasma concentra-
tion.(18) Postprandial intake reduces the bioava-
ilability of atenolol.(19) Several investigators
reported less than looj) bicavailabilities of injec-
table preparations: with intravenously administered
dosage forms, bioavailabilities between 85-98% were
obtained.(15,16,21,22)

8. Tdentification and Determination in Body Fluids
and Tissues

The concentrations of atenolol in wvarious bi-
ological material was determined by gas chromato-
graphy. (23-25) Another method, HPLC, was used for
determination in whole blood,(26) plasma, (27,28)
and urine.(28)

9, Determination in Pharmaceuticals

In tablets atenolol is determined titrimetri-
cally as follows: A sufficient number of tablets
are powdered in a mortar, and a powder portions
corresponding to one-half of average tablet mass
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are transfered to the tiftration vessel containing
15 ml of glacial acetic acid. Two ml of acetic acid
anhydride and 2 ml of a saturated solution of mer-
cury acetate in acetic acid are added per vessel,
and the resulting suspension is titrated with o.l

M HClO4 using a glass electrode as endpoint indica-
tor (vS. a satd. calomel reference electrode). The
atenolol content in one tablet is calculated by
using equation (3). One ml of o.l M HC1O, corres-
ponds to 26.63 mg of atenolel.

Vxfx 26,63 x wA

ng of atenolol in one tablet =

W
where V = volume of o.1 M HC10, consumed, (3)
hif normality factor,
WA average mass of a tablet,

W

nuu

I

mass of the powder sample.
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1. DESCRIPTION
1.1. Nomenclature

1.11 Chemical Names

) 2-0%0-1,7,T~trimethyl bicyclo (2,2,1) heptan,
} 1,7,7-Trimethylbicyclo(2,2,1) heptan-2-one.

) 2-Keto-1,7,7-trimethyl norcamphane.

) Bicyclo (2,2,1) heptan -2-one,l,7,7-trimethyl.
Y (4,7,7-Trimethyl bicyelo 1,4) heptan -5-one.

} 2-Bornanone.

) d-2-Camphanone.(1,2)

H O L0 o

o}

1.12 Generic Names
Camphor.
1.13 Trade Names

} Formosa camphor

) Laurel camphor

) Alcanfor

) Camphre du Japon (Natural)
) Camphre Droit (Natural)

) Gum camphor.

B O A0 o

1.2 Formulae
1.21 Empirical

C1oH16O (3)

1.22 Structural

Camphor is a saturated ketone, Cipgl;¢0, which on
reduction yields the corresponding hydrocarbon
camphane, ClOHlB' Camphor must therefore be
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bicyclic. The carbonyl group is flanked by only
one reactive Cly group, since camphor forms a
monobenzylidene derivative only, in reaction with
benzaldehyde. The presence of a ~-CO.CHpo-group is
confirmed by the formation of an isonitroso-
derivative with nitrous acid. On distillation with
phosphorus pentoxide camphor yields p-cymene. The
formation of which suggests that the basic skele-
ton of camphor is a six membered carbon-ring, sub-
stituted in the 1- and 4- positions, and since
camphor is bicyeclic it is probable that this 1:h4
substitution takes the form of a bridge (5,6).

A tremendous amount of work was done before the
structure of camphor was successfully elucidated.
Bredt (1893) was the first to assign the correct
formula to camphor. The structure was confirmed
by total synthesis, which was achieved by several
authors. The most important aspects of this work
are summarised (5) below:

HNO Ot _AcCl N
‘Hgo
CO,H

Camphor Camphoric Camphoric
acid anhydride
O CO,H
~o N e h’cr
yd
CH co H
CHp CH CN
Campholide Hogocgmphorlc Homocgmphorlc
nitrile acid
X
O xﬁj’ 9’0\/
R )

Camphor
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CAS Registry Number

a) Natural camphor [76-22-2]
b) Synthetic camphor [76-22-2] (2)

1.24 Wiswesser Line Notation

1.25

L554 CVTJA
a) Natural camphor AR DX
] L55A CVIJA
b) Synthetic camphor AR DXLV (7)
Stereochemistry

The stereochemistry of camphor is well summarised
by Finar and Pinder (5,8,9).

Camphor has two dissimilar chiral centres (C-1

and C-U4) and therefore four enantiomorphs might

be expected. But only one palir of enantiomers is
known. This is due to the fact that only the cis-
form is possible; trans fusion of the gem-dimethyl-
methylene bridge to cyclohexane ring is impossible.
Thus only the enantiocmers of ¢is-isomer are known.

Camphor and its derivatives exist in the boat con-
formation. Since the gem-dimethyl bridge must be
ei8, the cyclohexane ring must have the boat form.

10
1
6 0
2
5 3 -
4 0

The mass spectrum of camphor shows the common
peaks of isoprene : m/e 27, 29, L1, 53, 67, 68.
There are also the molegular ion (MY 152) and the
base peak m/e 95 (C7Hyy ). The base peak is pro-
bably formed as follows:

+ +
[C)oH, 01— CH T + CHyr CoHLO.
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1.3 Molecular Weight

a) Natural camphor 52.2k
b) Synthetic camphor  .52.24 (10)

1.4 Elemental Composition

Cc, T8.89%; H, 10.60%;
0, 10.51%. (2)

1.5 Appearance, Colour, Odour and Taste.

Colourless, transparent crystals, crystalline masses,
blocks of tough consistance or pulverulant masses known
as 'Flowers of Camphor'; translucent mass with crystal-
line fracture, Rhombohedral crystals from alcohol, cubic
crystals by melting and chilling; odour, fragrent,
penetrating and characteristic; taste, pungent, aromatic,
slightly bitter followed by a sensation of cold (2,k).

2. PHYSICAL PROPERTIES

2.1 Melting Range

a) Natural Camphor 179.8°C Sub. 20k4°C
b) Synthetic Camphor 178°C. (10,11)
2.2 Solubility

Soluble in 700 of water {(giving colloidal solutiocn),

1 in 0.25 of chloroform, 1 in 1 of alcohol (95%). 1 in 1l
of ether, 1 in 0.4 of benzene, 1 in 0.4 of acetone,

1 in 1.5 of turpentine oil and 1 in L of olive oil,
very soluble in carbon disulphide, light petroleum
ether, fixed and volatile oils. Also soluble in con-
centrated mineral acids, in phenol, in liquid ammonia,
and in ligquid sulpher dioxide. It is insoluble in
glycerin. It liguifies when triturated with chloral
hydrate,menthol, resorcinol, salol, B-naphthol; thymol,
phenol and urethane (2,12-15).

2.3 Non Volatile Matter

When distilled at 105°, leaves not more than 0.1% of
residue (4).
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2.4 Optical Rotation

Camphor occurs in nature is optically active (d andl
forms), whereas the synthetic camphor is in racemic
from. The following optical rotations were reported.
for (+)-Camphor.

[a]Do Solvent Ref.
[algg + 41 to L3°  95% Alcohol (C=1.0 in alcohol) (%)
+ L2.20° 90% Alcohol ( C=5 in 100 ml). (16)
+ 42,12° Benzene (17)

P
[u]DO + 43,8° Absolute alcohol (C=7.5 inl00 m1) (2)

The specific rotation of camphor as 5% solution in
chloroform has been determined by using a Perkin Elmer
Polarmatic Model 241 MC and found to be :

[u]§5 = + L340

2.5 Crystal Structure

Allen and Rogers (18) have redetermined the crystal
structure of (+)-3-bromocamphor to elucidate its
absolute stereochemistry and which is known to have

the same stereochemistry of (+)-camphor. The determi-
nation was achieved by the use of new three dimensional
x-ray data.

The crystals of (+)-3-bromo camphor C10H150 Br, are
monoclinic, space group PZy, with a = 7.36, b = 7.59,
c=9.12 8; B = 94.T; 7 = 2. This work has unambig-
uously defined the absolute stereochemistry of (+)-3-
bromo camphor and hence the (+)-camphor. The latter
may be represented as [1] with the gem-dimethyl

bridge below the plane. The substitution of bromine
at (C~3) in (+)-camphor gives rise to a third asym-
tietric centre. The [100]-projection of the structure in
Fig.l shows that bromine is Zrans to the gem-dimethyl
bridge (endo-configuration) as it is in the (+)-3-
bromo camphor-9-Il-sulphonate anion [2] (19} and in
bromoisofenchone (20). This contrasts with the c¢is-
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a-axis.

1.

A view of the structure down the
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position (@xo-configuration) adopted by the bulky halo-
gen atom in (-)-2 bromo-2-nitrobornane [3] (21) and
(+)-10-bromo-2-chloro-2-nitrosobornane [L] (22).

37 . 0
CHgBr Br
![ Br '| Cc1
: |
| ] (2]
|
NO NO

[3] (4]

Bond lengths and valence angles are also given in
Tables 1 and 2.

Table 1

Bond lengths/A, estimated standard deviations in
parentheses refer to the least significant figure(s):

c(1)-c(2) 1.54(2) c¢(5)-c(6) .56(3)
c(1)-c(6) 1.49(3)  c¢(T7)-c(8) 1.54(3)
c(1)-c(T) 1.53(3)  ¢(7)-c(9) 1.55(2)
c(1)-c(10) 1.52(2)

c(2)-c(3) 1.54(2)  ¢(3)-H(31) 1.0(2)

c(2)-0 1.20(1 ) c(L4)-H(L1) 1.0(2)

C(3)-c(k) 1.46(2)  c(5)-H(51) 1.1(1)

¢(3)-Br. 1.924(1k) c(s5)-H(52) 0.8(2)

c(h)-c(5) 1.57(3)  C(6)-H(61) 1.0(2)

c(L)-c(7) 1.54(2) C(6)-H(62) 1.2(2)

Spectral Properties

2.61 Ultraviolet Spectrum

The UV spectrum of camphor in chloroform (Fig.2)
was scanned from 200 to 400 nm using DMS 90 Varian
spectrophotometer. It exhibited a Amax at 290
mm. Also it was scanned in methanol from 200 to
400 mm using Varian Carry 219, and exhibited a
Amax at 289 nm. Other reported UV spectral data
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in

standard deviations

estimated

Table 2: Valency angles/°:

parentheses refer to the least significant figure(s).
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for camphor in methanol (7) : Amax, at 289 mm;
camphor in ethanol (1) : Amax, at 289 mm (E1%,

1 cm 2); as 0.25 percent w/v solution in alcohol
(95 percent) exhibits a Amax at 289 nm (E 1.06)
(4) and in chloroform Amax, at 292 nm (2).

2.62 Infrared Spectrum

The IR spectrum of camphor as KBr disc and Nujol
mull were recorded on,a Perkin Elmber 580 B
Infrared spectrophotometer to which Infrared data
station is attached (Fig. 3). The structural
assignments have been correlated with the follow-
ing frequencies (7able 3).

Table 3: IR Characteristics of Camphor.

Frequency cm_l Assignment
3450 D OH or H,0
17hh s C = O Stretch.

Other characteristic bands are:

2959, 2873, 1h71, 1451, 1418, 1391, 1372, 1324,
1278, 109k, 1046, 1021, 751, and 521. The Infra-
red data for (+), (-) and (&)-Camphor are also
reported (7,23). Tae reported data are in agree-
ment with our data =xcept for the hydoxyl band at
3450 em-l.

2.63 Nuclear Magnetic Resonance Spectra

2.631 Proton Spectrum

The PMR spectrum of camphor in CDCl3 was re-
corded on a Varian T-60A, 60 MHz NMR spectro-
meter using TMS (Tetramethylsilane) as an in-
ternal reference (Fig. 4). The following
structural assignments have been made

(Table L). &
3
CHaZ
0
CHg
0

g
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Table 4. PMR Characteristics of Camphor

Group Chemical shift (ppm)
Methylene at (C-2, C-4 and C-5) . 2.5 m
2.0T m
and Methine at C-3 protons. 1.43 bt
C-9 Me 0.93 s
C-8 Me 0.88 s
C-10 Me 0.83 s

s = singlet; t =triplet; bt =broad triplet; m = multiplet.

Our

Ref.
Ref.

Ref.

Our assignment of the methyl protons singlets is
based on the anisotropy of the carbonyl function
of camphor. The 9-methyl protons are falling with-
in the deshielding zone of the carbonyl group and
is expected to be the most lower field while C-10
methyl protons are away from the carbonyl function
and is expected to suffer no deshielding effect.
Our Model is shown in Fig. 5. In contrast C-8
methyl protons will have an intermediate chemical
shift value (2L).

Other reported data (25-29) are in agreement with
our data except for the assignments of C-8 and
C-10 methyl protons resonances and which are lis-
ted below:

c-8 c-9 c-10
VALUCS . e v v e eveeannnonns 0.88 0.93 0.83
7 and 8....... vens 0.85 0.92 0.98
9 (deuterium
substitution)...... 0.85 0.98 0.92
10 (using metal
Reagent shifts).... 0.83 0.95 0.86

2. 632 3c-mm Spectra
13

The C-NMR noise-decoupled and off-reso-~
nance spectra (Fig. 6 and 7), were recorded
over 5000 Hz width in CDCl, on Varian FT.80,
80 MHz NMR spectrometer, uélng a 10 mm sample
tube and TMS as a reference standard at 20°.

The carbon chemical shifts are assigned on
the basis of the off-resonance splitting
pattern and additivity principles and is
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Fig. 5.

Camphor model.
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shown in the structure below. Other repor-
ted data are also available (7,23,30).

19.15 (q) L6.71 (s)

‘//2;25 (a)
218.71 (s) 57.54 (s)
\o‘
Be-L3.25 (%)
29.95 (t) >3 /
5 ——U3.12 (%)

27.10 (4)
s =singlet; t =triplet; q=quartet

2.6k Mass Spectrum

The mass spectrum of camphor obtained by
electron impact ionization (Fig. 8) which
was recorded on a Varian Mat 112 Smass spec-
trometer. The spectrum was scanned

from 40" up to 250 a.m.u. Electron energy
was T0eV. The mass spectral data are shown
in Table 5. (31-33).

Table 5: The Most Promiment Fragments of Camphor

m/e Relative Fragment
Intensity.
95 100 Base peak (M-57)(CqH11)"
152 18 (m*)
137 2 (M-CH3)
110 11 (M-CHo = C = Q)
+
109 28 (C8H13 )
+
108 38 (08H12 )
83 L3 (C6Hll+)
+
81 71 (C6H9 )
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Fig. 8. EI-mass spectrum of camphor.
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Table 6: Principal Mass Spectra Peaks of Camphor
and Deuterated Analogs.

m/e (% shift)

c a Isotopic -~ )
empoun purity,% M - 15 M - L2 M - L3 M - 57 M - 57 M - 69 M-T1
0
137 110 109 108 95 83 81
CH2D
0 92 dy  138(66) 111(q)  109(35)  109(aq) 95(Lk) 8l(q) 82(93)
8 4, 137(33) 110(65) 96(56)
95 do 139(q) 110(q) 109(12) 108(q) 95(q) 83(qa) 83(80-90)
D 5 dy 111(88)
D

The symbol g refers to a quantitative transfer (i.e., > 95%).
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Reed (34%,35) and Von Sydow (36) have examined
recently the mass spectrum of Camphor and
offered a highly speculative explanation of
the fragmentation of camphor on electron im-
pact. Weinberg (37) have studied the mass
fragmentation of camphor and its deuterated
derivatives and proposed fragmentation reac-
tions (Table 6 and Scheme 1) based on labe-
ling and high-resolution results.

PREPARATION OF CAMPHOR

Camphor is the main constituent of camphor oil which is
obtained from the wood and the leaf of camphor tree,
Cinnamomum camphora (Linne) Nees et Ebermaier, family
Lauraceae. The plant grows well in Japan, China, Formosa,
India, Burma and Malaysia. Camphor also occurs in certain

species of Artemisia, (Compositae) chrysanthemum (compositae),

Salvia (Labiatae), Ocimum (Labiatae); Lavander (Labiatae),
Pinus (Pinaceae). It is also present in Rosemarinus
officinalis (Labiatae), Aristolochia indica (Aristolochi-
aceae), Blumea balsamifera (Camphreaceae), Prunella vulgaris
Labiatae), Cinnamomum ganduliferwm (Lauraceae) etc (38-55).

Commercially camphor is produced from eiwunamomum camphora.
The production of camphor was started much earlier, probably
at the end of 13th century. In the middle of the 15th
century, numerous camphor industries were established in
China, Japan and Formosa. Any how the major production of
camphor was obtained from Japan and Formosa. The production
of camphor from the natural source is well summarised below:

The trees over 40 years old are felled, their roots are

dug out. The roots and the trunks of the camphor trees are
brought to the factory where they are reduced to small
chips. The camphor o0il is then distilled with steam in
special, rather wooden still (Fig. 9). The camphor oil
which accumulates in the condensing vessels is usually
emptied once a month. About 1/3 of the pure camphor, pre-
sent in the o1l is crystalized out and it is separated from
the 1liquid by straining. The camphor remaining in the oil
is recovered either by fractional distillation or by freez-
ing out or by the formation of complexes with the strong
acids.

The camphor thus obtained is further purified by mixing
with soda lime, sand, charcoal and subjected to sublimation
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wood /Leaf
(Steam Distiilation)

2.0.2.5%
Complete or Normal Camphor Oil

(Semicrystalline O )

(Feltration)
35-4907. 7 60-657.
CrudeCamphor Crude Camphor Ol
“B" Camphor
(Fractional Distillation)
507, 46%
Crude Camphor Camphor Ot/
(Recovered Camphor) or By-product Oil
or “8” Camphor (Decamphorized (0il)

(Sublimation)

Y
Refined Camphor(2nd class)
or “88*Camphor

(Sublimation and Pressing)

4
Refined Camphor{1st class)
or "A" Camphor

Figure 10.
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where camphor will sublime in pure state (56,57).
The procedure outline 1s presented in Figure 10.

4. SYNTHESIS OF CAMPHOR

Many methods of preparing camrhor are described in techni-
cal journals and in the patent literatures(5,8,58-62).

4.1 Total Synthesis

Route I: The bicyclic ketone structure of camphor
proposed by Bredt in 1893 was confirmed by total
synthesis (58,59)as follows:

Komppa (1903) first synthesised {(+)-Camphoric acid
followed by synthesis of (+) camphor in 1908.

Komppa (1889) first synthesised 3,3-dimethylglutaric
ester starting with mesityl oxide and ethyl malonate.
The product obtained was 6,6-dimethylcyclohexane-
2,4-dione-1-carboxylic ester [1]. (This is produced
first by a Michael condensation, followed by a
Dieckmann reaction). On hydrolysis followed by
oxidation with sodium hypobromite, 3,3 dimethylglu-
taric acid [2] was obtained. Ester ification of which
with ethanol and HCl afforded diethyl BB-dimethylglu-
tarate [3]. Diethyl oxalate and diethyl RB-dimethyl
glutarate condense to yield the cyclopentanedione [U4],
which being a B-Ketoester, can be C-methylated to
diketocamphoric ester [5]. Sodium amalgam reduction
converts the diketone [5] to the glycol [6]. Treat-
ment with hydroiodic acid effects a reduction and
dehydration to cyclopentene diester [7]. The bromo
derivative [B8] of which yields diethylcamphorate [9]
on debromination. A final hydrolysis affords (+)-
camphoric acid [10] as a mixture of ais- and trans-
forms. The ¢igs-form is separated by conversion to
its anhydride [11], dl-camphoric anhydride is redu-
ced by sodium and absolute ethanol or hydrogen and
nickel to dl-campholide [12], which on treatment
with HBr and AcOH gives dl-bromcampholic acid

[13]. The camphohalide and KCN form dl-cyanocam-
pholic acid [14]. [1L] when boiled with KOH it is
transformed into dl-homocamphoric acid [15]. Dis-
tillation of (15) with Ca{OH)p, gives dl-camphor
[16].
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Route II: By Perkin and Thorpe (60,61).
as follows:

CH CH-COOC . H
‘ 3 25
0 I )

CO + CH._COOC._H —» CH— C —CH NaCH{CO_.Et
{ 37 et 3 5 NaCH(COEL),
- Michae
Cﬂ3 rgagtfbn.

CH2C00C2H5

‘ 0
CH3— IC —-CH3 as in Route__Ir_

CH2COOC2H5

diethyl BB-dimethylgutarate.

Route ITI: More recently a neat alternative synthesis
of camphoric acid has been described by Alder (62).
1:1:2-Trimethylcyclopentadiene [1] and diethyl-
acetylenedicarboxylate [2] undergo a diene addition
reaction to give the diester [3]. Partial reduction
yields [4], which is oxidised to the bis—glyoxalate
[5] by nitric acid. The latter on decarbonylation
yields diethyl camphorate [6] which on hydrolysis
affords camphoric acid [7]. Camphoric acid is con-
verted to camphor as described in Route I.

4,2 Partial Synthesis

Many routes for the partial synthesis of camphor are
described (5,8, 63,64).

Haller, 1896 started with camphoric acid prepared by
the oxidation of camphor as illustrated in Scheme II.

This is not unambiguous synthesis, since the compholide
obtained might have had the structure of the R-campho-
lide [1] which in turn will give homo—camphoric acid
[2] and this would have given camphor with structures
[3] which was rejected {Scheme IIa).

Sauers (1959) has now oxidised camphor directly to the
a-campholide by means of peracetic acid, It is also of
interest to note that Otvos et al (1960) have shown, using
labelled - CHoC*OoH (1kc), that in the pyrolysis of the
calcium salt of homocamphoric acid to camphor, it is the
labelled carboxyl group fhat is lost.
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Route 111
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Scheme ITa.
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Money et al (1969) (65)have now carried out a two step
synthesis of (#)-camphor from dihydrocarvone.
(Scheme IIT).

Dihydrocarvone [1] was treated with isopropenyl acetate
in the presence of p-toluene sulphonic acid and conver-
ted into a mixture of enol acetates [2] and [3], sepa-
rated by GLC Treatment of [2] with boron trifluoride
in methylene chloride at room temperature for 10 minu-
tes gave (+) Camphor [4]. This synthesis is particu-

larly interesting in that it is a chemical analogy for

the Ybiosynthesis conversion of a monocyclic into a bi-
cyclic monoterpenoid.

4.3 Commercial Synthesis

Camphor is of considerable importance technically, be-
ing used in the manufacture of celluloid and medicinal
products. It is manufactured industrially from g-pinene,
obtained from turpentine, by several processes (66-107)
which differ mainly in detail. Synthetic camphor is
usually obtained as the racemic modification. The for-
mation of camphor involves the Wagner-Meerweln rearrange-—
ments, e.g.:

(i) a—Pinene—E9£J§£;>Bornylchloride —ég@$§> Camphene

10°¢C (~HCL)
%Eg%q, Isobornylacetate EEQE’-Isoborneol EEHSQ,. Camphor
277h
. Y HC1 gas . AcONa,
(1ii) a-Pinene Too0 Bornylchloride (:EEES*-Camphene
HCOOH NaOH 02
—— Isobornylformate —> IsoborneolNE*§6636>-Camphor
2
(iii) a-Pinene lsomerization Camphene AcOH Isobornyl-
(rearrange—
ment. )
acetate EEQE—B Isoborneol Catalytic —> Camphor.
dehydrogenation

One such process is described in detail in Scheme IV.
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Scheme IV
Ci
CL
HCI Wagner- ] KOH
Saturated at Meerwein Base-catalysed
Qoc rearrangement elimination
[3]
(1] [2]
/O
HEO + 0
CrO3
(h] (7]
CH_COOH
3 (011 chromic
acid
 /
OCOCH3 OH
H,0
2
—_— - >
H
[5]
[6]
Sod. Acetate~glacial acetic acid.
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The most straightforward method involves the conver-
sion of pinene [1] into pinene hydrochloride [2],
pornylchloride [3] and hence into borneol [6] (or iso-
borneol) from which camshor [7] is obtained by oxida-
tion. Also bornylchloride [3] is converted to isobro-
nylacetate [5] upon heating with sodium acetate and
glacial acetic acid. Alternatively, camphene [U4] is
oxidatively hydrated to camphor [T].

By starting with optically active c-pinene, optically
active camphor can be synthesised. Commercial camphor
is best ©purified by sublimation.

CH
CH
{3 )3
{ |
! ]
- H
\\
OH OH
] 1
! I
H _ H
Borneol [e] TIsoborneol

5. BIOSYNTHESIS OF CAMPHOR

The biosynthesis of monoterpenoids and camphor has been
described by several authors (108-11k). Ruzicka (115,116)
proposed a unified biliogenetic scheme for terpenes. The
biosynthetic building blocks for these terpenes are iso-
prene units. The biosynthetically active isoprene units
are isopentenyl pyrophosphate [1] and dimethyl allyl
pyrophosphate [2] the compounds that are derived from
acetate via mevalonic acid (Scheme V). Geranyl pyrophosphate
[3] is the C-10 precursor for the terpenes (117). Banthorpe
and Baxendale (118) confirmed the biosynthetic pathway of
cdamphor via acetate mevalonate by conducting degradation
study of camphor, biosynthesized from 1llg labelled mevalo-
nic acid. The biosynthesis of camphor is summarised in
Scheme VI.

The isopentenyl pyrophosphate [1] derived from mevalonic
acid isomerized into dimethyl allyl pyrophosphate [2] and
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Scheme VI

CH

2H
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the subsequent condensation yield geranyl pyrophosphate
[3]. The geranyl pyrophosphate again isomerized into
neryl pyrophosphate [4]. The neryl pyrophosphate will be
converted into a common enzyme bound cyclic intermediate,

o -terpineyl cation [5] which would undergo proton loss
from C-5 and 1-2 hybride shift with the expulsion of
enzyme to yield borneyl cation [6]. This on further
cyclization gives borneol [7] and then finally camphor [8].

. METABOLISM OF CAMPHOR

(-) and (+) Camphor are metabolised by hydroxylation of a
methylene group and subsegquent glucuronide conjugation.
Hydroxylation produced the 3-endo derivative [2] and the
5-endo-derivative [3], the latter predominating. These
results are consistent with the more strained nature of
the S-versus the 3-position of camphor. The two hydroxyl
derivatives canjugate with glucuronic acid to give the 3-
and 5-glucuronides respectively and excreted as such. Also
it is hydroxylated in the 2-position to give (+) borneol
[1] (119,120).

Metabolism of Camphor is presented in Scheme VII.

. PHARMACOLOGY

T.1 Action and Use

Taken internally camphor is irritant and carminative.
It has been used as a mild expectorant and relieves
gripping. Applied externally, camphor acts as a
rubefacient and mild analgesic and is employed in lini-
ments as a counter-irritant in fibrositis, neuralgia
and similar conditions. Camphor has been administered
as a solution in oil by subcutaneous or intramuscular
injection as a circulatory and respiratory stimulant,
but there is little evidence of its value for this
purpose (121-125).

7.2 Toxicity

Polisoning has occured through the accidental adminis-
tration of camphor liniment to young children by mis-
take for castor oll. The symptoms are nausea, vomit-
ing, colic disturbed vision, delirium, mental confusion
and epileptic convulsions. Recovery is the rule. But
in rare cases death may occur from respiratory failure
(126-128).



CAMPHOR

0
1
4 6
5
(~dor (+) -Camphor

/N

H
[1] on [2] [3] oy
1 . 0.88 : 2.80
HoOC
H COOH
H 0 oH HO 0 HH
OH o H OH
HO H H
OH
H o oH OH H
Glucuronic Acid Glucuronic Acid
0 0
N
H . H
coon COOH
H H
0 H 0 H
O——< OH O H OH
L4] | [5]
‘ OH oH
H
OH OH H

Scheme XZ



66

JABER S. MOSSA AND MAHMOUD M. A. HASSAN

7.3 Dosage

120 to 300 mg (2 to 5 grains); 60 to 200 mg (1-3 grains)
by injections (12).

7.4 Preparations

The following are the preparations of camphor official
in Pharmacopoeas:

S0 H D0 o
PPN NN

Camphor Liniment (L)

Camphorated opium Tincture (126)
Turpentine Liniment (L)

Camphor Ointment (126)

Camphor Spirit (126)

Camphor Water (126)

Camphor Injection (126)

Camphorated Parachlorophenol (152).

8. METHODS OF ANALYSIS

8.1 Identification

8.11

8.12

Pharmacopeial Test

The following tests have been described in British
Pharmacopoeia for the identification of Gamphor (U):

a) Burns readily with a bright smoky flame, and
volatilises at ordinary temperature.

b) The light absorption in the range 230 to 350 mm,
of a 2-cm layer of a 0.25 percent w/v solution
in alcohol (95%) exhibits a maximum only at
289 nm; extinction at 289 nm, about 1.06.

Colour Tests

The following colour tests have been described for
the identification of camphor:

a) Bohrisch camphor reaction: When 0.5g of natu-
ral camphor is treated with 1 cc. of vanillin
hydrochloride solution (1 part of vanillin
dissolved in 100 parts of 25% hydrochloric
acid) and heated on a water-bath to 75-100°,

a blue colour passing to green is obtained.
Synthetic camphor gives no colour (129-131).
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b)

c)

d)

e)

67

Bohrisch (132) in reexamining the official tests
for true camphor, substitutes the following:

To 0.1 g. of powdered camphor in test tube is
added 2 cc. of 1% vanillin~hydrochloride solu-
tion and the mixture put into a beaker with
water which is warmed gradually. At 30° the
colour is yellow, at 60° bluish green, at T75-
80° indigo-blue. The latter colour persists
for several hours, even after cooling. Synthe-
tic camphor by the same treatment gives only a
yellow colour.

When 1 g of natural camphor is treated with 10
drops of Rosenttal's Reagent (equal volume of
vanillin-hydrochloride and concentrated sul-
phuric acid) a dull green colour changing in
7-8 hours to indigo-blue is obtained (129).

With barium peroxide-sulphuric acid reagent,
camphor gives a yellow colour (133).

When 2 ml of a 0.5% of alcoholic solutions of
camphor is treated with 5 ml of 5% phosphomo-
lybdic acid solution and 5 ml of sulphric acid,
a greenish-yellow precipitate is obtained
which rapidly turns green and disappears on
shaking (13L).

With furfural and sulphuric acid camphor gives
reddish brown liguid which slowly turns purp-
lish-violet for synthetic and purple for
natural (13k4).

Fluorescence test: When camphor is irradiated
by x-rays it exhibits a bluish violet fluore-
scence in the visible region (135).

8.13 Detection of Synthetic Camphor in Natural Camphor:

a)

About 1 g of camphor is thoroughly mixed with
2 g of lime, the mixture heated until the
camphor is completely volatilized, the residue
is extracted with water, and the solution fil-
tered. The filtrate, acidified with nitric
acid should give no precipitate with AgNO_ if
synthetic camphor is absent from the original
substance (136, 137).
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b) 5 g of the camphor to be tested is dissolved
in 50 cec 90% alcohol, an aqueous solution of
5 g hydroxylamine hydrochloride and 8 g.
sodium hydroxide are added, and then enough
alcohol to produce a clear solution. The solu-
tion is heated for 90 min. on a water-bath,
water is then added, and if turbidity appears,
the presence of isoborneol or camphene is proved.
If the turbid solution is now neutralized with
hydrochloric acid, the precipitate which forms
should be soluble in excess of hydrochloric
acid and also in sodium hydroxide (136).

8.2 Gravimetric Methods

In order to determine the camphor content of essential
0ils (which contain no other carbonyl compounds) the
gravimetric determination proposed by Aschan (138) may
be employed:

Procedure: Introduce about 1 g. of the oil, accurately
weighed, into a test tube and dissolve the oil in
2 g. of glacial acetic acid. Add 1 g. of semicarba-
zide hydrochloride and 1.5 g. of freshly fused an-
hydrous potassium acetate. Triturate thoroughly
with a glass rod, stopper the tube with a plug of
absorbent cotton and heat three hours in a water
bath at 70°. Cool the mixture, add 10 to 15 cc. of
water, stir thoroughly and transfer the precipitate
quantitatively to a tared 4 to 5 cm. filter. Wash
with water until all water soluble matter is removed,
air dry, wash with petroleum ether and dry in air to
constant weight. Determine the weight of semicar-
bazone from the increase in the weight of the fil-
ter. Calculate the content of camphor in the ori-
ginal oil by means of the following formula:

2.
Percentage of camphor = Z“EZB

where: p = weight of semicarbazone in grams;
s weight of o0il in grams.

i

Other methods for determination of camphor via semi-
carbazone, in pharmaceutical preparations were also
reported (139, 1L0).

Estimation of camphor in camphor spirit (141):

The method is based on the ability of camphor to enter
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into molecular combination with salol, to yield
salolcamphor, CigH1g0.C13H1003.

Into a 100 ce.weighed Erlenmeyer flask introduce about
10g. (accurately weighed) camphor spirit and 70 cc of
water. Add exactly 8 g. desiccated chemically pure
salol, shake the flask, finally allowing the camphor
and salol to collect on the bottom of the container.
Pass the clear superratant liquid through a weighed
Gooch crucible (the bottom of which carries 2 small
filters covered by a procelain net). Wash the cru-
cible with a few drops of concentrated salol spirit.
Place the Brlenmeyer flask in a water bath at 50-60°
whereby the entire content of the flask melts to a
uniformly oily liquid consisting of salol-camphor
and salol. Remove the container from the bath, set
aside 1 hr. in a cold room in order that the salol
excess may crystallize. Should this not take place,
shake the flask, whereupon rapid crystallisation
usually results. Transfer the entire content of the
flask to the crucible separating the oily salolcamphor
from the crystals salol by suction. Wash the latter
by suction with 5 cec. concentrated salol spirit.
Remove the combined portions of salol to a sheet of
smooth paper. Wash the inside of the flask with a
few cc of ether, receiving and evaporating the
latter on a watch glass. Press the salol residue
on the watch glass tetween 2 sheets of white paper
until no further grease spot forms. Add this salol
to the main portion, then dry at first in the air
until the odor of cemphor is no longer perceptible,
then in a desiccator to constant weight. The per-
centage of camphor is then determined according to
the following formula:

% camphor = {(a 71.06)}/b

a = is the amount of camphor combined with
salol.
b = the amount of sample taken for analysis

and the value 71.056 = the molecular weight of
salol into that of camphor multiplied by 100.

Good results are reported.

Another method utilizing hydroxylamine hydrochloride
(1h2, 143) is as follows:
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10 g. of spirit of camphor, 1 g. of hydroxylamine
hydrochloride and 2 g. of sodium hydroxide in 20 cc
distilled water are heated in a flask provided with
a reflux condenser on a water bath for three hours.
After cooling dilute sulfuric acid is added, phe-
nolphthalein being used as indicator. The liquid
is then extracted with ether three times. The
ethereal solution of camphor oxime is dried with
anhydrous sodium sulphate and poured into a weighed
flask. After distilling the greater part of ether,
the remaining ether is removed with air at room
temperature, until a crystal mass is formed which
is dried in a dessicator and weighed. The results
obtained by this method are satisfactory.

Hampshire and Page (1hL) evolved a useful practi-
cal method for the determination of camphor in
galenicals using 2,k-dinitrophenylhydrazine as

a precipitant. The procedure used is as follows:

Dissolve about 0.2 g of camphor, accurately weighed
by difference, in 25 ml aldehyde~free ethanol in a
300 ml conical flask and slowly add with constant
shaking, 75 ml of the reagent (prepared by dissolv-
ing 1.5 g of 2,k-dinitrophenylhydrazine in a mixture
of 10 ml1 of concnetrated sulphuric acid and 10 ml

of water, diluting with water to 100 ml and filter-
ing; the reagent decomposes on standing and must be
made up just before use). Then heat the mixture on
a water-bath under a reflux condenser for four hours,
allow it to cool, dilute with 2 per cent v/v sulphu-
ric acid to 200 ml (weaker acid allows crystallisa-
tion of the excess of base from the solution) and
allow to stand for twenty-four hours. Collect the
precipitate on a weighed gooch crucible with paper
mat, or on a sintered-glass filter, wash it with
successive quantities of 10 ml of cold distilled
water until the washings are no longer acid, and
dry at 80°; 1 g of camphor 2,L-dinitrophenylhydra~
zone corresponds to 0.458 g of camphor.

A comparison of various methods for determination
of camphor and other compounds utilizing 2,4-di-
nitrophenylhydrazine were alsc reported (145-149).

A vacuum oven method and a comparison with the
U.5.P,X. method as well as a modification, utilizing
anti-oxidants such as pyrogallol, o-naphthol,
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hydroquinone and pararhenylenediamine for the deter-
mination of camphor in camphor liniment were des-
cribed by Poe (150, 151).

The U.S.P. XIX (152) described a method for the
determination of camphor in camphorated para chlore-
phenol.

Procedure: Transfer about 300 mg of Camphorated Para-

chlorophenol, accurately weighed, to a 200 ml
pressure bottle containing 50 ml of freshly prepared
dinitrophenyl-hydrazire TS. Close the pressure
bottle, immerse it in a water bath, and maintain
it at about 75° for 4 hours. Cool to room tempera-
ture, then transfer the contents to a beaker with
the aid of 100 ml of cilute sulfuric acid (1 in 12),
and allow it to stand overnight. Collect the pre-
cipitate on a tared filter crucible, wash with 100 ml
of dilute sulfuric acid (1 in 12) and then with 75
ml of cold water, in divided portions, to remove the
acid. Dry at 80° for 2 hours, cool and weigh. The
weight of the precipitate so obtained, multiplied
by 0.4581, represents the weight of C, H_ .0 in the
10716
sample taken.

Another official method described by the pharmaco-
peia of Japan IX (153) for the assay of camphor is
as follows:

Transfer about 0.2 g of d-camphor, accurately weigh-
ed, to a 300-ml glass stoppered flask, and dissolve
in 25 ml of aldehyde-free ethanol. Add slowly 75 ml
of 2,L-dinitrophenylhydrazine TS while shaking, and
heat for L4 hours on a water bath under a reflux con-
denser. Cool, add 100 ml of diluted sulfuric acid
{1>50), and allow to stand for 24 hours. Collect
the precipitate so obtained on a glass filter (G3),
wash the residue on the filter with cold water un-
til the washings become neutral, dry for 2 hours at
105° and weigh as the 2,4-dinitrophenylhydrazone of
d—camphor(Cl6H20NhOh:332.36).

Amount (mg) of d-camphor (CygH;40) = amount (mg) of
2,4-dinitrophenylhydrazone of d-camphor
(C1gHpNL0L) X 0.4580.

The official method of NF XIV (154) for the assay of
camphor in camphor spirit is given below:
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Assay: Transfer 2.0 ml of camphor spirit to a suit-
able pressure bottle containing 50 ml of freshly
prepared dinitrophenylhydrazine TS. (Close the
pressure bottle, immerse it in a water bath, and
maintain at about 75° for 16 hours. Cool to room
temperature, and transfer the contents to a beaker
with the aid of 100 ml of dilute sulfuric acid (1
in 12). Allow to stand not less than 12 hours

at room temperature, transfer the precipitate to

a tared filter crucible, and wash with 100 ml of
dilute sulfuric acid (1 in 12) followed by 75 ml

of cold water in divided portions. Continue the
suction until the excess water is removed,dry the
crucible and precipitate at 80° for 2 hours, cool,
and weigh. The weight of the precipitate so obtain-
ed, multiplied by 0.4581, represents the weight of
ClOHl6O in the sample taken.

8.3 Titrimetric Methods

8.31 Aqueous

Mital and Gaind (155) claim good recoveries for
camphor in pharmaceutical preparations with a
volumetric method in which hydroxylamine hydro-
chloride is used. For spirit, liniment and solu~
tion of camphor in turpentine, the following pro-
cedure is applicable:

Reflux the sample (containing 0.2 g of camphor)

for four hours with 20 ml of aldehyde-free 95 per
cent ethanol, 10 ml of a L percent solution of
hydroxylamine hydrochloride in aldehyde-free 90 per
cent ethanol and 0.3 g of sodium bicarbonate. Cool,
rinse the condenser with 20 ml of light petroleum
(b.p. 50° to 60°), collecting the rinsings in the
flask and titrate the mixture first with 0.2N hydro-
chloric acid to dimethyl yellow and then with 0.2N
potassium hydroxide to phenolphthalein. Carry

out a control omitting the camphor and adding 5 ml
of steam-distilled turpentine o0il before refluxing
for the spirit and solution and 1 g of arachis oil
before refluxing for the liniment. Calculate the
amount of camphor present from the difference in
the volume of 0.2N potassium hydroxide used in
the two titrations. 1 ml of 0.2N KoH=0.030L4 g
camphor.
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Other reported procedures with minor modifications
and use of different indicators have been also
reported (156-165). A method was also described
for determination of camphor in dilute solutions
by photometric titration using bromophenol blue

as the indicator (166).

8.32 Vanadometry

An indirect vanadometric method of assay for camphor
was developed. The method involves the formation of
2,4-dinitrophenylhydrazone of camphor. The nitro
groups in the hydrazone are then reduced to amines
by treatment with vanadium sulfate (VSOh) and the
excess of the reagent is back titrated with sodium
dichromate (NagCr207). The entire procedure is
carried out in a modified separatory funnel into
which standard vanadate, 6N HoS0), and zinc amalgam
are introduced. A carbondioxide current is then
passed and the mixture is shaken to obtain a blue
colour after which the zinc amalgam is drawn off.
Then sulfuric acid is added together with several
drops of phenosafranine and excess vandate is
titrated with standard sodium dichromate solution.

8.33 Polarographic

Schwabe and Berg (167) have studied the polaro-
graphy of terpene derivatives. The solvents were
80% ethanol, 80% dioxane, 80% acetone or water
and the supporting electrolytes were 0.1 M LiCl,
LiOH, EtyNI, or EtjNOH. Camphor was found to
depress the polarographic maxima and this could
be used for its determination.

8.4 Refractometric Method

Rapaport and Solyanik (158) have developed a rapid
method of refractometric determination of 23 mixtures
containing anesthesin, barbamyl, bromcamphor, bro-
misoval, camphor, antipyrine, amidopyrine, acetalsali-
cylic acid, barbital, codeine, salol, terpin hydrate,
hexamethylenetetramine, and phenobarbital. The method
described is suitable for analysis of pharmaceutical
mixtures containing compounds which are insoluble in
water and soluble in ethanol. A mixture of 2 pharma-
ceuticals (0.1 g) is dissolved in 1 ml. ethanol and
np of this solution is determined. One component is
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chemically determined in another 0.1 g of the sample.

The amount of such component is calculated from formulas:

A

[(n-ny) - (CxF)] P/100F1P1

C VT 100, B = VIP/P; where A is wt. of the 1lst
component in grams, V is the volume of 0.1N solution
used for titration of the 2nd component, T is the g.
equivalent of the 1lst compound, B is the wt. of the
2nd component (g.), n is the refractive index of the
solution, ny is that of ethanol, C is the amount of
the 2nd component in 100 ml. solution (chemically
determined), F and F, are constants determined experi-
mentally, P is total wt. of the mixture and P1 is wt.
of sample (0.1 g.).

Other reported procedures for the determination of
camphor, by using refractive index and other physical

constants have also been reported (169,170).

Nephlometric Method

Nephlometric methods for determination of camphor
vapors in air (171) and camphor in spirits were des-
cribed (172). Optimum results were obtained with a
mixture consisting of ether, 96%, ethanol and water

in the proportion 0.1 : 0.9 : 3. The turbidity of the
mixture is increased by the presence of camphor, in
proportion to the concentration of camphor in solution.
Approximately, 0.2 mg of camphor can be determined in
2 ml of the mixture (0.0l mg /L can be determined if
100 L of air and 10 ml of the solution are used).

Chromatographic Methods

8.61 Thin Layer Chromatography

Miller and Kirchner (173) have developed an analy-
tical method for volatile constituents including
camphor, They used silicic acid coated-glass
chromatostrips. Ethyl acetate hexane, chloroform,
benzene, isopropyl ether and their mixtures were
used as developers and the strips were examined
with various reagents like bromine, fluorescence,
O-anisidine, sulphuric acid - nitric acid, and
concentrated sulphuric acid. The Rf values were
calculated.
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Table T: Rf wvalue of Camphor on Silicic acid using
different solvents.

Colour of spot

Rf
S. with Ho50y+For-
No. Solvent System. maldehyde Value.
Reagent.
1. n-Hexane. Light green. 0.00
2. Carbon tetrachloride sy s 0.31
3. Cyclohexane s - 0.33
4. Benzene ys ys 0.10
5. Chloroform s ys 0.61
6. Ethyl acetate - s Spot appears
at the sol-
vent front.

T. Benzene : Carbon tetrachloride

(50 : 50) - vs 0.62

Fthyl acetate : n-Hexane (10:90) 5 s ys 0.38
9. Ethyl acetate : n-Hexane (15:85) ys ys 0.39
10. ZEthyl acetate : Carbon

tetrachloride (15:85) . ys 0.k42
11. FEthyl acetate : Cyclohexane (15:85) ,, . 0.4h2
12. Ethyl acetate : Benzene (15:85) . . 0.37
Conditions

Glass plates 10.5 x 25 cm. coated with silicic acid
(Mesh No.100).
Temperature 25°C.
Relative humidity 25 * 5%.
Normal Chromatographic Chamber, saturated for
15 minutes before use.
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Egon Stahl (1T74) has invented a special chromato-
graphic device for the separation of volatile
oils using uniform thickness of adsorbent on plate.

El-Deeb, et al (175) have reported the separation
and evaluation of camphor by TLC technique on sili-
cic acid plate.The behaviour of camphor on chro-
matoplates was studied using different solvents of
increasing polarity and their mixtures as deve-
lopers. The spots were located by spraying the
plates first with sulphuric acid and then with 40%
solution of Formaldehyde and heating the plate to
100°C for 3 to 5 minutes. The Rf values were cal-
culated. It is given in Table T.

8.62 Column Chromatography

The column technique has been used for the separa-
tion and determination of the purity of camphor.

Montes (176) analysed the essential oil consti-
tuents using the principle of chromatographic
adsorption with the aid of columns of silicic
acld and bentonite. The compounds were then
crystalized and their melting points were deter-
determined.

Gustave Vavon and Bernard Gastambide (177) and
Bernard Gastambide (178), studied the effects of
steric hindrance of camphor and fenchone on chro-
matographic alumina column.

Eero Sjostrom (179) has described a method of the
separation of camphor and other ketones using
anion exchange resins column.

A successful attempt of separation and identifi-
cation of camphor from mixtures was achieved by
Karawya (180) and by Karawya and El-Deeb (181)
using alumina column.

El-Deeb, et al (175) have reported the comparative
study of differential adsorption of camphor on
both aluminium oxide and silicic acid. The reten-
tion volumes were determined by using Petroleum-
ether and ether as solvents. 100 mg of material
was chromatographed on column of 1 cm diameter

and 10 g of either Alumina or silicic acids (mesh
No. 30). The results are presented in Table 8.
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Table 8: Retention of Volume of Camphor on
different columns.
g, Adsorbent . Retention volume
No. Petroleum Ether Ether
1. Silicic acid More than 25 ml. 20 ml.
2. Alumina 100 ml. 15 ml.

8.63 Gas Liquid Chromatography

A GLC method for the determination of camphor
(synthetic and natural) has been carried out in
our laboratory (182), using a Varian GC-3700 gas
chromatograph equipped with Varian CDS 111
integrator.

Column conditions: 3% OV1 on chromosorb W-Hp {80-
100 mesh size); glass column (2m x 2mm). The
column run isothermally at 100° . 200°C for 2 min-
utes (the'temperature is increased at the rate of
10° per minute), Carrier gas: Nitrogen, flow rate
was adjusted to Lo ml/minute. Detector: FID,
hydrogen and air, flow rates were adjusted to

30 ml/minute and 300 ml/minute respectively.
Ethanol was used as solvent. The injection tem-
perature was 150°C and the chart speed was adjus-—
ted to give 1 cm/minute. The retention time =
1.45 minutes. Camphor content of the sample is
calculated from the chromatogram by using peak area
ratio method. The GLC of camphor is presented in
Fig. 11.

Camphor has been determined by Baines and Proctor
(183) in a number of essential oils and pharmaceu-
tical preparations using gas chromatographic tech-
nique. The apparatus employed has a thermal con-
ductivity detector with 4 in. platinum wire 0.001

in. diameter of nominal resistance 250 Ohms. The

wires in the channels being matched to within 0.1
Ohm. The bridge current was 200 mA and the output
recorded on a 2.5 mV recorder. 2% ethylbenzene

was added to the standards and samples as an inter-
nal standard. The operating conditions were as
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U o

(a) (b)

Fig. 11: GLC of Camphor.

(a) : Natural Camphor.
{(b) : Synthetic Camphor.

follows: Column length 7 ft. Column diameter L
to 5 mm. Column temperature 130°C. Stationary
phase 20% of squalane on 100 to 120 mesh celite.
Sample size 30 p1, Carrier gas L:1 hydrogen and
nitrogen mixture at 100 ml/min. The retention
volumes were camphorl1200 ml, ethylbenzene 270 m.
camphor content of the sample is calculated from
the chromatogram by using peak area ratio method.

Yoshio Hanada and Masayoshi Kitajima (184) have
reported the gas chromatographic determination of
camphor using naphthalene as the internal
standard.

GLC procedure for the separation of camphor and
other terpenes on polypropyleneglycol-impregnated
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column was also described by Egon Stahl and
Trennheuser (185). El-Deeb, et al (175)

have reported GLC technigue for determin-
ing the constituents of voiatile oil using sili-~
con oil DC 550 as a stationary phase.

High-Performance Liquid Chromatography

Quantitative analysis of both camphor and para-
chlorophenol in champhorated parachlorophenol by
high-pressure liquic. chromatography is described

(186).

The HPLC chromatograph (Waters Associate Model
A.I.C. 202) was used with solvent system of

60% hexane and 40% chloroform. & UV detector at
254 mm was used at an atenuation of x8 for cam-
phor and x 64 for parachlorophenol and phenol.
The flow rate was 2.5 ml/minute at an inlet pres-
sure of 0.131 ¥m™2. The chart speed was 0.5 cm/
min. The column (Hi-Eff Micropart) was 0.64 cm
0.d X 15 cm long, packed with 54im silica gel
(Applied Science Laboratories). The injection
volume was T7-15 1 and the elution over was cam-
phor (2.76 min.), parachlorophenol (10.64 min) and
phenol (12.61 min).

The results indicated that camphor and parachloro-
phenol can be simultaneously assayed by simple
dilutions of the sample and injection into a high
pressure liquid chromatograph. The linearity
curve indicated that the components have been ana-
lysed give linear response. Results are shown in
Table 9.

Table 9: Assay Results on USP Camphorated

Parachlorophenol

Assay Camphor, % Parachlorophenol,%

1 6h.3 34,7

2 65.6 3h.9

3 65.0 35.4

Y 6h.6 35.6

SD 0.56 0.k4k2

Ccv 0.86 1.19
Average devia- 0.43 0.35

tion.




JABER S. MOSSA AND MAHMOUD M. A. HASSAN

8.7 Spectroscopic Methods

8.71 Colorimetric

Camphor can be determined colorimetrically with
sulfuric acid and furfural (187). To lcec of cam-
phor solution, add 3 cc of ethanol (95%) and 10
drops of 1% solution of furfural in 95% ethanol.
Stir the mixture, add two drops of concentrated
sulfuric acid and heat in a water bath. Then cool
and add Scc. of ethanol and compare the red to
violet colour produced with a standard. The
amount present can be determined within 10%.

The colour reactions of camphor with aldehydes
have been applied with p-dimethylaminobenzaldehyde
in sulfuric acid (188). The yellow colour formed
conforms to Beer's law and checks closely with the
official NF method (154). The assay is carried
out as follows:

Dissolve 0.125 g of p-dimethylaminobenzaldehyde
in 65 ml of concentrated sulphuric acid and 35 ml
of water. Add 7 ml of this reagent by burette

to an aliquot of a dilution of the sample in
chloroform to contain between 0.6 and 7.5 mg of
camphor. Stopper, shake and allow to stand two
hours for colour development and measure the
extinction at 460 my.

Prepare a standard curve in a similar manner from
aliquots of a prepared solution of camphor in
chloroform in the range 0.6 to 7.5 mg of camphor.

A method has been described for determination of
camphor in dilute solutions and in plants (189).
The assay is based on the formation of a yellow
colour with phenylhydrazine (Camphor phenylhydra-
zone). The colour produced after absorption on
Whatman No.120 paper and the intensity of the
yellow colour produced was compared with that
produced from a sample of known concentration.

A microanalytical procedure was reported for
determination of camphor (190). The method is
based on the formation of camphor oxime. The
oxime is subjected to acid hydrolysis and the
resulting hydroxylamine reacted with formalin and
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ferric ammonium. The resulting ferric formohydro-
xamate 1s treated with ammonium persulphate and
the colour produced is then determined.

Nuclear Magnetic Resonance

Hassan et al (29) recently have described a proton
magnetic resonance analytical procedure for the
determination of camphor as bulk drug and the
simultaneous assay of camphor and p-chlorophenol.
The method is based on the integration of the

nine protons of the three methyl groups of

camphor centred at 0.88 ppm and the ten aromatic
protons of benzophenone centred at 7.55 ppm
employed as an internal reference standard. The
method is specific and accurate with standard de-
viation of * 0.86 and an average recovery of
100.28%. In case of camphor parachlorophenol
assay, integration of the nine protons of the
three methyls of camphor centred at 0.83 ppm,

the four aromatic protons of parachlorophenol
centred at 6.97 ppm, and the two olefinic pro-
tons singlet of maleic acid appearing at 6.37 ppm
were carried out. The method was specific and
accurate with standard deviations of * 1.13, * 1.01
for camphor and *+ 0.62, t 0.89 for parachlorophenol,
in standard mixtures and in camphorated para-
chlorophenol respectively. The PMR spectrum in
addition, provides a very specific means for
identification of camphor and parachlorophenol.
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History

Chloroquine is one of a large series of 4-aminoquinolines
investigated in connection with the extensive cooperative
program of antimalarial research in the United States
during World War II. The objective was to discover more
effective and less toxic suppressive agents than quina-
crine. Although the 4-aminoquinolines had previously been
described as potential antimalarials by Russian investi-
gators, serious attention was not paid to this chemical
class until the French reported that 3-methyl-7-chloro-4-
(4-diethylamino-1-methylbutylamino) quinoline (SN-6911;
Sontichin, Sonotoquin) was well tolerated and had high
activity in human malarias. Beginning in 1943, thousands
of these compounds were synthesized and tested for activity
in avian malaria and for toxicity in mammals; ten of the
series were then examined in human volunteers with experi-
mentally induced malarias. Of these, chloroquine proved
most promising and was released for field trial. When
hostilities ceased, it was discovered that the chemical
had been synthesized and studied under the name of Resochin
by the Germans as early as 1934, (1)

Description

2.1 YNomenclature

2.1.1 Chemical Names

N4—(7—chloro—4—quinolinyl)—N', N'-diethyl-1,
4-pentanediamine.
7-Chloro-4-(4-diethylamino-1-methylbutyl-
amino) quinoline.

The CAS Registry No. is [54-05-7]. (2 & 3)
2.1.2 Generic Name

Chloroquine
RP 3377, SN 7, 618. (2)

2,1.3 Trade Names
Base: Aralen, Nivaquine B, Sanquine,

Artrichin, Bipiquine, Reumachlor, Bemaphate,
Tanakan, Resoquine. (3)
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Diphosphate: Malaquine, Resochin, Silbesan,
Tresochin, Arechin, Avloclor, Imagon. (2, 3)

Sulphate: Nivaquine and Bemasulph. (2,3 & 8)
2.2 TFormulae
2.2.1 Empirical

C,.H, . CIN

18726 3
2.2.2 Structural
?H3 /C2H5
NH—CH—CH2 CH 2 CHZ—N N
Cafts

Chloroquine

2.2.3 Wiswesser Line Notation

T66 BNJ EM & 3
N2 & 2 1G8QP
QQ0 2 DL (4)

2.3 Molecular Weight

319.89

2.4 Elemental Composition

C 67.59%7, H 8.19%, C1 11.087% N 13.14%. (2)

2.5 Appearance, Color, Odor and Taste

White or slightly yellow crystalline powder, odorless
and bitter in taste. (5 & 6).

3. Physical Properties

3.1 Melting Point

Melts between 87O and 970. (6)
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Boiling Point

212° to 214° at 0.2 mm Hg.  (7)

Solubility

Very slightly soluble in water; soluble in dilute
acids, chloroform and ether. @)

Acidity

Chloroquine phosphate has a pH of 3.5 to 4.5 of 10%
solution. While the 107 solution of chloroquine
sulphate has a pH of 4 to 5. 7

Moisture Content and Hygroscopicity

Not more than 1.57 determined by drying at 105°. It
absorbs insignificant amounts of moisture at tempera-
tures up to 37° at relative humidities up to about
80%. (1)

Dissociation Constants

pKa Values are 8.4, 10.8 (200). )
Stability

Solutions of pH 4 to 6 are stable when heated but
sensitive to light. )

Storage
It should be protected from light. 7

Sterilization

Solutions for injection are sterilized by heating in
an autoclave or by filtration. (7).

Spectral Properties

3.10,1 Ultraviolet Spectrum

The ultraviolet spectrum of chloroquine in
neutral methanol solution in the region of
200 to 400 nm exhibits maxima at 218 nm,
253 nm and 328 nm and minima at 243 and
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275 nm. The spectrum is shown in Fig. 1.
The spectrum was obtained on Varian AG UV-Vis
Spectrophotometer model DMS 90.

Infrared Spectrum

The infrared spectrum of chloroquine is pre-
sented in Fig, 2. The spectrum was obtained
from KBr disc on a Perkin-Elmer Infrared Spec-
trophotometerr model 580 B, in the range of
4000 - 400 cm~l, It shows the following:

Frequency (en~D) Assignments
3260 NH group
1540
1580 quinoline
1610

In addition to other bending and stretching
vibration bands for the aliphatic moiety of
the molecule.

Clarke (8) reported that the principal peaks
for chloroquine base in KBr disc are 1573,

1538, 1372 or 1448.

Mass Spectrum

The chemical ionisation (CI) mass spectrum
Fig. 3, was recorded on a Finnigan 4000 Mass
Spectrometer with ion source pressure 0.3
Torr, ion source temperature 1500C, emission
current 300 pA, electron energy 100 eV using
methane as a reagent gas. The electron
impact (EI) mass spectrum Fig. 4, was
recorded on Varian MAT 311 Spectrometer, with
an ion source pressure 10-6 Torr, ion source
temperature 180, emission current 300 uA

and electron energy of 70 eV.

Table 1 and the following figure illust-
rate the prominent fragments in the EI spec-—
trum and their proposed assignments.
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Fig. 1. Ultraviolet spectrum of chloroquine:
neutral methanol.
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104 MOHAMMAD TARIQ AND ABDULLAH A. AL-BADR

a—
fHB 86
H CH =% CH Cr CH N
219 247/ 290/ 3
el

N
m 205
N
cl — _—

Table 1 EI Mass Spectrum Assignments of Chloroquine.

m/e Relative Abundance Ton or Fragment
319 13 M
304 3 M—CH;7+
+
290 6 M-CZE;1
247 7 M—NgE;]+
+
231 2 M—CHZ—NEEE]
7+
219 5 M~(CH2)2-NE;;]
1+
205 5 M-(CH,) ,NEty
+
126 5 C4H6NEE;]
+
112 13 C3HANEt2'
+
99 13 C2H3N€;?
86 100 CHZNEE;]+
CcH
||2_-'+

58 40 B-N—Et
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3.10.4 1H—NMR Spectrum
The 1H—NMR spectra of chloroquine base and
phosphate are shown in Fig. 5 and 6 and
were obtained on Varian Té6-A NMR Spectrometer
with CDClg and D)0 respectively as solvents
and tetramethylsilane as an internal refer-
ence. The signals are assigned in Table 2.
Table 2 . 1H—NMR Spectral Assignments of Chloroquine.
Chemical Shift (ppm)
Proton and Multiplicity [ ]
Base Phosphate
CH3CH2; EE§-CH 0.83 - 1.33 1.2 - 1.5 [m]
-CH EEZCHZ CHZ_ 1.66 1.82 [b s]
,/CHZ_
—CHZ—N‘\ 2.33 - 2.67 3.2 [q)
CHZ—
CHy
-CH - 3.66 4.00 [b s]
NH 5.64 Exchanged
Aromatic C,H- 8.43 8.2 [d]
Aromatic C,H- 6.4 6.65 [d]
Other Aromatic Protons 7.2 - 7.96 7.15 - 7.9 [m]

/2]
]

singlet

o
n
[

broad singlet

d = doublet

t = triplet

b m = broad multiplet,

q = quartet
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Fig. 6. 1H—NMR spectrum of chloroquine in D20.
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3.10.5 C-13 NMR Spectrum

The noise-decoupled and off-resonance C~13
NMR spectra of chloroquine are presented in
Figures 7 and 8 respectively. The spectra
were obtained on Varian FT-80A Spectrometer.
Spectral assignments are listed in Table 3.

9

CHiq 2 1

‘ 7 6 5 /s 2 3

NH—CH—CHZ—CHZ—CH2 -N

Table 3 . Carbon-13 NMR Spectral Assignment of Chloroquine.

Carbon No. Chemical Shift (ppm) Multiplicity
relative to TMS
1, 4 11.7 quartet
2, 3 46.27 triplet
5 52.25 triplet
6 23.60 triplet
7 33.46 triplet
8 47.72 doublet
9 19.83 quartet
10 149.60 singlet
11 98.79 doublet
12 151.85 doublet
13 149.47 singlet
14 127.55 doublet
15 133.36 singlet
16 123.71 doublet
17 124,40 doublet

18 117.67 singlet
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Fig. 7. C~-NMR spectrum of chloroguine in DMSO—D6, noise-decoupled.
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Fig. 8. 13C—NMR spectrum of chloroquine in DMSO-DG, off-resonance.
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4. Synthesis

a) One of the earliest and most effective antimalarials
is "chloroquine', in whose synthesis 4,7-dichloro-
quinoline, prepared from 7-chloro-4-quinolone, is key
intermediate. (9, 10).

2

= —+
@\“ + CZHSOCH C(CO 2H5)2
Cl H

OH
COOELt
250°
EEL _—
NHCH=C(CO,,C,H,) =~ (1) NaOH
572 a (2) HCl

Cl

CHs _Et

NHCH (CH,)) N
CH(CHz) NEt, /@Iﬁ “Ee

Chloroquine

OH
COOH Oo POCl3
—_— ()| —
N
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b) In another synthesis methyl acrylate is reacted with
m-chloroaniline, the resulting methyl m-chleroanilino-
propionate is tosylated and then hydrolyzed to the
acid. The acid is converted to acid chloride and
cyclized to give 4-keto-7-chloro-1,2,3,4-tetrahydro-
quinoline reaction of this compound with 4-diethyl-

amino-1-methylbutylamine under the dehydrogenating
influence of nitrobenzene gives chloroquine in about

25% overall yield (11 & 12).

COOCH
I 3
CH
+ CHy=CH-COOCH ;——> /@\ (,:Hz —2
e 2
c1 NH, c1 b
H
COOCH COOH
1 3 ]
2 i .
—> CH, —_— CHZ-——-—Q
N’/ N”,
Tos H

CH3 t

0 \ JE
NH,, CH(CH)) 3N g, .
i_p # Chloroquine
nitrobenzene
C N
!
H

¢) Chloroquine is obtained by coupling 4,7-dichloroquino-
line with 5-diethylamino-2-aminopentane. (13)

Cl CH

3 /Et
| I
NH,—~CH-(CH,) 3N .

O - Chloroquine

cl N
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5. Pharmacokinetics

5.1

Absorption, Distribution, Metabolism and Excretion

Chloroquine is readily absorbed from the gastro-
intestinal tract and about 507 in the circulation is
bound to plasma protein. It delays gastric emptying.
It accumulates in high concentrations in some tis-
sues, such as the kidneys, liver lungs and spleen
and is strongly bound in melanin-containing cells
such as those in the eyes and the skinj it is also
bound to double stranded DNA, present in red blood
cells containing schizonts (l1). At a dose of 310 mg,
plasma concentrations reach a plateau at 10 days with
a concentration of about 120 ng/ml; after a 500 mg
dose, concentrations of about 700 ng/ml are attained
in haemolysed blood in 4 hours and after single oral
doses of 400 to 500 mg, peak plasma concentrations
of 35 to 220 ng/ml are attained in 2 to 6 hours (6).
About 70-857% of the total whole blood content of
chloroquine and its metabolite desethylchloroquine
were recovered in blood cells isolated from whole
blood, indicating that these compounds have a cell/
plasma concentration ratio (l4). It has been
reported that small amounts of chloroquine may be
found in the blood and urine of patients for as long
as 5 years after the last known administration, and
the existence of large tissue reservoirs has been
postulated (15 & 16). Other studies are published

on unidentified metabolites present in plasma and
urine of the treated subjects. The polar and non-~
polar metabolites of chleroquine are shown below:

NHR

(%:> Fig. 9

cl

I R = CH(CH,)-(CH,),-N-(C,H),
IT R = CH(CH,)-(CH,) 4-NH-C,H,
TIT R = CH(CH,)-(CH,),-NH,

IV R = CH(CH3)—(CH2)3—N&(CZH5)2

V same as IV, but ring N is also N8 — 0®° VI R=H
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Fig. 9 Chloroquine (I), desethyl-(II) and dides-
ethylchloroquine (III). Side-chain N-oxide (IV), di-
N-oxide (V), and 7-chloro-4-aminoquinoline (VI). IV
and V, polar metabolites; II and III, relatively nom-
polar metabolites. (17).

Chloroquine and its metabolite desethylchloroquine
found in thrombocytes and granulocytes in vivo and

in vitro. Chloroquine is characterized by its
extensive tissue distribution which causes a slow
elimination from the body. Plasma half-life is vari-
able 2%~7 days. Brohult et al (18) obtained a value
for plasma half-life of chloroquine is 4 days, whilst
Frisk-Holmberg et al (19) found half-lives of 3.1
hours to 13 days depending upon the dose. Metabolic
reactions involve oxidative N-dealkylation and oxida-
tive deamination and also conjugation, possibly with
glucuronic acid, of the carboxylic acid metabolites
derived from dealkylation and deamination; the meta-
bolites include mono- and bisdesethylchloroquine, 4-
(7-chloroquinol-4~ylamino) pentan-1-01, and 4-(7-
chloroquinol~4-ylamino) pentanoic acid and its con-
jugate (7). Chloroquine is eliminated very slowly
from the body and it may persist in tissue for a pro-
longed period. About 55% is excreted in the urine
and about 10% in the faeces by 90 days following
therapy with 310 mg for 14 days; the urinary excre-
tion of the unchanged drug is dependent upon urinary
pH and larger amounts are excreted in acid urine than
in alkaline urinej; of the material excreted in the
urine, about 70% is unchanged, 23% is desethylchloro-
quine, 1 to 27 is bisdesethylchloroquine and an
unidentified metabolite, and 1 to 2% is excreted as

carboxylic acid metabolites in conjugated form. (21 &
22).

Distribution and Metabolism in Neonates

Chloroquine, its N-~dealkylated metabolites, and
chloroquine N-oxides were detected in the urine of
pregnant women who were receiving chloroquine medi-
cation whereas chloroquine and its nonpolar meta-
bolites, desethyl and didesethylchloroquine and 7-
chloro-4-aminoquinoline have been found in the neo-
nates' urine, blood and cord blood. That chloroquine
and its relatively nonpolar metabolites (including
one without the alkyl side-chain, 7-chloro~4-amino-
quinoline) cross the placenta is demonstrated by the
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presence of these compounds in the cord blood, neo-
natal systemic blood, and neonatal urine. The
selective transfer of the compounds across the pla-
centa has also been reported (17).

Both in vitro and in vivo metabolic studies have
shown that some drug metabolism occurs or can be
induced in placental tissues (20). Further degrada-
tion of parent chloroquine that reaches the placenta
would result in the appearance of less chloroquine
and more of the nonpolar metabolites in the fetal or
neonatal circulation. (17).

Therapeutic Uses

It is highly effective in terminating acute vivax and

falciparum malaria. It is also valuable in the treatment

of intraintestinal amebiasis and some cases of giardiasis

(1). Chloroquine also produce symptomatic improvement in
Barbesia infections. It can be used as an antirheumatic

agent (23).

Toxicity

In therapeutic doses chloroquine may cause headache,
visual disturbances, gastrointestinal upset and pruritis.
In some cases it may cause discoloration of nailbeds and
mucous membranes. Prolonged treatment may cause lichenoid
skin eruption, visual blurrinz and bleaching of hair.
Prolonged large doses (250 to 750 mg daily) may cause loss
of central visual acuity, granular pigmentation of macula
and retinal artery constriction. The visual loss appears
to be irreversible (24). Ototoxicity has been reported

in few cases. Hart and Naunton, (25) have implicated
chloroquine in fetal abnormality. Blood dyscrasias have
been reported rarely., They include reversible agranu-
locytosis, thrombocytopenia, and neutropenia (6).

Methods of Analysis

8.1 TIdentification

a) Dissolve about 25 mg in 20 ml of water and add
8 ml of trinitrophenol solution; a precipitate is
produced which, after washing successively with
water, alcohol (95%), and ether, melts at about
207°. (8).
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b) Micro: Picric acid - rosettes of plates (sensi-
tivity: 1 in 1000); styphnic acid - rosettes of
plates (Sensitivity 1 in 1000). (8).

Microbiological Assay

A rapid semiautomated microdilution method for the
microbiological assay of the chloroquine has been
developed by Desgardins (26), Antimalarial activity
of chloroquine may be studied against cultured
Plasmodium falciparum, microplates are used to pre-
pare serial dilution of the drug. Parasites obtained
from continuous stock cultures are subcultured in the
micro-plates for 42 h. Inhibition of uptake of a
radio labeled nucleic acid precursor by parasites
serves as the indicator of antimicrobial activity.

Spectrophotometric Methods

8.3.1 TUltraviolet Spectrophotometric Analysis

8.3.1.1 Apj Method

Chloroquine has been assayed spectro-
photometrically (27) using the Ap.
method (28) that depends on differences
in orthogonal function coefficients.
The latter method is based on the fact
that the peaks of certain compounds
may split into subsidiary peaks without
any appreciable change in intensity by
changing the pH in a suitable interval.
The behaviour of these compounds
restricts the application of the AA
method (29 & 30) because AA may not
fulfil the requirements specified for
its successful application. 1In these
circumstances, the Apj method offers a
solution for the determination of such
compounds in the presence of irrelevant
absorption. Thus, the contribution of
a pH-insensitive irrelevant absorption
may be cancelled by means of

APji=[ocjia c, + Pﬁ(z)] - [ocjib c, + Pyg (z)]
and C_ =Apji/AOtji
where p: is the coefficient of the
polynomial, Py (4) oy is p; (1%, 1 cm),
the coefficient for A (1%, 1 cm) of the



CHLOROQUINE

17

pure compound, x; Cy is the concentra-
tion; p;;(Z) denotes the contribution
from irrelevant absorption; the sub-
scripts i, a, and b denote the wave-
length range and the two different
solutions, respectively. Thus, by
choosing P. and also the set of wave-
lengths, i, so that pji is optimum in
one solvent and negligibly small in
the other solvent, Apii can be used to
evaluate compound x. °

The assay parameters using the Ap.
. ]
method for chloroquine:

Solvents : 0.1 N H2504 & 0.1 N
NaOH.
Concentration : 1.6 mg/100 ml sol-
vent.
P, : P4 (the quartic
] polynomial).
Number of : 12-point orthogonal
Points polynomials.
Wavelength : 324-346 nm each 2 nm.
range
Aph - 0.00170
%
N4 : 8008
1
kL .
(bp,. N,) : 0.160

* N4 = pnormalizing factor for P4.
*% should exceed 0.14 for the coeffi-
cient of variation to be less than

17.
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8.3.2 Fluorimetric Method

A highly sensitive, accurate and improved
fluorimetric method has been developed for
analysis of chloroquine in biological samples
(31). The chloroquine is extracted with
heptane or methylene dichloride from an
alkali medium buffered with borate, pH 9.5.
Chloroquine is reextracted into 0.1 N HC1
which is then mixed with an equal volume of
0.2 M alcoholic NaOH and fluorescence is
read at activation and emission wavelengths
of 335 and 400 nm respectively.

8.4 Chromatographic Methods

8.4.1 Paper Chromatography

Several solvent systems have been described,
which are used for the identification of
chloroquine (8) as shown in the following

table:

Solvent Systems Visualizing Agents (Rf)
Citric acid: water: n- Ultraviolet, iodoplatinate
butanol 4.8 g: 103 ml: spray (strong reaction),
870 ml. bromocresol green spray

(strong reaction) (0.19).
Acetate buffer (pH 4.58) Ultraviolet, iodoplatinate
spray (positive reaction).
(0.70).
Phosphate buffer (pH 7.4) Ultraviolet, iodoplatinate

spray. (0.14).

8.4.2 Thin-Layer Chromatography

Clarke (8) described the following system
for the identification of chloroquine.

Solvent System: Strong ammonia solution:
methanol (1.5 : 100) should be changed
after two runs.

Absorbent: Silica Gel G
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Visualizing Agent: Acidified iodoplatinate

spray (positive reaction).

R

f

: 0.31.

Gas Chromatography

a)

b)

Clarke (8) has described the following
gas chromztographic method for the
identification of chloroquine.

Column: 17 SE-30 on 100-120 mesh Arkrom
ABS. 6 ft X 4 mm interval diameter
borosilicate glass column.

Column Temperature ; 2500.

Carrier Gas; Argon.
Gas Flow: 80 ml per min.
Detection and Retention Time; Argon

ionisation detector or flame ionisation
detector. Rt 1.44 relative to codeine.

Churchill et al 1983 (23) has
developed two gas chromatographic
methods using Tandem fused-silica
capillary for the determination of
chloroquine and its major metabolite
desethylchloroquine. The method I
employed a single extraction step

and internal standardization to
permit vrapid precise analysis for
chloroquine 1in whole bBlood. Whereas
method ITI employes derivatization
with pentafluoropropionic anhydride
before extraction and estimation of
chloroquine and desethylchloroquine
the detection limit for chloroquine

in blood by both methods are 5 ng/ml
and for desethylchloroquine is 15 ng/
nl. Following specification column;
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1.83 m X 2 mm ID glass column packed
with 0V-101 on 100-120 macsh gas
chrome Q and a helium flow rate

15 m1/min.

Temperature : 250°¢.

Electron impact ionisation performed
at 70 eV.

8.4.3.1 Liquid Chromatography

The liquid chromatographic system
consisted of an M45 pump a U6K
injector. The excitation wavelength
was 335 nm and a 370 nm filter was
used. The column (0.15 m X 4.6 mm
I.D.) was slurry- packed with
Lichrosorb Si 60, 5 pm and eluted.
The flow rate of the eluent was 1 ml/
min. After addition of water and
extraction with diethyl ether, the
organic phase was dried (sodium
sulphate)and the solvent evaporated,the
product could be used directly. The
limit of detection of this method was
1 ng/ml of plasma for chloroquine and
0.5 ng/ml for desethylchloroquine.
The precision of the method was 3.5
of (n=10) at 50 ng/ml plasma (urine)
for chloroquine and 57 (n=10) at the
25 ng/ml for desethylchloroquine.
(32).

8.4.4 High-Pressure Liquid Chromatography

8.4.4.1 Reversed-Phase HPLC Analysis

Bergqvist and Frisk-Holmberg, (33)
reported a rapid and sensitive method
for the analysis of chloroquine and
its metabolite desethyl chloroquine

in plasma, blood and urine using
high-performance liquid chromatogra-
phy. Chloroquine is extracted from
the alkalinized biological fluid with
ethylene dichloride and re-extracted
with dilute acid. It is then chromato-
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graphed on a reversed-phase column.
Ultraviolet absorption (254 or 340
nm) or fluorescence detectors are
used. Chloroquine and desethyl-
chloroquine concentrations in the
range of 10 n mol/l (UV-detection)
and of 0.5 n mol/ 1 (fluorescence
detection) could be accurately
measured with a relative standard
deviation of 12%.

Straight~Phase HPLC Analysis

Bergqvist and 0lin (34) have des-
cribed a straight-phase HPLC method
for the analysis of chloroquine as
follows:

LiChrosorb Si 100 (7 um) was used as
support. The mobile and stationary
phases were equilibrated before use.
A tube (length 1.5 m and volume 4 ml)
was inserted in front of the injector
and placed in a thermostat in order
to ensure good temperature control

of the mobile phase. 25 ml of an
aqueous perchlorate solution was
present as a separate layer in the
solvent reservoir in order to keep
the mobile phase saturated. The
column coating was achieved by the
pumping technique. Columns were
first tested in the adsorption mode
with n-hexane + 1-butanol (199 + 1)
as the mobile phase. The void volume
Vp, was 2.86 ml. It was determined
with toluene, which is not retained.
The concentration of l-pentanol in
the mobile phase was controlled by
gas chromatography on a Chromosorb
102 cclumn with l-butanol as internal
standard,

Ion-Pair HPLC Analysis

Recent:ly a method for determination
of chloroquine and its metabolites
has been described by Brown (35).
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This method is simple specific and
sensitive for separation and quanti-
fication of chloroquine desethylchlo-
roquine and bidesethylchloroquine

in biological fluids using ion pair
reverse phase HPLC procedure. It can
detect amount as low as 5 ng and
analysis time is 12 minutes. The
following conditions have been used.

Column ¢t 30mm X 3.9 mm I.D.
packed with 10 Um
U Bondspak C18'

Mobile Phase : (.02ml l-heptane
sulphonic acid and

acetonitrile.
pH : 3.4
Pumping ratio: 66:34 of PIC B-7 to
acetonitrile.
Column Pres- : 62-76 bar.

sure

8.5 Photolysis Analysis

Aron and Fidanza 1982 has described a photochemical
method for determination and separation of chloro-
quine at nanogram level covering a range between 4
and 104 ng. They showed that reversible photo iso-
merization of chloroquine takes place and yields a
fluorescent photoproduct. The chloroquine solution
are spoted on silica gel plates and developed in
alcohol ammonia mixture. The dried plates are
irradiated with the image of mercury are focused on
chloroquine spots. The fluorescence intensity was
recorded. TFor photolysis studies chloroquine zone
were scraped from the plates and mixed well with the
4 ml of water. The clear supernatant decanted and
studied by absorption photometry and spectrofluoro-
metry (36).
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INTRODUCTION

Cimetidine is a histamine H,-receptor
antagonist which inhibits the secretion
of basal and gastric hydrochloric acid
secretion and also reduces the output

of pepsin. The drug has been widely
used in the treatment of duodenal and
gastric ulceration. It has also been
used in the treatment of reflux
esophagitis and for the reduction of
gastric acid secretion and for the
management of Zollinger-Ellison syndrame.
The campound is given orally as a tablet,
syrup, i.v., and as an injection fluid.

1. Description
1.1 Namenclature

1.11 Chemical Names

(a) N"-cyano-N-methyl-N'-[2-[ (5-methyl-1H-
imidazol-4-yl)methyl]thio]lethyl]qguanidine
{c.a. name)
(b) N"-cyano-N-methyl-N'-[2-[ (5-methyl-
imidazol-4-yl)methylthiolethyl]lgquanidine
1.12 Trade Name

Marketed by SmithKline Corporation under the
trade name, Tagamet.
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1.2 Formula, Molecular Weight Structure

1.21

1.22

1.23

Empirical Formula, Molecular Weight
C1oH16NgS 252.352
Structure

//N"C:N

H3C CHQSCHQCHzNHC
r——_‘l \NHCH3

HN\\§9N

Hydrochloride Salt
C1 oH'_\_ GNGS * HC1 288.816

1.3 Appearance, Color, Odor

The free base and hydrochloride salt are white
crystalline solids with little or no odor. A
slight sulfur-mercaptan odor may be present.

2. Physical Properties

2.1 Spectral Properties

2.11

Infrared Spectra

Figure 1 is the infrared spectrum of
cimetidine free base. Figure 2 is the
infrared spectrum of cimetidine hydrochloride.
The spectra were obtained as mineral oil
dispersions from 400-625 cm™ ' on a Perkin-
Elmer Model 457A infrared spectrameter. The
significant absorption bands in the spectra
are:

Cimetidine
Wavelength (cm™!) Assignment
3220-3150 NH stretch
2180 —C=N stretch
1620 >C=N-, cyano—

guanidine
1590 C-C, C-N, aramatic
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Cimetidine Hydrochloride:

Wavelength (cm™?) Assignment
3418 NH stretch
3280 NH stretch
3130 NH stretch
2780-2600 NH,t
2175 >N-C=N stretch
1705-1595 >C-N stretch

An infrared study of the intramolecular
hydrogen bonding in cimetidine and several
related H,-receptor antagonists has been
reported by R. C. Mitchell.'  His study
shows that cimetidine can form intramolecular
bonds in solution and that it can adopt a ten-
membered ring conformation in which the basic
imidazole nitrogen atcom is believed to be
intramolecular hydrogen bonded to the NH group
furthest from the imidazole ring.

2.12 Ultraviolet Spectrum

The ultraviolet absorption spectrum of
cimetidine in 0.1N aqueous sulfuric acid
is shown in Figure 3. A sumary of the
ultraviolet absorbance characteristics
obtained in several solvents is shown in

Table 1.
Table 1 Summary of Cimetidine Ultraviolet Absorption Data
Solvent A max (mm) € max=€, . log €
0.1IN aqueous H>SO. 218 20,530 4.31
95% ethanol 220 22,600 4,35

0.1N aqueous HC1 216 19,360 4.29
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The absorption maximum is due primarily to
the 7 -+ T transition of the cyanoimino
(C=N-C=N) group with a partial contribution
from the conjugated double bond system of
the imidazole ring. The pH absorption
dependency of cimetidine from pH 1.36 to
10.35 has been described by Kajfez, et al.?

2.13 Nuclear Magnetic Resonance Spectra

2.131

Proton Magnetic Resonance of Spectrum
Cimetidine

The proton magnetic resonance spectrum
(Figure 4) of cimetidine was

recorded for a deuterated dimethyl
sulfoxide solution containing
approximately 100 mg/ml of the campound
with tetramethylsilane as the internal
standard. The spectrum illustrated was
obtained using a Perkin~Elmer R32
proton magnetic resonance (CW)
spectrameter. The resonances are:

lI\'I—CEN
CH ,SCH,CH ,NHCNHCH 5
e a d f ge

H
h
Protons Chemical Shift Nunmber
At (ppm) Multiplicity of Protons Integral
Ca 2.50-2.58 multiplet 2 2
Cb 2,60 singlet 3 3
C, 2.65 doublet 3 3
C4 3.09-3.44 multiplet 2 2
Ce 3.60 singlet 2 2
Nf’Ng 6.45-7.34% multiplet 2 2
Cy, 7.43 singlet 1 1
Ci 11.7 singlet 1 1
(broad)
*quartet and triplet overlapped
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Fig. 4. Proton magnetic resonance spectrum of cimetidine in

deuterodimethylsulfoxide.
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Proton Spectrum—Cimetidine

Hydrochloride *’*

The proton magnetic resonance spectrum
of cimetidine hydrochloride was
obtained by preparing a solution of
approximately 100 mg/ml of the chemical
in deuterated dimethyl sulfoxide
containing tetramethylsilane as the
internal standard. The chemical shift
values of the hydrochloride salt differ
fraom those of the free base and are:

/N_C"a\]

CH, CH =S ~CH, ~CH,~NH-C{
a e b d f NHCH; -HC1
———— f c
HN. N
7 \(
H
g
Proton Chem. Shift No. of
Position Structure (pam) Multiplicity Protons
a ring-CH; 2.29 singlet 3
b S~CH, 2.60 triplet over- 2] o
lapped by DMSO 5
multiplet at o
2.5 pom & a o
doublet at 5
2.7 ppm 8
e -NHCH 3 2.70 doublet over- 3]w
lapped by
-SCH, triplet
d -CH,CH,NH 3.32 multiplet
e ring—CH,S 3.87 singlet 2
f NH-CHj5
C[{ZNI-I¥’~_f§:m 7.18 multiplet 2
g N-CH=N 8.99 singlet 1
h -NH 9.0-10.0 broad singlet 1

The chemical shifts at positions d and f were verified by

E. S. Pepper "

using spin decoupling and spin-decoupling



CIMETIDINE

137

with D20 exchange, respectively. These shifts were later
confirmed by Kajfez, et al.?

=

2.133

2.134

4

Double Resonance Spin Decoupling and

Deuterium Exchange Studies of
Cimetidine
Spin Decoupled at: 7.12 ppm

Results: 2.69 ppm doublet collapses to
a singlet. Shows that a
coupling exists between
NH-CHj;.

Spin Decoupled at: 7.1 ppm

Results: 2.09-3.44 multiplet (2H) is
reduced to a less complex
patterm., This is assigned to
—CH,NH-C (=NCN) protons.

Deuterium (D,0) exchange causes the
chemical shifts at 7.18 and 9.0-10.0 to
disappear. These resonances are
assigned to three exchangeable hydrogens
attached to nitrogen on the imidazole
ring and in the side—chain.

Carbon-13 NMR Spectrum

The broad band decoupled carbon-13 NMR
spectrum of cimetidine hydrochloride
(Figure 3) was obtained by using a
solution of approximately 100 mg/ml in
deuterated dimethylsulfoxide. The-
deuterium signal of dimethylsulfoxide
was used as the intermal reference and
the spectrum was obtained on a Varian
Associates Model FT-80 fourier
transform NMR spectraweter. The
chemical shift assignments are:

2 6
CHz\ /CH2\5 /NH\ /N—CEN
S CH» C *HC1
10 \ NHCH 3

3
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Chemical Shift, ppm

1 9.68
26.01
28.17
30.05
40.81

118.18

124.91

130.00

133.34

10 159,96

© O N ™ v A W o

2.14 Mass Spectrum
2.141 Electron-Ionization Impact Spectrum 3,*

Table 2

The mass spectrum of cimetidine using
a Hitachi Perkin~Elmer RMU-7E medium
resolution mass spectrameter and a
direct insertion probe of the sample is
shown in Figure 6. The mass spectrum
was recorded on magnetic tape and
relative abundances were calculated
with a PDP-8/Tdigital camputer coupled
to the instyrument. The results are
presenited in tabulated form in Table 2.

Cimetidine Mass Spectral Fragment Ions By

Electron~Ionization Impact

S

158

157

ion

4
M

-

+
SN .
HSCHzCHgNHCi
NHCH 3

SN

(continued)
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Table 2 Continued
m ion
[ CH3 cH,su | T
128 L\—/r
N
i s
FCH3 CH,S +
127 T——r__.
NN
s1?t
Il
CHs CH
126 \—_#
CH, c=st
125 ]——“——
N AN
+
116 [HSCH2CHzN=C=NCHS] '
115 HSCH , CH-N-C-NCH,
IﬂCN
111 CH=NHCNHCH 5
+
CH;, CH,
II\I]CN
82 C=NHCH,

(continued)
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Table 2 Continued

m

69

30

ion

CH,=N-C—NCH

CI'Iz‘ﬁ.Hz

2,142

2.143

The fragmentation of cimetidine base
appears to follow the three major
pathways. Shown in Schemes 1, 2, and
3. The molecular ion is observed at
m/e = 252.

Mass Spectrum-Field Desorption

The field desorption mass spectrum of
cimetidine base and a table of the
fragmentation peaks are presented in
Figure 7 and tabulated in Table 3.

The spectrum was obtained using a
Varian MAT CH-5 DF mass spectrometer.
The emitter was loaded by the dipping
techniques fram an acetone solution. 2An
emitter current of 20 milliamperes was
used to obtain the spectrum. The
spectrum shows a molecular ion, M+, at
m/e = 252 and a Mt at m/e = 253. The
peak at m/e = 258 is due to acetone
used for instrument tuning purposes.
Several low intensity fragment ions
are found and are related to the
electron~ionization fragmentation
mechanism described above.

Mass Spectrum—Chemical Tonization (CI)

The chemical ionization mass spectrum
of cimetidine and the major fragmenta-
tion ions are presented in Figure 8
and Table 4. The spectrum was
obtained using a Finnigan Model 3200
quadrupole mass spectrometer fitted
with a chemical ionization source. The
sample, applied to the probe from an
acetone solution, was introduced via
the direct inlet system. Methane was
used as the reactant gas.

The spectrum shows an (M+1)+ peak for
the molecular ion and characteristic
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Carbon-13 NMR spectrum of cimetidine hydrochloride.



wi

Relative Abundance (% of Base ion)

8
—

B
1

8
I

8
I

3
I

(1]

127

125

82
11

w-cEN
S} CH,|CH, NH c[m CH,

157 30

7

lonization Voltage: 70eV

Source Temperature: 200°C -

125 Direct Sample inlel Temperature: 300°C

instrument: Hitachi-Perkin Eimer RMU 6E

-
252M +
" | e
1 { 1
130 170 210 250

Fig. 6. Electron-ionization mass spectrum of cimetidine.
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Table 3 Field Desorption Mass Spectyrum of
Cimetidine. Peak Intensity Data.

04/16/81/SPEC# 185/KM/FD 20 MA

BASE SUM
11306 27545

PEAK I/IBASE MASS
1 0.30% 438
2 12.48% 58.0
3 4.49% 59.0
4 0.26% 779
5 0.09% 81.0
6 3.02% 95.1
7 0.44% 96.1
8 0.14% 97.0
9 2.98% 105.9
10 0.09% 106.3
n 0.12% 117.0
12 0.62% 125.9
13 0.64% 127.0
14 0.38% 1419
15 0.92% 157.0
16 1.78% 158.0
17 1.27% 1589
18 0.37% 188.0
19 0.35% 188.1
20 0.13% 197.0
21 1.71% 2111
22 0.78% 2269
23 1.40% 228.0
24 0.84% 249.0
25 1.63% 250.0
26 6.09% 251.0
27 69.95% 252.1
28 100.00% 253.1
29 16.45% 2540
30 5.98% 255.0
31 051% 256.1
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peaks at (M+29)T and (M+41)* when using
methane as the reactant gas at 1 u torr
pressure. The major fragmentation ions
are given in Table 4. An INCOS
camputer system coupled with the mass
spectrometer was used to obtain,
normalize, and plot the spectral data.

Table 4 Chemical Ionization Mass Spectral Fragment
Ions of Cimetidine (CH,~Reaction Gas)
m ion
293.2 (m + 41) (M + CsHg)*
281.2 (m + 29) M + CoHs)
253.1 ™M+ H)+
Nl—CN *
I
159.1 HSCH »,~CH—-CNHCH 3
R
117.0 HSCH, ~CH, ~-N=C=NCH | *
+H
CH; CH, +
AN
95.1
BN N
68.9 CH,=N-C-NCH,
2.144 Negative Ion Mass Spectrum

The negative ion mass spectrum of
cimetidine was obtained using a
Finnigan Model 3200 quadrupole mass
spectramneter equipped with an INCOS
data system. The mass spectrum is
presented in Figure 9 and the major
fragments are tabulated in Table 5. A
comparison of the molecular ion peak
intensity obtained in the negative ion
mode with that obtained in the chemical
ionization mode shows the former to be
11.4 times more intense. As the
fragmentation in the negative ion mode
is less, identification of smaller size
samples of cimetidine can be made.
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Table 5 Negative Ion Mass Spectral Fragment Ions of
Cimetidine
m ion
251.0 (M-H]~
ﬂ—CN
156.9 —-5-CH,CH,—NH-CNHCH 4
CH3 CHZ—
93.9 I I
N N
~&
2.15 Photoelectron Spectrum of Cimetidine
The photoelectron spectrum of cimetidine has
been reported?. The following bands were
found and their assignments have been
described:
Band Assignment
8.41 Ionization potential of both
imidazole 7 electrons and the
lone electron pair of imidazole
N (3) atam.
9.03 Ionization potential of
unshared sulfur electron pair.
9.4 7, electrons of imidazole ring
and 11 electron pairs of three
nitrogen atams in guanidinium
unit.
11,57, 12.08 m electrons -C=N
13.03, 13.36,
14.20, 14.95,% Not assigned
15.88
The photoelectron spectrum was obtained* with
a Vacuum Generator UV 63 instrument at low
resolution (35 &V) using He excitation at 140°
and xenon internal calibration.
2.16 X-Ray Diffraction

Single crystal x-ray diffraction studies of
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cimetidine were carried out by Hadicke,
Frickel, and Franke® "Cimetidine was found
to form monoclinic crystals (space group
P2,/C). The molecule is internally hydrogen
bonded by the N...N-N bond between the
imidazole and quanidine residue to form a ten—
menbered ring system."? The X-ray powder
diffraction spectrum of cimetidine is shown
in Figure 10. The spectrum was obtained using
a General Electric XRD-5 powder diffractameter
using CuKo, irradiation. Table 6 lists the
d-spacings (interplanar distances), the
diffraction angle, 28, and the relative peak
intensities. Crystals were found to be
prismatic and monoclinic. Prodic-Kojic, et
al’ have reported the cell constants to be
a=46.82 (1), b = 18.813 (3), and ¢ = 10.374
(2) a°, B = 106.42 (1)°.

2.2 Physical Properties of the Solid
2.21 Identity Tests
2,211 Thin lLayer Chromatography/Color Tests

This test may be used with the chemical,
tablet, or liquid dosage form containing
cimetidine or cimetidine hydrochloride.
A methanol extract of the sample is
prepared and chromatographed on a
Silica Gel GF chromatoplate with ethyl
acetate, methanol, ammonium hydroxide
(100, 10, 10, v/v) mobile phase. The
Rf comparison to a reference similarily
chromatographed, the response to
diazotized p—nitroaniline (imidazole
nucleus detection), U.V. (254 nm), and
I, vapors serves to identify cimetidine.

2.212 Infrared Identification

The infrared spectrum of a mineral oil
dispersion of the sample, previously
dried at 105°C for four hours,
corresponds to the reference sample.
Refer to Section 2.11.
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§-Bay,Diffraction Pattern of Cimetidine

29 d, A* Relative Intensity
7.20 12.27 5.7
9.40 9.40 7.4

10.10 8.75 2.8
13.00 6.80 14.5
14.75 6.00 31.9
16.58 5.34 38.3
16.80 5.27 58.2
17.80 4.98 24.1
18.46 4.80 32.3
19.10 4.64 4.6
19.72 4.50 39.0
20.58 4.31 4.3
21.26 4.18 4.3
23.58 3.77 100.0
26.06 3.42 24.1
26.90 3.31 6.4
27.30 3.26 T4.2
28.10 3.17 5.7
28.50 3.13 19.1
29.10 3.07 4.3
29.96 2.98, 0.7
30.50 2.93 7.1
31.62 2.83 1.4
32.60 2.74 7.8
33.92 2.64 14.9
34.60 2.59 9.2
35.00 2.56 2.8
36.06 2.49 2.1
37.64 2.39 1.4
38.80 2.32 2.1
40.50 2.22 2.1
41.40 2.18 2.1
42.64 2.12 5.3
43.40 2.08 4.3
44 .80 2.02 2.1
46.40 1.96 2.1
47.30 1.92 1.4
* d = interplanar A

distance = RATI)
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2.213

2.214

2.215

Ultraviolet Absorption Identification

The ultraviolet absorption spectrum of
a solution of cimetidine in 0.1N
sulfuric acid or 0.1N HCl exhibits a
maximum between 217-219 and a minimum
between 210 nm and 212 nm, (Figure 4).
Refer to Section 2.12.

Color Identification Test I

To 0.1 ml of solution of the sample
prepared by dissolving 1 mg of
cimetidine in 1 ml of ethanol add 5 ml
of a solution of 1 g citric acid in
acetic anhydride to make 50 ml,
(freshly prepared). Heat the mixture
on a waterbath for ten to fifteen
minutes. A red violet color develops.

Color Identification Test II

To 0.1 g of sample add 5 ml of IN
hydrochloric acid, and heat gently.

Add 5 ml of sodium hydroxide solution

(3 g in 10 ml H,0) to the solution and
heat additionally. The reaction mixture
evolves an ammonia odor. When a piece
of moistened red litmus paper is
exposed to the evolved gas, it tums
blue.

2.22 Themmal Properties

2.221

2.222

Melting Range

Cimetidine melts between 140 to 143.5°C
using the USP XX procedure for class 1
supbstances.

Differential Scanning Calorimetry (DSC)

The DSC thermogram for cimetidine is
shown in Figure 11. A single endotherm
is found at 142°C. As it does not
recrystallize fram its melt after
prolonged cooling at room temperature,
seeding, scratching, or annealing, it
is considered an amorphous glass.

The hydrochloride salt of cimetidine
shows a single endotherm at 193° C
(Figure 12).
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Fig. 11. Differential scanning calorimetric
thermogram of cimetidine.
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2.23 Density/Specific Surface Area®

Density measurements were carried out by the
use of an air camparison pycnometer and the
specific surface area was determined on

milled and unmilled sample using a Stroklein
areameter. The data are sumarized in Table 7.

Table 7

Property Units Unmilled Milled
Mean Particle Microns 19.0 7.8
Size 12,1
Specific 2 0.666 1.304
Surface Area m*/g -66 -30
%erlzfé;e g/cc  1.2815 -
Eﬁgﬁy g/cc  0.40 0.51

2.24 Thermogravimetric Analysis (TGA)

The thermogravimetric curves for cimetidine
and cimetidine hydrochloride are shown in
Figure 13 and 14, respectively. The curves
show that the compounds are stable up to a
temperature of approximately 175-185°C and
then decompose. The thermograms were obtained
at a heating rate of 10°C/minute.

2.3 Solubility of Cimetidine
2.31 Solubility in Various Solvents

The solubility of cimetidine®s!? was determined
in a variety of solvents using essentially the
method of Schefter and Higuchi.!?!

Solvent Sclubility (mg/ml)
20°C  24°C 25°C 37.0°C 37.5°C

Acetonitrile 2.7
Chloroform 1.0
Cyclohexane <0.01
Ethanol (USP) 58.0 64.5
Isopropanol 13.2
Diethyl Ether 0.01
Methanol 122 144
Polyethylene Glycol 400 51
Water 5 6.15 11.4

0.1N HC1 >250
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A. Prodic-Kojec, et al’+? reported a high
dependence of equilibrium solubilities of
cimetidine which ranged fram 0.75% at pH 8.92
to 2.72% at pH = 2.26 when determined at

35.0 # 0.1°C. Similar data was obtained by
Mitchell.?

2.311 Agueous Solubility of Cimetidine
Hydrochloride

In a study of apparent equilibrium
solubility cimetidine hydrochloride

is approximately 1.0 g/ml at 25°C. The
equilibrium solubility is approximately
160 mg/ml.

2.4 Physical Properties of Cimetidine Solutions®®

Agqueous solutions of cimetidine and cimetidine
hydrochloride are usually colorless to a very pale
straw color. A saturated solution of the free base
has a pH of approximately 9.0 and a 15% solution
of the hydrochloride salt, a pH of approximately

3.7.
2.41

2.42

Synthesis

Dissociation Constants

The apparent pKa of cimetidine is 7.11 t 0.04
at 25°C measured potenticmetrically in 0.1IN
aqueous KC1'?. In water, the pKa of the
imidazole ring nitrogen (-NH-) is 6.801% At
pH 7.4, 20.7% of cimetidine is present as
cations. The nitrogen atam on the side chain
to which the cyano (-C=N) group is attached is
essentially neutral and has a pKa = -0.42°

It is essentially non-ionized in a broad pH
range (2-12).

Partition Coefficient

The "Apparent Partition Coefficient" for
cimetidine in an octanol/pH 7.4 phosphate
buffer system at 25°C and in an octanol /water
system at 37°C were found to be 2.0 and 2.5
respectively. 2713

3.1 Synthesis of Cimetidine

Synthesis of cimetidine has been described by
Durant, G. J., et al.'3/1*
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Route 1
CH; CO,C,Hg CHjq CH,OH
F—]— m—— “HC1
N .
NG 1) Na/lig NH3_ N
2) ROH/NH,C1
3) HCl
CH; CH»>CH
ﬁ:—l/ + HSCH,CH,NH, *HCl ———»
NN "HCL CH ,SCH,CH,NH,

| l - 2HC1
~F

CH, CH ,SCH,CH,NH,
l | ma b (CHyS) ,oNen K2Ps
HN
—C=N
CHj, ,CH,SCH,CH,NHCSCH 3
HN N
NFH
N-C=N
CH3 CstCI'IchzNHC':SC:Hg
\I_E—:( + CH;NH, ——>
N
~&
N-C=N
4
CHZ CHzSCHzCI‘IQNH —NHCHg
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Route 2
CH;.} CHzOH CHg CHzSCHzCHzNHg
1 HSCH,CHNHy——» | |
HN\/N HN\/\I
N-C=N
CI'I3NI'IC_SCH3
(CH,S) , C=N-CN
—Cz=N
CH3 ,CH,SCH,CH,NHC-SCH 3
HN N
~F
CH3N-HZ
1,\']—C3N
CH; CH » SCH>CH >, NHC~NHCH 4
HN N
N

CIMETIDINE
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3.2 Synthesis of Cimetidine Hydrochloride

N"-cyano-N-methyl-N'-[2-[ (5-methyl-1H-imidazol-4-yl)
methyl]thio]ethyllguanidine, hydrochloride

To an ethanolic suspension of cimetidine,
concentrated hydrocholoric acid and ethyl acetate
are added, the product is collected, washed with
ethyl acetate, and dried. The schematic is
illustrated below:

Iﬁ—CEN
CH; CH,SCH,CH,NH-C-NH , + HC1
N M
Il\I|-CEN
CH3 /C:stcHchzNH—C_N}IcHa 'HCl
HN\/N
4. sStability
4.1 Cimetidine

4.11 Dry State
Cimetidine in the dry state, stored in a
closed container at roam temperature showed
no decamposition after five years when
examined by high pressure liquid chromato-
graphy, thin layer chramatography, infrared
spectrophotometry, and mass spectrametry. It
is stable for at least 48 hours at 100°C.

4.12 Acid Rydrolysis
Acid hydrolysis of cimetidine!® follows the
following scheme:

Iﬁ—CEN
CH, CH,SCH ,CH,NHCNHCH 5

= | (H']

HN\/ N A _——

H,0
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1'\II—CONH2
CHgy - CH,SCHCH, NECNHCH
(et]
B ——
H0
Iﬁ-ﬂ
CHj CH,SCH,CH,NHCNHCH 5

4.13

4.14

=1

~F ¢

The formation of the amide is pH and tempera-
ture dependent. Solutions of cimetidine in
hydrochloric acid at pH ~5.4 showed no
decamposition at 50° over a period of thirty
days. Hydrolysis to the guanylurea (B)
occurred when the compound was heated at 45°
for 36 hours with an excess of 1IN hydrochloric
acid at pH <l. The guanidine was formed by
heating cimetidine for two hours at 100°C
with concentrated hydrochloric acid.

Effect of Ultraviolet Light

No decomposition of cimetidine was noted 15
after several months exposure to U.V. light.

Effect of Hydrogen Peroxide and Oxygen

When cimetidine is treated with 3% H,0; at
room temperature or exposed to oxygen at 50°C
for short time periods, formation of sulfoxide
is observed. Refer to the following:

HN

1‘\{—CEN
CH,SCH > CH > NHCNHCH 4
I l [0,]
AN —
(0] N-CzN
CHZSCHZCHZNH&\]HQ‘IB

T

HY_ N
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4.2 Cimetidine Hydrochloride

The stability of cimetidine hydrochloride was
reported by Rosenberg, et al.'®

4.21 Aqueous Solutions

Aqueous solutions (vials for injection) showed
a shelf life of at least two years when
examined by high pressure liquid and examined
by high pressure liquid and thin layer
chramatography . *

4.22 Infusion Fluids
Solutions in common infusion fluids at
concentrations of 120 or 500 mg/100 ml were
found to be stable for at least one week at

roam temperature when examined by high
pressure liquid and thin layer chramatography?®

Analytical Chemistry

5.1 1Identity Tests
5.11 Identification Tests for Cimetidine

A. Dissolve about 20 mg of sample in 2 mi of
distilled water with gentle warming. Add 1 ml
of 5% aqueous sodium nitrite and allow to
stand for approximately three minutes. Add

1 ml of sulfanilic acid test solution

(250 mg of sulfanilic acid dissoclved in 25 ml
of 10% v/v aqueous HC1l) and allow to stand

for about five minutes. The formation of a
yellow-orange to reddish brown color indicates
the presence of cimetidine.!’

B. Place about 20 mg of sample in a small
test tube. Add one drop of concentrated
hydrochloric acid, 5 ml of glacial acetic
acid, stir to dissolve, and then add 1 ml of
mercuric acetate test solution (USP). The
formation of a white precipitate indicates
the presence of cimetidine.

C. A solution of the sample of the hydro-
chloride salt responds positively to the test
for chloride.

5.12 Identity Tests by IR, W, TIC and HPIC

A. Cimetidine and cimetidine hydrochloride
have characteristic spectra (Figures 1 and 2).
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B. The ultraviolet absorption spectrum of a
solution of cimetidine or cimetidine
hydrochloride in 0.1N H,SO, exhibits a maximum
between 217 and 219 nm and a minimm at 210-
212 nm (Figure 3).

C. Characteristic TILC and HPLC retention
times are described for cimetidine in the
text and may be used as confirmatory tests

for cimetidine (Section 5.4, 5.5).

D. sSingle crystals or trace amounts of
cimetidine respond to color tests and will
give a positive mass spectral peak for the
molecular ion. These have been described
above.

5.2 Non Aqueous Titration

5.21

5.22

Chemi.cal

Dissolve about 240 mg of sample, accurately
weighed, in 75 ml of glacial acetic acid.
Titrate with standardized 0.1 N perchloric
acid in acetic acid to a potentiametric end-
point using glass—calamel electrodes. Each
ml of 0.1N perchloric acid is equivalent to
25.234 mg of cimetidine.

Tablet

Determine the average tablet weight of twenty
tablets. Powder and weigh accurately a sample
equivalent to about one gram of cimetidine
into a 200 ml volumetric flask. Add about

150 ml of methanol, and shake mechanically for
thirty minutes. Dilute a volume with methanol,
mix and filter through a Whatman #1 filter
paper, discarding the first 15 ml of the
filtrate. To 50 ml add 25 ml of glacial acetic
acid and titrate with 0.1N acetous perchloric
acid to a potentiametric endpoint using glass-—
calanel electrodes.

Calculation:
mg Cimetidine tablet =

ml X N x 252.34 x 200 x Average Tablet Weight
Sample Weight (mg) x 50




168

P. M. G. BAVIN ET AL.

5.3 Spectrophametric Procedure

5.31 Chamical

5.32

Transfer about 65 mg of sample, accurately
weighed, to a 200 ml volumetric flask.
Dissolve in and dilute to volume with 0.1N
sulfuric acid. Transfer 5.0 ml of this
solution to a 200 ml volumetric flask, and
dilute to volume with the same solvent.
Record the ultraviolet absorption spectrum
of this solution in 1 cm cells on a suitable
spectrophotometer fram 320 to 210 nm using
0.1N sulfuric acid as a blank. Measure the
absorbance difference (M) between the
absorbance at 218 rm (maximum) and that at
260 nm,

Calculation:

% Cimetidine =

AA x 0.01212* x Dilution Factor x 100
Weight of Sample (mg)

*0.01212 = mg cimetidine/ml/unit AA

This absorptivity factor was experimentally
determined using accurately weighed samples of
cimetidine reference standard carried through
the same procedure.

Tablet

Weigh and finely powder twenty tablets. Weigh
accurately a portion of the powder, equivalent
to about 100 mg of cimetidine and transfer

to a 200 ml volumetric flask. Add 75 ml of
0.1N sulfuric acid, and shake mechanically

for thirty minutes. Dilute to volume with the
same solvent, mix, and filter through

Whatman #1 filter paper, discarding the first
15 ml of filtrate. Pipet 5.0 ml of filtrate
into a 200 volumetric flask, add 0.1N

sulfuric acid to volume, and mix. Record the
ultraviolet absorption spectrum of this
solution fram 300 to 215 rm in a 1 cm cell

versus 0.1N sulfuric acid on a suitable
spectrophotometer. Subtract the absorbance
at 260 nm from the absorbance of the maximum
at about 218 nm(AA).
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Calculation:
mg cimetidine/tablet =

A x 0.01212* x Average Tablet Weight (mg) x
Dilution Factor

Sample Weight {mg)
Thin Layer Chromatography
Adsorbent: Silica Gel GF, 250 microns

Eluting Solvent: ethyl acetate, methanol,
concentrated ammonium hydroxide
(10:1:1, v/v)

Ethyl acetate must be freshly
distilled.

Equilibration: 15 minutes in a closed paper lined
tank

Concentration: 50 mg/ml methanol
Detection: iodine, W (254 nm)

Spotting: 100 ug

The solvent is allowed to rise to the 15 am line,
the plate is removed from the chromatographic
chamber and dried in a current of air until no
solvent odor is detected. The plate is examined
under UV light at 254 nm. To obtain maximum
sensitivity the plate is placed in a chamber
containing iodine crystals for about thirty to forty
minutes or until maximum contrast of the spots is
obtained. The Rf of cimetidine is approximately
0.35.

Several additional thin layer chromatography
systems have been reported by Kajfez, et al.l®
These systems separate the sulfoxide of cimetidine
from the free base. All work was carried out using
Merck-Kieselgel 60F,s, plates. Visualization of
the spots UV 254 and iodine absorption.




RE

ELUTING SOLVENT COMPOSITION CIMETIDINE SULFOXIDE
a) EtOAC:iso-PrOH:conc. NH,OH (25%) (9:7:4) 0.76 0.56
b) CHCL3:CCl  :MeCH (2:1:1) 0.48 0.27
c) Me,0:CHCL;:n-BuOH:NH,OH (25%) (3:5:3.4:1) 0.64 0.32
d) EtOAc:iso-PrOH:DMF (9:7:4) 0.62 0.33
e) EtOAc:MeOH:DMF (10:7:1) 0.62 0.40
f) MeOH:n-BuCH (3:2) 0.60 0.40
g) MeCN:iso-PrOH:NH,OH (25%) (9:3:2) 0.73 0.50
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5.5 High Pressure Ligquid Chromatographic Procedure20
Adsorption and reverse phase systems have been used
to evaluate cimetidine. The procedures are rapid,
have high specificity and are amenable to the
analysis of cimetidine and cimetidine formulations.
Table 9 contains the parameters of several cited
investigations.

5.51 Analysis of Cimetidine
Mobile Solvent:

Mix 975 ml of acetonitrile, 20 ml of
distilled water, and 5 ml of concentrated
ammonium hydroxide.

Assay Preparation:

Accurately weigh about 50 mg of sample into a
50 ml volumetric flask. Dissolve in and
dilute to volume with mobile solvent.

Standard Preparation:

Accurately weigh about 50 mg of cimetidine
reference standard into a 50 ml volumetric
flask. Add 25 ml of mobile solvent, shake for
one-half hour, dilute to volume with mobile
solvent, and mix.

Procedure:

Inject 20 ul of Assay and Standard Preparations
into a liquid chramatograph adjusted to the
following operating conditions:

Instrument: Chromatronix 3100
Column: Zorbax-Sil (DuPont)

Column Diameter: 2.1 mm i.d. and 0.25 inch
o.d.

Column Length: 25 cm

Column Temperature: Ambient

Column Pressure: 500 psig
Attenuation: 16

Flow Rate: 0.2 ml/minute
Detector: UV (254 nm)

NOTE: Under the above operating conditions,
cimetidine has a retention time of about
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10 minutes.
Calculation:

C x Au x dilution factor x 100
As x Sample Weight (mg)

area under the peak relating to
the Assay Preparation

As = area under the peak relating to
the Standard Preparation

C = concentration of cimetidine
reference standard in mg/ml

5.52 Analysis of Tablets:
Mobile Solvent:

Mix 975 ml of acetonitrile, 20 ml of
distilled water, and 5 ml of concentrated
ammonium hydroxide.

gCimetidine =

Where: Au

Assay Preparation:

Weigh and finely powder twenty tablets.
Weigh accurately a portion of powder
(equivalent to 80 mg of cimetidine) into a
50 ml volumetric flask. Add 25 ml of mobile
solvent, shake for one-half hour, dilute to
volume with mobile solvent, and mix.

Standard Preparation:

Transfer about 80 mg of cimetidine reference
standard accurately weighed, into a 50 ml
volumetric flask. Add 25 ml of mobile solvent,
shake for one-half hour, and dilute to volume
with mobile solvent, and mix.

Procedure:

Inject 20 pl of Assay and Standard Preparations
into a liquid chramatograph adjusted to the
following operating conditions:

Instrument: Chramatronix Liquid Chramatograph
or equivalent

Colum: Zorbax-Sil (DuPont), or equivalent

Colum Diameter: 2.1 mm i.d. and 0.25 inch
o.d.

Colum Length: 25 cm

Colum Temperature: Ambient
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Colum Pressure: 1200 psi
Attentuation: x 16

Flow Rate: 0.54 ml/minute
Detector: UV (254 nm)

NOTE: Under the operating conditions,
cimetidine has a retention time of
about 10 minutes.

Calculation:
mg cimetidine/tablet =

C x Au x dilution factor x Av Tablet Wt (mg)
As x Sample Weight (mg)

Where: Au = area under the peak relating to
Assay Preparation
As = area under the peak relating to
the Standard Preparation
C = concentration of cimetidine

reference standard in mg/ml
Analysis of Capsules
Mobile Phase (0.05M borax):

Dissolve 39.1 g of Na;B40; -10 H,0 in
distilled water and dilute to 2000 ml. Adjust
the pH to 7.5 with formic acid.

Internal Standard Solution:

Dissolve about 120 mg of benzoic acid
(ACS grade) in 100 ml of mobile phase.

Assay Preparation:

Transfer as completely as possible the
contents of not less than twenty capsules to
a tared container, determine the average
content weight per capsule, and mix the
cambined contents thoroughly. Transfer an
accurately weighed portion of the powder,
equivalent to about 50 mg of cimetidine, to
a 25 ml volumetric flask. Add about 8 ml of
methanol, and shake mechanically for 10
minutes. Add 15.0 ml of Internal Standard
Solution, dilute to volume with methanol and
mix.



Table 9 HPIC Parameters For Cimetidine

Column Mobile Phase Flow Rate UV Detector ART (min.) Reference
{ml/min.) (nm)

Lichrosorb Si 60 CH3CN,H,0,CH;0H, 0.8 228 10.0 40
conc. NH,OH (1000,
20,60,5)

Lichrosorb Si 60 0.1% NH,OH/CH,CN 0.8 228 40.0 40

Zorbax Sil CH;CN, CH4OH,H,0, 3.0 228 3.4 88
conc. NH,OH (1000,
500,20,2)

Zorbax Sil CH,CN,H,0, conc. 0.5 228 10.0 87
NH,OH (975,20,5)

1 Bondapak C18 CH;N, 10mM potas- 2.0 220 4.0 39

sium phosphate
buffer (pH 3.0) (90,910)

u Bondapak C18 0.3% (NH,) ,HPO,, 1.0 254 16.5 41
CH30H (450,550)

Partisil SCX 0.9% Aq (NH,) 2SO, 1.0 228 3.5 40
CH;0H (200,800)

Partisil SAX 0.1M Borax Buffer 0.75 254 2.8 42
(pH 8.5)

Partisil 10-ODS CH3CN,H,0, NH,OH 2.5 228 - 43

(1000,50,1)
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Standard Preparation:

Transfer 50 mg of cimetidine reference
standard, accurately weighed, into a 25 ml
volumetric flask. Dissclve in 8 ml of
methanol, add 15.0 ml of Internal Standard
Solution, dilute to volume with methanol,
and mix.

Procedure:

Using a loop injector, inject 20 1l of
Sample and Standard Preparation.

Instrumental Conditions:

The following instrumental conditions are
typically employed when a Chromatronix Liquid
Chramatograph is employed:

Instrument: Chramatronix, Model 3100
Colum Packing: Strong Anion Exchange Resin

Colum Diameter: 2.1 mm (i.d.)

Colum Iength: 1 meter

Column Temperature: Ambient

Column Pressure: 2500 psi
Flow Rate: 0.40 ml/minute
Attentuation: x 64

Chart Speed: 4 minutes/cm
Detector: UV (254 nm)

Using the above conditions, the peaks are
recorded in the order: cimetidine (approxi-
mately 4 minutes) and benzoic acid (approxi-
mately 8 minutes).

Calculation:

Calculate the ration 'R’ for each chramatogram
where:

_ Cimetidine Peak Height

R = Benzoic Acid Peak Height

mg cimetidine/capsule =

RA X Wt of Std (g) x 1000 x Av Net Contents (g)
RS X Wt of Sample (q)
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Where: RA = Ratio of Assay Preparation
RS = Ratio of Standard Preparation

5.6 Determination of Cimetidine Sulfoxide Content

White?! used the previously cited procedure

(Section 5.5) to separate and estimate the amount of
the sulfoxide of cimetidine in the new drug
substance. With sample concentration of 1 mg/ml
and an injection of 20 yl, as little as 1 ppm of
the 'sulfoxide' could be detected and estimated at
the RT of about 13 minutes.

0 II\}—CEN
+
CHB CHzSCHzCHzNHCNHC['h
HN\/N
'Sulfoxide’

white"® also determined the presence of the
'sulfoxide' using a Partisil SCX colum {25 cm x
4,6 mm i.d.); Mobile Phase: 80% CH3OH and 20% H,O
containing 1.8 g (NH4) »S04/1, a flow rate of about
1.5 ml/minute; Detection: UV at 228 mm and an
injection of 25ulof a 25 mg/ml solution of sample.

Metabolism and Pharmocokinetics

The metabolism and pharmacokinetics of cimetidine has
been studied and reviewed by several investigators.??
The compound is absorbed rapidly whether given orally
or i.v.. About 15-20% of cimetidine appears to be
plasma protein bound and this is reported to be of no
pharmacological significance.?® In rats and dogs,
cimetidine is readily absorbed and has a plasma half-
life of about one-half to two hours. In human studies,
cimetidine was shown to have a half-life of 123 * 12
minutes in the blood.?? Cimetidine has been found
from radioactive trace studies with 2-'*C-cimetidine
in healthy humans as well as dogs and rats to be
mainly excreted in the urine. It is widely distributed
throughout all the tissues and is rapidly eliminated
with the exception of the liver, kidney and adrenal
cortex,?%r25 TIC, HPIC, and radioautographic studies
indicated 56-85% of cimetidine (I) was unchanged, up
to 30% was excreted as the sulfoxide (II), 5-8% as the
hydroxymethyl (III) compound, approximately 2% as the
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guanylurea (IV) and 7-+17% as unidentified material,?®-28

The reported metabolism products are illustrated in
Figure 15.

6.1 Determination of Cimetidine and its Metabolites in
Biological Fluids

Cimetidine may be assayed in blood, urine, plasma,??®’
30,31,32,33,38% gerum, bile, pancreatic fluid, gastric
fluid, plueral fluid, ceribrospinal fluid, ascitic
fluid and body tissues by HPLC procedures’?:3* The
major identified metabolite, cimetidine sulfoxide??
which is eliminated fram the body mainly by renal
excretion has been determined in blood and

urine by Lee and Osborne using a high pressure
liquid chramatographic procedure.®? heir procedure
allows the operator to cleanly separate creatinine,
which is frequently present in clinical samples of
patients suffering from renal failure and to
determine both the cimetidine as well as the
cimetidine sulfoxide.

The separation of cimetidine and its metabolites is
usually carried out by extraction of the biological
medium with l-octanol fram an aqueous alkaline

pH 9 solution followed by mixing, addition of an
internal standard and centrifugation. The
extraction with octanol is repeated and the

combined extracts are re-—extracted with dilute
hydrochloric acid. The aqueous acid solution is then
separated, ethanol is added and mixed. This is then
followed by saturating the mixture with a large
amount of potassium or sodium carbonate to "salt

out" the ethanol layer which contains the cimetidine
and its metabolite, the sulfoxide. Several different
internal standards have been used: Metiamide,
l-methy1-3~-[2-[[ (5-methyl-imidazole-4-yl) -methyl]
thio]ethyl]-2-thiourea,'®s3*/3" (N-cyano-N'-methyl-
N"- (3- (4-imidazolyl) ~propyl) guanidine’®?, and B~
hydroxy-theophylline.?? After extraction the samples
are either evaporated to dryness and reconstituted
with a known amount of ethanol, injected directly or
dissolved in the mobile phase for the HPIC analysis.
The colums used for HPIC were.silica2%,31,32,3% ang
a reverse phase Cl8 8 Bondap 3%, The separation
of cimetidine sulfoxide!! and the guanidine deriva-
tive of cimetidine, N-methyl-N'~[2-((4-methyl-5-
imidazolyl)methyl] thio) ethyllguanidine, (VI) plus

the polar decomposition and metabolic products of
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cimetidine may be carried out using a Partisil SC)@
(Whatman Inc.) strong ion exchange column using the
following set of conditions®?:

Colum: Partisil SC)@lO U (25 cm x 4.6 mm 1i.4.)
Whatman Inc.

Mobile Phase: Weigh 1.8 grams of ammonium sulfate
into a one liter volumetric flask.
2dd 200 ml of distilled water to
dissolve, then make up to volume with
methanol.

Flow Rate: ~1 ml/minute
Detector: UV (228 nm)
Sensitivity: Variable
Sample Diluent: Mobile Phase

Retention Times:

Minutes
Guanol (carboxamide) Derivative (IV) 10
SK&F 92422
Guanidine Derivative (VI) 15
SK&F 92408
]
CH3, _CH, SCH, CH ;NHCNHCH 5
HN N
&

'"Guanidine' Derivative of Cimetidine
VI

In the recent method of Ziemmiak, et al®®, a liquid
chramatographic procedure has been developed which
separates and permits quantitative analysis of
cimetidine (I), cimetidine sulfoxide (II), its
hydroxymethyl (I} and guanol urea derivatives (IV).
Metiamide, SK&F 92058, is used as the internal
standard. Their procedure involves the precipitation
of protein with acetonitrile, addition of anhydrous
K,HPO,, extraction of the separated aqueous phase
with methylene chloride and KH;POy to saturate and
salt out the solution. The methylene chloride is
evaporated to dryness, the sample is reconstituted
with mobile phase (CH,CN:CH;OH:H,0:NH,OH,
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1000:50:50:2) . Detection is by UV at 228 nm and a
Zorbax Sil Colum, 4.6 mm x 25 an (DuPont Instru-
ments, Wilmington, DE) equipped with a Whatman HC
Pellosil precolum (Whatman Inc., Clifton, NJ) is
used. An apparent pH of 10.5 has been used, and
according to the authors colum performance was
satisfactory for more than a five months period in
spite of the high alkalinity.

Identification of decomposition products and
metabolic products is most conveniently done by
their isolation using thin layer chromatography
and identification by use of field desorption

mass spectrometry.
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1. Description

l.1. Disopyramide Phosphate C21H29N3O'H3PO4

Mol. Wt. 437.5

0

q:—rdk+2

CCH,CH,N CH{CH3}2 - H3PO,ld A]
2

ON

a-[2-(Diisopyropylamino)ethyl] -a~phenyl-
2-pyridineacetamide phosphate (1l:1)

1.2. Color, Odor, Appearance

Disopyramide phosphate is an odorless
white, or slightly off-white free
flowing powder.

2. Synthesis

Nitrilopyramine is heated with concentrated
sulfuric acid for 4 hours on a steam bath, the
mixture is poured into ice after which it is
made alkaline with 10 normal sodium hydroxide.
The pH of the solution is then adjusted to 6
with acetic acid and the solution is washed
with toluene. The mixture is again made alka-
line with 10 normal sodium hydroxide and ex-
tracted with toluene. The toluene is evapora-
ted and the residue dissolved in ethanol and
treated with activated carbon. The ethanol is
then evaporated and the residue recrystallized
from hexane to give disopyramide. The phos-
phoric acid salt of disopyramide is prepared
by reacting disopyramide with a phosphoric
acid solution.! The synthesis pathway is
illustrated in Figure 1.
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@ECEHZCHZN[CH{CH:;} ] e

Nitrilopyramine

0
gg:zw N[CH{CH3}
O

Disopyramide

]H 3P0,

0
CNH2

CCH,CH, N[CH{CH }] H4 PO,

@ 2

Disopyramide Phosphate

Figure 1 ~ Synthesis of Disopyramide Phosphate
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3. Physical Characteristics

3.1.

Infrared Spectrum

The infrared spectrum of disopyramide
phosphate in a Nujol and Fluorolube
split mull is shown in Figure 2.? Band
assignments are summarized below.

_1)

Band (cm Assignment

3480, 3290 amide N-H stretch

2300, broad N+-H stretch

1678, 1640 amide C=0 stretch
and NH2 deformation

1590, 1560 benzene and pyridine

1480, 1460 ring vibrations

1395 CH.,-NT methylene
de%ormation

1263 c-Nt stretch

1065, 940 H2POZ stretches

760 4 adjacent H wag
(¢ - substituted
pyridine)

740, 695 5 adjacent H wag

(mono-substituted
benzene)
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Proton Magnetic Resonance Spectrum

The PMR spectrum of disopyramide phos-
phate in deuterated water is shown in
Figure 3.2 Shifts are reported in ppm
downfield from the methyl signal of 3-
trimethylsilyl propanoic acid-d, sodium
salt which was used as an interﬁal ref-
erence. Band assignments are summarized
below.

0
(I:—NHz
CCHZCHoN CCH{(CZIH3}2 -2H3POA

Band (ppm) Assignment
1.24 doublet a
2.93 singlet b
3.67 septet c
7.10 - 7.55 multiplet d

7.88 triplet of
doublets e

8.57 doublet of
doublets f



[ M i i 1 i I
r ' -

|

]
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&

] _J
T " PR S — — .
100 9.0 80 70 6.0 50 40 30 20 10 0
S{PPM)

Figure 3 - Proton Magnetic Resonance Spectrum of Disopyramide Phosphate
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Carbon Magnetic Resonance Spectrum

Noise and single frequency off-resonance
decoupled CMR spectra of disopyramide
phosphate in deuterated water solution
are shown in Pigures 4 and 5.2? Shifts
are reported in ppm downfield from the
shift of tetramethyl silane as refer-
enced to a shift of 67.4 ppm for dioxane
which was used as an internal reference.

Band assignments are given below.

0

9_9 ICNH,

| e/ .
f kCCtél-IZCCHZN %H{%H3}2 2H3P04
(@)

J
g

Band (ppm) Assignment
18.7, 17.1 a
35.4 b
45.2 c
55.8 d
62.7 e
125.4, 124.5 £
130.0, 129.2 g
139.4 h
141.8 i
149.6 j
160.6 k

178.2 1



. '

250 200 150 100 50 0
PPM

Figure 4 - Noise decoupled carbon magnetic resonance spectrum
of disopyramide phosphate.
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Figure 5 - Single Frequency Off-Resonance Proton Decoupled Carbon Magnetic
Resonance Spectrum of Disopyramide Phosphate
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3.4 Ultraviolet Spectrum
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WAVELENGTH (nm)

Fig. 6. Ultraviolet spectrum of disopyramide
phosphate.
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3.5. Thermal Analysis

The DSC thermogram of disopyramide phos-
phate obtained using a heating rate of
l10°C/minute is shown in Figure 7.2 The
endothermic change of 138 J/g at about
213°C is due to melting and, as can be
seen by the TG in Figure 8,% is accompa-
nied by weight loss.

The TG was obtained using a heating rate
of 20°C/minute. The maximum rate of
weight loss is at 236°C. The total
weight loss is B2.4% of the sample
weight.

3.6. Mass Spectrum

A chemical ionization mass spectrum of
disopyramide phosphate contains a base
peak at M/z = 340 which is due to the
protonated free base of disopyramide
phosphate. No peaks greater than 10% of
the base peak are observed below M/z =
340. No peak due to the salt is pre-
sent.?

3.7. Solubility
The solubility of disopyramide phosphate
in various organic solvents is summa-
rized in Table 1 below.?

Table 1

Solubility in Organic Solvents*

Solvent Solubility (g/L)
Ethanol 1.089
Isopropanol 0.103
Chloroform 1.413 x 10 2
Cyclohexane 6.524 x 10 -3

* Solubility determined at 24 - 26°C
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Figure 8 - TG Thermogram of Disopyramide Phosphate
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The solubility of disopyramide phosphate
free base in various aqueous media is
summarized in Table 2 below.?

Table 2

Solubility in Various Aqueous Media**

Aqueous Molarity pH*** Solubility
_Media = __(M) —{mg/ml)
Acetate 0.1 3.93 62.0
Phosphate 0.1 5.85 32.0
Phosphate 0.16 7.45 8.71
Phosphate 0.1 7.98 4.32
Glycerine 0.1 9.86 3.78
0.1 N NaOH 0.1 12.7 1.29

** Solubility at 27°C
*** Represents pH of Aqueous Media prior to
Addition of Disopyramide
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Metabolism and Pharmacokinetics

After oral administration of 100 mg of the
drug to healthy men and women*,*®, peak plasma
levels of 2.4 ug/ml were obtained 2 hours af-
ter administration. The drug had an absorp-
tion rate of 1.35 hours~!. The drug was eli-
minated with a biological half life of 7
hours. Twenty four hours after administra-
tion, plasma levels were low but urinary ex-
cretion was still appreciable. An average of
60% of the oral dose was recovered unchanged
in the urine within 48 hours, with 50% being
recovered within 24 hours of administration.

After oral administration of the drug to dogs
and rats, the biological half life, after peak
plasma levels were obtained, is 1.5 hours and
1.4 hours respectively. Urinary excretion
after 24 hours was much lower for dogs (20%)
and rats (35%) than for man. It is assumed
that the rapid disappearance of disopyramide
from the blood of both dog and rat is due to
both urinary excretion and formation of meta-
bolites which undergo biliary excretion.

Karim et al® determined that the main pathway
of disopyramide metabolism involved N-dealky-
lation of the isopropyl group and arylhydroxy-
lation, with a marked species difference in
biotransformation between dog, rat, and man,

Oral administration of !*C labeled disopyra-
mide to dogs yielded 79% of radioactive com-
pound in the urine after 72 hours. Of this
17% was the unchanged compound, 12% the mono-
N-dealkylated species 2, 29% the pyrrolidone
species 4, and 18% a water soluble conjugate
that gave the pyrrolidone upon acid hydroly-
sis. Figqure 9 is the proposed metabolic path-
way for disopyramide in dogs. (See Figure 9)

Intraperitineal administration of **C labeled
disopyramide to rats yielded 44% of the radio-
active compound in the urine after 72 hours.
Of this, 80% was the unchanged disopyramide 1.
The minor metabolic products recovered were
two phenolic compounds 5 and 6 arising from
arylhydroxylation. (See Figure 10.)
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Oral administration of disopyramide 1 to man
yielded 56% of disopyramide and 4% of the
mono-N-dealkylated species 2 in the urine

after

24 hours (refer to Figure 9).

Methods of Chemical and Dosage Form Analysis

5.1.

5.3.

5.3.1.

Titrimetric Analysis

Accurately weigh a portion of the diso-
pyramide phosphate and add it to 50 ml
of glacial acetic acid in a 250 mL
Erlenmeyer flask. Titrate with 0.1 N
perchloric acid to a potentiometric end-
point. A blank determination is per-
formed and any necessary corrections
made. Each mL of 0.1 N perchloric acid
is equivalent to 21.87 mg of disopyra-
mide phosphate.’

Spectrophotometric Analysis

The analysis of disopyramide phosphate
may be performed by UV spectrophotomet-
ric analysis employing 0.1 N sulfuric
acid in absolute methanol as solvent.
The ultraviolet absorption maximum is at
about 268 nm,°®

Chromatographic Analyses
Thin Layer Chromatography

Several TLC systems are available for
the analysis of disopyramide phos-
phate.?® Solvent, adsorbent, and de-
tection parameters are summarized in
Table 3.
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Figure 9 - Proposed Metabolic Pathway
of Disopyramide in Dogs
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Figure 10 - Proposed Metabolic Pathway
of Disopyramide in Rats
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Table 3
Solvent System Adsorbent Detection Rf
Benzene:ethanol Silica Gel 1,2 0.39
2B:ammonium 0.25 mm
hydroxide 170:
28:2 (v/v/v)
Toluene:ethanol Silica Gel 1 .34
2B:ammonium 0.25 mm
hydroxide 170:
28:2 (v/v/v)
Methylene chlo- Silica Gel 2 0.65
ride:ethanol 0.25 mm
2B:ammonium

hydroxide 70:

28:2 (v/v/v)

Detection Systems

1.

2.

5.3.2.

Spray with Dragendorff Reagent

Color test the chromatographic plate
by exposure to excess t-butyl hypo-
chlorite. Evaporate the excess rea-
gent (20 minutes in fume hood) and
then spray the plate with 0.5% (w/v)
potassium iodide and 0.5% (w/v) starch
in water.

High Performance Liguid Chromatography
Disopyramide phosphate may be chro-

matographed under the following HPLC
conditions.?®

System 1

Column: u-Bondapak Cl18 (30 cm
X 4.0 mm i.d.)

Mobile Phase: 70% triethyl ammonium
phosphate buffer/30%
methanol (v/v)

Flow Rate: 2 mL/min



DISOPYRAMIDE PHOSPHATE 203

5.3.3.

Detection: 254 nm
Temperature: Ambient

Retention Time: Approximately 6

minutes
System 2

Column: DuPont Zorbax C8 (15
cm x 4.6 mm i.d.)

Mobile Phase: 65% TEAP Buffer pH
3.7/35% MeOH

Flow Rate: 2 mL/min

Temperature: Ambient

Detection: 254 nm

Retention Time: Approximately 5
minutes

Gas Liquid Chromatography

Disopyramide phosphate can be chroma-
tographed as the free base. The free
base is obtained by dissolving diso-
pyramide phosphate chemical or capsule
in an aqueous base medium and extract-
ing into an organic solvent such as
chloroform, ethyl ether, methylene
chloride, etc.. Disopyramide is chro-
matographed under the following condi-
tionstt.

System 1

Column: 3% Ov-1l on Gas Chrom Q,
80/100 mesh (1.8 m x 2
mm i.d., glass column)

Oven Temp.: 210°C

Carrier: Helium

Flow: 50 mL/min
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Detection: Flame Ionization
System 2
Column: 3% Silar 10C on Gas

Chrom Q 100/120 (1.8 m
X 2 mm i.d., glass

column)
Oven Temp.: 250°C
Carrier: Helium
Flow Rate: 50 mL/min
Detection: Flame Ionization

6. Methods of Analyses in Biological Fluids

6.1.

Spectrophotometric Analysis

A portion of the plasma/serum is added
to 0.5 M phosphate buffer pH 7.5 and
extracted with methylene chloride. The
organic portion is washed with potassium
hydroxide and then extracted with 0.1 N
sulfuric acid. The ultraviolet absorp-
tion of the aqueous extract is measured
at about 260 nm to quantitate the diso-
pyramidet!?,

Spectrofluorometric Analysis

A portion of the sample fluid is added
to sodium hydroxide solution and ex-
tracted with methylene chloride. The
methylene chloride solution is then
extracted with 50% sulfuric acid.

To quantitate disopyramide, the fluores-
cence of the sulfuric acid extract is
determined at X emission = 410 nm,

™~ excitation = 275 nmS.
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Chromatographic Analyses

Gas Liquid Chromatography

Many investigators have used gas chro-
matography to analyze disopyramide

13 ~ 20, and to a lesser extent diso-
pyramide and its mono-N-dealkylated
metabolite %! - 23, in biological
fluids.

The majority of the methods involve
basifying the sample fluid and ex-
tracting the free base into an organic
medium. This organic medium may then
be evaporated and the sample reconsti-
tuted in ethanol or another solvent,
or the sample can be injected directly
into the chromatograph. Some of the
methods described use a double extrac-
tion where the organic medium contain-
ing disopyramide is extracted with
acid solution, which is then made
basic and again extracted with organic
solvent. Many of the methods also
employ an internal standard for quan-
titation. Internal standards commonly
used are p-chlorodisopyramide, and
aminopentamide. Table 4 gives a sum-
mary of the gas chromatographic condi-
tions employed.
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Table 4

Column

Column Detector Carrier Flow Ref.
Temp.

1.5¢ SE30 on Gae 230°C PID 30 uL/min M2 13
Chrom Q (1.8 m x

2 mm, glass)

3% OvV-17 on Gas
Chrom Q 100/200

255°C Nitrogen 20 ow/min M2 14
mesh

(1 m x 2 am, glass)

3% Ov-101 on Gas 230°C PID 30 mL/min %2 15
Chrom Q 80/100 mesh
(1.8 = x 6 nm, glass)

3% OV-1 on Supel- 240°C PID 40 mu/min M2 16
coport 80/100 mesh

(1.5m x 4 mm,
silanized glass)

28 EP2250, 28 OV-101 230°C Nitrogen 30 mL/min ¥2 17
on Chromosorb W-HP

1007120 mesh (1.
x ¢ mm, glass)

2w

3% OCW 98 on Gas 210°C PID 100 uL/min 2 18

Chrom Q 100/120
(.7 m x 2.6 mm,

mesh
glass)

3% OV-1 Gas Chrom Q 200°C Nitrogen 40 nu/min N2 19

100/100 mesh (2
2 mm, glass)

3% OV~17 on Gas
Chrom Q 100/120

260°C PID 30 aL/min M2 20
mesh

(60 cm x 2 mm, glass)

38 OV-17 on Chromo- 250°C PID 28 aL/min ¥2 21
sorb W 100/120 mesh
(1@ x 2 mm, glass)

3% OV-17 on Gas
Chrom Q 100/120

245°C Nitrogen 25 aL/min 22
nesh

(60 cm x 2 mm, glass)

2,68 OV-17 on Chromo~- 210°C/ P1D 60 mL/win He 23
sorb W-HP 80/100 mesh 230°C
(.6 = x 2 mm, glass)

6.3.2.

High Performance Liquid Chromatography

Several HPLC methods have been report-
ed that can be used to analyze disopy-
ramide phosphate alone?* - 2% or in
combination with its mono-N-dealkylat-
ed metabolite??® - 3?, Sample prepara-
tion is similar to that for gas chro-
matography. For most methods the sam-
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Table 5
Column Mobile Phase Detection FPlow Rate Ref,
—foam) (mL/min)
S micron Acetonitrile:potassium 254 — 24
oDs-18 phosphate (monobasic)
buffer

10 u ODS-18 18 Acetic acid:methanol: 254 1 25
(25 ¢m x triethylamine (54,.5:45:
3 mm i.d.) .5)
uBondapak Methanol:hexaneisulfonic 254 1 26
Ccl8 (30 cm acid (pH 4.5) (60:40)
x 4 mm i.d.)
Lichrosorb Dichloroethane:methanol: 265 1 27
S160 (15 cm perchloric acid (95.7:4:
x 4 nm i.4.) .3)
uBondapak .05 M Potassium phosphate 258 2 28
Ccl8 (30 cm {debasic):acetonitrile
x 4 mn i.d.) (65:35)
pBondapak Acetonitrile:.01 N sodium 254 1.2 29
CN (30 cm acetate (pH 4) (50:50)
x 4 mm i.4.)
pBondapak .06 M Sodium acetate, 4.7% 254 1.9 30
CN (25 cm acetic acid (pH 3.5):
x 5 mm i.d.) methanol (85:15)
oDs Cl8 Methanol swater with 254 1 31
(25 cm x .005 M heptanesulfonic
5 mm i.d.) acid (53:47)
Lichrosorb 0.5 M Sodium phosphate: 254 1.8 32
RP-8 10 acetonitrile (73:27)

micron (25
cm x 4.6 mm
i.d4.)

ple fluid is basified and extracted
into an organic medium. The medium is
then evaporated and the sample recon-
stituted in mobile phase solution or
other organic medium. Table 5 gives a
summary of different HPLC Systems.
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1. Introduction
1.1 Historical

Indomethacin is a non-steroidal, anti-inflammatory
agent with anti-pyretic and analgesic properties discovered
and developed by the Merck Sharp and Dohme Research
Laboratories(l).

Indomethacin has been used effectively in the management of
patients with moderate to severe rheumatoid arthritis, ankylosing
spondylitis, osteoarthritis, acute painful shoulder (bursitis
and/or tendinitis) and acute gouty arthritis(2-6). Recently,
indomethacin has been found effective in the treatment of
neonates with patent ductus arteriosus and in patients with
acute cystoid macular edema following cataract surgery(7-9).
Worldwide, indomethacin has been formulated into many dosage
forms, including formulations designed for long duration of
activity. The discovery of this compound continues to provide
new insights into medical treatment of disabling diseases(10).

1.2 Name, Formula, Molecular Weight

Indomethacin (I) is 1-(p-chlorobenzoyl )-5-methoxy-2-
methylindole-3-acetic acid. Other names for the compound
include (1-p-chlorobenzoyl-5-methoxy-2-methylindol-3-y1)
acetic acid(10). Proprietary names for indomethacin include
AMUNO INDACID, INDACIN, INDOCIN, INDOCIN-SR, INDOCIN-IV,
INDOMEE, INDOPTIC, METINDOL, and MEZOLIN. Additional
chemical and proprietary names are listed in the monograph
for indomethacin in the Merck Index(11).

el e
N CH;
X
CH30O CH,COOH

Official monographs for indomethacin are given in U.S.P. XX
B.P. 1980 , European Ph.1980 ,and the Nord. Ph.1969 ,
(12-15)
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1.3 Definition

Indomethacin is defined as the Form I crystalline, non-
solvated free acid moiety of the compound unless otherwise
noted. Indomethacin as described below can exist as several
crystalline forms but has been used in pharmaceutical prep-
arations principally as Form I and less frequently as the
crystalline sodium trihydrate.

1.4 Appearance, Color, Odor

Pale yellow to yellow-tan, crystalline powder that is
odorless or almost odorless.

2. Physical Properties

2.1 Ultraviolet Absorbance

Indomethacin was first characterized by Shen et al. as
having ultraviolet absorbance maxima at 319 and 230 nm with
an inflection at 260 nm in ethanol. The corresponding
values reported were 6290, 20800 and 16200,
respectively(1l).

U.S.P.XX 1lists a UV absorbance maximum at 318 nm
in methanolic 0.1N hydrochloric acid. Figure 1 shows
an ultraviolet absorption spectrum of indomethacin (Merck
Standard 6375-66-1) in methanolic 0.1N HC1 at a concentration

of 1.429mg/100 ml. Absorbance maximum is at 318 with El1%lcm
value of 182 ( =6510).

2.2 Mass Spectrum

The mass spectrum of indomethacin obtained on an LKB-
5000 at 70 eV ionization energy is found in Figure 2.
Important Features of the spectrum include:
(1) Molecular ion peak at 357 (m/e).
(2) Peak at m/e 312 (M.W.-45) attributed to loss of COZH.

(3) The most intense peak of the spectrum occurs at m/e 139
which corresponds to p~chlorobenzoyl(16).
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2.3 Nuclear Magnetic Resonance

2.3.1

2.3.2

The proton NMR spectrum of indomethacin in deuterated
dimethylsulfoxide (d6 DMSO) at a concentration of

20% (w/v) is reproduced in Figure 3. A tabulation of
the assignments and chemical shifts is found in Table
I(17).

The carboxylic proton is not visible in the above
spectrum due to exchange broadening involving the
water in the solvent.

Carbon 13 Spectrum

The 13C magnetic resonance spectrum is given in
Figure 4 and was obtained using a Varian CFT-20

(FT mode) spectrometer with d.DMSO as the solvent at
a concentration of 10% w/v. ghe spectrum is
consistent with the structure and the assignments are
in Table II (17).

CH;0 A 3 "CH,COOH
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Figure 1. Ultraviolet Absorption Spectrum of Indomethacin
in Methanolic Hydrochloric Acid at 0.001437% Concentration;
max @ 318 nm; ElZ%lcm = 182. Merck Standard 6375-66-1
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Table I. Proton NMR Spectrum of Indomethacin
Merck Standard 6375-66-1
Solvent: 66 DMSO; Conc: 20% w/v; Inst.: JEOL C-60 Hz

Chemical Shift Integral Rel. No.

(ppm)® (mm) Proton Assignment

2.22 (s) 43 [2.87] 2—CH3

3.67 (s) 75 1/2 [5.04] 3-CH2CO2H

3.74 (s) OCH5~

6.55-7.10 (m) 44 1/2 [2.97] H4, H6 and H7
H H 9

7.45-7.80 (m) 61 1/2 [4.1,] c1,_<i::j>~c_
H H

a - ™S used as internal reference.

Table II. Carbon 13 Chemical Shifts for Indomethacin

shift s13c
{(ppm) Assignment*
172.0 OO2PII
167.8 SN-C=0
155.5 Cs
137.6 C4.
135.1 C8
134.1 Cy
131.1 C2. 'C6‘
130.7 Cy
130.2 Cq
129.0 C3+7Cs
114.5 C7
113.4 Ca
111.2 Cg
101.7 Cy
55.3 OCH
29.5 3~ 2

13.1 2—-CHy
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Figure 3. Proton NMR Spectrum of Indomethacin in d6—DMSO.
Merck Standard 6375-66-1
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2.4 Crystal Properties

Indomethacin is known to exist in more than one
nonsolvated crystalline modification. Yamamoto described
three polymorphs o, & and >” with melting point, IR and x-ray
powder diffraction data(18). Monkhouse and Lach reported
two modifications characterized by melting point and IR(19).
Borka found four and reported hot-stage microscopic melting
point, IR and solubility data (solubility on only
three)(20). Others have also observed four crystalline
polymorphs(21). While there is disagreement as to the
existence of some of the polymorphs, all agree on two of the
crystalline modifications. There are consistent melting
point, IR and x-ray powder diffraction data for these two
modifications. Most authors refer to these polymorphs as
Form I and Form II. Yamamoto, however, uses 7 —-type and
oC-type, respectively. Form I is the highest melting (see
2.6 below) and lowest solubility (see 2.7 below) polymorph
and is, therefore, the thermodynamically stable crystalline
modification of indomethacin. However, from a practical
view, both Form I and II are equally biologically available
and active(22).

The x-ray powder diffraction data for Forms I and IT of
indomethacin are found in Table II. The d-spacings and
relative intensities for Form I are consistent with those
cited in the National Formulary XIV (1975) (13).

Kistenmacher and Marsh determined the crystal and
molecular structure of indomethacin by single crystal x-ray
diffraction methods(23). Although not explicitly stated by
Kistenmacher and Marsh, the crystals grown from anhydrous
acetonitrile are most likely Form I. They reported that
the crystals are triclinic, space group P1, with cell
constants a = 9,295(2)A, b = 10.979(1)A, C = 9.742(1)A,
ec= 69.38(1)°, 8 = 110.79(1)°, 7= 93.78(1)o and Z = 2.

The calculated density i§ 1.37 gm/cm”; the obserwved
density is 1.38(1) gm/cm".

In addition to the polymorphism described above,
indomethacin is known to form solvates with benzene and t-
butyl alcohol(21). Borka has also observed solvates with a
number of different solvents(20).
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Table III

X-Ray Powder Diffraction of Indomethacin Forms I and II
Sample Merck Standard
Cu K. Radiation

Form I : Form II
fo) Rel. fo) Rel.
2 (%)  d@) Intensity 2 (9 d(A) Intensity
10.18  8.69 22 4.85 18.22 14
11.60 7.63 100 6.89 12.83 43
12.75 6.94 15 8.80 10.05 100
16.65 5.32 54 10.20 8.67 36
17.00 5.21 89 11.35 7.80 32
17.30 5.13 25 11.85 7.46 77
18.55 4.78 19 13.85 6.39 34
19.30 4.60 36 14.19 6.24 80
19.60 4,52 60 14.45 6.13 79
20.30 4,37 10 14.70 6.03 30
20.90 4,25 15 14.90 5.95 30
21.80 4,08 89 16.05 5.52 31
22.90 3.88 17 17.50 5.07 45
23.15 3.84 15 18.00 4.93 50
24.00 3.71 22 18.90 4.70 55
25.50 3.49 13 19.00 4.67 16
26.62 3.35 42 19.70 4.51 54
27.50 3.24 15 20.15 4.41 39
28.3 3.15 11 20.60 4.31 46
28.9 3.09 22 21.10 4,21 29
29.35 3.04 31 22.02 4,04 77
30.40 2.94 14 22.60 3.93 68
33.60 2.67 10 23.35 3.81 52
34.15 2.63 11 24.01 3.71 39
34,75 2.58 8 24.50 3.63 57
37.50 2.40 13 24.90 3.58 23
25.28 3.52 38
26.25 3.40 36
27.20 3.28 14
28.35 3.15 39

31.0 2.89 25
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2.5 Infrared Absorbance

The infrared absorption spectrum for Form I of
indomethacin in KBr is given by Hayden et al. and
Sadtler(24,25). Monkhouse and Lach, and Borka, in addition
to IR spectrum for Form I, give IR spectra for the other
crystalline modifications of indomethacin that they
observed(19,20).

The IR spectrum which is consistent with the literature
for Porm I of indomethacin is found in Fiqure 5. Some band
assignments for the solid state infrared absorption spectrum
are given below(26).

Wavelength (em™1)
-~ 3400-2500 Aromatic C-H stretch Carboxylic acid

O-H stretch

1715, 1695 C=0 stretch

1600 Aromatic C=C stretch

1450 O—CH3 deformation

1230 ? (C-0) stretch plus O-H deformation

925 Carboxylic O-H out of plane deformation

900-600 Various C-H out of plane deformation for
substituted aromatic

750 c-C1 7?2

2.6 Thermal Behavior

Shen et al. initially reported a melting point of 153-
154° for indomethacin(l). The N.F. XIV states that the
melting point of indomethacin is 162°C while N.F. XIIT
gives 1550 and 1620 for the melting points of two
polymorphs of indomethacin. The British Pharmacopoeia
1980 specifies a melting point of 158" to 162°C(14).

Tabulated in Table IV are the melting points observed
for the various polymorphs previously reported in the
literature.
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Melting Points of Indomethacin Polymorphs

Form Melting Point (°c)

Form I (type v 160-161.5(18)
160(20,18)
158(19)

Form II (type ) 154.5-155.5(28)
154(20,28)
152(19)

Form TII 148(21)

Form IV 134(21)

Type 5 158-160.5(18)

A DTA curve for indomethacin (Form I - Merck Standard)
obtained on a du Pont 990 thermal analyzer is given in
Figure 5. Observed DTA peak temperature is 162°C.
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Y44

1°C

Endotherm Exotherm

-—

| | I | | | I
20 60 100 140 180 220 260

Temperature (°C)

Figure 6. D.T.A. Curve of Indomethacin (Form I). Merck Standard 6375-66-1.




226 MATTHEW O'BRIEN ET AL.

2,7 Solubility

The following solubility data have been reported:

Solvent Temp(°C) Solubility Reference
Water 25 0.40 mg/100 m1@ 20
Water 25 0.52 mg/100 m1P 20
Water 25 0.88 mg/100 m1€ 20
Water RT Practically Insoluble 13
Phosphate Buffer pH 5.6 25 3 mg/100 m1@ 28
Phosphate Buffer pH 5.6 25 5 mg/100 m1P 28
Phosphate Buffer pH 6.2 25 11 mg/100 m1? 28
Phosphate Buffer pH 6.2 25 16 mg/100 miP 28
Phosphate Buffer pH 7.0 25 54 mg/100 m1® 28
Phosphate Buffer pH 7.0 25 80 mg/100 m1P 28
Ethyl alcohol (95%) RT 1 in 50 13
Chloroform RT 1 in 20 13
Ether RT 1 in 45 13
Methanol 25 32 mg/gm 29
Benzene 25 4 mg/gm 29
n-butanol 25 19 mg/gm 29
sec—butanol 25 27 mg/gm 29

3orm I, Prorm II, CForm IIT
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2.8 Dissociation Constant

A pKa of 4.5 for the carboxyl group of indomethacin
was calculated from aqueous solubility data(30). Potentiometric
titration data for indomethacin in 50% methanol-water yielded
PKa of 4.5 using a correction factor for the solvent(31).

2.9 Partition Behavior

Apparent distribution coefficients for indomethacin are
tabulated below(31). Additional information is given in the
references.

Solvent Pairs K*
Methylene Chloride/pH 7.1 Phosphate Buffer 16.3
Ether/pH 7.1 Phosphate Buffer 8.2
gx = conc. in organic phase

conc. in agqueous phase

3.Synthesis
3.1

Indomethacin(I) was originally prepared as shown

in the scheme below by conversion of 5-methoxy-
2-methylindole—-3-acetic acid to its anhydride using
dicyclohexylcarbodiimide in THF(1). Treatment of the anhydride
in the presence of zinc chloride and butanol produced the
butyl ester, which was then acylated with p~chlorobenzoic
acid to yield indomethacin butyl ester. The ester was then
pyrolyzed and purified to produce indomethacin.

Indomethacin ethyl ester is synthesized by the reaction of
N-p-chlorobenzoyl-N-p-methoxyphenylhydrazine with 1-hydroxy-
2-propanone and 2-bromoethylacetate after the method of
Yamamoto et.al. .(32)

Indomethacin has also been synthesized from sodium p-methoxy-
phenylhydrazine sulfonate and from saffrole(33,34).

Q ¢Hs
CH30 COOH CH,0 CO-G-CH
1.DCHC/THF I CH3
N NCH, 2.ZnCl,/BuOH N

Hy

v
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4. Stability

In general, the integrity of indomethacin powder and formulatec
products exists for at least five years at room temperature(35,36).
Exposure to strong direct sunlight induces an increase in the color
of indomethacin(37);however,degradation is slight, but the
precaution of employing light resistant containers should be taken
to minimize discoloration of solid. Indomethacin undergoes alkaline
hydrolysis to p-chlorobenzoate and 2-methyl-5-methoxy-indole-3-
acetate. These transformation products are also primary metabolic
products(section on metabolism and pharmacokinetics).

€O,y
CHy CH,CO,R  ,p,~CH30 B,C00
Ori1 = | O
N
| CHyq g CHs
=0 cl

I

C1

The half-life at room temperature is about 200 hours in pH 8.0
buffer and about 90 minutes in pH 10.0 solutions(36). In a patent
specification, Sumitomo Chemical Co. Ltd. reports stability
conditions for seven different injectable formulations of
indomethacin(38). Several of these formulations were stable after
four months storage at 50°C.

Formulations of indomethacin as the free-acid and as the sodiu
salt are available in various parts of the world. They include:

Capsules 25mg and 50mg

Time Release Capsules 75mg
Injection 1.0mg/ml
Ophthalmic Suspension 10mg/ml
Oral Suspension 10mg/ml
Suppositories 50mg and 100mg
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5. Methods of Analysis

5.1 Elemental Analysis

Analysis of Merck Sharp & Dohme reference lot 590,226-0A38
for C, H, N and O was reported as follows:

Theory Observed
C 63.78 63.87
H 4,51 4.44
N 3.92 4.09
0 9.91 10.01

Reference material is obtainable from both the U.S.
Pharmacopeia and the British Pharmacopeia (13-14).

5.2 Spectrophotometric Analysis

Analysis of capsules containing indomethacin is described
in the USP/NF and the British Pharmacopeia (13,14).
After an extraction into methylene chloride from a methanolic
pH 7.2 phosphate buffer, the ultraviolet absorbance is measured
near 318 nm. This analysis measures intact indomethacin in the
presence of its hydrolytic degradation products. If
esterification has occurred, an ether wash prior to extraction
from phosphate buffer has been used to prevent interference
caused by esters(39). This procedure is also applicable to
injections, suppositories, suspensions and tablets.

Allesandro and co-workers have also described analysis of
indomethacin by formation of a nitroso derivative which has an
ultraviolet absorption maximum at 317 nm(40).

5.3 Fluorescence Analysis

The indomethacin hydrolysis product 2-methyl-5-methoxy
indole acetic acid fluoresces at 385 nm after excitation at 300
nm in 0.1N NaOH, (41) and at 387 nm after excitation at 312 nm
in pH 11.6 buffer(42). The latter procedure claimed a three-
fold increase in detectability. Neither method distinguishes
indomethacin from salicylates. Clinical studies employing
subjects administered aspirin must use a separation prior to
fluorescence analysis. Without adequate separation the indole
metabolites as well as salicylate, produce a positive assay
bias.
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5.4 Polarographic Bnalysis

In aqueous methanol, indomethacin exhibits a half-wave
potential (B4 2) at the dropping mercury electrode which is
dependent upoé pH. In 0.1M methanolic lithium chloride,
indomethacin has two waves between -1.4v and -1.6v (vs,
S.C.E.). The first step height is diffusion controlled and
corresponds to a two electron reduction of the amide carbonyl.
The second wave is believed to be a kinetic wave. The method
as described is specific for nonhydrolyzed indomethacin and is
suitable for analysis of capsules, suppositories and
suspensions with precision of +1.2%, +0.7% and +1.2% for
the respective formulations(43).

5.5 Mass-transport Techniques

5.5.1 Liquid-liguid Extraction

Distribution ratios of indomethacin and its
metabolites, N-deschlorobenzoylindomethacin and O-
desmethylindomethacin, have been described for heptane
and agueous solutions of buffers between pH 5.0 and
7.0(44). In addition, a comparison was made on samples
extracted from sera of man, dog and rat in the above
PH range.

5.5.2 Paper Chromatography

Harman and co-workers described a series of solvent
systems for ascending chromatography on Whatman 3MM
paper (45). The following table compares the R, values
of indomethacin (I), N-deschlorobenzoylindomethacin (IT)
and O-desmethylindomethacin (IIT).

Re
System 1 hid héed
A 0.75 0.40 0.66
B 0.95 0.88 0.92
C 0.95 0.95 0.95

System A - isopropyl alcohol - 15N ammonium hydroxide-
water (8:1:1)
B - methanol-water-n-butyl alcohol-benzene
(2:1:1:1)
C - acetic acid - isopropyl alcohol (5:95)



INDOMETHACIN

Other workers achieved separation of I, II, and
IIT using as a developing system Xylene-toluene-dioxane-
isopropanol-20% morpholine (1:1:3:3:2)(46).

5.5.3 Thin-Layer Chromatography

Sondergaard and Steines measured indomethacin in
plasma and urine by direct quantitative TLC using
chloroform-methanol(30:6) on silica gel(47). Reliable
quantitation was achieved at the 30 ng/ml level(+12%).

In addition to the systems described above, Harman
and co-workers developed TLC systems on silica
gel(45).

R

=f
System b i pied
D 0.50 0.55 0.65
E 0.57 0.37 0.15
D ethyl acetate - isopropyl alcohol-10%
ammonium hydroxide (5:4:3)
E acetic acid - chloroform (5:95)

Allessandro and co-workers using silica gel G were
able to separate indomethacin from drugs of similar
pharmacological properties(40). Likewise Thompson and
Johnson reported Rf values for a variety of
analgesics, antipyretics and anti-inflammatory drugs
which were separable from indomethacin(48). Polyamide
gels were also used by Hsiu et al. to resolve a series
of antipyretics including indomethacin(49).

Curran,et.al. , used TLC to resolve and identify
impurities in formulations(50). The systems employed
had detection limits on the order of 0.1 to 0.2 ug.

Re
System I I1 PCB v \Y
A 0.80 0.75 0.90 0.24 0.35
B 0.40 0.38 0.50 0.33 0.28
PCB = parachlorobenzoic acid
IV = alpha monoglyceride of I from suppositories
V = alpha monoglyceride of PCB from suppositories
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5.5.4 Gas-Liquid Chromatography

GC-MS characterization of indomethacin has been
reported using trimethylsilyl esters separated on
SE-52 liquid phase(51). The same paper also reports
precision and accuracy using an electron capture
detector, which for plasma was 92+19%(5ng/ml)
and 96+1.5%(1000ng/ml). For agueous humors, the
values were 97+5.6% and 99+2.2%,respectively.

Indomethacin has been determined without any
preparatory work by Saito and Hara on 2% (w/w) OV-17
supported on Diasolid L and on 1.5% (w/w) SE-52
supported on high purity Chromosorb W(52).

Indomethacin has also been determined as its ethyl
ester on a Im x 2.5 mm column packed with 100-120 mesh
Chromosorb W (AW-DMCS) coated with 2% (w/w) OV=1(53).
Under optimum conditions utilizing an electron capture
detector, a recovery from spiked serum of 96 + 3% was
attained. Formation of the ethyl ester prevents assay
inclusion of O-desmethylindomethacin, a metabolite which
after methylation would be identical with the methy]
ester of indomethacin.

Measurement with an electron capture detector has
been made using the pentafluoropropyl derivative in
the plasma of neonates with comparable precision and
linearity over the range 10 to 1000 ng(54).

5.5. 5 Liquid-Solid Chromatography

Separation of salicylic acid and indomethacin was
accomplished by packing 6 gms. of kieslguhr ground with
citrate buffer on top of 2 gms. of kieslguhr mixed with
pH 7.0 phosphate buffer. Material was eluted with
heptane(42).

5.5.6 High Performance Liquid Chromatography

Table V contains references for chromatographic
systems used to measure indomethacin in various
matrices.



Table V SEPARATION SYSTEMS FOR INDOMETHACIN BY HPLC

Mobile Phase

Sample Column Detection REF
Biological Hypersil ODS 76% methanol in 0.025M Fluorometric 55
pH4 Phosphate Buffer exc @ 295nm
emm @ 340nm
1.5ng/ml
Dosage Form Ultrasphere ODS Methanol-water-acetonitrile- Ultraviolet@254 56
acetic acid{55:35:10:1)
Biological Zorbax ODS Mobile phase optimizatiom Ultraviolet@235 57
Dosage Form Silica,10um Gradient:
A:8% acetic acid in heptane Ultraviolet@254 58
B:8% acetic acid and 20%
ethanol in heptane
Dosage Form Cl8uBondapak 27%acetonitrile in 1% aqueous Ultraviolet@254 59
formic acid
Dosage Form Cl8uBondapak 60% methanol in 2.5% phos- Ultraviolet@240 60
phoric acid
Bulk Drug Cl8uBondapak Gradient:
A:250ml acetonitrile in 750 Ultraviolet@254 61

phosphate buffer ( pH 7, 0.02M)
B:700ml acetonitrile in 300
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5.6 Titrimetric Analysis

Assessment of indomethacin powder had been specified in
the U.5.P XIX and the British Pharmacopeia,1980 as a
back titration with hydrochloric acid after alkaline
hydrolysis(13,14). This method can attain a precision of +
0.8%(62). A direct titration for tablets and capsules is
described using sodium hydroxide. If performed rapidly with
phenolphtha%gin indicator, a precision of +0.3% is
attainable. The latter procedure serves to differentiate
ester formation as well as hydrolysis products from intact
material. The presence of parachlorobenzoic acid and 5-methoxy-
2-methylindole—-3-acetic acid are cause for positive error.

6. Metabolism an8 Pharmacokinetics

The only known routes of indomethacin elimination are renal,
biliary and metabolic(46,63). Unchanged indomethacin (I}, O-
desmethyl-indomethacin (DMI), N-deschlorobenzoylindomethacin (DBI)
and O-desmethyl-N-deschlorobenzoylindomethacin (DMBI) and their
respective acyl glucuronides account for all drug-related moieties
in plasma urine and feces. I, DMI and DBI are the major components
in plasma and urine; they appear predominantly as conjugates in
urine but totally unconjugated in plasma. DMBI is the major
chemical species in the feces.

In all animal species studied, all four chemical moieties
undergo enterohepatic circulation to varying degrees. The same can
be inferred from the time courses of each in man. Quantitatively,
it has been estimated that approximately 50% of an intravenous dose
undergoes enterohepatic circulation as I.

Because of enterchepatic circulation the amount of I available
to the systemic circulation can exceed the administered dose. On
the average, the biocavailability of orally and rectally adminstered
I is 100 and 80% relative to an intravenous reference dose.

Within the therapeutic range, there is no evidence that the
disposition of I is route- or dose-dependent. The mean plasma,
renal, biliary and metabolic clearances of I are 107, 28, 60, 68
ml/min., respectively. Because of the sporadic and variable nature
of gall bladder discharge and consequently the ensuing reabsorptior
attempts to determine plasma half-life directly tend to be futile.
Thus, values ranging from 90 minutes to 16 hours have been reportec
in the literature. An effective half-life of about 4.5 hours has
been estimated from the time course of I accumulation during
repeated drug administration and is the mean value which must have
prevailed for the observed accumulation to obtain.
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1. Foreword, History, Therapeutic Category

Ketotifen is a nonspecific, oral, mast cell
stabilizer introduced in 1992 (13. The prominent
biochemical~pharmacological activities of ketotifen
are H,-receptor antagonism, phosphodiesterase inhi-
bitiofl, inhibition of the formation SRS-A, and in-
hibition of calcium flux in smooth muscle prepara-
tions: all these actions are suited to prevent a
development of asthmatic conditions. Promising re-
sults were obtained in early clinical trials: keto-
tifen was equipotent with disodium cromoglycate in
prevention of asthma induced by spontaneous excer-—
cise or by antigens. Also, ketotifen is more speci-
fic than clemastine as a H,-receptor antagonist.
However, more recent, cont}oled trials feiled to
substantiate the early therapeutic optimism. The
beneficial effect of ketotifen in the treatment
of asthma is only small; it was noted that this
effect is associated with pronounced sedation (2).

2. Description
2.l. Nomenclature

2.1l.1. Chemical Name

4-(1-Methyl-piperidylidene)-4H-benzo-[4,5]~
—cyclohepta-[l,2—b -thiophene-1lo(9H)-one hydrogen-
fumarate

2.1s2, Generic MName

Ketotifen
2eles. Trade Name

Zaditen

2.2. Formula
2.2.le tmpirical

C19H19N08.04H4O4
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2.2.,2. Structural

2.3« Molecular Weight
425.504

2.4, Appearance, Color, Odor

The drug is marketed as the salt, either con-
taining 2.5 molecule of water, or anhydrous. In
either form it is a white, odorless crystalline
powder.

Ketotifen base: a yellow, odorless crystalline pow-
der.

%, Synthesis

The reaction sequence leading to ketotifen
hydrogen fumarate is shown in sheme I.

2-Thenylchloride (II), prepared by chlorome-
thylation of thiophene (Ia) or 2-hydroxymethylthio-
phene (Ib), was subjected to Arbuzov’s rearrange-
ment to give 2-thenyl-diethylphosphonate (III).
This product was reacted with 2-carboxybenzaldehyde
whereupon 2-/2-(thienyl)-vinyl/-benzoic acid (IV
was obtained; IV was hydrogenated to 2-/2-(thienyl)-
ethyl/-benzoic acid (V). Cyclisation, under the in-
fluence of polyphosphoric_acid, (PPA resulted in
9,10-dihydro-4H-benzo[ 4,5 ]-cyclohepta|l,2-b]-thio-
phene-4-one (VI).

Alternatively (V) may be prepared by reducti-
on of 2-thenylidene-phthalide obtained from 2-thi-
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enyl acetic acid (Ic) and sodium ethylate (3).

Bromination of (VI) gives the dibromo deriva-
tive which, on refluxing in methanol, followed by
dehydrobromination with KOH in refluxing methanol,
gave lo-methoxy-4H-benzo-[4,5]-cyclohepta-{1,2-b]-
-thiophene-4-one (IX). This compound was condensed
with the magnesium derivative of 4-chloro-l-methyl-
piperidine in tetrahydrofurane, and the resultin
1o-methoxy-4-(1-methyl—4—piperidyl)—4H—benzo[4,5%~
-cyelohepta-[1,2-b]-thiphene-4~one (X) was finglly
dehydrated and demethylated with HCl at 95-loo C,
to give the base of ketotifen (4).

4. Physical Properties
T, 1. Spectra
4, 1.1. Intrared

The IR absorption spectrum of ketotifen base,
and that of ketotifen hydrogen fumarate with 2.5
molecules of water, are shown in Fig. 1. These spe-
ctra were recorded with KBr-pelleted samples usin
a Pye Unicam SP-200 Infrared Spectrophotometer (5).
Some of the major frequencies and band assignements
are given in Tables l. and.2.

Table 1. Characteristic IR bands of ketotifen base

frequency (cm"l) assignment
3lo0 thiophene C-H stretching
3000-2840 aromatic and CH3 stretchings
1640 C=0 gtretching
1620 C=C (ring), stretching
1400 and 1280 C-C-H, interaction
1450 C-H, bending
1120 C-C(=0)-C, stretching and
bending
1060 C-H, in-plane bending
935-700 thiophene

4,1,2., Ultraviolet

Fig. 2. shows the UV spectra (Pye-Unicam SP-
-8-1o0 Spectrophotometer) of ketotifen base (1)
and ketotifen hydrogen fumarate with 2.5 molecule
of crystal water (2 both compounds being in me-
thanolic solution (5).
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Fig. 1. Infrared absorption spectra of ketotifen
base (A) and ketotifen hydrogen fumarate
with 2.5 H2O (B). Instrument: Pye-Unicam
SP-200.
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Fig. 2. Ultraviolet spectra of ketotifen base (1),
and ketotifen hydrogen fumarate with 2.5
crystal H,0 (2). Instrument: Pye-Unicam SP-
8"100.
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Fig. 3. Mass spectrum of ketotifen hydrogen fumarate. The
elegtron energy was 70 eV and the temperature of the ion source was
250°C. Instrument: mass spectrometer CEC-21-110 B.
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Table 2. Characteristic IR bands of ketotifen hyd-
rogen fumarate containing 2.5 molecules of crystal
water

frequency (cm'l) assignment
3550-3450 OH, broad band
3080~303%0 aromatic CH, stretcing
3095-%075 =CH, stretching

3loo thiphene CH, stretching
2800-2200 COOH and NH

1710 COOH (fumaric acid)

1leko C=C (ring), stretching

1290 C-N, stretching

1280 -C-0-H, interaction

4.,1.%, Mass

The mass spectrum (CEC-21-1lo B Mass spectro-
meter) of ketotifen hydrogen fumarate is shown in
Fig. 3. The strongest peak corresponds to the mole-
cular ion of ketotifen hydrogen fumarate (m/e 309).
Fragmentation apparently starts by a separation of
the methyl group (m/e 15) from the piperidylidene
moiety, and the remainder of the original molecule
(m/e 294) does not fragmentate further, at least
not markedly. The heterccyclic parts of the molecu-
le, thiophene and piperidine, should give the frag-
ments / (m/e 58) and CH,-N-CH (m/e 57), respec-

S7 (5). 3

. |
tively CH2

4,1.4, Proton Magnetic Resonance

The proton MR spectra (Jeol FX-loo Spectrome-
ter) were recorded in different solvents: that of
ketotifen base in deuterated chloroform, and that
of ketotifen hydrogen fumarate in deuterated dime-
thyl sulphoxide (in either case against TMS as in-
ternal standard) (5). These spectra are presented
in Figs. 4. and 5. Characteristic features of the
spectra are given separately in Tables 3. and 4.
The proton MR spectrum of ketotifen base was part-
1y described by Waldvogel et al. (6).

When ketotifen hydrogen fumarate was shaken
with D50, the garboxylic group protons of fumaric
acid aﬁd the N'H protons were exchanged for deute-
rons from D,O, as shown by the absence of the broad
peak at 9.1& ppm (see Table 4.) (5).
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Table 3. 1H—NMR spectrum of ketotifen base; charac-
teristics and assignments

T dmvens. PP S eI
7.50 115 doublet Ja,c= 4,9 H,
7.%36=7,10 4 H muliplet Hb
7.03 1H doublet Jc,a= 4,9 HC
4,24 1 H doublet Jd’e=13.18 Hd
3.74 1H doublet Je,d=13'18 He
2,94-2.58 2 H multiplet Hf
2.,49-2,39 2 H multiplet Hg
2.28-1.99 7 H multiplet Hh’ N—CH3

4,1.5, 13C-Nuclear Magnetic Resonance

1BC—NMR spectra were recorded with a Jeol FX-
~loo spectrometer at 25.05 MHz. The sample of keto-
tifen base was dissclved in both CDCl5 and DMSO-d6,
and hydrogen fumarate only in D!MSO-d.”(5). The
sanples were measured in 5 mm tubes %ith TMS as in-
ternal standard and ui%ng internal deuterium lock.

The broad band C-NMR spectra of DMS0-d,. so-
lutions of base and the hydrogen fumarate are sShown
in Figs. 6. and 7. In both cases all the signals
were clearly resolved. The assignments of saturated
carbon atoms can be made on the basis of their well
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Fig. 4. 1H—Nuclear magnetic resonance spectrum of ketotifen
base. Instrument: Jeol FX-100 at 100 MHz.
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Fig. 5. 1H—Nuclear magnetic resonance spectrum of ketotifen

hydrogen fumarate with 2.5 H20. Instrument: Jeol FX-100 at 100 mHz.
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Table 4. lH—NMR spectrum of ketotifen hydrogen fu-
marate
0
d
b
b4f\1 I )
WA AL
b C
L X
I NH H COOH
h o
CH3
h
chem., shift . multipli- coupling assign-
d_(ppm) intens. city const. J (Hz) meﬁt
9.14 2 H broad singlet COOH
7.98 1H doublet Ja.c= 4,9 H,
9
7.43-7.26 1H multiplet H,
7.26-7.21 4 H singlet Hb

6.60 2 H doublet Jd =13,17 H.

,€ i
(fumaric ac.)
4,37 1 H doublet Je d=15.l7 Hd
]

3.72 18H multiplet He
2e17=%403 2 H multiplet Hg
2.80-2,66 2 H multiplet Hf
2.54-2.51 8 H multiplet Hh

defined absorption regions (7), but due to very

closely spaced chemical shifts of numerous aromatic
and two quaternary olefinic carbons, the assignment
was possible only by means of gated decoupled (NOE)
spectra. Because of the solute-solvent interaction
in DMSO-d,. solutions these spectra were not quite

suitable ?or an unambiguous interpretation. There-
fore we have recorded the NOE spectrum of the base
in CDClB.
From the multiplets of the aliphatic part

of the completely coupled spectrum, it was possible
to assign the signals belonging to C-2?, C-3' and
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Table 5. “°C Chemical shifts® and 12C-1H coupling
constantsb for ketotifen bame dissolved

in CDCl3

C-atom & (ppm) 1JCH 2JCH 3JCH 4JCH
C-2 131.80 éd) 185.1 6.3 - -
C-3 130.28 (d) 169.9 3.9 - -
C-4 137.73 (s) - - 7.8 -
C-5 126.52 Ed) 161.1 =1l.o 7.5 -
C-6 128,58 (d4) 159,0 <l.o 6.8 -
c-9 49,67 (dd) 134.9 - 3.9 -

125.9 - 5.9 -
C~lo 189.05 (s) - 8.0 - -
c-11 147,95 (s) - - 9.3 4,6
c-12 132.39 (s) - overlaped with -

c C-7 multiplet

C-14 138,67 (s)° - - - -
Cc-2? 57.07 (t) - - - -
C=lt? 128.93 (s) - - - -

in ppm downfield from internal TMS; precision
~-0.05 ppm; off-resonance multiplets are given in
parentheses in the second column.

J in Hz; the precision is ¥0.5 Hz.

¢ The assignment can be interchanged. The long-ran-

ge couplings give complicated multiplets.

methyl group of the N-methyl-piperidine part of the
molecule, as well as the methylene carbon (C-9) of
the cyclic ketone part. The latter carbon atom dis-
plays a doublet of doublets indicating a pronounced
departure of the CH, group from the planarity. Two
different first ordgr C-H coupling constants were
detegmined (Table 5.), which is in agreement with
the ~H-NMR spectrum (Fig. #, Table 3.) which shows
the typical pattern for geminal protons.

The assignment of the aromatic-olefinic part
of the spectrum was not possible using only known
substitution rules (8) due to simultaneous interac-
tion of few different moieties. However, the NOE
spectrum enabled a sound interpretation based on
the long-range carbon-hydrogen couplings. The com-
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Fig. 6. 13C Broad band decoupled NMR spectrum of ketotifen base
in DMSO—d6. Instrument: Jeol FX-100 at 25.05 MHz.
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Fig. 7. 13C Broad-band decoupled NMR spectrum of ketotifen

hydrogen fumarate in DMSO—d6. Instrument: Jeol FX-100 at 25.05 MHz.
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Table 6. 17C Chemical shifts® for ketotifen base
and hydrogen fumarate in DMSO—d6 solution

C-atom base fumarate A é‘b
C-2 132.26 (d; 132.26 (4d) o}
C-3 130.00 (4 130.54 (d4) +0.54
C-4 1%26.10 s; 135.24 gs) -0.84
C=5 126.53 (4 126.66 dg +0.07
C~-6 127.91 (4) 128.%2 (4 +0,.,41
Cc-7 129.24 (4) 129.47 (4) +0.23
c-8 127.09 (d) 127.3%2 (4) +0.23
C-9 48,96 (dd) 48,98 gdd) +0,02
C-1lo 188.41 (s 188.57 (s) +0.16
c-11 148.05 (s 147,43 (s) -0.62
Cc-12 133%.02 (s) 133.23% (s) +0.21
c-13° 140.89 (8) 140.43 (s) 0,46
c-14° 138.94 (s) 136.98 (s) -1.96
C-2° 56.21 (t) 54,14 (%) ~-2.07
C=-3? 30.92 (t) 28.82 (t) -2.10
C-4° 128.47 gs) 129.37 (s) +0.9
CH, 45,28 (q) 43,13 (q) -2.15
0—1”(C=cg - 134,73 (d)

C=21?(C=0 - 167.64 (s)

a

(fln ppm downfield from internal TMS; pre0151on
. 05 ppm; off resonance multiplets are given in
parentheses.

b Changes in chemical shifts are going from base to
fumarate; + denotes a downfield, and - an upfield
shift,

c

The assignments can be interchanged.

plete assignment is given in Table 5. including a
number of long-range coupling constants up to the
fourth order.

Figs. 6. and 7. show the broad-band decoupled
spectra of ketotifen base aniBits fumarate in DMSO-
, and Table 6. lists the C chemical shifts.
Thg assignment is made on the basis of a comparison

with the values from Table 5. The most remarkable
changes (an upfield shift of about 2.1 ppm) are ob-
served for the saturated carbons of the heterocyc-
lic moiety. The third column in Table 6. indicates
the changes in chemical shifts for all carbon atoms
common to both species.

It should be also mentioned that the addition
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of D,O to the CDCl, solution cauges not only the
vanighing of the Oé peak in the “H-NMR spectrum,
but the diminishing of the signal at 4S.67 ppm be-
longing to C-9 as well. This indicates the exchan-
ge of protons by deuterons causing the splitting of
the signal into a multiplet.

4,2, S0lid Properties
T,o.1. Melting Characteristics

o The melting range of ketotifen base is 156-158

C, that ofoketotifen hydrogen fumarate with 2.5 H20
is 124-13%0°C, whereas the anhydrousohydrogen fuma-=
rate decomposes between 184 and 200°C,

4,2.2. X{=Ray Diffraction

¥~-Ray diffraction patterns were determined
with a Mod. XRD-6 Spectrogoniometer (General Elec-
tric, Schenectady) (5). Pertinent data are presen-
ted in Table 7.

Table 7. X-Ray diffraction data of ketotifen hydro-
gen fumarate

©) a® (&) I/Iob
C) interplanar distance relative
intensity
4,94 8.95 3
5.37 8.24 6
6,08 7.28 14
6-42 6.89 9
7.05 65.28 12
776 5.71 23
8.79 5.04 17
9.00 4,93 20
9.61 4.62 67
9.9%0 4.48 93
lo.79 4,12 26
11.46 %.88 14
12,02 3.70 48
12.42 3.58 loo
12.99 3,43 16
14,32 3.12 1z
15.65 2.86 lo
17.45 2.57 9
17.76 2+53 11

&4 =nA/2 %n@ ® pased on the highest relative
intensity f o= 100)
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4.;. Solution Properties
ePele Solubility

Solubilities of ketotifen base and ketotifen
hydrogen fumarate with 2.5 H,O in various solvents,
at room temperature (18-20°CY, are summarized in
Tables 8. and 9. (5)

o

Table 8. Solubilities of ketotifen base

Solvent Solubility
water insoluble
methanol soluble
ethanol soluble
isopropanol sparingly soluble
acetone sparingly soluble
1,4-dioxane sparingly soluble
diethyl ether sparingly soluble
ethyl acetate sparingly soluble
chloroform freely socluble
dichloromethane freely soluble
carbon tetrachloride slightly soluble
toluene sparingly soluble
n-hexane insoluble

Table 9. Solubilities of ketotifen hydrogen fumara-
te hydrate (2.5 H20)

Solvent Solubility
water slightly soluble
methanol freely soluble
ethanol freely soluble
isopropancl sparingly soluble
acetone sparingly soluble
1,4-dioxane sparingly soluble
diethyl ether sparingly soluble
ethyl acetate very slightly soluble
chloroform very slightly soluble
dichloromethane very slightly soluble
n~-hexane insocluble

4,3,1, Dipole Moment

The dipole moment of ketotifen base was de-
termined with a Dipolmeter DM ol (Wiss. Techn.
Werkstdtten, Weilheim), using 1,4-dioxane as the
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solvgnt (5). The value obtained at 20.0%0.1°C was
3.55-0.12 D.

. Methods of Analysis
ol emental Analysis

Elemental analysis of ketotifen hydrogen fu-

marate: 025H23N058, calc.: g 6§:Zg§ (theor.)
N 3.29%
0 18.81%
S 7.54%

%.2. Chromatographic Methods
e2ele in-Layer

Thin layer chromatographic systems are given
in Table lo. Spots were visualized under UV irradi-
ation (5).

Table lo. Solvent systems for thin-layer chromato-
graphy of ketotifen base on silica gel

plates

Solvent system Re
methanol 0.2
ethylacetate 0.3
methanol:ammomia (19:1) 0.9
ethylacetate:ammonia:methanol (1:0.1:0.9) 0.8
ethylacetate:ammonia:methanol (8:0.1:0.9) 0.5
ethanol:chloroform (1:5) 0.8

5.2.2. Gas (GC)

Ketotifen hydrogen fumarate was chromatogra-
phed on a glass capillary column 15 m x 0.32 mm I,
D, with SE-3%0. The carrier gas was H,, inlet pres-
sure 0.45 bar. Thg tempegature progrgm used in ana-
lysis was 120-240 C at 6 /min. rate. The concentra-
tion of ketotifen hydrogen fumarate (solvent:etha-
nol) in the sample that gave the record shown in
Fig.(sS was 1 mg/ml and the retention time was 12.3
min (5).
5.2.3., High Performance Liguid (HPLC)

Table 11. gives the HPLC conditions used for
the analysis of ketotifen hydrogen fumarate (5).
The column was Supelcosil LC-8 (15 cm x 4 mm I.D.),
detection UV-230 nm, 0.16 A.U.F.S. (5).
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detector response

2 6 10 min.

Fig. 8. The gas chromatogram of ketotifen base,
Instrument: Pye-Unicam Mod. 204,
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Table 11. HPLC conditions for ketotifen hydrogen

fumarate
Flow Retention
Mobile phase rate Pressure time
(ml/min) (bar) (min)
acetonitrile-dist. water-
~acetic acid 90:10:0.5 15 60 22,6
(pH 3.5)
acetonitrile-dist. water-
-methanol 120:20:3%0 0.8 25-30 12.3

(pH_7.5)

5e¢3, Titration

Fifty mg of ketotifen
mg) into a titration vessel
of glacial acetic acid. The
titrated potentiometrically
pair: l.o ml of o.1 M HCI1O

base was weighed (0.l
and dissolved in 20 ml
resulting solution was
using a glass S.C.E.
is equivalent with

30.94 mg of ketotifen base (5). The content of ke-
totifen base in the sample was calculated by sub-
stituting numerical values into equation (1%:

content of (%) = Vxf X 30,94
- W

ketotifen base (1

x loo

where V = volume of o.1 M HC10, consumed (ml)
£ = normality factor of %.1 M HClO4
W = mass of the sample (mg).

The limits allowed are 98-102%.

Potentiometric titration of fumaric acid:
fifty mg of ketotifen hydrogen fumarate with 2.5
H,O0 was weighed (-0.l mg) into a titration vessel
afid dissolved in lo ml of ethanol and lo ml of wa-
ter (5). The resulting solution was titrated poten-
tiometrically with o.1 M NaOH is equivalent with
5.8 mg of fumaric acid. The content of fumaric acid
in the sample is calculated by using equation (2):

Vxf x 5.8

% fumaric acid = T x loo (2)
where V = volume of o.l M NaOH consumed (ml)
f = its normality factor

W = weight of the sample (mg).
The limits allowed are 24-25.2%.

6, Stability and Degradation

Tablets and the pure substance of ketotifen
hydrogen fumarate with 2.5 H20 were tested in the
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following way: one series of samples_was kept at
elevated temperatures, up to the 60°C and the rela-
tive moisture of 50% for seven days, and the other
was exposed to daylight, Individual samples were
withdrawn at 24-hr intervals, and subjected to HPLC
analysis for degradation products. No changes were
observed in the tablets; the pure substance assumed
a slight yellow coloration at the end of the test-
ing period.

7. Drug Metabolism, Pharmacokinetics, Bioavailabi-
S lity

Ketotifen appears to be a potent drug acting
in the skin, nose and airways. There is little evi-
dence from acute experiments to suggest that this
drug has substantially different properties from a
typical H, antagonist, e.g. clemastine (9). Admini-
stered to allergic patients, ketotifen decreased
the required allergen challenge and showed antihi-
staminic activity (lo). It was ineffective in redu-
cing excercise-induced bronchoconstriction in 23
asthmatic children (11), so a higher dose of keto-
%igﬁn is necessary to obtain a beneficial effect

12).

To study the bioavailability of ketotifen
from sustained-release oral formulations, deutera-
ted ketotifen (N—CDB) was used. The kinetic profi-
les of ketotifen in“the plasma and in the urine
shows that any isotopic effect due to the presence
of deuterium is lacking (13).

8, Identification and Determination in Body Fluids
and Tissues

Selective and sensitive gas-chromatographic
methods have been developed for quantitative deter-
mination of ketotifen and its desmethyl metabolite
in biological fluids. The ketotifen is detected by
a nitrogen detector, or by mass fragmentometry,
which allows determination at concentration down
to 1 ng/ml and 0.05 ng/ml, respectively (14). The
N-glucuronide of ketotifen is measured as ketotifen,
after enzymatic cleavage. The nor-ketotifen is
quantitated, after derivatisation with heptafluoro-
butyric anhydride, by gas chromatography with elec-
tron capture detection. On chromatograms obtained
from urines of subjects who had taken ketotifen,
peaks occured. The structures of metabolites sepa-
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rated by chromatography were ascertained by high
and low-resolution mass spectrometry (14). The te-
chnique described was applied to establish the me-
tabolic spectrum of ketotifen in monkeys (rhesus,
baboon, gibon, chimpanzee) and men (14§.

9, Determination in Pharmaceuticals

The tablets were crushed in a mortar. A mass
of powder equivalent with the average weight of one
tablet was transferred into a loo ml volumetric
flask and 50 ml of methanol was added. The flask
was then shaken automatically for 2o min, the re-
sulting solution made up to the mark with methanol,
and mixed thoroughly. A 20 ml aliquot was centrifu-
gated at %4000 r.p.m. The absorbance of the clear
supernatant was measured at 298 nm against metha-
nol. A reference solution of ketotifen hydrogen
fumarate 2.5-hydrate was prepared by dissolving
15.2(Z0.1) mg of the salt in methanol (lo-ml volu-
metric flask; concentration of ketotifen base, abo-
ut 1 mg/ml). One ml of the standard solution was
pipetted into a loo-ml volumetric flask, the solu-
tion made up to the mark with methanol, and the ab-
sorbance measured at 298 nm against methanol.(5).
The ketotifen content in one tablet was calculated
by using equation (3):

mg ketotifen base_ As x Cr x A.W.

in one tablet Ar X W (3)
where As = gbsorbance of the sample solution

Ar = absorbance of the standard solution

Cr = concentration of ketotifen base in the

standard solution
A.W.= average mass of one tablet (mg)
W = mass of powdered sample (mg)
The limits allowed are Qo-llo¥%.
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1. Foreword, History, Therapeutic Category.

Melphalan is an antineoplastic drug, listed also as a
Class I immunosuppressive agent (effective only when given
prior to the immune stimulus) [l]. It is used for the
treatment of multiple myeloma, ovarian carcinoma, tumors of
the testes, chronic granulocytic leukemia, chronic lympho-
cytic leukemia, seminoma, Ewing's sarcoma, reticulum cell
sarcoma, and thymoma [1,2]. 1Its use as an adjuvant to
surgery in the management of primary breast cancer was one
of the first illustrations of the therapeutic potential of
combined modalities of treatment [3].

Chemically, it is a bis(2-chloroethyl)amine (a nitrogen
mustard), and its biological activity is related to the
ability to function as an alkylating .gent in physiological
conditions.

Attempts to use sulfur mustard, the chemical weapon of
World War I, against experimental tumors or in the clinic
were abandoned because of the high toxicity of the compound
[4]. Extensive studies of the biological and chemical
actions of aliphatic nitrogen mustards, directed mainly to
their potential military use, were conducted before and
during World War II. Noting the marked cytotoxic action of
nitrogen mustards on lymphoid tissues and rapidly dividing
cells, Goodman and Gilman initiated studies on experimental
tumors and, in 1942, the first clinical trials on patients
in the terminal stages of various neoplasms [2,5]. The
publication of the results had to wait for the declassifi-
cation of the military research at the end of the war. The
series of papers published in 1946 in Science and in the
Journal of the American Medical Association marked the emer-
gence of chemotherapy as an alternative to surgery and
irradiation in cancer treatment [5--8]. This emergence was
followed by the synthesis and evaluation of thousands of
nitrogen mustards, in a search for a selective, less toxic
tumor inhibitor.

The synthesis of Melphalan, in 1954, was the result of
two premises: (1) aromatic nitrogen mustards should be less
reactive, thus less toxic, than the aliphatic analogs [9];
(2) attaching the nitrogen mustard moiety to a "carrier"
selected from normal cellular constituents might confer
greater selectivity to the molecule. Bergel and Stock at
the Chester Beatty Research Institute in London described
the synthesis of the nitrogen mustards of DL-, D-, and L-
phenylalanine [10]; the latter is Melphalan. Shortly after
that, a Russian team reported the synthesis and evaluation
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of the hydrochloride of the racemic derivative, which they
called Sarcolysin [Larionov, 1l1].

The success of the studies on experimental tumors and
of the clinical trials prompted the synthesis of a wide
range of Melphalan-related compounds such as the ortho
isomer [12--15], the meta isomer [16-—-20], R-alanine analogs
[19], esters, N-acyl derivatives, and peptides. Despite
controversial reports of greater activity or better thera-
peutical index, none of these analogs replaced Melphalan in
clinical use.

The higher inhibitory effect of the L-isomer on most of
the experimental tumors represented one of the first exam—
ples of selectivity of action through optical isomerism in
cancer chemotherapy [10, 21--23].

2. Description

2.1 Nomenclature

Chemical Abstracts Names

Current:
L-Phenylalanine, 4-[bis{(2-chloroethyl)amino]-

Pre-1972:
Alanine, L-3-[p-[Bis(2-chloroethyl)amino]-
phenyll-

Other Names: Alkeran®, L-Sarcolysine, L-PAM, L-
Phenylalanine Mustard, Compound CB 3025, Compound NSC-8806.

D-isomer: Medphalan
Racemic: Merphalan, Sarcolysin, Sarcochlorin

Chemical Abstracts Registry Numbers

Melphalan (L-form, free base) : 148-82-3
L-hydrochloride : 3223-07-2
D~free base t 13045-94-8
D-hydrochloride T 4213-32-5
DL-free base : 531-76-0

DL~hydrochloride : 1465-26-5
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2.2 Formula, Molecular Weight

W
(CICH CHo N —@— CH, +=+G-=-COOM

H

2.3 Appearance, Odor, Color

In the original publication [10] and in the
Merck Index [24] the monosolvated product obtained by
crystallization from methanol is described as small
colorless needles.

The compendial article is described as an
". . .off-white to buff powder, having a faint odor. . .
[25,26] or as ". . .a white or almost white powder; odour-
less. . " [27].

3. Synthesis

Melphalan and the racemic analog have been prepared by
two general routes (Scheme I). 1In Approach (A) the amino
acid function is protected, and the nitrogen mustard moiety
is prepared by conventional methods from aromatic nitro-
derivatives. Thus, the ethyl ester of N-phthaloyl-
phenylalanine was nitrated and reduced catalytically to
amine I. Compound I was reacted with ethylene oxide to form
the corresponding bis(2-hydroxyethyl)amino derivative IT,
which was then treated with phosphorus oxychloride or
thionyl chloride. The blocking groups were removed by
acidic hydrolysis. Melphalan was precipitated by addition
of sodium acetate and was recrystallized from methanol. No
racemization was detected {10,28--30]. The hydrochloride
was obtained in pure form from the final hydrolysis mixture
by partial neutralization to pH 0.5 [31]. Variants of this
-approach, used for the preparation of the racemic compound,
followed the same route via the a—acylamino—a—p-aminobenzyl
malonic ester III [10,28--30,32,33] or the hydantoin IV
f12].

In Approach (B), aniline is converted into the
corresponding nitrogen mustard, which is formylated to the
benzaldehyde nitrogen mustard V. The alanine moiety is
constructed via the Erlenmeyer reaction with hippuric acid,
reduction, and hydrolysis {23,34~-38].

High yields of optically pure products are claimed for
the resolution of N-formyl-DL-melphalan through the brucine
salt, followed by HCl hydrolysis [39].
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Scheme 1. Synthesis of melphalan.
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Synthesis of Melphalan labelled at the nitrogen mustard
function [40--42] or at the benzylic methylenic group [43]
were reported. Deuteration at the positions ortho to the N-
mustard substituent was reported when melphalan was refluxed
in deuterium chloride in D,0 (20% w/v) [44].

4. Physical Properties

4.1 Spectra
4.1.1 Ultraviolet

The ultraviolet spectrum of a l-in-
100,000 solution of melphalan in alcohol exhibits an
absorbance maximum at about 260 nm (absorptivity about 72)
and a minimum at about 226 nm [45]. The spectrum of one
compendial article in methanol (0.0005 percent w/v solution)
has been defined as showing a maximum at 260 nm and a less
well-defined maximum at 301 omm [27]; the wavelength of the
second maximum is sometimes reported as 310 nm [25,46]. The
301 nm value appears to be the correct one (Figure 1).

4.1.2 Infrared

Spectra of Melphalan and Melphalan
Hydrochloride in KBr dispersions are shown in Figures 2 and
3.

The following prominent bands are
present in the spectra:

(a) broad bands in the 2900--3100
em™ ! region, assigned to CH and NH (in NH,) stretching
vibrations; (b) a coTtinuous series of bands and shoulders
in the 2400-2900 c¢m * region, characteristic for aminoacids
and their hydrochlorides; {(c) the asymmetrical and
symmetrical vibrations of the €00~ group at about 1590 and
1400 cm ! in the spectrum of Melphalan (In the spectrum of
the hydrochloride, in which the ionization of the carboxylic
group is suppressed, these bands are reYIaced by a strong
carboxylic absorption at about 1740 cm ~.); (d) a strong
band at about 1620 cm =~ that can be assigned to an aromatic
ring stretching vibration with some contribution from the
deformation amino acid band 1; and (e) the medium band near
730 cm ~ arising from the C-Cl (trans) stretching.

The assignments are in agreement with
the general IR literature and with data reported for the
meta isomer of Melphalan [17,20,49].
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Instrument—--Perkin Elmer 727.
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KBr pellet. Instrument--Perkin Elmer 727.
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4.1.3 Nuclear Magnetic Resonance

Proton magnetic resonance spectra of
melphalan in dimethylsulfoxide (DMSO)-dg and D,0--DC1
solutions and of melphalan hydrochloride in DMS0-d are
shown in Figure 4. The spectra were run on a Varian FT-80A
spectrometer at 80 MHz. The assignments of the chemical
shifts are tabulated in Table I.

They are within reasonable agreement
with the literature data reported for phenylalanine [50] and
melphalan [51], with one exception. Hsieh [33] reported for
melphalan in D,0--DCl the following assignments: CH,Cl,
4.10 ppm; CH,N, 3.60 ppm. Based on a comparison of the
spectra in DMSO-d6 and D20-—DCI, we reversed the assign-
ments; our assignment was confirmed by a two-dimensional
proton~—carbon correlation experiment run by Dr. James
Shoolery of Varian, Palo Alto, California.

Fully decoupled 13C Spectra of
Melphalan, recorded on a Varian FT-80A spectrometer are
shown in Figure 5. The chemical shift assignments are
presented in Table II.

Integration of the signals in the
proton NMR spectra and multiplicity in the coupled ~“C NMR
spectra support the assignments in Tables I and II.

In both types of spectra, the marked
influence of the ionization form of the molecule on the
chemical shifts is apparent.

4.1.4 Mass spectra

A mixture of melphalan and its hydro-
lytic decomposition products was silylated and separated by
gas chromatography; the peaks were identified by mass
spectrometric analysis [52]. GC-MS was also used for the
identification of the HPLC melphalan peak separated from
plasma or hydrolysis mixtures [40,53,54].

A mass spectrum of the methyl ester of
N-trifluoroacetylmelphalan was reported, without analysis of
the fragmentation pattern [41]. The mass spectrum of mel-
phalan-d; (direct insertion mode) showed a molecular ion at
m/e 306 (3% relative intensity) and a base peak at m/e 232
(M—CH(NHz)COOH)+. A linear relationship was demonstrated
between the composition of melphalan/melphalan-d, mixtures
and the peak intensities at m/e 230 and m/e 232 [44].
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Figure 4. Proton NMR Spectra of Melphalan.

(A) Melphalan in DMSO-d,. (B) Melphalan Hydrochloride in

DMSO—dB. (C) Melphalan in DCl-DZO.



Table I. Chemical Shift Assignments in the Proton NMR Spectra of Melphalan

4 6 e
{CICH,CH,y )N CH;—?—COG"
7w
5
Melphalan? Melphalan Hydrochloridea Melphalanb
Proton # (DMSO—db) (DMSO—dG) (cone. DC1-D,0 1:4, v/v)
1 7.12 (d, Jl.Z = 8.7 Hz) 7.12 (d, Ji.2 = 8.7 Hz) 7.69 (4, Ji.2 = 9.2 Hz)
2 6.67 (d) 6.70 (d) 7.61 (d)
3 3.70 (s) 3.71 (s) 4,16 (t, Jy,4 = 6.0 Hz)
4 3.70 (s) 3.71 (s) 3.67 (t)
5 3.36 (Jg g = 425 H2)®  4.04 (t, Jg o = 6.2 Hz)d 4.45 (t, Jg ¢ = 6.5 Hz)
. 9’ b
6 3.03 (Jg 7 = 14 Hz)® 3.02 ()¢ 3.42 ()°
1
- c = d =
7 2.77 (J5’7 = 7.75 Hz) 3.02 (4, J5’7 = 6.2 Hz) 3.41 (d, J5,7 7.0 Hz)

8 in ppm, downfield from TMS; b in ppm, downfield from DSS

probably unresolved ABC system

€ For phenylalanine in 2N DCl in D0, Jg ¢ = 5.5 Hz, Jg 7 = 7.7 Hz, Jg ; = ~14.6 Hz [50a]
- ’ ’ ’

¢ ABC system, assignments according to [50b];
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Figure 5. Carbon NMR Spectra of Melphalan.

(A) Melphalan in DMSO~d8. (B) Me!phatan Hydrochloride In DMSO-d8. (C) Melphalan In DZO-DCI
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Table II

Chemical Shift Assignments in the 13c mr Spectra of
Melphalan

5 4
86 3 29 7?“1
ICICH,CHN Crp--=€-=-COOM
H

Carbon Melphalana Melphalan Hydrochlorideb Melphalanb

1 172.5 170.2 170.0
2 139.9¢ 122.8 125.4
3 136.2¢ 145.5 145.1
4 134.2 130.5 130.4
5 125.3 112.0 112.1
6 61.4 52.2 52.2
7 55.8 53.4 55.5
8 39.5 41.1 41.2
9 37.1 34.6 35.9

a) g ppm, downfield from DSS, assignments from [50b]
b) in ppm, downfield from TMS

c) interchangeable assignment

Using chemical ionization with
isobutane and selected ion monitoring of the M + H peak, the
detection limit of the methyl ester of N-trifluoroacetyl-
melphalan was less than 500 pg [41].

The electron impact ionization spectrum
of melphalan 18 shown in Figure 6. It was obtained by
direct-probe introduction of the sample on a Hewlett-Packard
5995A mass spectrometer (70 eV). The relative intensities
of the most prominent fragments are given in Table III; the
abundance cut—off was IlX.

4.2 Optical Rotation

The following data were reported for the
monosolvated crystals obtained by crystallization from
methanolic solution [10]:



Figure 6. Mass spectrum of Melphalan.
(The peaks at m/e 118,230 and 232 are off-scale.)
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Table III

Fragmentation pattern of melphalan

Ion Probable Structure m/e Relative Abundance, %
Mt 304 2.6
306 1.4
+ +
I, M -CooH 259 2.3
261 1.8
* *_CH,,Cl 25 2
I, M'-CH,C 5 1.
+ +
I, M -CH(NHZ)COOH 230 100
232 64.8
234 10.6
I IT-cH,Cl 181 15.9
4 3 772
183 6.1
I 17-CH,=cHC1 168 7.4
5 3 72
170 2.2
I 1t-cn,cl 119 23.9
6 5 72 :
+ +
I, I, ~CH,CH,Cl 118 70.7
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Solvent Concentration, [a]22
g/100 ml D

1 N HCl 1.33 +7.5° 2 0.5°

Methanol 0.67 ~-31.5° = 0.5°

The D-isomer in 6 N HCL had [a]]2)2 - 4.,5° £ 0.25°,

The USP XX monograph requires the specific
rotation to be between -30° and -36°, calculated on the
dried basis and determined at 7 mg/ml in methanol solution
{25]. 1In the British Pharmacopeia the levorotatory optical
activity is used as an identification test [27].

The following specific rotations of melphalan
were determined at 25° in methanolic solution at a
concentration of 7 mg/ml [47]:

A, nm [a], ()

589 -32,1 = 0.6

578 -33.5 £ 0.8

546 -38.3 = 0.7

436 -66.7 + 1.0

365 -102.4 = 1.6

4.3 Melting range

All the melting ranges indicated below are
uncorrected and are reported to occur with decomposition:

Melphalan.MeOH 182—-183° [10] (from methanol)

D~Melphalan.MeOH 181.5--182° [10] (from
methanol)

DL~Melphalan 180--181° (from methanol)

[10,24); 172--174° (from
methanol) [29]; 167--170°
(from aqueous alcohol [11]

DL~Melphalan.HCl 182--185° (from 95% ethanol)
[11].

The official compendia require melting points of
about 177° [27] or 180° [26].
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4.4 Solubility, Partition, Dissociation Constants

Approximate solubilities:

(a) Practically insoluble (1 part in more than
10,000 parts of solvent) in water [25,27,55], in chloroform
[25,27], and in ether [25,27]; (b) slightly soluble (1 part
in 100 to 1000 parts of solvent) in alcohol [25]; soluble in
150 parts of methanol [27]; (c) soluble (1 part in 10 to 30
parts of solvent) in dilute mineral acids [25,27]; and (d)
soluble in propylene glycol [24].

The logarithm of the partition coefficient
between benzene and pH 7.4 phosphate buffer is -1.70 [56].
A partition coefficient of 0.l was reported for the heptane-
-water distribution [57].

The following pKa values were reported:
approximately 2.5 in water; 5.9 in acetone--water, 9:1 (v/v)

[58].

5. Methods of Analysis

5.1 Elemental Analysis

The empirical formula C;;H,gCl,N,0, implies the
following percentage compositions: C, 51.16; H, 5.94; N,
9.18; Cl, 23.3; and O, 14.487%.

The following percentages were reported for the
racemic compound: C, 51.1; H, 6.0; N, 8.9; and Cl, 23.27%
f10]. Melphalan has been isolated from methanol as
monosolvated crystals exhibiting N (8.3%) and Cl (21.1%)
[10]; G 3H;gClyN,0,.CH,O implies N (8.3%) and Cl (21.0%).

The USP XX limits for the nitrogen content of
melphalan are 8.90--9.45% [25]. Several compendial assays
are based on the determination of the chlorine liberated by
alkaline hydrolysis (see 5.4).

5.2 Spectrophotometric Methods
5.2.1 Colorimetry

The use of 4-(p-nitrobenzyl)pyridine
(NBP) as an analytical reagent for the determination of
alkylating agents [59,60] is based on the series of
reactions presented in scheme IIA. Melphalan is treated at
80--100° with a large excess of the chromogenic reagent to



colored
product

A. N@c".@ M, + R-X

Alkylating

agent

]

colored
Droduct

Scheme II. Color reactions.
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prevent competing reactions from traces of water or other
nucleophilic reactants. Addition of base produces a purple
color, the absorbance of which is read immediately at 565 nm
[60]. The intensity of the color produced on alkalinization
is affected by the pH and/or the nature of the buffer used
in the first step. The improvements of the original
procedure [60] were aimed at a better reproducibility and
increased sensitivity (ug level) [51,61]. The procedure has
been used to follow the kinetics of hydrolysis [62].

A similar method was described for the
quantitative determination of Melphalan on TLC plates
[63b]. The plate is sprayed with an acidic solution of 4-
pyridinecarboxaldehyde 2-benzothiazolylhydrazone and heated
over an acetophenone bath at 200°. After cooling, the plate
is sprayed with triethylamine, and the red spots are
measured at 530 nm with a densitometer. The detection limit
is 0.2 pg. The reactions are shown in scheme II B,

Sarcolysin fused with 2-nitroindan-1,3-
dione and dissolved in acetic acid or 95% ethanol gives an
orange--red color. Sarcolysin heated for 1--2 min with
acetic anhydride gives a yellow color [64].

5.2.2 Ultraviolet

Melphalan has been determined
spectrophotometrically at 262 nm in methanol solution
[65]. The assay is linear in the 3 to 15 pg/ml range, with
precision of # 2%Z. 1In contrast with the above mentioned
colorimetric methods, the procedure is not stability-
indicating; the major contaminant and degradation product,
the bis(2-hydroxyethyl)derivative, has a UV spectrum very
similar to that of Melphalan [48]. Ultraviolet spectro-
photometric determinations in aqueous solution were also
reported [66].

5.2.3 Fluorescence

In freshly prepared aqueous solutions
the fluorescence intensity of Melphalan was found to be
proportional to the concentration in the range of 0.05 to 5
pug/ml, but the method does not discriminate between the
parent compound and some of its hydrolytic products [48].
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5.3 Chromatographic Methods

5.3.1 Paper Chromatography

The solvent systems used for the
analysis of Melphalan are listed below. The composition of
the mixtures is given in volume to volume ratios. In all
cases Whatman paper No. 1 was used.

Developing solvent (v/v) R¢ Reference
n-Butanol--conc'd HCl--water 2:1:1 67
sec-Butanol—--AcOH-~-water 5:1:4 >0.9 68
Phenol--water 41 >0.9 68
n-Butanol--(water-saturated) 0.43 43
‘n-Butanol--AcOH--water 5:2:3 0.87 43
-Butanol-—-AcOH--water 12:3:5 0.80 48
i-Propanol--ammonia--water 20:1:2 0.53 48

Visualization of the spots was done by examination under UV~
light or spraying with ninhydrin. The color-forming
reaction with nitrobenzylpyridine (NBP) (see 5.2.1) has been
used by dipping the chromatograms in solutions of NBP
followed by heating at 90° and treating with triethylamine
{68].

5.3.2 Thin-layer Chromatography

The TLC systems reported in the
literature for the analysis of melphalan are reported in
Table IV.

The spots were located by examination
under UV light or spraying with one of following solutions
(detection limits in pg): fluorescamine (0.5), ninhydrin
(1), NBP followed by heating and treatment with a base (5)
[51,63a], and 0.5% iodine in chloroform. Visualization
using 4-pyridine-carboxaldehyde 2-benzothiazolyl hydrazone
has been described under 5.2.1.

Quantitative determinations were
reported by densitometry [63,72] or, in the case of *“"C-
labelled compounds, by scraping or cutting the chromatograms
into strips and measuring the radioactivity in a liquid
scintillation spectrometer [44,70].
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Table IV

Thin-layer Chromatography of Melphalan

Plate Solvent (v/v) Reference
Silica gel n-Butanol--acetic acid--water 47,51,69
T (7:2:1) or (4:1:1) or (13:3:5) 70,71
or (4:1:5, the upper phase)
Silica gel n-Butanol--pyridine--acetic acid-- 51
~ water (8:1:2:9, the upper phase)
Silica gel sec-Butanol--3% ammonia (100:44) 51
Silica gel Thloroform--methanol (9:1) 51
Silica gel n-Butanol--0.1 N ammonium hydroxide 47
T (1:D) -
Silica gel n-Butanol--Acetic acid (2:1) 47
Silica gel Methanol 47
Silica gel Chloroform--methanol-—-acetic acid 63a
(75:20:5)
Silica gel Ethyl acetate--acetone--tetrahydro- 63a
furan--water (4:2:2:2, upper
phase)
Silica gel n-Butanol water saturated 63a
Silica gel 1-Propanol--water (1:1) 63a
Silica gel Benzene——methanol--acetone--acetic 63a
acid (7:2:6:5)
Kieselguhr n-Butanol--water 86:14 54
HPTLC Silica Chloroform--methanol--acetic 72
gel acid (35:17:3)
Cellulose n-Butanol--Ethanol--Propionic 73

acid--water (10:5:2:5)
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5.3.3 Gas Chromatography

Melphalan has been converted to its
trimethylsilyl derivative with bis(trimethylsilyl)acetamide
and has been analyzed by GC on a 1.8 m x 3 mm column packed
with 2.5% (w/w) SE-54 on acid-washed, silanized Chromosorb W
(80-100 mesh) at 210° (injector temperature, 250°; flame
ionization detector temperature, 215°) using nitrogen as the
carrier at 30 ml/min. The order of elution from a partly
hydrolyzed mixture was: melphalan, mono-hydroxy-derivative
VI and di-hydroxy-derivative VII (Scheme III). The same
elution order was obtained on a SE-30 column; it was
reversed on a more polar liquid phase (0OV-17). 1Identi-
fication of the peaks was done by mass spectrometry [52].

In another procedure, melphalan was
derivatized by successive acylation with trifluoroacetic
acid and eserification with diazomethane. The samples were
analyzed on a 3% OV-101 Supelcoport (80--100 mesh) 5 foot x
2 mm glass column with temperature programming from 210° to
280° at 8°/min with a helium flow of 20 ml/min. Analysis of
samples extracted from plasma was performed by mass
spectrometry using chemical ionization with isobutane gas
and melphalan-dg as internal standard. Selected-ion
monitoring at the M + H peak of derivatized melphalan gave
linear calibration curves over a range of 2 to 200 ng of
drug per ml of plasma. The detection limit was less than
500 pg [41].

5.3.4 High-Pressure Liquid Chromatography

The HPLC procedures reported in the
literature (see Table V) were developed mainly for
biological and stability studies, and they do separate
Melphalan from its hydrolytic degradation products.
Detection was performed by UV absorbance measurements at
254--263 nm [40,53,74,75,76] or by fluorescence with
excitation at 256 or 260 nm and emission at 350 or 360 nm
[77,78]. For the UV measurements a linear standard curve
was reported from 10 to 500 ng per injection [75]., With the
fluorescence monitoring the detection limit was about 500 pg
of drug injected [78].
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Table V

HPLC Methods

Column Mobile phase (v/v) Reference

10-um u-Bondapak C,g 2-methoxyethanol--0.1% 75
AcOH gradient from
33.7:66.3 to 51.3:48.7

10-um Spherisorb ODS Methanol--0.01 _@_NaHzPO4 53
(pH 3) (1:1)

10-pm HCODS/SIL X-Cyg Acetonitrile—-0.0175.E_ACOH 76
concave gradient from 12:88
to 80:20

10-ym p-Bondapak Cjg Water——methanol (1:1), 40,74,79
containing 1% acetic acid

10-ym u-Bondapak Cig 27 acetic acid-—acetonitrile 54
(78:22)

5-um Spherisorb ODS Methanol--water (40:60) 78

5-pm Spherisorb ODS Methanol--0.01 M NaH,PO, 77
(pH 3)(7:3)

5.4 Titration

Titration with silver nitrate is used both to
confirm the lack of chloride ions in the sample and, after
alkaline hydrolysis, as an assay for the drug. The
compendial assays are performed potentiometrically using
silver and calomel electrodes, the latter modified to
contain saturated potassium sulfate solution [25--27].
Visual titratiom was also reported, the excess of silver
being titrated with potassium thiocyanate in the presence of
ferric ammonium sulfate indicator [51]. Mercuric nitrate
titrations were also reported [62].

Potentiometric and thymol blue indicator titra-
tions of sarcolysin in dimethylformamide solutions were
performed using a 0.1 N sodium methoxide solution [80].

5.5 Identification and Purity Tests in Official
Compendia

Several of the following tests are included in
melphalan monographs: (a) the UV spectrum of a methanolic
solution should have maxima at 260 and 301 nm [25,27] or be
in agreement with the spectrum of a reference standard [26];
(b) the IR spectrum in KBr dispersion should exhibit maxima
only at the same wavelengths as a similar preparation of a
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reference standard [26,79]; (c) a positive color reaction
with 4-(p-nitrobenzyl)pyridine [25--27,79]; (d) a 0.5% (w/v)
solution in methanol should be levorotatory; (e) a melting
point of about 177° [27] or about 180° [26] with decomposi-
tion; (f) the loss on drying in vacuum at 105° to constant
weight should not be more than 7.0%, and the residue on
ignition should not be more than 0.3% [25] or 0.1% [26]; (g)
a limit test for '"ionisable chlorine," performed by direct
potentiometric titration of the sample [25,27]; and (h) a
positive test for chlorides after alkaline hydrolysis of the
sample [25--27,79].

6. Stability, Degradation, Mechanism of Action

Indicative of the lack of selectivity of nitrogen
mustards, their degradation and biological action proceed
through a common mechanism, an outline of which is presented
in Scheme III.

According to the nature of X, Scheme III illustrates a
wide range of reactions, such as the hydrolytic degradation
of the compound or biologically significant alkylations of
reactive groups in proteins (carboxyl, sulfhydryl) and in
nucleic acids (phosphoryl, heteroaromatic amino, hetero-
aromatic hydroxyl). The overall kinetics of the alkylation
depend on the relative rates of the reactions involved. For
the aliphatic nitrogen mustards, the fast formation of the
cyclic immonium ion VIII and the overall second-order
kinetics for the reaction have been supported by several
analytical techniques including NMR [81]. There is less
agreement on the reaction mechanism for the aromatic nitro-
gen mustards [4]. The reduced basicity of the aromatic
nitrogen mustards retards the ionization step and makes it
rate—-determining. It was initially postulated that this
ionization involves the formation of the carbocation IX
[9,82,83], but this view has been challenged by authors who
claim that the cyclic immonium ion is common to all nitrogen
mustards [40,62,81].

The hydrolysis of melphalan (and of most aromatic
nitrogen mustards) represents the most important degradation
mechanism and has been extensively studied. The first
reports showed a 227 hydrolysis under the standard
conditions designed by Ross for the assessment of aromatic
nitrogen mustard reactivity (30 min reflux in acetone~-water
1:1, v/v) [10,84]. Rate constants for the disappearance of
melphalan in various media are listed in Table VI.
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Table VI

Rate Constants For the Disappearance of Melphalan in Various Media

162

Solvent Temperature, °C k, hl Reference

Water 0 0.04 40
Water 23 0.13 40
Water 37 0.83 40,90
0.01 M Citrate buffer (pH 3) 25 0.132 53
0.01 M Phosphate buffer (pH 5) 25 0.140 53
0.01 M Phosphate buffer (pH 7) 25 0.146 53
0.01 M Phosphate buffer (pH 7) 41 0.994 53
0.01 M tris(hydroxymethyl)- 25 0.176 53

aminomethane (pH 9)
pH 7 Buffer + 0.019 M Nacl 25 0.103 53
pH 7 Buffer + 0.15 M NaCl 25 0.043 53
0.013 M HC1 (pH 2.4) 37 0.44 87
0.013 M H4PO, (pH 2.6) 37 0.78 87
0.156 M NaCl (pH 5.4) 37 0.28 87
Burroughs-Wellcome injectable 25 0.0057 53

kit?
Human plasma 37 0.31--0.45 40

4 Three component kit. Melphalan (100 mg) is dissolved in 1 ml of 92% ethanol containing 2%
(w/v) HCl. This solution is diluted with 9 ml of a solution conmsisting of 1.2% (w/v) KyHPO,
and 60% (w/v) propylene glycol in water. The final solution has a pH of about 7.
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The disappearance of melphalan from aqueous solutions
has been shown to follow first-order kinetics [62,82,85] and
the concentration profile during hydrolysis is consistent
with a mechanism consisting of two consecutive pseudo first-
order reactions (Scheme III A) [53].

Of the systems listed in Table VI, melphalan is most
stable in the Burroughs-Wellcome injectable kit. The
instructions recommend the use of the solution within 15--30
minutes. According to the manufacturer, 8.5%7 hydrolysis
takes place in 24 hours after mixing [86]. The stability of
melphalan increases in acidic solutions and higher tempera-
tures accelerate the hydrolysis. The type and concentration
of anionic species present in the solution alter the
hydrolysis rate. The formation of the intermediate ionized
species is retarded and/or reversed by the presence of
chloride ions [9,82,87], resulting in a significantly
increased stability [53,87,88]. The stability of melphalan
is increased in the presence of bovine serum albumin, human
plasma, bile acids, and bile, probably by hydrophobic inter-
actions that make the chloroethyl moiety less accessible to
nucleophilic attack [40,62,74,87,89--91].

Solutions in methanol were found to retain full integ-
rity for more than 12 hours at room temperature and for at
least 4 weeks at ~20° [78]. Melphalan is stable in solu-
tions of dimethylsulfoxide at -20° for over a month even
with frequent thawing [51].

Melphalan is light-sensitive and the packaging and
storing instructions call for tight, light-resistant
containers.

7. Toxicity, Distribution, Metabolism, Excretion
7.1 Toxicity

Detailed data on the toxicology and pharmacology
of melphalan (and other antitumor agents) were reported in
1965 by Schmidt and collaborators [21].

The LD1 and LD50 values for mice and rats show
considerable variations among strains; intravenous and
intraperitoneal administrations were twice as toxic as the

oral dosing. The LD;y values ranged from 4 to 15 mg/kg for
mice and from 1.3 to 3 mg/kg for rats [3,21]. LD o values

of 2 to 16 mg/kg were reported for rats [21,77,92?. It was
also reported that the LDgy values in mice varied with the

time of dosing [93].
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The clinical toxicology is mostly hematological
[(2].

7.2 Carcinogenicity

Melphalan induced cancer at the site of
injection (peritoneal cavity) in mice and rats given three
injections per week at the maximally tolerated dose [94].

It was also reported to increase the risk for development of
leukemias [3].

7.3 Distribution

Following oral administration to human subjects,
peak blood levels for melphalan were seen at 2 hour [44],
much slower than in animals [3,91,95]. The drug is well
absorbed when given to animals by the oral route [3,91], but
considerable variability in absorption by humans was
reported [41,96,97].

After intravenous administration, melphalan
disappears from the plasma with half-lives of 67 min and 160
hour [44]. 1In a patient administered a 5-minute intravenous
bolus of 140 mg of melphalan per m“, the alpha and beta
half-lives in plasma were found to be 6.2 and 53.5 minutes,
respectively [54]. Binding of the drug to plasma proteins
is extensive [44], confirming the in-vitro studies
[40,48,74,89,98]; this might have a profound effect on the
in-vivo stability of the drug [97]. The dihydroxy deriva-
tive VII is detectable in plasma more than three weeks after
administration [76]. It was suggested that the prolonged
decay phase [54] is due to hydrolysis products and
metabolites rather than the parent compound [41].

The absorption from the peritoneal cavity one
hour after administration was 25% [57].

The kidney, liver, and spleen had the highest
specific activity after administration of labeled melphalan
to rats and mice [68,98], while in dogs and monkeys the
highest levels of drug were in the bile [3,75,99]. No
significant concentrations in the tumor were noted, and the
inhibition of the tumor growth could not be attributed to
interactions with proteins, DNA, or RNA within the tumor
cell [68]. Cellular transport of melphalan by amino acid
carrier systems has been reported [100--105].

7.4 Metabolism

Only the mono- and dihydroxy-derivatives VI and
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VII were identified in plasma and urine [85,99], and it is
difficult to distinguish between mﬁtabolic changes and
chemical degradation. Up to ten ~~C-labelled products of
metabolism or hydrolysis of melphalan were detected without
identification in the serum, urine, and bile of experimental
animals. Metabolic pathways similar to that of phenyl-
alanine were suggested [3].

7.5 Excretion

In man, urinary excretion accounts for most drug
elimination after intravenous administration (50% within 24
hr, 75% over 7 days), and only small amounts are recoverable
from the stool [44,86]. Following oral administration of
labelled melphalan, 30% of the label was recovered in urine
over 9 days and 20--50% in feces over 6 days [44].

In animals also, urinary excretion appears to be
the major means of elimination of the drug from the body
{3,68,91,99].

8. Determination in Body Fluids and Tissues

The separation and measurement of melphalan in
biological samples are hampered by its instability and by
the amphoteric nature of the molecule. Some of the earlier
publications did not make corrections for reversible protein
binding and decomposition during the work-up of the sample.
They also lacked sensitivity and specificity.

The following techniques were reported: administration
of labelled melphalan, followed by radioactivity measure-
ments [44,91,98]; formation of a colored complex by oxida-
tion with FeCls and Hy0, [106]; colorimetric assay with 4-
(p—nitrobenzyl?pyrldlne (detection limit-~5 pg/ml of plasma)
[60,61,107,108]; fluorescence measurements (interference by
tissue constituents) [48]; thin-layer chromatography and
densitometry (detection limit--20 ng/ml of plasma) [72];
thin-layer chromatography followed by radioactivity
measurements or derivatization and mass spectrometry [44];
high~pressure liquid chromatography (detection limit with
fluorescence detection~-less than 5 ng/ml of plasma)
[3,40,54,74,76--78,91,99]; and derivatization--gas
chromatography--chemical ionization mass spectrometry
(detection limit--less than 2 ng/ml of plasma) [41].
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9. Identification and Determination in Pharmaceutical
Preparations

9.1 Tablets

Identification

The Identification Tests in the official com-
pendia are similar to those used for the drug substance:
(a) extraction of the drug with methanol, treatment with 4-
(p-nitrobenzyl)pyridine at 80° and alkalinization with
potassium hydroxide or ammonia after cooling, producing a
violet to red--violet color [25,46,79); (b) the UV spectrum
of a methanolic extract exhibits a maximum at 260 nm and a
less well defined maximum at 301 nm [25,46]; and (c) the
retention time of the major peak in the HPLC chromatogram of
the Assay Preparation is the same as that of a Standard
Preparation of Melphalan Reference Standard [79].

Assaz

The following procedures were reported for the
assay of Melphalan Tablets: (a) hydrolysis with aqueous
potassium hydroxide under reflux and potentiometric
titration of the liberated chloride ions with silver nitrate
in the presence of nitric acid. (Corrections for "ionisable
chlorine" are made by titrating under the same conditions a
sample that is not subjected to hydrolysis [25,46].); (b)
HPLC Assay of an ethyl alcohol-acetic acid extract against a
Reference Standard material (chromatographic conditions:
reversed-phase mode; 018 column; methanol--water——acetic
acid, 50:49:1 (v/v), mobile phase; detection at 254 nm
{791); and (c) extraction of tablets with methanol or
ethanol and UV measurements at 260 or 262 nm. Linearity in
the 3--15 pg/ml and standard errors of less than 2% were
reported [65,109,110]. A similar procedure is used for the
determination of the Content Uniformity of the tablets [79]..

The concentration profile during the dissolution
testing of melphalan tablets in water and simulated gastric
fluid was determined by HPLC. A method of data analysis was

developed to take into account the spontaneous drug degrada-
tion [111].

9.2 Melphalan Injection [46]

Melphalan Injection is defined as a sterile
solution of melphalan hydrochloride. It is available
commercially as a kit comprising melphalan in a sealed
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container, a dissolving solvent, and a diluting solvent (see
footnote in Table VI).

The identification requirements include examina-
tion of the UV spectrum of a methanolic solution, positive
reaction with 4-(p-nitrobenzyl)pyridine, positive reaction
for chlorides after alkaline hydrolysis, levorotatory
optical activity for a solution in methanol, and a melting
point of about 177° with decomposition.

The assay is performed by potentiometric
titration of the chloride ions liberated by alkaline
hydrolysis, as described under 9.1 Assay (a).

Other purity requirements include a clarity and
acidity of solution test, and limits for ionization

chlorine, loss on drying, and sulphated ash.
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1. Description
1.1. Name

Moxalactam disodium is a drug entity which was discovered
at Shionogi and Company, Limited, Osaka, Japan, and codevel-
oped with E1i Lilly and Company. The drug is marketed under
the trade names of MOXAM™ and LAMOXAM™. The chemical entity
is the disodium salt of (6R,7R)-7-[[carboxy{4~hydroxy-phenyl}-
acetyllamino]-7-methoxy-3-[[1-methyl-1H-tetrazole-5-y1)thio]-
methy1]-8-oxo-5-oxa-1-azabicyclo[4.2.0]Joct-2-ene-2-carboxylic
acid.

1.2. Structure

s & H O H QCH:H y
z 'V 0 P
_ s . . 1TET
o _Jrorson ety 18,
—., 12C A——N1 S\l {1
A N o~ = CH, C_ N
O Na 0 3 \r
5N

O°Na’ O CH,

As seen in the structure, moxalactam disodium has three
asymmetric centers. Two centers in the ring system, C6 and
C7, are stereospecifically defined during the biosynthesis of
the penicillin used to produce the compound. A third asym-
metric center exists adjacent to the amide carbon on the side
chain of the antibiotic. The configuration of this center is
free to equilibrate and thus a pair of diasterioisomers is
possible for moxalactam disodium. The rate of interconversion
between the isomers increases with increasing acidity, with
the maximum rate occurring at a pH of about 2.5. For solu-
tions with pH lower than 2.5, the rate of interconversion is
decreased only slightly from the maximum rate.

1.3. Molecular Formula

The molecular formula for moxalactam disodium is
CZOHZ oNGOQSNaz.
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1.4. Molecular Weight
The molecular weight for moxalactam disodium is 564.44.
1.5. Appearance

Moxalactam disodium is a white to slightly cream-colored
amorphous powder.

2. Physical Properties
2.1. Infrared Spectrum
The infrared spectrum of moxalactam disodium in a potas-

sjum bromide pellet is presented in Figure 1. The assign-
ments for the spectral peaks are given in Table 1.

Table 1

IR Absorption Band (cm'l) Assignment

3600-2500 P§-0H, H,0, OH

(broad multiple bands) stretching, strong
hydrogen bonding

1770 B-lactam, C=0 stretching

1680 Amide I, C=0 stretching

1610 C03z, asymmetrical
stretching

1515 Amide I1I

1410 €03, symmetrical
stretching

1380, 1350 Tetrazole, N-CHjz, CH,
(C-H bending)

1250 (broad) #-0H C-0 stretching

820 p-disubstituted phenyl

(C-H bending)

2.2. Nuclear Magnetic Resonance Spectrum

Figure 2 shows the proton magnetic resonance spectrum
for moxalactam disodium. The spectrum was recorded on a
60 MHz instrument. An interpretation of the spectrum is pre-
sented in Table 2. The spectrum is complex, for the config-
uration at site o undergoes rapid equilibrium and the proton
at o is exchanged with deuterium. At high resolution such as
at 360 MHz every resonance is split except for that of Hy-
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Figure 1. The Infrared Spectrum of Moxlactam Disodium in a
KBr Pellet
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Table 2
Proton Magnetic Resonance Spectrum

H
@)
Ho
f*rr] H S)(:F+3
5 [P W H

Hl
2N 2~ S N
O Nat 3 //N
/’Pd“
N
H,C
/C=O
Nat —O
ppm Multiplicity Assignment
3.5 two singlets OCHg
4.0 two singlets NCH3
4.1 complex AB patterns CHo(3")
4.5 complex AB patterns CH»(4)
5.1 two singlets Ho
6.83 doublet j-8Hz Hm
not visible Ha
fully deuterium
exchanged

Figure 3 shows the carbon-13 nuclear magnetic resonance
spectrum obtained for moxalactam disodium. The spectrum was
run in deuterium oxide with dioxane present as a spectral
marker. Moxalactam again has a complex spectrum, for the
configuration at the C(11) carbon undergoes inversion. This
tends to cause doubling of peaks; therefore, assignments for
the aromatic resonances are difficult. Table 3 provides the
assignments for the carbon-13 spectrum.
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Figure 3. The Carbon-13 Nuclear Magnetic Resonance

?ectrum for Moxalactam Disodium in D,0
us Dioxane
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H
8
3 2 SNl S
Z N\
O—Na+o o %Hz c\(N
O\
O'Na" O CHs
Table 3
ppm Assignment
32.4 N-CH3
34.8 c(3")
53.8 OCH,
61.5 c(11)
65.9 c(4)
67.5 Dioxane marker
83.5 c(6)
94.9 c(7)
116.3
124.4 aromatic carbons
124.6 c(2"),c(3"y),
129.5 c(5"),c(6"),
130.8 c(2), and C(3)
130.9
154.8 C(1-TET)
155.8 c(4")
163.2 €(8)
167.2 2C03
174.6 €(12)
176.7 €(10)

2.3. Mass Spectrum

Moxalactam disodium can yield a mass spectrum when run
in the field desorption mode. The major ions for moxalactam
disodium are at m/z of 116 and 130. These are attributed to
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_I - .

N—N N—N |

Q J\ 11
’i‘ SH N\T

derived from the tetrazine moiety arising from pyroltic
processes.

The field desorption mass spectrum of moxalactam diacid
gives ions at m/z of 543, 521, 477, and 361. The major, ion
is at m/z of 521 which is the quasi-molecular jon [M+H] . A
small ion is observed at m/z of 543 which is the cationized
molecular jon of moxalactam [M+Na]*t. The ion at m/z of 477
is the result of the decarboxylation of the parent compound.
The ion observed at m/z of 361 is 1ikely caused by the elimi-
nation of CO, and

N—N
N\N/L—-SH

CH3

from the parent compound.

2.4. Ultraviolet Spectrum

Figure 4 shows the ultraviolet spectrum for moxalactam
disodium. The major chromophore contributing to the ultra-
violet absorbance spectrum is the 3-oxacephem nucleus. This
entity leads to peaks at 271 nm (e=12,100) which is assigned
to a m* transition and at 229 nm (e=18,000) which is a
n+n* transition.
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2.5. Optical Rotation

In section 1.2. moxalactam disodium is described as con-
sisting of a pair of diasterioisomers which can interconvert
in solution. The observed value for optical rotation is
therefore a function of the jsomer distribution in solution at
the time of measurement. No experimental data areavailable
for the rotation of the pure isomers.

2.6. Differential Thermal Analysis

The thermogram for moxalactam disodium shows an exotherm
at about 170°C. This exotherm indicates the decomposition of
the substance.

2.7. Thermogravimetric Analysis

The thermogram for moxalactam disodjum shows a weijght
loss throughout the curve beginning at about 30°C. A major
loss in mass occurs near 170°C which corresponds to the exo-
therm in the DTA curve for moxalactam disodium. Moxalactam
disodium is thermally Tabile and undergoes increased decompo-
sition with increasing temperature.

2.8. Dissociation Constants

The following dissociation constants have been deter-
mined for moxalactam disodium:

Solvent pKa

Carboxyl 1  Carboxyl 2  Phenol
H20 2.4 3.5 9.95
66% DMF 4.9 6.1 12.9

2.9. Solubijlity Properties

The solubility properties of moxalactam disodium are
described in Table 4.
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Table 4

Solvent Solubility (mg/ml1)
Water >100.

pH 1.2 (USP XIX) >100.

pH 4.5 (USP XIX) >100.

pH 7.0 (USP XIX) >100.

Methanol >50. but <100.
Octanol <5,
Isopropanol <5,

Diethyl ether <0.5

Ethyl acetate <0.5
Chloroform <0.5

Benzene <0.5
Cyclohexane <0.5

2.10. Crystal Properties

Salts of moxalactam have been prepared with cations such
as sodium, potassium, and ammonium. These salts tend to
crystallize, with the preferred form of moxalactam having the
R configuration.

3. Chemical Synthesis

Otsuka et al. (1) have provided several synthetic routes
to moxalactam and other similar types of compounds. A flow
sheet indicating a synthetic route to moxalactam is shown in
Figure 5.

6-Aminopenicillanic acid (I) is acylated, oxidized and
esterified to give the sulfoxide ester (II). Sulfoxide ester
(IT1) is converted to its C-6 epimer (III) by treatment with
trimethylchlorosilane and triethylamine. Rearrangement of
I1I using triphenyl phosphine yields the epioxazoline (IV).
The epioxazoline is successively treated with chlorine,
sodium iodide, cuprous oxide and boron trifluoride to produce
the exomethylene compound (V). Methoxylation using chlorine
with a methoxide followed by reaction with l-methyl-1H-
tetrazole-5-thiol and partial de-blocking using phosphorous
pentachloride converts exomethylene (V) into the nucleus (VI).
Acylation of the nucleus with an appropriately blocked side-
chain (VII) followed by final de-blocking using aluminum
chloride gives moxalactam acid (VIII).
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4. Stability

4.1. Bulk Stability

When moxalactam undergoes degradation, two major pro-
ducts are observed. These substances are the decarboxylated

product of moxalactam and the thiotetrazole; the structures
are given below.

OCH,

Thiotetrazole

Decarboxylation of moxalactam is the dominant degrada-
tion pathway in the dry state. Elimination of the thiotetra-
zole sidechain is the dominant degradation pathway in solu-
tion.

4,2. Solution Stability

Moxalactam formulations in sterile vials remain stable
for up to 24 months when stored at 25°C or below (38).
MOXAM ™ reconstituted in various commonly used intramuscular
and intravenous diluents is stable for 96 hours at room
temperature (2).

5. Bacteriology and Pharmacokinetics

The structural design of moxalactam includes four
elements which contribute to its unique biological properties.
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The oxygen atom, at a key position in the nucleus, gives
moxalactam greater antibacterial activity than its cephalo-
sporin analogue. The methyltetrazolethio moiety tends to
maximize activity of the drug. The 7(a)-methoxyl substituent
confers g-lactamase stability to the drug. The p-hydroxy-
phenylmalonyl group positively influences the g-lactamase
stability and antibacterial spectrum of the drug as well as
influencing the pharmacokinetic parameters leading to a half-
1ife without high serum binding (3,14,38).

5.1. Bacteriology

The bactericidal activity of moxalactam results from
inhibition of cell wall synthesis.

5.1.1. Susceptibility Tests

Susceptibility testing for moxalactam disodijum can be
accomplished through the use of diffusion discs and solution
MIC determinations which may include the use of systems such
as the Autobac®. For moxalactam, susceptibility is defined
as a minimum inhibitory concentration (MIC) of 16 mcg or less
per mL; resistance is defined as an MIC value of 64 mcg or
more per mL (55). Disc diffusion methods that require
measurement of zone diameters give the most precise estimate
of antibjotic susceptibility. A procedure has been recom-
mended for use with discs to test the susceptibility of
various gram-positive and gram-negative organisms to moxalac-
tam (53). Highly susceptible organisms produce zones of
20 mm or greater while zones of 15-19 mm indicate organisms
susceptible to higher dosages of moxalactam. Resistant
organisms produce zones of 14 mm or less. Organisms should
be tested against moxalactam discs since moxalactam is active
against several strains found resistant to other g-lactam
antibiotic discs in in vitro testing. The agar-dilution
method of Sutter et al. (54) is recommended for susceptibility
testing of anaerobic organisms.

5.1.2. In Vitro Susceptibility

Moxalactam is active against most commonly occurring
gram-negative bacterja (4-34). Studies showed, for example,
that 90-100% of Enterobacteriaceae were susceptibie at 4 mcg
or less per mL, including many strains resistant to the
cephalosporins, cephamycins, semi-synthetic penicillins, or
aminoglycosides (9,10,13,16,18,22,24,26). Moxalactam
inhibited most strains of gram-positive aerobic organisms at
concentrations of 8 mcg/mL or less (6,10,14,22,24-30).
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Moxalactam is active against most commonly encountered anaero-
bic bacteria (6,10,14,23-25,29,30,35-37) and is more active
against certain strains than cefotaxime, cefoperazone, and
cefoxitin. For many isolates, the concentration of moxalac-
tam required for bactericidal activity is the same as or two-
fold greater than the MIC (23,27,28). For most bacterial
strains, increasing the inoculum size has 1little or no effect
on the MIC of moxalactam (6,9,10,13,16,21).

5.1.3. Resistance to g-lactamase

Because of its unique chemical structure, moxalactam is
not only resistant to hydrolysis by B-lactamase, but acts as
a potent inhibitor of several of these enzymes (29,39,40).

5.1.4. Protein Binding

By the dialysis method, the protein binding of moxalac-
tam was 43 percent and by the agar-diffusion method, 40 per-
cent (6). By an ultrafiltration method, the binding of moxa-
lactam in pooled fresh human plasma was 50.7 percent at
physiologic temperature and pH (38).

5.1.5. Synergism

Moxalactam in combination with several aminoglycosides,
e.g. gentamycin or tobramycin, has been shown to be syner-
gistic in vitro when tested against certain bacterial
strains (16,19,21,24,26,38,41,42).

5.2. Pharmacokinetics

High concentrations are achieved in the serum and urine
after intravenous and intramuscular administration of moxa-
lactam. Significant concentrations also are obtained in
certain body tissues and fluids, including the cerebral spinal
fluid.

5.2.1. Serum Concentrations - Intravenous and
Intramuscular

After rapid intravenous infusion (2 minutes) of 500 mg
and 1 g doses of moxalactam in normal adults, mean peak serum
levels of 57 mcg/mL and 95 mcg/mL, respectively, were achjeved
(38). Peak serum concentrations at the end of single 20-min-
ute infusijons were: 24.1 mcg/mL after 250 mg; 47.8 mcg/mL
after 500 mg; 101.2 mcg/mL after 1 g; and 204.3 mcg/mL after

29 {38). After doses of 1 g or more, concentrations of
moxalactam persist in the serum for 12 hours (38), but
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intravenous administration of 4 g doses, every 8 hours for 7
doses, produced no evidence of accumulation. Following intra-
muscular administration of 250 mg, 500 mg, and 1 g doses of
moxalactam to normal adults, the mean peak serum concentra-
tions were 10, 16, and 27 mcg/mL, respectively, occurring at
60-120 minutes (38).

5.2.2. Serum Half-1life

The half-1ife after an intravenous dose is approximately
1.9 hours (114 minutes); after intramuscular injection, the
half-1ife is about 2.1 hours (126 minutes) (38,43-45). 1In
patients with reduced renal function, the serum half-life of
moxalactam is significantly prolonged.

5.2.3. Urine Concentrations, Excretions and
Renal Clearance

Moxalactam is excreted primarily by the kidneys; small
amounts are excreted in the stool via the bilary tract, but
non-renal clearance appears to be low (46). Urinary concen-
trations of moxalactam were highest during the first 2-4
hours after intravenous administration: 170 mcg/mL for
250 mg; 446 mcg/mL for 500 mg; 1820 mcg/mL for 1 g; and
4220 mcg/mL for 2 g doses. The same dosages produced 24 hour
recoveries ranging from 60-90 percent (38). Intramuscular
administration also produced highest urinary concentrations
during the first 2-4 hours with mean recoveries of 349 mcg/mL
for 250 mg, 469 mcg/mL for 500 mg, and 586 mcg/mL for 1 g
doses. From 55-65 percent of the drug was excreted in the
first 24 hours after intramuscular injection (38). No
detectable breakdown products or metabolites have been
detected in the urine (46,48). The mean renal clearance of
moxalactam was approximately 78 mL/minute, and it was found
that probenecid did not significantly affect the elimination
(38). In patients with renal impairment, drug clearance was
significantly reduced (48).

5.2.4. Body Fluid and Tissue Concentrations

Moxalactam readily diffuses into the cerebral spinal
fluid (CSF) of patients with and without meningitis (49-52).
Distribution of the drug following therapeutic dosages has
been determined in CSF (49-52), bile (38,54,55), aqueous
humor (53,54), peritoneal fluid, pleural fluid, prostatic
fluid, sputum, and several other tissues and fluids. Body
fluid and tissue analyses give primarily qualitative data as
to the presence or absence of the drug at a particular site,
and therapeutic efficacy cannot be predicted from these data.
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5.2.5. Pediatric Pharmacology

Serum concentrations of moxalactam were determined in
newborns, including prematures, and infants being treated for
bacterial infections (49). After a 10 minute intravenous
administration, individual peak serum concentration ranges
were 28.6 mcg/mL (the lowest following the 25 mg/kg dose) to
260 mcg/mL (the highest following the 100 mg/kg dose). The
mean half-1ife was 5.4 to 7.6 hours in neonates less than one
week of age, 4.4 hours in those one to four weeks old, and
1.6 hours in infants over one month of age. The calculated
plasma clearance rates, expressed in relation to body surface
area were: from 16 to 31 mL/min/1.73m® in neonates and
137 mL/min/1.73m3 in infants over one month of age. Serum
values for moxalactam given intravenously and intramuscularly
were similar for infants less than 7 days old. Intravenous
infusion of moxalactam for 30 minutes in doses of 50 mg/kg
or less to children and infants with bacterial meningitis
produced mean serum concentrations and half-1ife values
similar to those in adults following 1 g doses (50).

6. Methods of Analysis
6.1. Identification Tests
6.1.1. Infrared

The infrared spectrum of a sample in a potassium bromide
pellet may be used as an identity test. In such cases, the
infrared spectrum of the sample should compare favorably with
the moxalactam disodium reference spectrum over the range of
2.5 to 16 microns.

6.1.2. Nuclear Magnetic Resonance

The NMR spectrum may be used as a means of identification
for moxalactam disodium. In such cases, the NMR spectrum of
the moxalactam sample dissolved in deuterium oxide should
have chemical shifts and integrations over the range of 0 to
10 ppm which compare favorably to those of the moxalactam
disodium reference spectrum.

6.1.3. High Performance Liquid Chromatography

HPLC is a means for the identification of moxalactam
materials. In such cases, the retention characteristics of
both the R and S isomers of moxalactam must compare favorably
to the elution of the two isomers present in a reference
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sample of moxalactam.
6.1.4. Thin Layer Chromatography

Thin layer chromatography is yet another means for
determining identity of moxalactam materials. The mobility
of the moxalactam sample must be identical to the mobility of
the moxalactam reference standard which is run on the same
TLC plate. The developing solvent for TLC consists of 42
parts ethyl acetate: 14 parts glacial acetic acid: 14 parts
acetonitrile: and 18 parts water. A silica gel type F plate
is used and is viewed under short wavelength UV 1ight to
detect the position of the components on the developed plate.

6.2. Quantitative Tests

Amorphous disodium moxalactam and crystalline diammonjum
moxalactam salts have been used as standard materials in the
control of moxalactam products. Special handling is required
for all moxalactam standards used in quantitative testing of
moxalactam. Amorphous moxalactam disodium is somewhat unsta-
ble and must be stored in a dry state. The dry material is
hydroscopic and therefore difficult to weigh. The diammonium
salt of moxalactam is a stable crystalline substance; however,
it exists almost completely in the R configuration. For most
assay procedures the required R to S ratio is about one;
therefore, the material must be treated to equilibrate the
ratio of the isomers.

Moxalactam disodium reference standards are equilibrated
under controlled humidity conditions to raise the moisture
content to a Tevel where the material can be handled by
ordinary means. This is accomplished by spreading a thin
layer of material in a wide mouth weighing bottle which is
placed in a 42% relative humidity chamber for about 16 hours
before use. The 42% relative humidity chamber is prepared
by storing a saturated aqueous solution of potassium carbon-
ate in a desiccator or closed chamber held at room tempera-
ture. After a 16 hour equilibration period, the water content
of the standard is determined by Karl Fischer titration. The
activity of the standard is then corrected for the water con-
tent of the equilibrated reference material. Experience
indicates that the water content of a properly equilibrated
reference material should be in the range of 10 to 12%.

When the crystalline diammonium moxalactam is used as a
standard, the R form of the substance must be equilibrated to
yield a product which has nearly equal concentrations of both
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the R and S jsomers. This is achieved by equj]ibratina a
weighed sample of moxalactam diammonium salt in a 0.04M solu-

tion of hydrochloric acid at room temperature for 90 to 120
minutes. The solution is then buffered to a pH of 6 with a
potassium phosphate buffer.

6.2.1. High Performance Liguid Chromatography

HPLC is the technique of choice for determining the
purity of moxalactam disodium in raw materials, formulated
products, and in body fluids. Moxalactam is determined in a
system containing 0.05 to 0.1 M ammonium acetate with about
6 percent methanol present. An ES Industries Chromegabond™
C18 column or other alternative column with similar retention
characteristics is used to determine the purity of the moxa-
lactam sample. The substance may be monitored at 254 nm or,
when available, a variable wavelength detector can be opera-
ted at 271 nm for assay. The sample is dissolved in water or
in 0.1 M ammonium acetate solution. Under conditions of this
method, the assay should be completed within 4 hours of sample
dissolution.

The R isomer of moxalactam will be the first to elute
with a k' of about 4.5. The S isomer of moxalactam will elute
at a k' of about 7.0. For quantitative purposes, the
responses of both peaks must be combined to provide a valid
potency for the moxalactam standard or sample.

6.2.2. lodometric Assay

The iodometric assay for moxalactam involves the hydroly-
sis of moxalactam in aqueous base which results in the cleav-
age of the g-lactam ring. This is followed by oxidation of
the hydrolysis products with iodine, and the titrimetric
determination of the iodine consumed. Since the unhydrolyzed
drug does not react with iodine, an unreacted sample is used
as a blank to compensate for iodine consuming impurities.
This assay is specific for an intact B-lactam ring and will
give a result for any entity having such a moiety present.
This procedure therefore may not be a stability indicating
assay for the drug. This is a very real problem for moxalac-
tam for one of the major degradation products is the decar-
boxylated product of moxalactam which retains the g-lactam
moiety and is jtself a compound with considerable antibiotic
activity (61-63).



MOXALACTAM DISODIUM 325

6.2.3. Hydroxylamine Assay

Moxalactam is also amenable to the popular hydroxylamine
assay for g-lactam antibiotics. In this procedure the 8-
lactam is reacted with hydroxylamine to cleave the g-lactam
moiety and form a hydroxamic acid. The hydroxamic acid will
in turn react with acidified ferric ion to form a colored
complex which is measured at 480 nm., A blank correction for
non-g-lactam impurities which react with hydroxylamine is
incorporated by adding hydroxylamine to an acidified sample
where the acid is used to destroy all g-lactam species.
Again, this test is not specific for moxalactam and will
react with all g-lactam moieties. This test would therefore
include the decarboxylated product of moxalactam which may
be present in the sample, and is not a good stability indi-
cating assay for moxalactam (59,60).

6.2.4. Microbiological Assay

The microbiological assays recommended for moxalactam
are performed with gram-negative organisms. Specifically,
Escherichia coli is used for potency determinations with the
bulk material and the final dosage forms, Providencia
stuartii with biological fluids and tissues, and Pseudomonas
aeruginosa for the assay of moxalactam in susceptibility
discs.

6.2.4.1. Turbidimetric Assay

A turbidimetric assay with E. coli ATCC 10536 may be
used for the bulk drug substance and the dosage forms. On
the day prior to assay, antibiotic medium 3 (64) is inoculated
with the organism and the broth culture is incubated for
approximately 16 hours on a rotary shaker at room temperature.
Immediately prior to assay, a sufficient volume of medium 3
is inoculated with 0.05 mL of the broth culture for each
100 mL of medium. Samples are diluted with 0.1M, pH 6 potas-
sium phosphate buffer and 0.1 mL of each sample is added to
assay tubes containing 10 mL of inoculated medium. Dose
response concentrations are in the range of 0.02 to 0.04
mcg/mL of assay medium. The test is incubated in a 37°C water
bath until tubes containing no antibiotic have a Tight
transmittance of 20% at 530 nm (usually 3 to 4 hours). The
test is terminated by heating for 2 to 3 minutes in an 80°C
water bath, and the percent light transmittance (530 nm) is
determined for each tube after they are cooled and shaken.
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6.2.4.2. Agar Diffusion Method

For agar diffusion assays of bulk materials or final
dosage forms, E. coli ATCC 10536 is used. With the agar
plate system consisting of 10 mL of agar medium 2 (65) as
base layer and 5 mL of medium 1 (66) as seed layer, dose
response concentrations within the range of 1.0 to 20.0
mcg/mL are appropriate. The agar for the seed layer is inocu-
lated with 0.5 mL of an overnight culture of E. coli per each
100 mL of medium. Tests are incubated at 30°C for 16 to 18
hours.

6.3. Related Substance Assays

6.3.1. Decarboxylated Moxalactam

The decarboxylated product of moxalactam (see Section 4)
is determined by an HPLC technique. A reverse phase HPLC
system consisting of 80 parts of 0.1M ammonium acetate and
20 parts of methanol is used with a Dupont Zorbax™ C8 or other
suitably similar column to determine the decarboxylated pro-
duct. In this system, the decarboxylated moxalactam should
elute with a k' of about 6.5. The decarboxylated moxalactam
is quantitatively determined by comparing the peak response
for the sample with a peak response calibration curve of the
authentic decarboxylated moxalactam reference standard
material.

6.3.2. 1-Methyl-5-mercapto-1,2,3,4-tetrazole

1-Methyl1-5-mercapto-1,2,3,4-tetrazole (see Section 4.1)
is a possible impurity and degradation product of moxalactam
which can be determined by polarographic techniques (67). It
is oxidized at a dropping mercury electrode in a pH 5.8 buf-
fer. The concentration of the impurity tetrazole is propor-
tional to the sum of the currents for the adsorption prewave
and the main wave (half-wave potentials of about -0.20 V and
-0.05 V vs SCE, respectively).

6.3.3. Analysis of Other Related Materials

Gradient HPLC procedures can be used for the determina-
tion of other impurities in moxalactam. This determination
is usually run on a Spherisorb™ 0DS column or other suitable
similar column. The solvent system consists of 0.05M ammonium
acetate in water for the weak solvent and 0.05M ammonium ace-
tate in 10 parts water and 90 parts methanol for the strong
solvent. A gradient is run from the weak solvent to the
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strong solvent in two varying linear ramps. Most of the
materials of interest elute in the weak end of the solvent
gradient so a linear gradient is run with a change of 2% per
minute for 25 minutes. To remove any strongly retained com-
ponents, the second portion of the gradient curve is run from
50% to 100% of the strong solvent at a rate of change of 5%
per minute.

Figure 6 shows a typical chromatogram obtained from such
a procedure. In this chromatogram, the elution of the thio-
tetrazole, the R and S isomers of moxalactam, and the moxa-
lactam decarboxylated product are shown. In this test for
other related substances, only those substances which are not
dealt with by specific tests are considered. Quantitative
information is obtained by summing the response for all the
extraneous peaks and comparing them to the sum of the response
for the R and S isomers of a diluted moxalactam reference
standard. The assumption is made that all of these materials
have similar spectral response characteristics at 254 nm.

7. Analysis of Biological Samples
7.1. Microbiological Assay

The microbiological assay for moxalactam in serum, urine,
and tissues is with Providencia stuartii ATCC 33700 as the
assay organism. The agar plate system is a 10 mL single layer
plate consisting of trypticase soy agar which has been modi-
fied by the addition of 1 g of dextrose and 10 g of sodium
acetate per liter of medium. The agar medium is inoculated
at 0.1% {(v/v) with a broth culture which has been adjusted to
25% 1ight transmittance (530 nm). Standard curve concentra-
tions are prepared in the same diluent as is used for samples
and are within the range of 0.1 to 1.0 mcg/mL. Incubation is
at 30°C for 16 to 18 hours.

7.2. Chromatography

HPLC techniques can be used to determine the levels of
moxalactam in various biological fluids. Where appropriate,
the protein is removed from the sample by addition of ice cold
methanol and centrifugation. The resulting solutions are
evaluated under conditions described in Section 6.2.1.

8. Analysis of Pharmaceutical Formulations

Pharmaceutical formulations of moxalactam are handled in
a manner analogous to the substances described in Section 6.
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The only difference is that the pharmaceutical formulation
contains mannitol which is relatively innocuous to all of the
test procedures described.
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1. Description

1.1 Nomenclature

1.1.1

1.1.2

1.1.3

Chemical Names

4-Butyl-1-(4-hydroxyphenyl)-2-phenyl-3,5-pyra-
zolidinedione.
4-Butyl-1-(p-hydroxyphenyl)-2-phenyl-3,5-pyra-
zolidinedione.
4-Butyl-2-(4-hydroxyphenyl)-1-phenylpyrazolidine-
3,5-dione.
4-Butyl-2—-(p-hydroxyphenyl)-1-phenylpyrazolidine-
3,5~dione.
4-Butyl-1-(p-hydroxyphenyl)-3,5-dioxo-2-phenyl-
pyrazolidine,.

4-Butyl-1-(4-hydroxyphenyl)-3,5 dioxo-2-phenyl-
pyrazolidine,
3,5-Dioxo-1-phenyl-2-(p-hydroxyphenyl)-4-butyl-
pyrazolidine.
1-(p~Hydroxyphenyl)-2-phenyl-4-butylpyrazolidine-
3,5~dione.
1-Phenyl-2-(p-hydroxyphenyl)-3,5-dioxo-4-n~butyl-
pyrazolidine.

Generic Names

Oxyphenbutazone, G27202, Hydroxyphenylbutazone.

Trade Names

Crovaril, Flogitolo, Flogoril, Frabel, Neo-
Farmadol, Oxalid, Tandacote, Tandearil, Tanderil,
Visubutina.

1.2 Formulae

1.2.1

1.2.2

Empirical

C,H,,N,0, (anhydrous), C

19208203 0,-H,0 (mono-

H, N,0,-
197207273 2 hydrate)

Structural oH
N—N
2 4
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1.2.3 CAS no.

[129-20-4] (anhydrous), [7081-38-1] (monohydrate).

1.3 Molecular Weight

324,38 (anhydrous), 342.39 (monohydrate).

1.4 Elemental Composition

€ 70.35%, H 6.22%, N 8,647, 0 14.80%.

1.5 Appearance, Color, Odor and Taste

White crystalline powder, odorless or almost odorless
with bitter taste.

2, Physical Properties

2.1 Melting Point

Anhydrous crystals from ether and petroleum ether,
m.p. 124-125° (1). Monohydrate crystals m.p. 96
(1,2).

2.2 Solubility

Practically insoluble in water, soluble in 3 parts of
alcohol (95%), in 20 parts of chloroform, in 20 parts
of solvent ether and in 6 parts of acetone; also
soluble in solutions of alkali hydroxides (3).

2.3 Identification

2.3.1 Infrared Spectroscopic Test

The infrared absorption characteristics of
oxyphenbutazone have been used by the B.P. (3)

and U.S.P. (4) as a means for identifying the
drug. The infrared absorption spectrum exhibits
maxima which are only at the same wavelengths as,
and have similar relative intensities to, those
in the spectrum of a similar preparation of a
standard oxyphenbutazone. The infrared charac-
teristics of oxyphenbutazone shall be discussed
later in the spectral properties of the drug.
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2.3.2 Ultraviolet Spectroscopic Test

The B.P. and U.S.P. also recommend the use of
ultraviolet characteristics of oxyphenbutazone
as an identification test. A solution of the

minima at the same wavelengths as that of a
similar solution of a standard drug. The ultra-
violet absorption characteristics of oxyphenbuta-
zone shall be discussed later in the spectral
properties of the drug.

2.3.3 Color Tests

Table 1 lists some of the color tests reported
for the identification of oxyphenbutazone.

Table 1. Color Tests for Oxyphenbutazone.

Reagents Color Ref.

i) Hot solution of the (3)
drug in glacial acetic
and hydrochloric acids.
Cool and filter.

Filtrate plus sodium Yellow color
nitrite
Addition of 2-naphthol Bright orange ppt.
solution
Ppt + 957 alcohol Orange solution
ii) Drug in a mixture of Solution clear with (3)
sodium hydroxide and an extinction of 4-
aminoacetic acid. cm layer at 420 mm

is not more than 0.40.

iii) Solution of drug in Cherry red ppt. €))
methanol plus Millon's
Reagent, heat.

iv) Sulfuric acid - formal- Pale yellow (sensi- (2)
dehyde tivity : 1.0 ug).

v) Ammonium molybdate Pale orange (sensi- 2)
tivity : 1.0 ug).

vi) Vitali's Test Pale yellow or red (2)

(sensitivity: 0.25 ug).
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2.3.4 Crystal Tests

Crystal tests reported (2) include:

a) Treatment with platinic iodide solution gives
rosettes of prisms, forming overnight. The
sensitivity of the test is 1 in 100.

b) Treatment with potassium iodide solution
gives shell-like crystals, forming overnight.

The sensitivity of the test is 1 in 100.

2.3.5 Chromatographic Tests

a) Clarke (2) described a paper chromatographic
method for the identification of the drug
using three different solvent systems.

System I. Consists of citric acid: water:
n~-butanol (4.8 gm: 130 ml : 870 ml). Detec-
tion carried out using ultraviolet light
absorption. p-Dimethylaminobenzaldehyde or
potassium permanganate can be used as spray
to locate the drug. Rf 0.96.
System II. Acetate buffer (pH 4.58). Detec-
tion is effected by ultraviolet light absorp-
tion. R, 0.04.

f
System III. Phosphate buffer (pH 7.4). Detec—
tion is effected by ultraviolet light absorp-

tion. Rf 0.58.

b) An identification test for the drug by thin-
layer chromatography was also reported by
Clarke (2). The solvent system consists of:
strong ammonia solution: methanol (1.5 : 100).
Detection is effected by potassium permanga-

nate spray. Rf 0.77.
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2.4 Spectral Properties

2.4.1

2.4,2

2.4.3

Ultraviolet Spectrum

The ultraviolet spectrum of oxyphenbutazone in
neutral methanol using Cary, 219 Spectrophoto-
meter is shown in Figure 1. The spectrum of the
drug exhibits two maxima at 243 and 265 nm and a
minimum at 221 nm. The ultraviolet absorption
characteristics of the drug are used by the B.P.
(3) and U,S.P. (4), as an identification test.

A 0,001 % w/v solution of oxyphenbutazone in 0.0l
N sodium hydroxide solution exhibits a maximum
only at 254 nm with an extinction of about 1.5.
Oxyphenbutazone in ethanol was also reported (2)
to have a maximum at 242 nm (El%Z 1 cm 564) and an
inflexion at 275 nm.

Infrared Spectrum

The infrared spectrum of oxyphenbutazone in nujol
mull is presented in Figure 2. An interpretation
of the spectrum is given below. The infrared
absorption spectrum of oxyphenbutazone is used

as an identification test by the B.P. and U.S.P.

Frequency (cm—l) Assignment
1288 C-N stretch
i;gg C=0 stretch
3220 0-H stretch
1180 C-0 stretch of

phenol

Reported (2) principal infrared absorption peaks
of oxyphenbutazone in potassium bromide discs
are 1683, 1725, 1275 and 1518 cm~l,

1H Nuclear Magnetic Resomnance (lH NMR) Spectrum

The 1H NMR Spectrum of oxyphenbutazone is pre-
sented in Figure 3. The drug was dissolved in
acetone-dg and its spectrum determined on a
Varian-T60A NMR Spectrometer using TMS as the
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Fig. 1. Ultraviolet spectrum of oxyphenbutazone
in neutral methanol.
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internal standard. The structural assignments
are shown below.

Proton Assignments* Chemical Shifts (§) Multiplicity
a 7.33 broad singlet
b, ¢ 7.00 AB quartet
d 3.57 triplet
e 2.04 multiplet
f 1.41 multiplet
g 0.92 quartet
0-H 3.14 broad singlet

*See structure in Figure 3 for proton assignemts.

2.4.4 13¢ Nuclear Mangetic Resonance (13C NMR) Spectrum

The 13¢ NMR spectrum of oxyphenbutazone in
acetone-dg using TMS as an internal reference was
" obtained using a Jeol FX 100 MHz Spectrometer at
an ambient temperature using 10 mm sample and is
presented in Figure 4. The carbon chemical

shift values are derived from the off-resonance
‘spectrum and are listed below. The results are
consistent with those reported earlier (5).

Carbon No.* Chemical Shifts Carbon No. Chemical Shifts

: (ppm) (ppm)
1! 137.2 6 28.7
3 170.9 6' 126.4
3! 129.3 7 28.0
4 46.4 A 116.1
4° T 124.3 8 20.0
5 | 171.5 8' 157.1
5' 127.2 9 13.9

*See structure in Figure 4 for carbon assignment.



- s
) ¢
5[3 C,
| SN
L 1 T v T T T R T
. 13 ,
Fig. 4. NMR spectrum of oxyphenbutazone in acetone —d6

with TMS internal reference.



344

2.4.5
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Mass Spectrum and Fragmentometry

The fragmentation patterns of oxyphenbutazone
and other pyrazolidinediones were described (6)
but the verification by evidence of metastable
ions, accurate mass determinations or use of
labeled derivatives was presented by Locock et
al (7).

The mass spectra of oxyphenbutazone is repro-
duced in Figure 5. According to Locock et al
(7) the drug undergoes Mclafferty rearrangement
to give a radical ion at m/e 268. A metastable
ion is present in the spectrum to indicate that
this ion is a direct fragmentation from the
molecular ion with the loss of the elements of
butene (Scheme I).

The loss of a propyl radical from the butyl side
chain of the molecular ion represents a minor
bathway to give an ion at m/e 281.

The most characteristic fragments in the mass
spectrum of oxyphenbutazone were a series of
peaks at m/e 198, 199 and 200. The peak at m/e
198 is due to the formation of the azobenzene
radical ion (C6H5N2C6H5)T . The remaining peaks
at m/e 199 and 200 together with other peaks
resulting from the fragmentation of oxyphenbuta-
zone are explained by Scheme I.

Other peaks in the low mass range, below m/e 100,

are common to substituted aromatic systems
(Fig. 5).

Oxyphenbutazone was synthesized (8) by condensation of the

protected

aminophenol (I, Scheme 2) with nitrobenzene (II).

Reduction of the resulting azo—compound (III) gave the
hydrazobenzene (IV) which when condensed with diethylbutyl-
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malonate (V) gave the heterocycle (VI). Removal of the
benzyl group was achieved by hydrogenolysis.

ol
NOZ N

R n- C4H9’CH

0 o AH \COOEt'
CHy
o}
ch
CHy=0 @/ 2
va /A Ir a'g
_CoH ,
7 -Caflo 0 Hy/Raney Nt n-C4Hg ¢
>
O A
0 N’/ 0 A/’,
Jr oxyphenbufazone

Scheme 2. Synthesis of oxyphenbutazone.

4. Absorption, Metabolism and Excretion

Oxyphenbutazone is one of the main metabolites of phenyl-
butazone and is considered to be more toxic. It is rapidly
absorbed from the gastrointestinal tract and slowly meta-
bolized and excreted mainly in urine. The rate of its
metabolism varies in different species as reflected by the
great variance in half-lives.

In his study on the metabolism of butazolidine, Herrmann
(9) measured the half-life of oxyphenbutazone in rats and
rabbits after intravenous administration of the drug. They
were 8 and 4-5 hrs respectively. Weiner et al (10) studied
the drug disposition patterns in subhuman primates as com-
pared to humans and other species. In the baboon, oxyphen-
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butazone has a short half-life, while in man it has along
half-life. The plasma binding and apparant volumes of
distribution of the drug are similar in the baboon and
man. There is suggestive evidence that absorption may not
be as complete in the baboon as it is in man. Studies

in dogs indicated that the drug is not absorbed in the
lymphatics. Burns (11) compared the ratesof metabolism of
oxyphenbutazone in man, rhesus monkey and dogs. The half-
lives showed great variations. Previous studies indicated
that metabolism of this and other compounds may be accom-
palished by different mechanisms so that species differen-
ces become both quantitative and qualitative. Perel et al
(12) correlated the physicochemical properties of phenyl-
butazone analogs with their physiological disposition, in
particular with reference to species differences. While
in man there existsa direct relation between pKa and half-
life, no such correlation was observed in dogs. The half-
life in dogs appears to depend on factom such as fat/buffer
partition coefficient, plasma protein binding, tissue dis-
tribution and drug metabolizing enzyme activity. The rate
of metabolism of the analogs, based on plasma level
decline, varied extensively in both species. Oxyphenbuta-
zone has a half-life of 0.5 hr in the dog, whereas in man
it is 72 hrs. The results of binding of oxyphenbutazone
to human and dog plasma indicate that the drug is highly
bound (98%). This higher binding of the drug to human
plasma compared to dog plasma should be a significant
factor in accounting for some of the species differences.
In their study of the mechanism of hepatic drug oxidation
and its relation to individual differences in rates of
oxidation in man, Davies and Thorgeirsson (13) suggested
that plasma half-lives of antipyrine determined following
a single dose were a good measure of an individual's
ability to metabolize phenylbutazone and oxyphenbutazone,
if the half-lives of these two drugs were determined under
conditions which did not change michrosomal enzyme activity.
Human liver microsomal protein and cytochrome P-450 con-
centrations did not show large individual differences and
were similar to values for adult male rats. Hoffmann et
§l~(14) carried out studies on the organ distribution and
side effects of oxyphenbutazone and phenylbutazone using
radioactive isotopes. No influence on the hemopoietic
system was demonstrated by oxyphenbutazone or by phenyl-
butazone. A mild effect on oxyphenbutazone metabolism was
seen, In direct relation of the concentration of oxyphen-
butazone and phenylbutazone a decrease of oxyphenbutazone
uptake by the thyroid was noted, with an increase in its
protein binding. 1In the presence of fever, organs with a
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reticular endothelial cell system, especially the liver,
had a higher uptake of oxyphenbutazone while muscle tissue
showed a decrease at that time. Stierlin and Saubermann
(15) studied the transport of locally administered radio-
active oxyphenbutazone into the eye tissues of the rabbit.
The results showed that the corneal-scleral barrier can be
passed by the drug. The concentration of oxyphenbutazone
locally administered in the tissue and fluids of the eye
was higher than with a single 10 mg/kg i.v. dose. The
direct application of oxyphenbutazone on the eye does not
result in an accumulation of the drug was demonstrated by
the fact that no oxyphenbutazone could be detected in the
eye after 24 hrs.

The oxidation of oxyphenbutazone by sheep vesicular gland
microsomes and lipoxygenase was studied by Portoghese et
al (16). Oxyphenbutazone was oxidized when incubated with
acetone powder prepared from sheep vesicular gland micro-
somes or with lipoxygenase at pH 4 or 5. Oxidation also
occured at pH 8 or 9, if arachidonate or linoleate was
added to either of incubation mixtures. The oxygenated
product was found to be identical with 4~hydroxyoxyphen-
butazone (Scheme 3) which was synthesized and analysed by
gas—liquid chromatography and mass spectrometry. The oxy-
genated compound was not an inhibitor of prostaglandin
biosynthesis. Perel et al (12) found that oxyphenbutazone
was slowly metabolized in man and rapidly metabolized in
dogs. When the drug is administered intravenously to dogs,
10-15% of unchanged drug and 18-287 of its glucuronide were
excreted in 24 hrs. When eight times this dose of the drug
was given orally to human subjects, they excreted 1-5% of
the dose as glucuronides in 24 hrs.

The sulfate of oxyphenbutazone is probably not a major
metabolite. It hydrolyses in water at room temperature

and since less than 27 of oxyphenbutazone is excreted in

24 hrs (17) this would represent the maximal conversion of
oxyphenbutazone to sulfate.

Methods of Analysis

5.1 Titrimetric Methods

a) The BP 1980 (3) describes a titrimetric method in
which oxyphenbutazone solution in acetone is
titrated with standard sodium hydroxide solution
using bromothymol blue as indicator until a blue
color persists for at least thirty seconds. The
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c)
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operation is repeated without the drug; the diffe-
rence between the titrations represents the amount
of alkali required by oxyphenbutazone.

The U S P 1980 (4) also recommends a standard sodium
hydroxide titrimetric method but the drug solution
is made in methanol and the end point is determined
potentiometrically using a calomel-glass electrode
system with a saturated salt bridge of potassium
chloride in methanol. A blank determination is
necessary.

Walash and Rizk (18) determined oxyphenbutazone in
certain dosage forms by a nonaqueous titration pro-
cedure in tetramethylurea using standard sodium
methoxide as a titrant. Recovery from compound
preparations of the analgesic was quantitative and
the end point could be located either potentiometri-
cally using glass—colomel electrode system or
visually using thymol blue as indicator.

5.2 Electrochemical Methods

a)

b)

Fogg and Ahmed (19) adopted a B.P. 1980 (3) test
for the identification of oxyphenbutazone to the
quantitation of the drug by differential pulse
polarography. The drug solution in acetic and hydro-
chloric acids was treated with sodium nitrite and
coupled with l-naphthol. The azo-dye formed was
determined by differential pulse polarography.
Polarograms were reproduced for the determination
of the drug at concentrations in the ranges 0 to
0.9 M and O to 70 uyM. The calibration graphs were
rectilinear. The procedure, however, does not dis-
tinguish between oxyphenbutazone and phenylbutazone.

Pelinard et al (20) studied the electrochemical
behavior of antiinflammatory derivatives of pyrazo-
lone and the application to determination in medi-
caments. Oxyphenbutazone and other 3,5-pyrazoline-
diones with mobile hydrogen atoms in position 4 were
directly reduced electrochemically in neutral etha-
nol. Monoketones, phenazone and aminophenazone,
were not reduced under similar conditions. The
application of the method to the determination of
3,5-pyrazolidinediones, with labile hydrogen in the
4-positiongave a precision of about 3% when 2 X 10~
mole of a substance were used.
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5.3 Spectrophotometric Methods

5.3.1 Ultraviolet Spectrophotometric Methods

a) Herrmann (9) reported an ultraviolet method
for the determination of phenylbutazolidine
together with its metabolic products, chiefly
oxyphenbutazone, in serum. The serum is shaken
with 3N hydrochloric acid in 37 isoamyl
alcohol in heptane. After centrifugation an
aliquot of the organic phase is shaken with
2.5 N sodium hydroxide and the extinction of
the alkaline extract is determined at 265 nm.
A similar method has also been reported (21).

b) Fuchs (22) described a method for the blood
level determination of tanderil [oxyphenbuta-
zone] using a single drop of capillary blood.
The sample of the serum is mixed with water
and 3N hydrochloric acid. The mixture is
shaken with pure 1,2-dichloroethylene. After
centrifugation, an aliquot of the organic
phase is added to a separating funnel contain-
ing 1 ml of 2.5 N sodium hydroxide and shaken.
The aqueous extract of Tanderil is separated
by centrifugation and determined by measuring
at 240, 245, 250, 252.5, 255, 257.5, 260, 265
and 270 nm. The error was < 4%.

5.3.2 Colorimetric Methods

a) Svatek and Hradkova (23) determined oxyphen-
butazone and related keto derivatives in serum
using a colorimetric method involving the
reaction of the drugs with diazotized sulfa-
nilic acid. According to the procedure, the
diluted serum is shaken with N hydrochloric
acid, heptane and isoamyl alcohol. The heptane
phase is shaken with 0.1 N sodium hydroxide.
The alkaline extract is shaken withamixture of
1% sulfanilic acid, N hydrochloric acid, 17%
sodium nitrite and methanol. The absorbance
of this solution is measured at 525 mm against
sodium hydroxide blank. The error was 3-57%.
Oxyphenbutazone combines with diazotized sul-
fanilic acid in alkaline medium without need
for preliminary hydrolysis. The methylene
group of the side chain is activated by the
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Y keto group with the formation of a formazan
derivative. The formazan derivative of sulfa-
nilic acid is very soluble in water and has a
maximum at 525 nm. The color is stabilized

by the presence of 257 methanol. The method
is sensitive to 0.5 Y/ml and the linear range
is 0-15 y/ml.

b) Wahbi et al (24) used sodium cobaltinitrite
as a reagent for determining some phenolic
drugs. When oxyphenbutazone is reacted with
the reagent in aqueous acetic acid a yellow
color measurable at 320 nm is produced. Sub-
stituting sodium hydroxide for acetic acid
gives a color measurable at 380 nm. The
colored product is extractable with chloro-
form with a maximum absorption at 325 nm.
The method is applied to the determination
in tablet form. The results obtained are
reasonably reproducible with a coefficient
of variation < 27%.

c) Sanghavi et al (25) treated oxyphenbutazone
with a mixture of anhydrous acetic acid and
hydrochloric acid. The product of the heated
mixture is reacted with vanillin or 4-
dimethylaminobenzaldehyde in acetic acid. The
resulting color is measured absorptiometrical-
ly or at 424 nm with vanillin or at 406 nm
with 4-dimethylaminobenzaldehyde. Beer's Law
is obeyed for 8 to 12 y/ml when measured
spectrophotometrically or 50 to 250 Y/ml when
measured absorptiometrically.

5.3.3 Spectrofluorometric Method

Miller et al (26) studied the luminescence pro-—
pertiegj;fjgxyphenbutazone and some other anti-
inflammatory and antipyretic drugs. Although
oxyphenbutazone showed no significant fluores-
cence at room temperature it was strongly fluo-
rescent at 77K. Submicrogram quantities of the
drug could be readily detected. The wavelength
of excitation maximum in ethanol was 280 nm and
that of the fluorescence maximum was 430 nm.
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5.4 Chromatographic Methods

5.4.1 Thin-Layer Chromatography (TLC)

Several TLC methods are available for the separa-
tion, identification and determination of oxy-
phenbutazone and its metabolites.

Schmidt (27) analysed oxyphenbutazone together
with other pharmaceuticals by staining on silica
gel GFygy using UV light visualization. An
Avicel layer chromatography was developed by Lee
(28) for the separation and identification of
several kinds of drugs. Acidic materials were
separated by acidic solvents and basic materials
were separated satisfactorily by basic solvents
using mixed Avicel kieselgel plates. The pro-
cedure was applied to the different pharmaceuti-
cal formulations. More TLC methods are included

in Table 2.

Table 2. TLC Methods for the Determination of Oxyphenbutazone.

Adsorbent Solvent System Visualizing Rf value Ref.
agent
Silica gel Methanol/CHCl3/ Iz/KI - (29)
G-0.06 M Aq. NH3
KH2POy (100:300:1)
buffer (1:2)
dry plate
and activate
at 1100,
Silica gel Hexane/Acetone UV radiation 0.76 (30)
HFosh + 366 (13D
Silica gel CHCl3/Ethylace— UV radiation 0.28 (30)
HF254 + 366 tate
Silica gel Strong NHj KMnO, 0.77 (2)
solution/Metha~
nol (1.5:100)
Silica gel Cyclohexane/Ace- UV radiation 0.58 (31)

sheets tone/Acetic acid
(40: 50:1)

at 254 nm
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Paper Chromatography

A paper chromatographic method was described by
Clarke (2) and is outlined above under Chromato-
graphic Tests.

Gas Chromatography

A gas chromatographic method was reported by
Hasegawa et al (32) for the quantitative deter-
mination of pyrazolidinedione analgesics present
in blood plasma using an electron capture tech-
nique. The method is claimed to be simple and
able to detect low concentrations. The gas
chromatographic retention idexes of several com-
pounds of toxicological interest including
oxyphenbutazone were determined (33,34) isother-
mally at 180° on SE3g, OVy, OVy7 and QF,. The
data for many of these substances were compared
statistically among themselves when appropriate
(SE30 and OV]) and with literature data. 1In
general, no statistically significant deviations
were found in the series compared. The values
of the retention idexes were reproducible to a
good degree which means that these indexes are
of considerable diagnostic values in chemical
toxicological investigations.

Bruce et al (35) determined oxyphenbutazone and
phenylbutazone in plasma and urine by gas-liquid
chromatography. While phenylbutazone was deter-
mined directly after extraction from blood
plasma or urine, oxyphenbutazone was reacted
with heptafluorobutyric anhydride prior to gas
chromatography. Tanimura et al (36) described

a gas-liquid chromatographic method for the
determination of phenylbutazone and its metabo-
lites, oxyphenbutazone and y-hydroxyphenylbuta—
zone in human and rabbit following administration
of phenylbutazone. A modified Herrmann's extrac-
tion method has been used and coupled with the
gas—liquid chromatographic procedure without
derivative formation for phenylbutazone and
using trimethylsilylation for the metabolites.
The procedure was described as accurate and
sufficiently sensitive for use in routine clini-
cal assay and the estimation of the pharmacoki-
netic parameters of phenylbutazone and its
metabolites.,
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5.4,4 High Performance Liquid Chromatography (HPLC)

Pound and Sears (37) described a sensitive,
specific, high-speed 1iquid chromatographic pro-
cedure for the simultaneous determination of
phenylbutazone and its metabolite, oxyphenbuta-
zone in blood plasma. According to this proce-
dure, acidified plasma is partitioned with
cyclohexane : ether (l:1) containing the 2,4~
dinitrophenylhydrazone of 3,4-dimethoxybenzalde~
hyde as an internal standard. The organic
extract is reduced to dryness, the resulting
residue is redissolved in chloroform and ali-
quots of this solution are chromatographed on an
adsorption column, using a mobile phase of 0.0027
acetic acid and 23.,0% tetrahydrofuran in n-hexane
at 35°C. Use of a UV detector permits quantita-
tive analysis of samples containing less than
0.25 ug/ml of phenylbutazone or oxyphenbutazone.

Harzer and Barchet (38) separated various combi-
nations of analgesics by HPLC, using both
reverse—-phase and adsorption columns and UV
detection at 254 nm. For the reverse—phase
technique, various proportions of methanol-water
were used as eluant, whereas the adsorption
system requires a) chloroform-methanol-acetic
acid and b) chloroform-CyHjg - acetic acid. The
advantage of the reverse-phase column was that
it required changes only in column temperature
and solvent proportions in order to effect all
separations. Use of a variable wavelength
detector enhanced the sensitivity by permitting
adjustment to the absorption maximum of each
drug.

Oxyphenbutazone, and other non-narcotic analge-
sics are screened by reverse-phase high-pressure
liquid chromatography (39). The column is
LiChrosorb RP8 and the mobile phase is a aceto-
nitrile-water mixture, Blood and organs are
homogenized in 4% perchloric acid before extrac-
tion with the solvents. Urine is extracted with-
out primary treatment,

Dieterle et al (40) used a preparative reverse-
phase chromatography for separation of polar and
nonpolar metabolites, including those of phenyl-
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butazone, on column packed with micronized XAD-
2 resin., By equilibration with single-phase
mixtures of water, a lower aliphatic alcohol and
2 hydrophobic solvent a reverse-phase partition
system is formed in situ. The chromatographic
technique is claimed to be characterized by a
large capacity, a high power of resolution and

a high degree of selectivity and reproducibili