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PREFACE

Although the official compendia list tests and limits for drug substances
related to identity, purity, and strength, they normally do not provide other
physical or chemical data, nor do they list methods of synthesis or pathways
of physical or biological degradation and metabolism. For drug substances
important enough to be accorded monographs in the official compendia such
supplemental information should also be made readily available. To this end
the Pharmaceutical Analysis and Control Section, Academy of Pharmaceuti-
cal Sciences, has undertaken a cooperative venture to compile and publish
Analytical Profiles of Drug Substances in a series of volumes of which this is
the fourth.

The concept of Analytical Profiles is taking hold not only for compend-
ial drugs but, increasingly, in the industrial research laboratories. Analytical
Profiles are being prepared and periodically updated to provide physico-chem-
ical and analytical information of new drug substances during the consecutive
stages of research and development. Hopefully then, in the not too distant
future, the publication of an Analytical Profile will require a minimum of
effort whenever a new drug substance is selected for compendial status.

The cooperative spirit of our contributors had made this venture pos-
sible. All those who have found the profiies useful are earnestly requested to
contribute a monograph of their own. The editors stand ready to receive such
contributions.

This volume of Analytical Profiles is dedicated to the memory of David
E. Guttman, an enthusiastic member of the Editorial Board until his tragic
and untimely death in 1974,

Klaus Florey

Xi
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CEFAZOLIN

1. Description
1.1 Name, Formula, Molecular Weight

Cefazolin is 3-[ [(5-Methyl-1,3,4-thiadiazol -2~
y1) thic]methyl]8-oxo-7-[2-(1H-tetrazol-1-yl)acetomido] -
S—thia—l-azabicyclo[ﬁ.2.d]oct—Z-ene—Z—carboxylic acid.
It also exists as the sodium salt. Parenteral products
are known as Ancef and Kefzol.

=N 0\ s
| N-CHZ-C—NH-—( _INI\_/IT_
N= OIL—N ACHy-5 g F~CH,
COOH
Mol. wt. 454.512 (acid)
C14H14N804S3 (Na, -H) 476.495 (salt)

1.2 Appearance, Color, Odor

White to slightly off white, odorless.

2. Physical Properties

2.1 Infrared Spectrum

The infrared spectrum of cefazolin is presented
in Figure 1. The spectrum taken was that of a mineral
o1l dispersion of the standard using a Perkin-Elmer 457A
Grating IR Spectrophotometer. A list of the assignments
made for some of the characteristic bands is given in
Table I (1).



RBSORBANCE

MICRONS
4 16 1820 25 303340

2.8 3.0 4.0 5.0 6.0 7.0
™ g T T Y T r v

e " " M " n " N i a " "
| —————
4000 3500 3000 2500 2000 1300 1600 1400 1200 1000 s00 600 400 250

WAVENUMBER {(CM— 1)
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Table T - IR Spectral Assignments for Cefazolin

Frequency(cm-l) Characteristic of
3280 -NH-
3140 ~N=N-
tetrazole ring

3075 -C=N-
2620

-0H, bonded, -COOH
2580
1770 >C=0 lactam
1715 >C=0 acid
1670 >C=0 amide I
1555 >C=0 amide II

2.2 Nuclear Magnetic Resonance Spectrum
The 60 MHz NMR spectrum of cefazolin presented
in Figure 2 was obtained in trifluoroacetic acid at a
concentration of about 100 mg/ml and tetramethylsilane
as internal standard. The spectral assignments are
listed in Table II (1).

N=N (&) 0 ‘ @
| Necu -&'—Nﬂ@ s N—N
N 2 @ﬁ\)’%@ursi e ﬂ—(gg

0 COOH




60 MHz: 540 480

Figure 2:
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PPM

NMR Spectrum of Cefazolin

Reference Standard, in TFA with TMS as internal standard.
Instrument: JEOL Co., Model JNM-C-60H



Table II - NMR Spectral Assignments for Cefazolin

Chemical
shift (ppm) Multiplicity
3.11 singlet
3.85 singlet
4.71 singlet
5.40 doublet
5.75 overlapping
singlet & doublet
8.21 doublet

proton at 8 is beyond 9 ppm; however,

Characteristic of

protons at
protons at
protons at
protons at

protons at
and

protons at

1
2
3
4

5
6

7

Integration of
No. of Protons

3

2

it is masked by the solvent
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2.3 Ultraviolet Spectrum
The ultraviolet absorption spectrum of cefazolin
in 0.1M NaHCO3 is shown in Figure 3. When scanned between
350 and 220 nm, cefazolin exhibits a single band with an
abgorption maximum at 270 - 272 nm (e = 13,100).

2.4 Optical Rotation
The specific rotation of a 5% solution of
cefazolin in 0.1M NaHCO3 when measured at 25°C in a
1 decimeter tube is -17° + 70,

2.5 Melting Range
Cefazolin starts to decompose at about 190°C

under USP conditions for Class I substances (2).

2.6 Differential Thermal Analysis
A differential thermal analysis was performed on
cefazolin and the thermogram is presented in Figure 4.
The typical melting endotherm is absent and only the
decomposition exotherm at about 2059C is present.

2.7 Solubility
The approximate solubilities obtained for

cefazolin at room temperature (250C + 1°C) are listed in
Table III.

Table III ~ Approximate Solubilities of Cefazolin

sodium chloride, half-saturated
sodium chloride, saturated
water

PO N

Solvent mg Cefazolin/ml
acetone 5.7
acetone:water (4:1 v:v) 21.2
chloroform 0.02
95% ethanol 1.1
ethyl acetate 0.24
isobutylacetate 0.05
isopropyl alcohol 0.21
methanol 1.7
methylene chloride 0.0
methylisobutylketone 0.2

0.8
0.4
1.1
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2,71 pH Solubility Profile
The pH solubility profile of cefazolin is
presented in Figure 5.

2.8 pKa
The pKa 13 2.15 determined spectrophotometrical-

ly. A pKa of 2.05 determined titrimetrically has been
reported (3).

2.9 Crystal Properties
Several crystal forms of sodium cefazolin have
been reported (4). The pathways of conversion of one
form to another are shown below.

loss of water

a-form P pseudopolymorphs
5 moles of water (u, A, 6)

gain of water

gain of treat with methanol or
water ethanol (loss of water)

loss of water

g-form

3/2 moles of water I-form

gain of water
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U.V. ABSORPTION SPECTRUM

09
COMPOUND: CEFAZOLIN
0.8 F CODE: REFERENCE STANDARD
CONCENTRATION: 0.0294 mg/ml
SOLVENT: 0.1M NaHCO3
07 r CELL PATH: 1cm
0.6 |
]
Z os
o« : i
]
o
2
a 041}
<
03}
0.2 |
aIT
0.0 A i N
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WAVELENGTH — nm
Figure 3: UV Absorption Spectrum of Cefazolin

Reference Standard

Instrument:

Cary Model 14
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EXO
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SAMPLE: CEFAZOLIN
ORIGIN: REFERENCE STD.
SIZE: MICRO CAPILLARY

\ REF: GLASS BEADS

PROGRAM MODE: HEAT
RATE: 10°C/MIN.
ATM: NITROGEN

1 N i 1 1 L 1 i 3

50 100 150 200 250 300 350 400 450
T.°C

Figure 4: DTA of Cefazolin, Reference Standard
Instrument: DuPont 900
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Figure 5:

PH Solubility Profile of Cefazolin
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3.

Synthesis
Cefazolin may be prepared by the following route:

0
N=N, . i i
| N—cH,-C-oH  + cc1 — -cnz—c -0-C
\_J -/

1 1
N—~N
HoN —'|/
111 + ;-——N Y/ CHz'S"L /LCH3 -
COOH
v
N=N
N—~N
Yy ~CH,,~C-NH
| 2 |
I p }%_sJ\S;%
0 COOH

V Cefazolin
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4, Stability
The stability of Ancef vials after reconstitution

with water for injection (a), bacteriostatics water (b),
and normal saline solution (c¢) was determined (6). The
resulting solutions were analyzed by the UV hydroxylamine
method (Section 6.5) initially and again after storage at
50C for 96 hours. No degradation was observed.

The physical and chemical stability of cefazolin
sodium in several intravenous fluids (Table 1IV) was
evaluated (7). The solutions were assayed by the UV
hydroxylamine method (Section 6.5) initially and
periodically up to 72 hours. Inspection indicated no
apparent physical change. The chemical stability of the
solutions can be seen from the data in Table IV.

Lyophilized cefazolin sodium is stable for at least
two years in the dry state at room temperature. A
comparison of the chemical (8) and microbiological (9)
assay methods 1s illustrated in Table V.

14
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Table IV - Stability of Cefazolin Sodium in Selected
Intravenous Solutions¥*

RT 5°C
Time in hrs. 0 24 48 72 24 72
10% dextrose 100 | 101 | 98.2| 95.8 1104 | 99.1
in H20
5% dextrose 100 | 98.3) 98.2 | 94.5 {99.4 | 99.7
in HZO

5% dextrose with |100 | 98.3| 96.6 | 94.4 |98.6| 97.8
lactated Ringer

5% dextrose in 100 | 101 100 96.3 | 100 | 93.2
Ringer's injection

5% dextrose 100 | 100 | 99.4 1 98.5 |102 | 97.4
in 0.9% NaCl

5% dextrose 100 100 100 96.0 |198.0| 100
in 0.457% NaCl

10% dextrose 100 100 97.7 1 97.7 199.4 | 99.7
in 0.9% NaCl

0.9% NaCl 100 | 101 | 99.7}98.9 (105 | 100

lactated Ringer 100 [ 103 | 98.9] 96.9 |101 | 99.4
injection

Ringer injection |100 | 102 | 101 | 96.9 {100 | 99.7

*Expressed as a percent of initial concentration

15
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Table V - Comparison of Chemical and Microbiological

Methods*
Months 1 3 6 9 12 18 24
Chem. 100 | 101 | 97.3}199.0 | 96.0 | 99.0 | 100

assay

Micro. 99.4] 103 | 97.5]| 98.2 | 97.0 | 101 98.0
assay

*Expressed as a percent of initial concentration.

5. Drug Metabolic Products

Studies conducted thus far indicate there is very
little bilotransformation of parenterally administered
cefazolin sodium in the body. Between 94 - 98% is
excreted in the urine unchanged. Only trace amounts of
metabolites have been seen but not identified (10).

6. Methods of Analysis

6.1 Elemental Analysis
The results from an elemental analysis of
cefazolin reference standard are listed in Table VI.

Table VI
Element % Theory % Found
c 37.00 36.75
H 3.10 3.29
N 24.65 24.44
S 21.16 21.31
0 14.09 14,23

(by difference)

16
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6.2 Non-Aqueous Titration of Cefazolin
Reagents
(1) Dimethylsulfoxide (DMSO)
(2) Tetrabutylammonium hydroxide (TBAH) - 0.05N
in 9:1 benzene:methanol; this solution is standardized
against benzoic acid (National Bureau of Standards).

Procedure

An accurately weighed sample of about 200 mgs of
cefazolin is dissolved in 70 - 80 ml of DMSO. The
resulting solution 1is titrated potentiometrically with
standard 0.05N TBAH using a glass-calomel electrode pair
or combination electrode. Each milliliter of 0.05N
TBAH is equivalent to 0.02273 g of cefazolin.

6.3 Non-Aqueous Titration of Cefazolin Sodium

An accurately weighed sample of about 200 mgs of
cefazolin sodium is dissolved in 70 - 80 ml of dimethyl-
sulfoxide (DMSO). The resulting solution is titrated
potentiometrically with standard 0.05N acetous perchloric
acid using a glass-calomel electrode pair or combination
electrode. Each milliliter of 0.05N perchloric acid is
equivalent to 0.02383 g of cefazolin sodium.

6.4 Thin-Layer Chromatography
The following thin-layer method may be used for
the qualitative purity evaluation of cefazolin and its
sodium salt.

About 50 and 100 micrograms of cefazolin,
digsolved in a 4:1 mixture of acetone:water, are spotted
two cm from the edge of a Silica Gel GF plate. The plate
is placed in a suitable chromatographic chamber lined with
filter paper saturated with the developing solvent (ethyl-
acetate:acetone:acetic acid:water,5:2:1:l), and allowed
to equilibrate for ten minutes. The solvent is then
allowed to rise to a line drawn across the plate 10 cm
from the origin. The plate is removed from the chamber
and allowed to air dry in a fume hood until solvent vapors
are no longer detectable. The developed chromatogram may
be visualized under ultraviolet light (254 and 365 nm),
exposure to iodine vapors, and spraying with potassium
permanganate. Cefazolin has an Rf value of about 0.45.

17
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6.5 Spectrophotometric-UV Hydroxylamine Method

Reagents

(1) 0.5 Molar sodium bicarbonate

(2) Acetate Buffer - Equal volumes of 0.IM
acetic acid and 0.1M sodium acetate are mixed together and
the resulting solution is adjusted to pH 4.0.

(3) Alkaline Sodium Acetate - 86.5 g of sodium
hydroxide and 10.3 g of sodium acetate are dissolved in
sufficient water to make 1000 ml.

(4) Hydroxylamine Solution - One volume of 5M
hydroxylamine hydrochloride is mixed with two volumes of
alkaline sodium acetate and three volumes of water.

Procedure

An accurately weighed sample of approximately
50 mg is dissolved in 5.0 ml of 0.5M sodium bicarbonate
and diluted to 1000 ml with water. Five ml aliquots of
this solution are transferred to each of two 100 ml
volumetric flasks. To one flask is added 5.0 ml of
hydroxylamine solution. The flask is swirled and allowed
to stand for 45 minutes, after which both solutions are
diluted to 100 ml with acetate buffer. Two aliquots of a
standard solution of cefazolin are treated in the same
manner. The ultraviolet absorption spectrum of the
unreacted solution is recorded versus that of the reacted
solution in the reference cell from 350 to 240 nm in 1 cm
cells. The calculation of the purity of the sample is
accomplished by comparison of the absorbance difference
between 270 nm and 340 mm for the sample to that of the
standard. This procedure has also been automated (8).

6.6 High Pressure Liquid Chromatographic Procedure

Reagents

(1) Mobile Phase: 0.02 Molar monobasic sodium
phosphate adjusted to pH 6.2 + 0.1 with 1N sodium
hydroxide.

(2) Standard Solution: Approximately 20 mg of
reference standard is accurately weighed into a 50 ml
volumetric flask and dissolved in and diluted to volume
with 0.05M sodium bicarbonate.

18



CEFAZOLIN

Instrumental Conditions

Column Packing: Strong anion exchange resin
Column Diameter: 2.1 mm I.D.

Column Length: 1 m

Column Temperature: Ambient

Column Pressure: 1000 psig

Flow Rate: 0.5 ml per minute

Detector: U.V., 254 nm

Procedure

An accurately weighed sample of approximately 20 mg
is dissolved in and diluted to 50 ml with 0.05M sodium
bicarbonate. Duplicate 20 ul aliquots of the standard
and sample solutions are injected. The retention time
for cefazolin 1s approximately 20 minutes. The calcula-
tion of the purity of the sample is accomplished by
comparison of the average peak height of the sample
solution to that of the standard solution. Instrumental
conditions may require modifications with other HPLC
units and different lots of column packing.

6.7 "Federal Register'" 38:31505-31509, 1973
Additional methods listed in the Federal
Register are (1) microbiological agar diffusion assay,
(2) iodometric assay, and (3) hydroxylamine colorimetric
assay.

19
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CEPHALEXIN

1. Description

1.1 Name: Cephalexin
Chemical Abstracts designates cephalexin as 5-thia-
l-azabicyclo [4.2.0] oct-2-ene-2-carboxylic acid, 7-(2-amino-
2-phenyl-acetamido) -3-methyl-8-oxo.

Cephalexin monohydrate is also known as 5-thia-l1-
azabicyclo [4.2.0] oct-2-ene-2-carboxylic acid, 7-[(amino-
phenylacetyl) amino]-3-methyl-8-oxo, monohydrate', 7-(D-2-
amino-2-phenylacetamido) -3-methyl-3-cephem-li-carboxylic acid
monohydrate? , and 7-(D-o-aminophenylacetamido)-3-methyl-3-
cephem-4-carboxylic acid monohydrate® .

1.2 Formula and Molecular Weight

C‘IB H 17 N304S‘H20

23
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1.3 Isomers
The synthesis of the L epimer of cephalexin has
been reported . The D-isomer exhibits considerably more
biological activity than the L-isomer. Penicillins derived
from D-a-amino acids also show more biological activity than
their L-epimers® ¢,

1.4 Hydrates
Pfeiffer et. al.” provided x-ray powder diffraction
data for the monohydrate and dihydrate of cephlexin. Cepha-
lexin was found to crystallize from aqueous solutions at
room temperature as the dihydrate but converted to the mono-
hydrate when the relative humidity was below 70%. Refer to
Section 2.21.

1.5 Appearance
Cephalexin is a white to cream-colored crystalline

powder, having a characteristic odor.

2. Physical Properties

2.1 Sgectra

2.11 Infrared Spectrum

The infrared spectrum of cephalexin mono-
hydrate recorded as a potassium bromide disc is presented
in Figure 1. Interpretation of the spectrum is given in
Table I8, Changes in the B-lactam carbonyl stretching
region (1760 cm~l) can indicate opening of the B-lactam ring.
Morin® and coworkers have shown a relationship between the
B-lactam carbonyl stretching frequency and biological
activity. The importance of this stretching frequency has
been discussed in a recent review'?,

2,12 Nuclear Magnetic Resonance Spectrum

Figure 2 shows the proton magnetic resonance
spectrum of cephalexin monohydrate. The solvent used was
deuterium oxide containing a small amount of trifluoroacetic
acid to enhance solubility. 3-(Trimethylsilyl)-propane-
sulfonic acid, sodium salt was added as the internal re-
ference, The spectrum was recorded on a Varian T60-A instru-
ment. The assignment of the spectrum is shown in Table II®,
A most characteristic region of the NMR spectrum is that
originating from the two B-lactam ring protons, H(6) and
7).

24
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TABLE 1

Infrared Spectrum of Cephalexin Monohydrate

Wavelength (cm-l)

3500 - 3000 (series of broad bands)

2600 (broad)
1760
1690

(1600 [very broad]
(1400

1550 (unresolved)

820 - 690

Assignment

OH from H,0 and amide
NH strétch

+

3

B=-lactam ¢ = o stretch
Amide ¢ = o stretch
0

[
C-0 - (carboxylate
stretching)

Amide II band

Mainly skelectal
vibrations including
out-of-plane aromatic
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2.13 Ultraviolet Absorbance
An aqueous solution of cephalexin exhibits a

UV absorption maximum at 262 nm (Figure 3). The Ej,°"
reported for cephalexin (on an anhydrous basis) was 236'1.
The ultraviolet absorbance of cephalexin as well as other
cephalosporins has been attributed to the O = C-N-C = C-
chromophore of the ring'?. Chou'? utilized the UV absorption
at 262 nm to determine the cephalexin content of solution
fractions isolated from human urine.

2.2 Crystal Properties

2.21 X~Ray Powder Diffraction

Cephalexin was found to occur in several sol-
vated crystal forms, and often in widely varying mixtures of
these forms'* ., Some of the solvated crystal forms prepared
were the dihydrate, monohydrate, diacetonitrilate, formami-
date, methanolate, and acetonitrile hydrate. X-ray powder
diffraction data for cephalexin monohydrate is presented in
Table III.

2,22 Differential Thermal Analysis
Differential thermal analysis'’ of cephalexin
monohydrate was conducted on a DuPont Model 950 thermal
analyzer in a nitrogen atmosphere. A heating rate of 20°C
per minute was utilized. An endotherm was noted at 123°C
indicating the loss of water, and an exotherm of 203°C indi-
cating decomposition.

2.3 Solubility
The solubility of cephalexin monohydrate in the
following solvents has been reported'® :

Mg. Cephalexin Monohydrate Per Ml.

Solvent Solvent, 25°C.
Water 13.5
Methanol 3.4
N-octanol 0.03
Chloroform <0.01
Ether <0.01

Table IV relates the solubility of cephalexin
monohydrate in water as a function of pH.
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FIGURE 3. Ultraviolet absorption spectrum of cephalexin
monohydrate, 49 mcg. per ml. in Hy0.
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TABLE III

X-Ray Powder Diffraction Pattern of Cephalexin Monohydrate
Radiation; Cu/Ni. Norelco De Bye-Scherrer Camera

Cephalexin Monohvydrate
d I/1

1
15.15 0.40
11.85 1.00
11,00 0.30
9.36 0,20
8.55 0.50
7.86 0.50
6.89 0.20
5.98 0.40
5.39 1,00
4,97 0.50
4.76 0.40
4,57 0.40
4.39 0.60
4.22 0.60
4.00 0.70
3.86 0.70
3.60 0.80
3.46 0.30
3.24 0.60
3.10 0.60
2.98 0.40
2.90 0.60
2.81 0.40
2,73 0.20
2.68 0.40
2,63 0.10
2.47 0.30
2.41 0.15
2.31 0.30
2,25 0.30
2.12 0.10
2.09 0.05
2,01 0.02
1.93 0.05
1.87 0.05
1.85 0,05
1.82 0.10
1.72 0.05
1.66 0.02

1.62 0.02
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TABLE IV

Solubility - pH Profile of Cephalexin in Water (37°C)

Cephalexin Monohydrate

Cephalexin Monohydrate

pH mg./ml. pH mg./ml,
2.3 120 6.0 13
2.5 95 6.5 16
3.0 31 7.0 24
3.5 20 7.5 40
4,0 16 8.0 75
5.0 12 8.2 100
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2.4 Dissociation Constant (pKa)

The following dissociation constants were reported:

rK,
Solvent Carboxyl Amino Reference
66% DMF 5.2 7.3 A
66% DMF 5.3 7.3 17
B0 7.1 18

2.5 Optical Rotatory Dispersion
Optical rotation has been used as an auxiliary
method for the quantitation of cephalexir® . The specific
rotation [a]D reported for cephalexin, calculated on an an-
hydrous basis, was +153° (C = 1.0 in H,0)'?,

3.0 Cephalexin Stability

The stability of cephalexin in solution is depen-
dent on pH, degrading rapidly in basic media and remaining
stable under mild acidic conditions. No loss in cephalexin
activity occurred in 72 hours at 25°C in the pH range from
3 to 5. The rate of degradation found at pH 6 and pH 7
(25°C) was approximately 3% and 18% per day, respectively?®.
With refrigeration, no appreciable loss occurs between pH 3
and pH 7 after 72 hours. In U.S.P. hydrochloric acid buffer
(pH 1.2), cephalexin lost 5% activity in 24 hours at 37°C as
compared to a 45% loss in phosphate buffer at pH 6.5%*'. The
antibiotic retains activity well in serum and urine as no
loss in activity was noted after storage at -20°C for 14
days??, Cephalexin in serum was found to lose 10%, 50% and
75% activity, respectively, after storage at 5°C, 25°C, and
379C for 48 hours?' 22, Some organisms have been found to
produce a B-lactamase (cephalosporinase) which can rapidly
degrade cephalexin®?. Degradation of cephalexin also results
from heat, strong alkali, strong acids and ultraviolet
light (260 nm).

L.0 Synthesis
Two synthetic routes of general applicability have
been proposed for cephalexin®.

The first method is based on the cleavage of the
acetoxyl group from cephaloglycir?* (I) by hydrogenation or,
more satisfactorily, from N-t-butoxy-carbonylcephaloglycin
(II) to produce the corresponding desacetoxy analogs V
(cephalexin? and III as shown in Figure 4, Scheme I, The t-
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SCHEME |
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FIGURE 4. Synthesis routes for cephalexin.
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butoxy-carbonyl (BOC) group was removed from III with tri-
fluoroacetic acid and the reaction product was converted to
desacetoxycephaloglycin (cephalexin, V) by treatment with
Amberlite LA-1 resin.

The second method was similar to that previously
used to obtain cephaloglycir®*. The nucleus, 7-aminodes-
acetoxycephalosporanic acid (7-ADCA)?® was prepared, acylated
with BOC-protected D-phenylglycine employing a mixed anhy-
dride synthesis, and then deblocked with trifluoroacetic
acid as shown in Figure 4, Scheme II.

5.0 Methods of Analysis

5.1 Identification Tests
Cephalexin may be identified by infrared
spectroscopy. British Pharmacopoeia’ utilizes two charac-
teristic color reactions for identity. Thin layer (Sec.
5.23), paper (Sec. 5.24), and column chromatography (Sec.
5.25) have been utilized for identity purposes.

5.2 Quantitative Methods

5.21 Titration
The iodometric titration procedure has

been used for the determination of cephalexir®® 27, The
method is based on the fact that the intact cephalexin
molecule does not consume iodine, whereas the alkali-hydroly-
sis product of cephalexin does. Alkaline hydrolysis of
cephalexin results in cleavage of the B-lactam ring. Varia-
tions in hydrolysis time, temperature, pH of the iodine solu-
tion and concentration of cephalexin present influence the
consumption of iodine by the test solution. The method
compares favorably to the microbiological cylinder-plate
method (Sec. 5.27) in accuracy, and is much more rapid.
Possible intermediates used in the synthesis such as 7-ADCA
will also respond to the test.

An automated iodometric assay has been
used recently for the assay of cephalexin and formulations
thereof‘as The procedure incorporates a sample hydrolysis
step (g'é Ny at 37°C for 10 minutes followed by a 5-minute
iodine %onsumption step (pH 5.3-5.5, 37°C). Concentration
of the sample is related to the decrease in iodine color
measured at 350 nm. A reference standard is run concurrently
through the analyzer for comparative purposes. The auto-
mated system gives excellent linearity of response for the
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recommended concentration range of cephalexin (0 - 1.5 mg.
per ml, sample solution), with all standard curve plots
passing through the origin. The reproducibility of the
method on the same sample or standard solution on a given
day is generally better than +1% relative standard deviation
(RSD). Cephalexin can be titrated with perchloric acid in a
glacial acetic acid mediurf®. Crystal violet indicator

(2% in glacial acetic acid) may be used to determine the
endpoint.

Moll and Doker’® have reported using a
formol titration procedure for the determination of cepha-
lexin, ampicillin and related compounds. In this procedure
4 ml. of dilute formaldehyde solution (neutralized to the
phenolphthalein end point) is added to 10 ml. of an aqueous
solution containing 15.0 mg. of cephalexin. After 2 minutes
the solution is titrated with 0.02N sodium hydroxide. A
precision of +0.5% RSD could be achieved in the titration of
cephalexin monohydrate raw material samples. Acidic com-
pounds as well as amino acids must not be present as im-
purities in the sample. The formol titration takes advan-
tage of the reaction between an amino acid and formaldehyde
as a means of suppressing the basicity of the amino group
and thus making possible the titration of the acid.

5.22 Colorimetric Determination
Reaction with hydroxylamine has been

utilized for the colorimetric determination of cepha-
lexin®! 2, The method is based on the fact that hydroxy-
lamine cleaves the B-lactam ring (pH 7.0) to form a hydrox-
amic acid which forms a colored complex with ferric ion.
Degradation products or intermediates having an intact B-
lactam ring react as well.

Kirschbaur’> has described a procedure
for the colorimetric determination of the antibiotic ceph-
radine' and related cephalosporins. An aqueous solution of
the compound (1 to 30 mcg. per ml.) is reacted with sodium
hydroxide, partially neutralized, and then reacted with 5,5'-
dithiobis-(2-nitrobenzoic acid) resulting in the formation of
a yﬁllow chromephore (412 nm.,). The molar absorptivity E x
10=" reported for cephalexin when carried through this pro-
cedure was 1.29. The formation of the yellow chromophore
was attributed to the presence of the R - CHNH, -CO-cephalo-

1 Cephradine is the generic name for 7-[D-2-amino-2-(1,4-
cyclohexadienyl)acetamido] desacetoxycephalosporanic acid
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sporin nucleus, in which R is a mono-, di- or tri- enyl
cyclohexyl ring.

A specific colorimetric test was de-
veloped for the determination of cephalosporin derivatives
having the following intact side chain in the 7- position:

R - CHNH, -CO-cephalosporin nucleus, R being a heterocyclic

or aromatic ring’*. The D-phenylglycine derivatives of both
7-ADCA (cephalexin) and 7-ACA (cephaloglycin)? respond well.
These compounds (0.5 -~ 1.0 mg. per ml. in H 0) react with
acetone and sodium hydroxide at 100°C to form characteristic
red chromophores {520 nm.). At the 1 mg, per ml. level, this
test will visually differentiate cephalexin from cephradine.

2Cephaloglycin is the generic name for 7-(D-o-aminophenyl-
acetamido) cephalosporanic acid
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5.23 Thin Layer Chromatography
The following thin layer chromatographic
systems have been reported:

TABIE V
Adsorbent Solvent System Rf Ref.
Silica Gel Acetonitrile/Water 0.67 13
(3:1)
Silica Gel Ethyl Acetate/Ace- 0,22 35
tone/Acetic Acid/
Water (5:2:2:1)
Cellulose Butanol/Acetic Acid/ - 36
Chromatogram Water (3:1:1)
Sheet
Sheet Ethyl Acetate/Acetic - 36
Acid/Water (3:1:1)
Sheet Acetonitrile/Ethyl - 26 .
Acetate/Water (3:1:1)
Cellulose Acetonitrile/Water 0.50 27
(3:1)
Cellulose Butanol/Acetic Acid/ 0.70 37

Water (3:1:1)

Cellulose is the preferred sorbent since
it is inert toward cephalexin. Additional thin layer chroma-
tography systems used for cephalexin and other cephalosporins
have been tabulated®?. Cephalexin may be detected by ultra-
violet absorbance and quenching, ninhydrin, iodoplatinate,
alkaline permanganate, and phosphomolybdic acid sprays.
Iodine detection and vanillin-phosphoric acid spray have
also been utilized. Of the microorganisms used, Sarcina
lutea is preferred over Bacillus subtilis or Staphylococcus
aureus.
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5.24 Paper Chromatography
The following paper chromatographic
systems have been reported:

Solvent Systems Rf Ref.

Butanol/Acetic Acid/Water 0.60 13, 36, 38
(3:1:1)

Ethyl Acetate/Acetic Acid/ - 36

Water (3:1:1)

Whatman No. 1%, untreated, was used
with both solvent systems and the equilibrating solvent was
the same as the developing solvent. Additional paper chroma-
tographic systems for cephalexin and other cephalosporins
have been tabulated®®. The butanol/acetic acid/water
(3:1:1) system will separate cephaloglycin from cephalexin,
cephaloglycin being less mobile. An acetonitrile/water
(9:1) syster®® using Whatman No. 3 paper buffered at pH 5.0
(16 hour development) has been utilized to separate cephra-
dine from cephalexin, cephradine being less mobile. The
developed chromatogram can be examined under ultraviolet
light, dipped in ninhydrin, or bioautographed, using
Sarcina lutes'?,

5.25 Column Chromatography

The Moore-Stein amino acid analyzer has
been used for the determination of cephalexin in urine
samples*’., Beckman Custom Research Resin Type PA-35, packed
to a height of 9.0 ¢m. in a water-jacketed column (0.9-cm.
i.d. x 23-cm. length) was used for the separation. The
urine sample was diluted with an equal volume of sodium ci-
trate buffer (pH 2.2) and 100 A applied to the column., The
elution time for cephalexin was approximately 61 minutes,
Excellent agreement was found between the analyzer method
and the microbiological method (Section 5.27) on a series
of urine samples tested. In addition, this technique has
been useful in determining low levels of 7-ADCA and phenyl-
glycine in cephalexin*! (Section 5.3). Determination of the
less active (biologically) L-isomer in cephalexin by the
Moore-Stein amino acid analyzer has been reported® . Chou'?
used the anionic resin, Bio-Rad AG2 - x8 (acetate form),
to isolate cephalexin from human urine,

*Whatman chromatography paper, Reeve Angel, 9 Bridewell
Place, Clifton, New Jersey
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5.26 Electrophoresis
Paper electrophoresis has been utilized
by the British Pharmacopoeia® as a test for impurities
present in cephalexin (Section 5.3).

5.27 Microbiological Assays
Microbiological assays for cephalexin

have been discussed by Marrelli'?, Wick*?, Mann‘'*, and
Simmone*® and are listed in the Federal Register*®, Briefly,
the two plate systems well suited for the determination of
cephalexin in pharmaceutical formulations are the cylinder
plate methods utilizing Staphylococcus aureus (ATCC 6535)
and Bacillus subtilis (ATCC 6633). The assay range for both
is approximately 2.5 to 20 mcg. of cephalexin per ml.*2 '**
The B. subtilis plate test has an advantage over the S.
aureus plate test in that better defined zones of inhibition
are obtained, thereby increasing the assay precision*?,
Since degradation products of cephalexin possess practically
no antimicrobial activity*?, rapid and precise photometric
microbiological assays are possible with cephalexin. The
test organism for the photometric assay is Staphylococcus
aureus 9144, 3 to 3.5 hours being required for incubation.
In Antibiotic No. 3 Broth, the concentration range is 0.2
to 2.0 meg. per ml, of broth. If the automated AUTOTURE®
System is used, precision in the order of 1-2% is possible*?.
Cephalexin in biological fluids may be assayed by a Sarcina
lutea plate system. The concentration range for assay is
0.2 to 3.5 meg./ml.**

5.3 Methods for Intermediates and Impurities

5.31 7-Aminodesacetoxycephalosporanic Acid

(7-ADCA)

Cole*’ utilized the Moore-Stein amino
acid analyzer for the determination of 7-ADCA in cepha-
lexin. Column specifications were outlined in Section 5.25.
Twenty-five milligrams of cephalexin sample were dissolved
with sodium citrate buffer (pH 2.2) to a total volume of
10.0 ml. and 1.0 ml. applied to the column. The elution
time for 7-ADCA was approximately 45 minutes. The sensi-
tivity of the assay was 0.1% 7-ADCA,

A colorimetric procedure was developed
by Marrelli*® which permitted the direct determination of
low levels of 7-ADCA in cephalexin (0.4 - 1.5%). The pro-
cedure is based on the interaction of 7-ADCA with ninhydrin
under controlled conditions to produce a specific chromophore
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(A max. at 480 nm.). Compounds having an &-amino group
adjacent to a B-lactam ring respond in general to the

test. British Pharmacopoeia® utilized a paper electro-
phoresis technique which estimated the 7-ADCA content in
cephalexin at the 1% level. The buffer solution specified
in the test consisted of a mixture of 5 ml. of formic acid,
25 ml. of glacial acetic acid, 30 ml. of acetone and

water to a total volume of 1000 ml.

A 2,0 pl. aliquot of the cephalexin
sample solution (5.0% w/v in O.5N HC1l) along with the
specified amounts of reference standards and markers were
applied to the paper. The voltage was adjusted to about
20 volts per cm. of paper and electrophoresis was allowed
to proceed until the crystal violet spot moved 9 cm. from
the base line. Both ninhydrin spray and UV were used for
detection purposes.

5.%2 Phenylglycine

The chromatographic procedures outlined
in Section 5.31 for the determination of 7-ADCA in cepha-
lexin have been concurrently used for the determination of
phenylglycine in cephalexin. The elution time for phenyl-
glycine in the amino acid analyzer assay was approximately
36 minutes., The sensitivity of the assay was 0.01%. The
paper electrophoresis technique permitted estimation of
phenylglycine at the 1% level. Hussey*® has utilized a
chromatographic procedure for phenylglycine similar to
that of the amino acid analyzer assay but incorporating
a Fluram™ detection system+.

*Hof fman-LaRoche Inc., Nutley, New Jersey
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6. Protein Binding

Various values have been reported for the percentage
of cephalexin bound to serum protein. Wick?? concluded
that serum inactivation or protein binding of cephalexin
is low. Addition of serum to broth medium did not affect
in vitro minimal inhibitory concentration determinations.
Cephalexin assays in pH 7 buffer and human serum resulted
in identical standard curves when 6-mm discs were satu-
rated with solutions and tested by a Sarcina lutea micro-
biological assay. Utilizing a similar method, Griffith
and Black'? found that protein binding of cephalexin in
human cerum was 9% at concentrations above 1.0 ug./ml.
and 41% at 0.2 pg./ml. Naumann and Fedder’? also found
that the amount of cephalexin bound to serum proteins
varied with the cephalexin concentration. Using an ultra-
filtration method, Kind et. al.®' estimated the serum
binding as being 15%. O'Callaghan and Muggletor®?
obtained a value of 43% by utilization of the ultrafiltra-
tion technique,

7. Pharmacokinetics

Oral doses of cephalexin are rapidly absorbed by ani-
mals and man, result in rather high blood serum levels,
and are excreted unchanged in the urine. Wick®? found
that a 20-mg./kg. oral dose of cephalexin in mice gave
a blood serum level of 18 pg./ml. Wells et. al.’?
reported a similar value (17 pg./ml.) with a 10 mg./kg.
oral dose in dog. The rapidity of oral absorption was
demonstrated by the fact that antibacterial activity
in the serum was the same within 1.5 hours after oral
or intramuscular administration; thereafter, the levels
were higher for the oral dose. In man, after a 500-mg.
dose the mean of the peak antibiotic activities found
by several investigators was 15 ug./ml.*? %0 B4738 ang
usually occurred at 1-1.2 hours after treatment. The
compound is almost completely absorbed from the upper
small intestine in both man and animals®® *¢, In
addition, the antibiotic is excreted unchanged in
urine with almost 100% recovery’3 "3 %?, A meal just
prior to treatment resulted in lower blood levels and
increased the time required for peak titer?'€9,
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Kirby et. al.b! calculated the serum half-life of
intravenously admlnlstered cephalexin as 36 minutes.
Kabins et. al.®? and Naumann and Fedder’® calculated
the serum half-life after oral dosage as S4 minutes.
Thornhill et. al.’® found that probenecid increased the
peak serum concentration by 50%, but Meyers et. al.’®
found a lesser effect. Linquist et. al. 63 examined the
disappearance of cephalexin from the blood sera of aneph-
ric patients. Half-life values ranged from 23.5 - 41.0
hours with a mean of 31 hours, clearly demonstrating the
dependence upon the kidney for excretion.
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1. Description

1.1 Nomenclature

1.11 Chemical Names
a. D_—-(-)-threo-2,2~dichloro-N-[B-hydroxy-
o~ (hydroxymethyl)-p-nitrophenethyl]acetamide.
b. D,-(-)~threo-1-(p-nitrophenyl)-2-(2,2-
dichloroacetamido)-1,3 propanediol

1.12 Generic Name
Chloramphenicol

1.13 Trade Names

Chloromycetin (The Merck Index1 lists 45
other trade names.)

1.2 Formulae

1.21 Empirical
C11H17C12N505

1.22 Structural and Stereochemical

CHZOH

CL,CHCONH loC gy H Dg— (or L.)-threo-1- (p-

nitrophenyl)-2-(2,2-
dichloroacetamidg)-
-1,3 propanediol

H o C =utlf OH

or (1R, 2R) l-(p-nitro-
phenyl)-2-(2,2-
dichloroacetamido)-
1,3-propanediol

1.3 Molecular Weight 323.14

1.4 Elemental Composition
C-40.88; H-3.74; C1-21.95; N-8.67; 0-24.76
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1.5 General3

Fine, white to grayish white or yellowish white,
needle-like crystals or elongated plates. Its
solutions are practically neutral to litmus.

2. Physical Properties

2.1 Crystal Properties

2.11 Crystallinity
Chloramphenicol is a crystalline solid. A

typical photomicrograph4 of chloramphenicol is shown in
Figure 1.

2.12 X-ray Diffraction
Analytical X-ray diffraction powder data5
indexed using single crystal diffraction data” for chloram-
phenicol follows:

Radiation. CuKa(Al.5418); Filter. Ni.

I/1, Diffractometer.

System. Orthorhombic. Space Group.C2221(Dg)
a, 17.6A; b, 7.35A; C, 22.3A.

Z, 8.

€a. 1.519; nwf. 1.601; €y. 1.668.

Sign. Negative. 2V. 78°.

Measured Density. 1.49.
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Fig. 1 Photomicrograph of Chloramphenicol.
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2.12 ZX-ray Diffraction (continued)

Powder data for sample of chloramphenicol.
(Chloromycetin sample from Parke, Davis & Company, Detroit,
Lot # 573326.)

dA 20, deg. CuKo /1, hk XL
11.08 7.98° 12 002
8.76 10.10 1 200
8.15 10.85 32 201
6.87 12.89 64 202
5.64 15.72 57 203
4.98 17.81 32 113
4.68 18.98 61 204
4.47 19.85 57 311
4.37 20.30 79 400
4.28 20.74 100 401,114
3.95 22.50 11 205
3.88 22.91 11 313
3.70 24.05 18 115,006
3.66 24.31 64 020
3.61 24,63 4 021
3.44 25.93 54 404
3.38 26.37 7 220
3.34 26.68 7 221
3.28 27.17 7 023
3.23 27.61 18 222
3.16 28.25 4 br* 510,315
3.13 28.55 10 br* 511,405
3.05 29.25 7 024
2.97 30.05 7 207
2.92 30.64 79 600,513
2.89 30.90 50 601
2.87 31.19 14 316,117
2.82 31.69 89 406,602,025

plus other lines
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2.12 ZX-ray Diffraction (continued)

Further information regarding confirmation
of the chemical structure of chloramphenicol through analy-
sis of x-ray diffraction patterns obtained on the anti-
biotic and its bromo analog are given by Dunitz".

2.13 Melting

2,131 Range
Bartz/ determined the melting range of
chloramphenicol to be 149.7 - 150.7°C (corrected).

2,132 As a criteria of acceptability
The United States Food and Drug
Administration® and the U.S.P.3 both specify a melting range
of 151+2'C.

2,133 In relation to purity determination
Information pertaining to the purity
of chloramphenicol can be obtained through interpretation
of the thermograms obtained via Differential Scanning
Colorimetry. A typical thermogram9 obtained on chloram-
phenicol follows as Figure 2.

2.2 Solubility

2.21 Single Solvents
The following data are abstracted from the
Merck Index!l:

Solubility at 25° in water = 2.5 mg./ml.; in propylene gly-
col = 150.8 mg./ml. Very soluble in methanol, ethanol,
butanol, ethyl acetate, acetone. Fairly soluble in ether;
insoluble in benzene, petr. ether, vegetable oils. Solu-
bility in 50% acetamide soln. about 5%. Solubilitieg de-
termined by Weiss et al., Antibiotics & Chemotherapy 7,374
(1957) in mg./ml. at about 28°: Water 4.4; methanol >20;
ethanol >20; isopropanol >20; isoamyl alcohol 17.3; cyclo-
hexane 0.13; benzene 0.26; toluene 0.145; petr. ether 0.085;
isooctane 0.022; carbon tetrachloride 0.295; ethyl acetate
>20; isoamyl acetate >20; acetone >20; methyl ethyl ketone
>20; ether >20; ethylene chloride 2.3; dioxane >20; chloro-
form 1.95; carbon disulfide 0.35; pyridine >20; formamide
>20; ethylene glycol >20; benzyl alcohol 14.6.
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2.22 In mixed solvents or as a result of complex-
ation
The solubility profiles for chloramphenicol
in several aqueous solvent mixtures were determined by
Negoro and Associates!V, His results are summarized in
Figure 3.

Kostenbauderll determined the solubility of
this antibiotic in aqueous solutions of N, N, N', N'-tetra-
methylphthalamides as part of a study on the complexing
properties of these amides. Results obtained indicated a
moderate influence on solubility as shown in Figure 4.

Aqueous solvents containing 5% Tween 20-80
increase the water solubility of chloramphenicol approxi-
mately 3 foldl2. The solubility of chloramphenicol in
serum_and urine is approximately the same as it is in
waterl3,

The solubility of chloramphenicol in water
is increased by addition of boraxl4, This solubility in-
crease is explained on the basis of the formation of a
1:2 complex between the borate ion and the antibiotic. Re-
sults are summarized in Table 1.

Table 114
Solubility of Chloramphenicol in Borax Solutions
Molar Borax Solubility pH
Concentration % of Solution
0 0.375 4.70
0.0001 0.391 7.15
0.001 0.438 8.65
0.005 0.614 8.65
0.01 0.732 8.65
0.02 1.23 8.65
0.05 2.14 8.70
0.11 3.46 8.90
0.125 3.67 8.90
0.15 3.87 9.00
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IV. Ethanol
V. N-Propanol
Vi. Propylene Glycol

10
FIG. 3 - SOLUBILITY CURVES OF CHLORAMPHENICOL
IN MIXED AQUEOUS SOLVENTS
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2.23 pH Effect
Since chloramphenicol is an essentially

neutral compound, changes in pH (over the pH region 3 to 9)
do not result in significant changes in solubility. The
solubility ff the antibiotic is increased in presence of
strong acid™~ due to protonation of the weakly basic amido
nitrogen.

2.3 Distribution
As expected, the distribution of chloramphenicol
between water and an immiscible solvent is not markedly pH
dependent. The per cent of total chloramphenicol found in
the aqueous phase after distribution between equal volumes
of water and iImmiscible organic solvents is tabulated in
Table 27516,

Table 2
% Chloramphenicol in Aqueous Phase

Immiscible Solvent A Ref.
Cyclohexanone 8 7
n-Butanol 8 7
Ethyl acetate 3 16
Methyl isobutyl ketone 8 7
Nitrobenzene 38.0 7
Nitromethane 17.0 7
Ethyl ether 20 16
Chloroform 82 16
Benzene 93 16
Petroleum ether 96 16
Ethylene dichloride 50.0 7

Brunzelll® discusses the utility of simple extrac-
tion techniques in the analysis of formulations containing
this antibiotic. The same author provides extraction
methods for analysis of the drug in the presence of hydro-
lytic decomposition products.

2.4 Spectral Properties

2.41 Ultraviolet
Chloramphenicol in solution absorbs ultra-
violet radiation over a broad range to produce a spectrum
with a maximum near 278 nm and a minimum near 240 nm
(see Fig. 5 for a typical spectrum).
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As was established by Vandenbelt7’l7, this

absorption is due to the p—nitrophenyl chromophore and pro-
vides both a distinguishing characteristic of the antibiotic
and a useful method for analysis.

An ultraviglet specification is included in
both the Federal Register® and the U.S.P.”7 as a criteria of
acceptability.

The ultraviolet spectrum of chloramphenicol
in aqueous solvents 1s not significantly influenced by
changes in pH. Aqueous Borate buffers (pH 9.0) perturb
the spectrum, shifting the maximum from 278 nm to 284
nm as the result of complex formation.

2.42 Infrared

The infrared spectrum of chloramphenicol
(KBr dispersion) is shown in Figure 6. Further information
with regard to correlation of functional groups_to infrared
absorption maxima is given by Suzuki and Shindol8 who de-
termined infrared spectra of racemic erythro and threo
isomers of the antibiotic as well as the spectra of related
compounds. These authors obtained evidence for intra-
molecular hydrogen bonding from infrared spectra determined
on dilute solutionms.

Assignments for the accompanying spectrum

follow:
Wavenumber
Functional Group cm”
bonded OH, NH 3340, 3260
amide portion of
2,2-dichlor~
acetamide moiety
amide I 1697
amide II 1568
nitro group (nitro-
phenyl) 1530, 1358
hydroxyl 1068
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2.43 Nuclear Magnetic Resonance

A typical nuclear magnetic resonance spectrum
of chloramphenicol in deuterated acetone is given in Fig. 7.
Further information concerning the interpretation of the
NMR spectra of chloramphenicol and its diastereoisomer, the
L(+)-erythro isomer, can be obtained from Jardetsky's
careful study19 concerning the conformation of chloramphen-
icol in solution. Jardetsky's chemical shift assignments
of the chloramphenicol protons were determined from spectra
in deuterated acetone of chloramphenicol samples lyophil-
ized from D70 and H)O.

Jardetsky's assignments are as follows (with
respect to benzene as external standard with 60-megacycle
NMR) .

Proton(s)

Associated with cps

OEN@R -46.5 (center of H,B,

quartet)

R'-CHCL, +32.6

¢ (H) +97.2

Cz (H) +156.2

Ca (Hz) +177.5
+187.7

RL1

]

HN—R!!!? -29.3

C,0H +99.6

C30H +151.0
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2.44 OQOptical Rotation

In the chloramphenicol series consisting of

four diastereoisomers, therapeutic antibiotic activity re-
sides in the Dg-threo (or IR, 2R) isomer. Specifications
on specific rotation as a criterig of acceptability are 3

contained in the Federal Register” as cited by the U.S.P.~.

8

The Food and Drug Administration® has estab-

lished the following specification:

"Its (chloramphenicol's) specific rotation
in absolute ethanol at 20°C is +20 + 1.5° and at 25° is
+18.5 + 1.5°." (Nap or 589 mnm)

The specific rotationZ0 (C=5%, ethanol, 25°C)
of chloramphenicol at some other wave lengths follows:

A nm [Q]ﬁ
578 +19.8°
546 +23.8°
436 +59.7°

Both magnitude and sign of optical rotation
are solvent dependent, i.e., in ethanol the antibiotic is
dextrorotatory while in ethyl acetate it is levorotatory.

Circular dichroism measurements on the four
chloramphenicol isomers have been made and are recorded in

the literature?l, Analysis of the antibiotic in combina-
tion with sulfonamides was accomplished by polarimetric
means<<,

2,45 Mass Spectra
The mass spectra of chloramphenicol obtained

by conventional electron impact ionization does not exhibit
a parent peak. Brunnée and associates?3 obtained the mass
spectrum of chloramphenicol using a combined field ioniza-
tion/electron impact ion source. A parent peak of only 5%
height is obtained (see Fig. 8). The base peak is at m/e
152 and is attributed to fragment I.
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NH-COCHC1,
i
OZN—@—('} H 4 CH—CH,OH
OH
152 } 170
I 11

3. Production and Synthesis

Chloramphenicol was originally produced by isolating
the antibiotic from cultures of Streptomyces Venezualae
*<2, After it was demonstrated that synthesis of the
antibiotic was possib1e26, several synthetic processes
were developed for manufacture., A flow diagram for one
such process follows:

hexamethylene-
05N @cacrigsr Ztetramine o, COCH, NH,

Ac20
CH_OH
1 ? CH_O
02N OCHNHCOCHS e OQN COCHaNIrICOCH.3

Pondorf
red
H HNCOCH
HC1 g NH
0N C"‘C—CH OH ——> 0N ~—C—CH,0H
LAV, Voo 2
OH H OH H
DL-threo

r.I NH~COCHC1,
J
O.N C~—C—CH_OH
t [ 2
OH H
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Detailed information on various steps in this synthesis are
found in references 27-40. Other synthetic schemes are
contained in references 41-47. Processes for conversion

of erythro-p-nitrophenyl-2-amino-1,3-propanediol, produced
as a by-product, to the desired threo isomer generally pro-
ceed via oxazoline formation and are detailed in references
48-54, Resolution of the threo-(p-nitrophenyl)-2-amino-
1,3-propanediol groduced can be accomplished by conven-
tional means®?»9% or by fractional crystallization57. A
rather complete review of the synthetic chemistry of chlor-
amphenicol is available58. This review also documents
structure-activity relationships in the chloramphenicol
series,

4. Stability and Decomposition Products

4.1 Crystalline solid and solid dosage forms
Chloramphenicol in the solid state as a bulk drug
or present in solid dosage forms is a very stable anti-
biotic. Reasonable precautions taken to prevent excessive
exposure to light or moisture are adequate to prevent sig—
nificant decomposition over an extended period.

4,2 In Solution
The stability of chloramphenicol in aqueous solu-
tion is governed by the rate at which hydrolytic processes
occur. The two grimary routes of decomposition have been
determinedl’:39,60,61:4 pe (a) amide hydrolysis with the
formation of 1-(p-nitrophenyl)-2-amino-1,3-propanediol

OH H OH H
[ i H 0 Ty
02N —C—CH_OH —aoan@c—c—cnaon +
1 ] 1 ]
H HN-C-CHCl; H NH
" 2 CHC1_CO-H
0

and (b) hydrolysis of covalent chlorine of the dichloro-
acetamide moiety

OH OH
' ' H_OH
OBN@-(':—C——CHBOH — 02N@ e "
' v OH
H HN—C—CHC1, H m_g_c' + 2HC1
" “oH

0
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The hydrolytic cleavage of the amide linkage59 is the major
cause of chloramphenicol breakdown and is the only signifi-
cant route of degradation in solutions below pH 7. The
rate of amide hydrolysis is independent of pH over the pH
region 2 to 6 and independent of the ionic strength of the
medium, Studies involving phosphate, acetate, and citrate
buffers indicate that the amide hydrolysis is general acid-
base catalyzed®".

The hydrolysis of covalent-bound chlorine is insignificant
at pH values below 6 but increase dramatically as pH in-
creases. This increase is attributed to hydroxyl ion
catalysissg.

Numerous secondary reactions can occur which give rise to a
variety of decomposition products. Among these secondary
reactions are those associated with subsequent hydrolysis
of dichloroacetic acid61 and oxidation-reduction reactions
which involve the nitro group as oxidant and the side chain
(particularly the aminodiol side chain of the primary hy-
drolysis product) as reductant. Products isolated from
partially or completely decomposed chloramphenicol solu-
tions exposed to a variety of conditions are given in

Table 3.

The presence of borate buffers has been shown to increase
the aqueous stability of chloramphenicol. Brunzell 7
studied the stability of 0.5% chloramphenicol ophthalmic
solutions in pH 7.4 borate buffer and in unbuffered aqueous
solutions. The results indicate that the antibiotic is
more stable in the presence of this buffer than in its
absence. Heward and associates®“studied the stab%%ity of
the borate-buffered chloramphenicol eye drops BPC"°. The
results obtained are listed below.

Temperature Rate Constants Calculated
¢ k hrs-1l t0%

115 0.2188 29 minutes

110 0.7413 x 107} 85 minutes
30 0.1153 x 10 ° 38 days

20 0.3589 x 107" 4 months

4 0.4592 x 107° 31 months
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Table 3

Decomposition Products of Chloramphenicol

Environmental Conditions

No. Compound
OH H
1- [} ]
OEN@?—?—-CHEOH
H NH2

2. ClaCHCOQH

3. 0N @cuo

OH H
' '
4. H ttt— —
BN (': CHEOH
HN—C~—CH
" 3
0

@@

5, R1=R2=CH20H

6. R1=R2=C02H

7. R =R, =CHO

Acidic or basic aqueous
solution

Aqueous solution, ambient
temperature.

Aqueous solution,
ambient temperature.

Aqueous alkaline solu-
tion, high temperature.

70
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Decomposition Products ofChloramphenicol (Continued)

OH 65

°
T
n

CO,H; R,

CH,OH

10. R

CO_H; R
2

11. IS OH R2 = CH20H

"
@]
==}
=

12. R 5 = CHO "

13. 02N©002H Aqueous solution after
exposure to light. 66

]
1. H02CN=N—C02H Aqueous solution after
11}

exposure to light.

15. HCl Aqueous solution'; high
temperature.
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James and Leach70’14suggested that complexation between the
antibiotic and borate ion is responsible for the increased
stability of chloramphenicol in this buffer system.

4.3 1In the presence of microorganisms
Smith/l studied the decomposition of chlorampheni-
col in the presence of various microorganisms. He defined
the five routes by which chloramphenicol could undergo
degradation. These possibilities are summarized in scheme
1.

5. Metabolism and Pharmacokinetics

Biochemical changes which occur during metabolism of
chloramphenicol were determined by Glazko and associates’2.
Isolation and identification of metabolites found in
various body fluids after administration of this anti-
blotic indicates that its metabolism can occur by routes
shown in scheme 2. Other pertinent information in this re-
gard is to be found in references 73-7g.

The absorption characteristics of chloramphenicol from
oral dosage forms were determined by means of blood level
measurements and urinary excretion measurements of chloram-
phenicol and its metabolites’’, Investigators concluded
that absorption occurs mainly by simple diffusion mechan-
isms in the intestinal tract with minimal absorption from
the stomach?’35>77 4nd that the degree of absorption was
influenced bg pharmaceutical factors involved in capsule
formulation’8.

6. Methods of Analysis

6.1 Colorimetry

6.11 Qualitative

;Be following color §8action is published in
the U.S.P. XVI'” and the B.P. 1968%" as part of an identi-

fication scheme.

Dissolve 10 mg. of chloramphenicol in a mix-
ture of 1 ml of diluted alcohol and 3 ml of dilute calcium
chloride T.S. (1 in 10). Add 50 mg of zinc dust, and heat
on a steam bath for 10 minutes. Decant the clear, superna-
tant liquid into a test tube, and add 100 mg of anhydrous
sodium acetate and 2 drops of benzoyl chloride. Shake the

72



€L

)

2 ? )
nnz©c-l;nun-c-cnuz —_— nnz©cuo

. CNzD!! p-aminobenzaldehyde
G-dichloroacetamido~B-hydroxy- ,
p-aminopropiophenone 7

uu,@g:-z:::z unz©coun

. . p-aminobenzoic acid
p-aminopheny! serine

x.
el T

' X
1 \
i A}
\ o
x" (3] s E-CH-NH
lll@ N—CHH-C CHCYy —— NHy CHON-EN-IH; NH2 C C 2
CH 00 Ha0H CH,0H {D-E)
1-p-aminopheny - 2 dichloro- 1-p-aminophenyl-2-amino~- a-amino-8-hydroxy-p-~
acetamido-1,3-propanediol 1,3-propanediol aminopropiophenone

{C-E)

(Intermediates)

unz@/g:: cuuu . I

ch loramphen icol

-

A
(0} ethanclamine, ammonia
carbon dioxide, formaldehyde

{Intermediates)
.

) 3
80 uoz©cnou-g:nnnz - no -CH-Ni,
Cl20H CHZOH
I-p~nitrophenyl-2-amino-~ @-amino~-B-hydroxy-p-
!,3-propanediol nltropr?plophenune
1, !
2 I
HOIOCDDM "
w;@cuon-:uum !
éoo" p-nitrobenzoic acidy

p-nitrophenyl serine » ,'
a \
1 \ !
] !
1 \ |

uoz©g - CHNN- E onely —N un,@cno

N;llll
p-nitrobenzaldehyde

a-dichloroacetamido-8~hydroxy-
p-nitropropiophenone

SCHEME ) - MICROBIAL DECOMPOSITION PATHWAYS OF CHLORAMPHENICOL.

POLYMERS



L

O,N <C}cmm-t.:n—cuzo-c,,-ugo,i

NH-CO-CHCI,

{GLUCURONIDAT ION)

(REDUCTION) (DEHALOGENATION)
HoN HOM~CH-CH,DH CHOH-CH-CH, 0N —————> O,N
2 2 CH-CHy

ﬁH-CD-CHCIz NH-CO-CHCIy

(HYDROLYSIS)

@cnon-cu—cuzxm
)

NH-CO-CHZ0H

H,N @cmn-z:—cuzun QN@CHOM-FM- CHyH — ——
2

NHZ

SCHEME 2 - PATHWAYS IN THE METABOLIC DISPOSITION OF CHLORAMPHENICOL



CHLORAMPHENICOL

mixture for 1 minute, add 0.5 ml of ferric chloride T.S.
and, if necessary, diluted hydrochloric acid to produce a
clear solution: a red violet to purple color is produced.

The formation of a yellow color by heating the antibiotic
with concentrated sodium hydroxége Eerved in this capacity
in the third supplement of DAB6 »8 .

6.12 Quantitative Analysis
6.121 Reduction of Nitro Group followed by

Diazotization and Coupling

This approach to analysis of chlor-
amphenicol was among the first used for determination of
the antibiotic in body fluids83. 2lgzko's original pro-
cedure was modified several times®*sSdwith regard to the
reducing agent used for reduction to the corresponding aryl-
amine. Since the nitro group, the reactive moiety, exists
in decomposition products and metabolites as well as in
chloramphenicol, this procedure is not specific when
directly applied. Specificity is imparted by including a
separation step prior to analysis. The procedure involves
reducing the nitro group to an amine followed by diazotiza-
tion with acidic nitrous acid and coupling with N-(1-

naphthyl)-ethylenediamine dihydrochloride.

6.122 Hydroxamic Acid Method
A higher degree of specificity is

imparted to colorimetric analysis by using the hydroxamic
acid reaction. In this method chloramphenicol is heated
with hydroxylamine under basic conditions to form a hydrox-
amic acid which &g then complexed with ferric ion to pro-
duce a red color ~. This approach has also been used for
analysis of chloramphenicol esters8/, It should be noted
that the principal hydrolysis product of chloramphenicol
does not yield significant color under the conditions of
this test.

6.123 Isonicotinic Acid Hydrazide Procedure
This procedure, as developed by
Kakemiss, has been studied in some depth89’90’91. The
basis of the assay is the development of a yellow color
which results from mixing chloramphenicol with isonico-
tinic acid hydrazide and sodium hydroxide in aqueous solu-
tion. The procedure is simple and can be performed
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relatively rapidly. Other antibiotics and the succinate
and palmitate esters of chloramphenicol have been found not
to interfere with the assay procedure.

6.124 Miscellaneous
Other colorimetric procedures have
evolved for analysis of chloramphen%gol which depend on
reaction of acetoned? or l-naphthol’~“with the antibiotic
under basic conditions. The chemistry of these methods is
not defined and, although convenient, they offer little
advantage over those previously discussed.

6.2 Polarographic Analysis
The presence of the nitrophenyl group makes it
possible to utilize different instrumental techniques for
detection and analysis of this antibiotic.

Methods which depend on the p-nitrophenyl group
are not selective unless preceded by a separation step or
accompanied by independent analysis to give assurance that
the sample being analyzed contains only chloramphenicol and
is not a mixture of the antibiotic and degradation or meta-
bolic products.

Among the more convenient instrumental approaches
to analysis of this antibiotic is polarography. It is
less susceptible to interference from other materials than
is, for example, ultraviolet spectroscopy, but, as dis-
cussed previously, could not be considered a specific pro-
cedure without modification.

A detailed study of the polarographic behavior of
chloramphenicol was reported by Fossdal 4. The antibiotic
undergoes a 4—~electron reduction at the dropping mercury
electrode producing a well-defined diffusion-controlled
polarographic wave of analytical utility. Results ob-
tained indicated that chloramphenicol could be determined
over the range 0.3 to 60 mcg/ml. Previous studies 5=
reported application of polarography to analysis of chlor-
amphenicol in pharmaceutical preparations.

The nature of polarography imparts a degree of
selectivity to the assay of chloramphenicol. 2-(2,2-
dichloracetamido)=-3-hydroxy-4'-nitropropiophenone, a pos-
sible toxic contaminant in synthetic chloramphenicol was
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determined by direct polarographic measurement100, 1In this
case the reduction potential of the impurity is sufficient-
ly different from that of the drug's to permit direct in-
strumental analysis

6.3 Spectrophotometric
Because both spectrophotometric and polarographic

methods depend on the existence of the p-nitrophenyl group,
they are both subject to the same specificity considera-
tions. Quantitative determination via direct ultraviolet
measurement is not a specific analytical method since
18§e162decomposition products absorb over the same region

’ As previously mentioned, an ultraviolet procedure
is official as a method to determine the potency of chlor-
amphenicolS.

Ultraviolet spectroscopy has been extensively
applied to chloramphenicol determination in methods in-
volving separation prior to quantitation43’44’47’63. It
has also been employed to determine the antibiotic in
pharmaceutical preparationsso.

6.4 Titrimetric Methods

Titrimetric methods have been developed for analy-
sis of chloramphenicol. Such procedures are dependent on
only a limited portion of the molecule, i.e.,, the nitro
group in the p-nitro-benzene portion or the covalent
chloride contained in the dichloracetamido moiety and hence
would not be selective unless metabolic or degradative
processes yielded products not containing these functional
groups.

Procedures utilizing covalent chloride involve
converting the covalently-bound chloride to its ionic form.
The ionic chloride is then determined by argentometric ti-
trationl03,104

Titrimetry of chloramphenicol using the nitro
group has two variations both of which require reduction to
an arylamine. Reduction of the nitro group with excess ti-
tanium chloride followed by determination of the excess
reagent by back titration with ferric ammonium sulfate con-
stitutes the titanometric method103,
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The bromatometric methodl9> consists of a zZn-HC1
reduction to form the arylamine. The arylamine is then de-
termined by bromination in the presence of excess bromine
followed by iodometric determination of the excess bromine.

6.5 Microbiological

Microbiological procedures have been developed for
assay of chloramphenicol and applisg to analysis of dosage
forms, body fluids, and bulk drug . Although time con-
suming, these methods are as accurate as physicochemical
tests, provide analytical sensitivity equal to or surpass-
ing many, and have the advantage of being directly related
to use.

Since chloramphenicol's decomposition products or
metabolites do not possess significant antibiotic activity,
only intact chloramphenicol is measured providing that no
other antibiotics or chemotherapeutic agents (i.e., a fixed
combination dosage form, supplemental therapy) exist.
Although the basic microbiological assay procedures may be
subject to this kind of interference, the problem may be
obviated by selective inactivation of the interfering
antibiotics by using a microorganism sensitive for chlor-
amphenicol but resistent to the interfering antibiotic, by
including a separation scheme as part of the assay sequence,
or by compensating for the presence of the interfering anti-
biotic by adding it to each solution of chloramphenicol
used for the standard response curvelO7,

In the case of chloramphenicol, two basic micro-
biological methods are in general use viz Cylinder Plate
and Turbidimetric.

The Cylinder Plate Method for assay of chloram-
phenicol is an agar diffusion procedure using Sarcina lutea
ATOC 9341 as the test organism. The response of the assay
is produced by solutions of chloramphenicol in 17 phosphate
buffer pH 6 diffusing through an agar layer uniformly
inoculated with the test organism. To accomplish this re-
sponse, stainless steel cylinders (8 mm o.d., 6 mm i.d.,10
mm long) are placed on the seeded agar surface and filled
with the chloramphenicol solutions, and then inclubated
overnight at 32°C. The responses that are produced are
clear circular zones of inhibited growth around the
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cylinder on the agar surface otherwise totally covered with
heavy growth. The dose-response relationship is a linear
one in restricted limits of concentration when the dose is
expressed logrithmically and the response arithmetically.
In order to determine the concentration of an unknown, a
reference standard must be used for comparison on each
petri dish108,

Two assay designs are commonly employed using the cylinder
plate technique: the single dilution-standard curve de—
sign and a three by three (or 2 x 2) factorial designl 2.
The first assay design is the official method of the F.D.A.
110, The second has the advantage of being able to compare
the parallelism of the dose response line of the standard
and the unknown.

The turbidimetric method determines the concentration of
chloramphenicol by measuring the turbidity that is produced
by the actively growing test organism in a series of test
tubes containing chloramphenicol and inoculated liquid cul-
ture medium. The test is incubated in a 37°C water bath
for 2 to 5 hours. After the desired incubation, the growth
is stopped by the addition of formaldehyde or other appro-
priate means, and the responses are read in terms of
absorbance on a suitable photoelectric colorimeter or
spectrophotometer. By comparing the turbidity of the un-
known to that of the referince standard, the potency of
chloramphenicol is found11l,

Like the cylinder plate assay, the assay design may vary.
The single dilution-standard curve design and 3 x 3 (or
2 x 2) factorial assay are commonly used .

Several different organisms have been used for the turbidi-
metric assay of chloramphenicol. Escherichia coli ATCC
10536 is the organism used in the official method of the
F.D.A. The dose-response line, log of concentration vs.
response, produced by the organism is }igear with a limited
range of chloramphenicol concentration . Shigella sonnei
ATCC 11060 has been used for the turbidimetric assay of
chloramphenicol. Because it 1s sensitive to lower concen-
trations of chloramphenicol than the plate assay, it is
useful in determining chloramphenicol levels in blood serum
and other clinical specimens. The dose-response line
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obtained with this organism is not linear over the wide
range of concentration for which it can be used. Agro-
bacterium tumefaciens (Parke Davis culture No. 05057) has
also been used in place of S. sonnei when a nonpathogenic
organism is necessary. However, it is not as sensitive as
S. sonnei to low levels of chloramphenico1l08,

In general turbidimetric techniques are faster and more
easily adapted to automated techniques,

6.6 Chromatographic

6.61 Paper
The chromatographic behavior of chloramphe-

nicol and related compounds likely to be encountered in
metabolic studies or involved in enzymatic and chemical
degradation work was established by Smith 12 whatman No.
.1 paper was used together with a mobile phase consisting of
water saturated n-butanol containing 2.5% acetic acid.
Several reagents were used to detect various compounds
after chromatography. These included p-dimethylamino-
benzaldehyde (arylamines), reduction with stannous chloride,
followed by p-dimethylaminobenzaldehyde (aromatic nitro
compounds), Ninhydrin (aliphatic amino compounds, ammoni-
acal silver nitrate [Formyl or Carbonyl groups]). Table 4
lists Rg¢ values and the response to various detection
reagents.,

6.62 Thin Layer
Several thin layer chromatographic systems

have been developed to study the various aspects of chlor-
amphenicol chemistry. The procedures described here have
been used for the separation and identification of chlor-
amphenicol derivatives, decomposition products, and syn-
thetic intermediates.

Lin113 achieved separation of chloramphenicol, chloram-

phenicol palmitate, and chloramphenicol succinate in two
solvent systems using polyamide thin layer plates. The

Ry values reported are:

Solvent A Solvent B
Chloramphenicol 0.35 0.80
Chloramphenicol Palmitate 0.95 0.90
Chloramphenicol Succinate 0.25 0.72
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Ethanolamine 0.25 - - + - - -
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Solvent A - n—Butanol—CHCla-acetic acid (10:90:0.5)
Solvent B - n~Butanol-water-acetic acid (82:18:0.5)

Schledererll4 accomplished a comparable separation using
silica gel G plates and CHCly:MeOH (9:1) as developer.

The separation and identification of decomposition products
of chloramphenicol by thin layer has been done mostly on
silica gel plates using a variety of solvent systems.
Tacharme®# used silica gel G plates and two-dimensional
chromatography to achieve separation. The Ry values he
obtained are listed as follows:

1st Solvent 2nd Solvent

p-nitrobenzaldehyde 0.98 (streak) 0.91
p-nitrobenzoic acid 0.10-0.15 0.80-0.81
Chloramphenicol 0.72 0.89-0.91
1-(p-nitrophenyl)-2-

amino-1,3-propanediol 0.08-0.10 0.35

1st Solvent - ethyl acetate (saturated with water)
2nd Solvent - n-Butanol (saturated with 2.5% acetic acid)

Shin63s66 used five binary developers with silica gel
plates to detect and identify several secondary decomposi-
tion products as well as the azoxy compound formed from
photolysis (see Table 3).

Aromatic decomposition products (see stability-decomposi-
tion) arising from chloramphenicol after heating in alka-
line solution were detected by Knabe®3 using silica gel G
plates. The results he obtained are as follows:
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Compound Rf Developer
4,4'-azodiphenol 0.25 Methylene Chioride-Ether 9:1
p-nitrophenol 0.55 !
4,4'-azoxydiphenol 0.21 "
p-nitrosophenol 0.30 "

p-[(p-hydroxyphenyl)-
azo]benzyl alcohol 0.15 '

p- [(p-hydroxyphenyl)-
azolbenzaldehyde 0.45 "

4,4'-azodibenzaldehyde 0.92 Chloroform=Ether 9:1

p- [(a-hydroxy-p-tolyl)-
azo]benzaldehyde 0.43 "

4 ,4'-azodibenzylalcohol 0.03 !

Thin layer chromatography has been used as part of a quan-
titative scheme of analysis. SchwarmlOl used silica gel
HFy5, thin layer plates to separate chloramphenicol from
decomposition products. Once separation was accomplished,
the intact antibiotic was desorbed and photometrically de-
termined. CHC13—Isopropanol 4:1 was used as developer.

The same approach was used by Kassemll3 for analysis of
intact drug. In this case, silica gel plates were used
with CHC13—MeOH, 85:15, as mobile phase.

Libsovarll6 developed thin layer chromatographic systems
for use in monitoring the classical synthesis of chloram-
phenicol. For this purpose, Alumina plates were used with
binary developers of benzene-ethanol (2.5 - 20% ethanol).

6.63 Partition (Column)
Intact chloramphenicol can be determined in
the presence of decomposition products by using a partition
column!l’, The column is prepared with a silicic acid-
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water as internal phase. Chloroform followed by 10%Z ethyl-
acetate in chloroform serve as eluents, the eluent being
monitored spectrophotometrically at 278 nm.

This analytical procedure was validated by direct compari-
son with microbiological assay before being used to study
the kinetics of degradation of chloramphenicol.

6.64 Gas Liguid
Shaw developed a gas chromatographic

procedure for analysis of chloramphenicol in the presence
of structurally related compounds likely to be present in
the growth medium or cell free extract of cultures of S.
venezuelae. The procedure involved chromatography of

these compounds after conversion to their corresponding
trimethylsilyl derivatives. The column temperature was
programmed over the region 110-260°C and hydrogen flame
ionization was used for detection. A chromatogram of a
synthetic mixture of these compounds is included as Fig. 9.

Resnick adapted Shaw's procedure to analysis of chloram-
phenicol in serum®. In brief, this procedure involves
extraction of chloramphenicol from serum with amyl acetate,
derivitization using Tri-Sil reagent followed by chroma-
tography using Qf-1 on silanized Gas Chrom P. The sensi-
tivity of the method was adequate for determination of
chloramphenicol in the region of 0.6 mcg/ml. Yamamotoll?
reported that chloramphenicol can be determined in body
fluids and pharmaceutical preparations by gas chromato-
graphy without prior derivatization. Two per cent diethyl-
eneglycol succinate on PVP modified Anakrom was used with
a column temperature of 195°C.

Davies120 developed a gas chromatographic method for the
determination of small amounts of the ortho and meta nitro
isomers of chloramphenicol as possible impurities in
chloramphenicol.
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CHLORAZEPATE DIPOTASSIUM

1. Description

1.1 Name, Formula, Molecular Weight
Clorazepate dipotassium is 7-chloro-1,3-dihydro-
2-ox0-5-phenyl-1H-1,4-benzodiazepine-3-carboxylic acid,
monopotassium salt, monopotassium hydroxide.

i
H
— (o)
N—C
CHCOK:- KOH
Cl C =N

Clorazepate Dipotassium
C16H1104N2C1K2 Molecular Weight 408.93

1.2  Appearance, Color, Odor
Off white to pale yellow, fine crystalline powder
which is practically odorless.

2. Physical Properties

2.1 Infrared Spectrum
The infrared spectrum of clorazepate dipotassium
is presented in Figure 1. The spectrum was measured in the
solid state as a mull in mineral oil. The following bands
(cm-1) have been assigned for Figure 1, (1)
a. 3530 cm~!  characteristic for hydroxyl
b. 1610 em~l characteristic skeletal stretching modes of
the aromatic ring
c. 1560 cm-1 characteristic C=0 stretching mode of the
carboxyl salt

2,2 Nuclear Magnetic Resonance Spectrum (NMR)

The NMR spectrum shown in Figure 2 was obtained
by dissolving 50 mg of clorazepate dipotassium in 0.5 ml of
D90 containing tetramethylsilane as an internal reference.
Only the aromatic protons between 7.0 and 7.6 ppm are visi-
ble. (2)
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Figure 1 INFRARED SPECTRUM OF CLORAZEPATE DIPOTASSIUM
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Figure 2 NUCLEAR MAGNETIC RESONANCE SPECTRUM OF CLORAZEPATE DIPOTASSIUM
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2.3 Ultraviolet Spectrum
Clorazepate dipotassium when scanned between 400
and 200 nm in 0.03% aqueous potassium carbonate exhibits a
maximum at 230 nm as shown in Figure 3, (¢ = 35,000) char-
acteristic of benzodiazepines.

2.4 Mass Spectrum
The mass spectrum shown in Figure 4 was obtained

using an Assoclated Electrical Industries Model MS-902 Mass
Spectrometer with an ionizing energy of 50 eV and a temper-
ature of 185°C. Clorazepate dipotassium yields a spectrum
with the base peak at m/e 270 attributed to the decarboxy-
lation of the acid salt. Subsequent fragments, Table I and
Figure 5, reflect the loss of parts of the seven membered
ring or chlorine.(3) The mass spectrum parallels that re-
ported for diazepam. (4)

2.5 Raman Spectrum
The Raman spectrum of clorazepate dipotassium, as

shown in Figure 6, was obtained in the solid state on a
Ramalog Spectrophotometer at Spex Industries. The follow-
ing bands (cm'l) have been assigned for Figure 6. (1)

a. 1595 cem~l skeletal stretching mode of aromatic ring
b. 1565 em-l C=N stretching vibration of the hetero-

cyclic ring
c. 1495 cm~l skeletal stretching mode of aromatic ring

2.6 Optical Activity
Clorazepate dipotassium exhibits no optical ac-

tivity.

2.7 Melting Range

Clorazepate dipotassium does not have a definite
melting range. Typical behavior when the material is slow-
ly heated in a glass capillary tube may be described in the
following manner: discoloration begins at about 215°C,
shrinking is observed to begin between 225°C to 235°C with
total decomposition occuring between 235°C and 295°C.

2.8 Differential Thermal Analysis (DTA)
The DTA curve obtained on a DuPont Model 900 Ana-
lyzer as shown in Figure 7 confirms the observed melting
characteristics described in section 2.7.
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FIGURE 3.

ULTRAVIOLET SPECTRUM OF
CLORAZEPATE DIPOTASSIUM
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High Resolution Mass Spectrum of Clorazepate Dipotassium

TABLE I

Found Mass

Calculated Mass

270.0539
269.0475
242.0392
241.0517
235.0862
214.0427
179.0794
178.0669
177.0586

77.0392

43.9900

270.0559
269.0481
242.0372
241.0532
235.0871
214.0423
179.0735
178. 0656
177.0578
77.0391

43.9898
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CHLORAZEPATE DIPOTASSIUM

FIGURE 5.
FRAGMENTATION PATHWAYS OF CLORAZEPATE DIPOTASSIUM
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Figure 6 RAMAN SPECTRUM OF CLORAZEPATE DIPOTASSIUM
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FIGURE 7.

DIFFERENTIAL THERMAL ANALYSIS CURVE
OF CLORAZEPATE DIPOTASSIUM
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CHLORAZEPATE DIPOTASSIUM

2.9 Solubility
Approximate solubility data obtained at room tem-

perature are given in the following table:

Solvent Solubility (mg/ml)
Water > 100 < 200
Absolute Ethanol 0.6
Chloroform < 0,5

Ether < 0.5
Acetone < 0.5
Benzene < 0.5
Isopropanol 0.7
Methylene Dichloride < 0.1

2,10 Crystal Properties
The X~ray powder diffraction pattern of cloraze-
pate dipotassium was determined by visual observation of a
film obtained with a 143.2 mm Debye-Scherrer Powder Camera.
An Enraf-Nonius Diffractis 601 Generator; 38 KV and 18 MA
with nickel filtered copper radiation; A = 1.5418, were
employed. (5)

2,11 Dissociation Constant
Attempts to measure the pKa of the carboxyl group
by titration in water with hydrochloric acid were unsuc-
cessful. Only the potassium hydroxide which is liberated
on dissolving clorazepate dipotassium in water is titrated.

(6)

2.12 Fluorescence
Clorazepate dipotassium does not exhibit fluores-
cent properties in an aqueous solution, however, it does
exhibit fluorescence at 508 nm when excited at 388 nm in 9
N alcoholic sulfuric acid. (7)

2.13 Hygroscopic Behavior
Clorazepate dipotassium was not hygroscopic when
exposed to a relative humidity of 30%-40% for 4% months.

3. Synthesis
Clorazepate dipotassium may be prepared by the reaction

scheme shown in Figure 8 with the reaction of (2-amino-5-

chlorophenyl)phenyl methane imine and diethyl 2-amino mal-
onate to form ethyl 7-chloro-1,3-dihydro-2-oxo-5-phenyl-1H-
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TABLE II

X-Ray Powder Diffraction Pattern
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CHLORAZEPATE DIPOTASSIUM

FIGURE 8.
SYNTHESIS OF CLORAZEPATE DIPOTASSIUM
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(2-Amino-5-chlorophenyl) Diethyl-2-aminomalonate
phenyl methane imine

NH—C
/@i CHCO,C,H; + KOH —»
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Ethyl 7-cirloro-1,3-dihydro-2-oxo-  Potassium
5-phenyl- 1H-1,4-benzodiazpine-3- Hydroxide
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Clorazepate Dipotassium
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1,4-benzodiazepine-2-carboxylate. This intermediate is
then converted to the drug substance with alcoholic potas-
sium hydroxide. (8)

4, Stability - Degradation

The hydrolysis products for clorazepate dipotassium are
shown in Figure 9. The final hydrolysis product is the
same as that reported for the acid hydrolysis of clordiaz-
epoxide and the major metabolite of diazepam, (4) The kinet-
ics of the decomposition of clorazepate dipotassium in buf-
fered aqueous solution at different temperatures was stud-
ied over the pH range of 2-11, (9) The extent of degrada-~
tion was determined by a dichloromethane extraction and
spectrophotometric measurement. Ring opening was negligi-
ble under the conditions of pH and temperature used.

The degradation to N-desmethyl diazepam is first order
with respect to clorazepate dipotassium. The relationship
loge (C./C,) = Kt was verified where Cy is the concentra-
tion of clorazepate dipotassium at time t, C, is the con-
centration of clorazepate dipotassium at time O, and k is
the reaction rate constant. Plots of loge (C¢/C,) as a
function of time t were linear. The slopes of these plots
give the reaction rate constants k. Some rate constants,
sec~l, at different pH and temperature values are shown in
Table III.

The data shows that in the degradation of clorazepate
dipotassium the reaction rate constant, k, increases with
temperature. The activation energy of the degradation re-
action, Ea (obtained from the slope of the plot of loge k
as a function of 1/T where T is the absolute temperature),
is about 20.3 kilocalories/mole and is independent of pH.

5. Drug Metabolic Products and Pharmacokinetics

The major metabolites of clorazepate dipotassium are
shown in Figure 10, The drug substance is decarboxylated
in acidic media to N-desmethyl diazepam, which can undergo
hydroxylation to oxazepam and conjugation in the urine to
the glucuronide, (10) Some clorazepate dipotassium (2-6%)
is excreted into the urine unmetabolized. (11) Acid hydrol-
ysis of the drug substance and its metabolites affords 2-
amino-5-chlorobenzophenone. Analytical procedures have

been published for the metabolites using gas chromatogra-
phy (12), thin layer chromatography (7), high pressure
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TABLE III

Rate Constant vs pH for Clorazepate Dipotassium

t°cP 5° 15° 22° 27.5° 37°

v

2.0  7.60X10"% 1.32x10"3  3.60%x10"3  6.46X10">  1.93x10-2
3.0  4.75%10-4  1.12x10-3  3.40x10-3 5.96x10"3  1.42x10-2
4.0  8.74X10"°  4.08X10-% 1.16x10-3  1.98x10-3  6.33%X10-3
5.0 1.65X10-5 8.50X10-3 2,17x10-% 4.10%X10-%4  1.14x10°3
6.0 _— _—— 2.23X10-5 —_—- 1.18x10-%
6.5 _—- -——- 3.90x10-6 S 8.33x10°3
7.0 _— -—- 2.33x10-6 ——— 2.14X10~5
7.5 - - 1.05x10-6 _— 1.32X10-5
8.0 —- _— - _— 1.27X10"2
8.5 --- - 1.05x10-6 - 5.61X10-6
9.5 - - 9.10%10-7 - 4.83x10-6
11.0 _— - 8. 64x10-7 - 4.55%10~0
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FIGURE 9.

DEGRADATION PATHWAYS OF
CLORAZEPATE DIPOTASSIUM
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FIGURE 10
METABOLIC PATHWAYS OF CLORAZEPATE DIPOTASSIUM
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liquid chromatography (13) and colorimetry. (14)

6., Methods of Analysis

6.1 Elemental Analysis

Typical Result
Reported for

Element % _Theory Lot 849-648
Carbon 46,99 46,82
Hydrogen 2.71 2,65
Nitrogen 6.85 6.95
Chlorine 8.67 8.85
Potassium 19,12 19,48, 19,.34%*

* Values determined by atomic absorption analysis

6.2 Phase Solubility Analysis
Data is not available due to the instability of
clorazepate dipotassium in the solvent systems screened.

6.3 Chromatographic Analysis

6.31 Thin Layer Chromatography

Clorazepate dipotassium is partially de-
graded in numerous systems to N-desmethyl diazepam, there-
fore, thin layer chromatography is not considered a relia-
ble indicator of purity. The drug substance is readily
identified by ultraviolet light on Silica Gel GFj54 in the
system methanol:acetone (1:1), Clorazepate dipotassium has
an Rg value of 0.15 while N-desmethyl diazepam has an Rg
value of 0.90.

LaFargue, et al (7) differentiated cloraze-
pate dipotassium from other 1,4-benzodiazepines in urine
and gastric fluid by hydrolysis to 2-amino-5-chlorobenzo-
phenone and subsequent thin layer chromatography on alumi-
num oxide in the system benzene:chloroform (3:1). The Re
value of the hydrolysis product is 0.55. If benzophenone
is used as a reference standard, the relative Ry value of
2-amino-5-chlorobenzophenone is 0.79.

110



CHLORAZEPATE DiPOTASSIUM

Clorazepate may be directly extracted from
gastric fluid as N-desmethyl diazepam and identified on
aluminum oxide in the system chloroform:ethanol (29:1).
The absolute Rg is reported as 0.39 or 0.48 relative to a
diazepam reference standard. (7)

6.32 Gas Chromatography

Clorazepate dipotassium can not be directly
chromatographed, however, gas chromatography is readily ap-
plied to the metabolites and acid hydrolysis products. (7,
12) LaFargue (15) has employed 3% OV-17 (methylphenylsili-
cone) on Gas Chrom Q to separate 2-amino-5-chlorobenzophe-
none from the acid hydrolysis products of five major benzo-
diazepins.

6.4 Direct Spectrophotometric Analysis

Direct spectrophotometric analysis of clorazepate
dipotassium is applicable provided significant quantities
of interfering contaminants are not present. The drug sub-
stance may be examined directly in an aqueous carbonate
buffered media at 230 nm (¢ = 35,000) or indirectly in al-
coholic sulfuric acid by ultraviolet absorption (16) at
388 nm or fluorescence (7) with an excitation maximum of
388 nm and an emission maximum at 508 nm.

The degradation products may be quantitated in
the drug substance by a solid-liquid extraction into di-
chloromethane., The solvent is separated from the drug and
evaporated. The residue is redissolved in alcohol and com-
pared to N-desmethyl diazepam at 230 nm.

6.5 Colorimetric Analysis
Clorazepate dipotassium and its metabolites may
be determined by the Bratton-Marshall reaction after hy-
dolysis to 2-amino-5-chlorobenzophenone. (14)

6.6 Non-Aqueous Titration
Clorazepate dipotassium may be potentiometrically
titrated in glacial acetic acid using perchloric acid in
glacial acetic acid and glass-calomel (0.1 N LiClOg4 in
HOAc) electrodes. Each ml of 0.1 N HClO4 is equal to
136.31 mg of clorazepate dipotassium.
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CLOXACILLIN SODIUM

1. Description

1.1 Name, Formula, Molecular Weight

Sodium cloxacillin is found in Chemical
Abstracts under 4-Thia-1-azabicyclo [3.2.0] heptane-2-
carboxylic acid, 6-[[[3-(2-chlorophenyl)-5-methyl-4-
isoxazolyl] carbonyl] amino}-3,3-dimethyl-7-oxo0-,
monosodium salt (1). It is more commonly known as 3-0-
chlorophenyl-5-methyl-4-isoxazolyl penicillin sodium
salt (2).

Cl
1 3
C———C==C—=NH—CH— CH \ <
H g CH | g gH
\\0// 3 64? l +
CO0 Na
C,.H,,CIN NaO S Molecular Weight 457 .89

1917
1.2 Appearance

Sodium cloxacillin is a white, odorless,
crystalline powder (3).

2. Physical Properties

2.1 Infrared Spectra

Infrared absorption frequencies were reported
for oil suspensions of cloxacillin and other penicillins
(3a). An infrared spectrogram of sodium cloxacillin
monohydrate obtained on a Perkin-Elmer Model 21
Spectrophotometer is included in the compilation of
Wayland and Weiss (4). A spectrogram of Bristol
Laboratories Primary Reference Standard recorded as a
potassium bromide disk using a Beckman Model IR9
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Figure 1

Infrared absorption spectrum of sodium cloxacillin monohydrate
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Spectrophotometer is shown in Figure 1, Characteristic
absorption frequencies (cm-1) are as follows:

a. HZO: 3519
b. N-H stretching band: 3370
¢. beta-lactam carbonyl: 1770
d. secondary amide carbonyl: 1669
e. aromatic ring: 1619
f. carboxylate carbonyl: 1604

Within the carbonyl stretching region, the
beta-lactam frequency is most characteristic of
penicillins. Opening of the beta-lactam can be
indicated by changes in this part of the spectrum,

2.2 Nuclear Magnetic Resonance Spectra

Proton nuclear magnetic resonance spectra for
a number of penicillins were reported by Pek and
coworkers (5) and the chemical shifts useful for
identification were tabulated. An nmr spectrogram of
Bristol Laboratories Primary Reference Standard sodium
cloxacillin monohydrate as obtained on a Varian HA-100
spectrometer is shown in Figure 2. Proton resonance
lines were measured in D,0 solution with deuterated
sodium trimethylsilyl propionate as the internal
reference, Structural assignments are as follows:

Assignment Chemical Shift, (Coupling Constant, Hz)
aromatic 7.50 m

6-H 5.62 d (J=4.0)

5-H 5.46 d (J=4.0)

3-H 4.81 s

5-CHz (isoxazole) 2.63 s

2-B-CHz 1.43 s

Z-a-CH3 1.39 s

2.3 Ultraviolet Spectra

The ultraviolet spectrum of an aqueous
solution of sodium cloxacillin monohydrate obtained on a
Cary-14 spectrophotometer is shown in Figure 3. An
absorption maximum at 194 nm and a weak shoulder with
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Figure 2 NMR spectrum of sodium cloxacillin monohydrate
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Figure 3 Ultraviolet absorption spectrum
of sodium cloxacillin monohydrate
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maxima at 267 and 273 nm are observed. The effect of
halogen substitution on the phenyl ring of 5-methyl-3-
phenyl isoxazole has been discussed by Doyle (6).

2.4 Mass Spectra

With few differences the mass spectrometric
behavior of cloxacillin methyl ester (Figure 4, Table I)
follows the fragmentation pattern deduced by Richter
and Biemann (7) from high resolution mass measurements.
These fragmentations have previously been discussed in
this series (8,9). The presence of the isoxazole ring
in the acyl moiety results in diagnostically useful
peaks at m/e 43, 178, 193, and 220. M/e 220 is
presumed to result from cleavage of the amide bond. The
origin of the other three peaks follows from the
discussion of the mass spectra of isoxazoles by Ohashi
and coworkers (10).

2.5 Crystal Properties

Sodium cloxacillin is a microcrystalline
powder exhibiting birefringence and extinction positions
under a light polarizing microscope (11-13).

2,6 Melting Range
Sodium cloxacillin melts with decomposition at

170° (6,11). Cloxacillin free acid melts with
decomposition at 126-127° (14),

2.7 Thermal Analysis

Differential thermal analysis curves of
sodium cloxacillin monohydrate and cloxacillin free acid
were recorded over a range of 0 to 250° on a Perkin
Elmer Differential Scanning Calorimeter Model DSC-1B (15).
No significant transitions were observed with
cloxacillin free acid; decomposition appeared to occur
over several broad temperature ranges. With sodium
cloxacillin, broad endothermic transitions with peak
temperatures at 176° and 193° were recorded.
Dehydration probably occurred during the first transition,
since no loss of water was observed at lower temperature.
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Figure 4 Mass spectrum of cloxacillin methyl ester
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TABLE I

Low Resolution Mass Spectrum of Cloxacillin Methyl Ester

m/e 0 1 2 3 4 5 6 7 8 9
1 .07 .05 .23 .10 .03 .16
2 .06 .10 .62 2.28 4.59 1,86
3 .98 .36 .26 .18 .36 .24 1.36 .24 .52 2.44
4 .72 3.25 2.20 48.29 2.20 2.52 .43 .80 .13 .18
5 1.02 1.19 .50 2.85 .94 3.09 .73 .35 .60 6.31
6 .47 .38 .36 .54 .25 .24 .25 .60 1.01 1.01
7 1.10 .77 .34 .88 1.41 4.96 .90 1.20 .21 .11
8 .25 1.12 1.25 1.82 .61 .88 1.15 3.58 .78 .56
9 .20 .11 .07 .10 .26 .31 1.16 .72 .37 1.56
10 1,63 .54 1.29 .44 .20 .08 .08 .08 .15 .21
11 .34 1.99 .90 2.15 14.35 2.00 1.06 .23 .07 .07
12 .07 .07 .07 1.14 .42 .63 1.02 .68 1.37 .31
13 .28 .08 .03 .05 .05 .08 .12 1.38 .72 1.14
14 .54 .45 3.05 .49 1.24 .15 .21 .07 .07 .23
15 4.55 .72 1.71 .31 .28 .20 .24 .11 .48 .13
16 .21 .08 .16 .23 .21 .16 .08 .05 .08 .20
17 .21 .40 .22 .65 100.00 9.59 5.24 1.54 30.89 3.41
18 10.68 1.40 .18 .08 .08 .23 .55 .20 .18 .10
19 .05 .05 .18 2.57 .36 .85 .13 .10 .07 .32
20 .12 .42 .12 .06 .06 .10 .10 .06 .06 .04
21 .05 .05 .10 2.93 .45 .13 .07 .10 .11 .31
22 9.27 1.24 3.41 .47 .21 .23 .05 .24 .08 .05
23 .07 .03 .05 .23 2.28 .41 .76 .20 .07 .03
24 .07 .15 .21 .13 .06 .05 .48 .14 .21
25 .07
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TABLE I (cont.)

4
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26 13.30

.11

4.63

.70

.07
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.76 .16

28 .05
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.11
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2.8 Solubility

Sodium cloxacillin is very soluble in cold
water (11,12,16). The ratio of sodium cloxacillin
concentration in chloroform versus pH 6 buffer solution
was determined to be 0.118 (17). The solubility of
penicillin salts in nonpolar solvents is significantly
increased by the presence of a small amount of water,
even water of hydration (18). The tabulation of sodium
cloxacillin solubility shown below is taken from Marsh
and Weiss (19).

Solvent Solubilit
(mg/m1)

Water > 20 Methyl ethyl

ketone 1.771
Methanol > 20 Diethyl ether 0.086
Ethanol > 20 Ethylene

chloride 0.260
Isopropanol 9,158 1,4-Dioxane 4,224
Isoamyl alcohol 5.865 Chloroform 1.820
Cyclohexane 0.028 Carbon

disulfide 0,062
Benzene 0.044 Pyridine > 20
Petroleum ether 0.0 Formamide > 20
Isooctane 0.0 Ethylene glycol > 20
Carbon tetrachloride 0.010 Propylene glycol > 20
Ethyl acetate 0.598 Dimethyl

sulfoxide > 20
Isoamyl acetate 0.421 0.1 N NaOH > 20
Acetone 2,723 0.1 N HC1 4.526

2.9 JIonization Constant, pKa

Budgaard and Ilver (20) reported an apparent
pKa of 2.68 ¢+ 0.05 at 35°C., determined by measuring the
pH of a partially neutralized 0.0025 M solution of sodium
cloxacillin, Rapson and Bird (21) obtained replicate
apparent pK values of 2.73 t 0.04 and 2.70 + 0,03 at
25°C. by titrating 0,0025 M- sodium cloxacillin solutions.
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2.10 Optical Rotation

Cloxacillin has 3 asymmetric carbon atoms and
is strongly dextrorotatory. Specific rotation values in
the literature are shown below:

Cloxacillin |a|D Temp. Conc. and Solvent Ref,

sodium salt +163° 20° 1% in water 6,11,12
sodium salt +159° 20° 1% in water 14
free acid +122° 20° 1% in acetone 14

3. Synthesis and Purification

Cloxacillin is a semisynthetic beta-lactam anti-
biotic prepared by acylation of 6-amino penicillanic acid
with 3-o-chlorophenyl-5-methyl isoxazolyl chloride (6,22,
23). The route of preparation of isoxazole acid
chlorides has been described by Doyle (6). More
recently, the conversion of Penicillin G to other
penicillins without isolation of 6-amino penicillanic
acid has been reported (24-26).

A method of purification by deionized water elution
through a G-25 Sephadex column has been described (27).
Recrystallization of the sodium salt may be accomplished
by methyl isobutyl ketone extraction of the free acid
from an acidic aqueous solution and precipitation with
sodium salts of carboxylic acids.

4. Stability

The general pattern of penicillin degradation has
been described in several reviews (18, 28). Sodium
cloxacillin is stable in water for one week at S°C. The
half-life in a solution of 50% aqueous alcohol at pH 1.3
and 35°C. was reported to be 160 minutes, approximately
the same as Penicillin V (12, 18). At a concentration of
4 mg/ml in water or saline at pH 5.5 to 6.0, cloxacillin
loses 15-25% of its biological activity in 7 hours (29).

The rates of hydrolysis of cloxacillin and other

penicillins were studied by Kinget and Schwartz (30).
By following the amount of acid formed, they showed that

125



DAVID L. MAYS

alkaline hydrolysis was more rapid for cloxacillin than
other penicillins tested. The presence of aminoalkyl
catechols doubled the rate of hydrolysis at pH 8 but
reduced the rate at pH 6.5. The rate of cloxacillin
hydrolysis was also increased above pH 8 by the presence
of carbohydrates (31) and at neutral pH by aminoglycosides
(32).

The kinetics of cloxacillin degradation in aqueous
solution has been studied as a function of pH, buffer
species, ionic strength, and temperature (20).
Decomposition appears first order with respect to sodium
cloxacillin content at any given pH. A rate-of-
degradation versus pH profile over a range of pH from 1 to
11 showed that decomposition is accelerated as the pH is
moved above or below 6. The rate of hydrolysis is
significantly affected by the type of buffer ions.
Citrate buffers show the least catalytic effect and
phosphate show the greatest.

Degradation by enzymes has been studied extensively.
Cloxacillin is resistant to enzymes which catalyze
hydrolysis of the beta-lactam to produce the corresponding
penicilloic acid (penicillinase or beta-lactamase
enzymes). Citri and Zyk (33) studied the effect of
different penicillin side chains on penicillinase
activity. They showed the rate of cloxacillin
inactivation by penicillinase (penicillin amidohydrolase
EC 3.5.2.6) to be about 3% the rate of penicillin G
inactivation. Smith and coworkers (34) investigated the
stability of some penicillins to penicillinase. The
initial rate of hydrolysis of cloxacillin was 0.3% and
1.1% of penicillin G hydrolysis by the penicillinases
produced by B. cereus and Staph. aureus, respectively.
Chapman (35) used the infrared absorption of the beta-
lactam at 5.6 u to observe penicillin inactivation by
beta-lactamase. Cloxacillin was more stable to
staphylococci beta-lactamase than to coliform beta-
lactamase. Combined treatment of penicillin amidase
(enzymes which deacylate penicillins to 6-amino
penicillanic acid) and beta-lactamase caused considerable
inactivation of cloxacillin in 2 hours.
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5, Methods of Analysis

5.1 Analysis of Impurities

The penicillenic acid of cloxacillin and
other thiol-containing products such as penamaldic acid
and penicillamine can be determined by reaction of the
free thiol group with Ellman's reagent (36, 36a). The
bright yellow anion formed is measured at the 412 nm
absorption maximum. Other thiols and reducing agents
interfere. If present in sufficient quantity,
penicillenic acid may be measured directly by the
natural absorbance at 337 nm (36a).

The penicilloic acid of cloxacillin has been
separated from cloxacillin by thin-layer chromatography
(37). The penicilloic acids (and other iodine consuming
substances) of some penicillins have been estimated by
direct consumption of iodine (36a, 38).

5.2 Identification Tests

Sodium cloxacillin is identified by the
infrared absorption spectrum and by the penicillin
characteristic purple color formed upon treatment with
chromotropic acid in sulfuric acid at 150°C. (38).

In dosage forms, cloxacillin has been
identified by the infrared absorption spectrum after
extraction from aqueous phosphoric acid solution into
chloroform and evaporation to a concentration of 2 mg/ml
(39).

Weiss and coworkers (17) identified
penicillins in dosage forms by determining the amount of
penicillin partitioned between pH 6 buffer and organic
solvent.

5.3 Quantitative Methods

5.31 Volumetric Methods

Iodine is not consumed by penicillins
but is consumed by the hydrolysis products. The
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difference in iodine consumption before and after
alkaline hydrolysis is used as a standard method of
determining cloxacillin content (13).

Hydrolysis with a measured excess of
alkali generates an additional carboxyl group in the
penicilloic acid. Back titration of the excess alkali
with hydrochloric acid is used for determination of
cloxacillin content. (38)

5.32 Colorimetric Methods

Cloxacillin has been determined by
measurement of the side chain absorbance at 275 nm (39a).
Penicillins have been determined by measurement of the
absorption maximum near 340 nm produced by acid
degradation to the corresponding penicillenic acids
(38, 40-44). Formation of the penicillenic acid is
catalyzed by copper and other metals and by imidazole (44).

Penicillins have long been determined by
reaction with hydroxylamine. The hydroxamic acids
generated produce a red-colored chelate with iron (III).
Details of the procedure are available in the Federal
Register (13). Automated versions of the method have
also been used (45).

5.33 Polarograghz

Penicillins in serum were determined by
polarographic techniques (46). The analysis required
about two hours. Cloxacillin was determined at levels
of 5 ug/ml in sulfuric acid solution.

5.34 Gas Chromatography

Organic acid side chains produced by
vigorous alkaline hydrolysis of penicillins were
converted to methyl esters for gas chromatographic
separation on a 3.5% SE-30 column (47). Intact
penicillins were gas chromatographed as the corresponding
methyl esters on a 2% fluoro-silicone phase by Martin
and coworkers (48). Separation of the trimethylsilyl
esters of several penicillins on a 2% OV-17 column was
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reported by Hishta, et. al. (49). Cloxacillin was
separated from several other penicillins and quantitation
was indicated by reproducibility of response factors on
reference samples.

5.35 Infrared Spectroscopy

The infrared absorption due to the beta-
lactam has been used to quantitate penicillins after
extraction into a suitable solvent (39). The
cloxacillin beta-lactam band near 1760 cm-1 was used to
measure cloxacillin inactivation by beta-lactamase as
differentiated from amidase (35). For this work
solutions were lyophilized in the presence of potassium
bromide and infrared absorption measurements were made
from the solid disks.

5.36 Optical Rotation

The change in optical rotation upon
treatment with penicillinase has been used to quantitate
penicillins (50). Penicillins which are more susceptible
to penicillinase can be determined in the presence of
resistant penicillins. Ampicillin and cloxacillin were
determined in combination,

5.37 Biological Methods

The cylinder-plate agar diffusion method
is the official microbiological method of determination
(13). Staph aureus (ATCC 6538P) is the organism of
choice (13, 51). Cloxacillin has been microbiologically
determined in the presence of ampicillin using agar
impregnated with penicillinase to destroy the ampicillin
activity (52) or after ion exchange separation on a
column of IRA-402 (53). Cloxacillin is routinely
measured by the turbidimetric method using Staph aureus
FDA-209P (ATCC 6538P) or Staph aureus BL-A9596 (54),

A microbiological paper disk procedure has been
described for measuring cloxacillin and other antibiotics
in as little as 10 ul of plasma (55). Hooke and Ball (56)
used an agar plate method and Sarcina lutea NCIB 8553 to
measure cloxacillin at levels below 10 ug/ml in milk.
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In a test to detect trace levels in milk, penicillin
inhibits growth of Streptococcus thermophilus B.C.,

which otherwise causes the dye 2,3,5-triphenyltetrazolium
chloride, to turn from colorless to red (57). Other
antibiotics interfere.

5.38 Automated Methods

Several chemical methods for penicillin
determination have been automated, including the
hydroxylamine method (45, 58-60), the iodometric method
(61-63), the penicillenic acid method (64), and a
colorimetric method based on enzyme deacylation to
6-amino penicillenic acid and detection with p-dimethyl-
aminobenzaldehyde (65). Cloxacillin, specifically, is
mentioned in the hydroxylamine (45) and penicillenic
acid (64) automated procedures.

5.4 Thin-layer Chromatography

Reviews on chromatography (66) and analysis
(67) of antibiotics are available. Cloxacillin has been
chromatographed on paper (68), kieselguhr G (68),
cellulose (69-71), polyamide (72), silica gel G (37, 70,
73-75), commercial silica gel plates (76, 77) and silica
gel G predeveloped with silicone (5% DC 200 in ether)
(78-80).

Cloxacillin has been separated from other
penicillins (37, 66, 75, 77-80), and from impurities (37),
from cephalosporins (79), from other antibiotics (70, 74),
and from constituents of body fluids (76, 77).
Chromatography has been used to study solvent partitioning
(78) and structure-activity relationships (79, 80).

Visualization spray reagents used include
iodine-azide solution followed by aqueous starch to give
white spots on blue purple (37, 68, 74); 10% acetic
acid in acetone followed by starch-iodine to give white
spots on blue (69); ammoniated copper sulfate (73);

0.5% bromine solution (72); 0.25% fluorescein (72);
ferric chloride and potassium ferricyanide with sulfuric
acid to give blue spots on green (70, 71); alkaline
potassium permanganate and heat to give yellow spots on
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pink (78-80); chloroplatinic acid with potassium iodide in
acetone to give white spots on red-purple (75); and
alkaline silver nitrate (68). Bacillus subtilis ATCC 6633
impregnated in agar has been used to detect penicillins

by observation of the zone of inhibition after contact
with the plates (76, 77).

6. Protein Binding

The reversible binding of protein to penicillins (81)
and drugs in general (82), has been reviewed. Schwartz's
penicillin review (28) includes a section on reversible
and irreversible protein binding. Schwartz postulated
that the high local concentration of penicillin
reversibly bound to protein accelerates aminolysis,
particularly in the case of cloxacillin which is highly
bound to serum protein. Batchelor (83) also presented
evidence that penicillins, including cloxacillin, can
become irreversibly bound to protein.

Several workers have measured the proportion of
cloxacillin reversibly bound to serum protein. Values
of 94% (29), 95% and 96% (84), 85% (85) and 62% (86)
have been reported. Rolinson and Sutherland (87) made
a thorough study of the degree of binding of several
penicillins as a function of concentration of penicillin
and protein, of sera from different animal species, and of
temperature. Binding was shown to be essentially
reversible and competitive with other drugs. Cloxacillin
at 50 ug/ml (considered approximate blood level from a
normal dose) was 94% bound to human serum.

Affinity for Sephadex gel of a number of penicillins
was studied as a function of protein binding (88).

7. Metabolism

After oral administration of 100 mg/kg to rats,
18.7% of the cloxacillin was recovered in the urine after
24 hours, and 10.2% was recovered in the bile. Paper
chromatographic examination of the urine indicated small
amounts of two unidentified metabolites (12). Cloxacillin
was reported to be approximately 10% metabolized in man
(16, 89). One unidentified metabolite was found which
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had biological activity similar to the parent compound.
The rate of elimination of cloxacillin from young men
given oral doses was studied. (90)
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1. Description

1,1 Name, Formula, Molecular Weight

Diatrizoic Acid is 3,5- diacetamido - 2,4,6 tri-
iodbenzoic acid, Chemical Abstracts listings are under the
heading benzoic acid, 3,5 - diacetamido - 2,4,6 - triiodo-.

Among the generic and trivial names for this com-
pound are urografin acid. Common trade names include Reno-
grafin and Hypaque.

COOH

O
] ]
CH3-C- NH-C-CH3

C11H913N204 Mol., Wt. 613.928

1.2 Appearance, Color, Odor

Diatrizoic Acid is a white, odorless and tasteless
crystalline powder, The sodium salt is colorlesi and odor-

1ess1’4; its tagte reported as both weakly salty~ and
slightly bitter’. The methylglucamine (meglumine) salt is

colorless, odorless and has a slight sweetish taste™.

2, ical Propertijies

2.1 Spectra

2.11 Infrared

The infrared spectrum in Fig., 1 was obtain-
ed on a Perkin~-Elmer Model 21 infrared spectrophotometer,
from a mineral oil dispersion, The following spectral

assignments were made by Toeplitzs.
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Wavelength

-1
cm Pt Assignment
2985 3,35 N-H stretch
1700 5.88 Acid C=0
1661 6,02 Amide C=0
1515 6,60 Secondary amide and

aromatic C=C stretch

This spectrum is in basic 2greement with a
published spectrum for sodium diatrizoate™.

2.12 Nuclear (Proton) Magnetic Resonance

The NMR spectrum of diatrizoic acid shown
in Fig, 2, was determined on a Varian XL-100 NMR spectro-
meter at ambient probe temperature (ca.31°). The sample
was dissolved in deuterated dimethylsulfoxide, containing
tetramethylsilane as an internal reference., Spectral as-

sigmments are recorded in Table Iz.

TABLE I

NMR Spectral Assignments

Chemical Shift No. of Protons Assignment
(ppm,d)
2,02 6 (m) -CH,
0
9.88 1 (s) -t-on
0

9.96 2 (s) Nu-t-

s = singlet

m = multiplet

2.13 Ultraviolet

The following ultraviolet spectral data
have been reported for diatrizoic acild:
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Form Solvent ;lgax, nm El7° & Reference
lcm —
Free Acid 0.1N NaCH 238 521 32,000 1
Sodium Salt Ethanol 239 525 33,400 4
Free Acid Ethanol 238 589 36,200 12
Free Acid Methanol 238 539 33,100 32
Free Acid .01lN Methanolic 238 538 33,000 32
NaOH
Free Acid .01N Methanolic 238 531 32,600 32
HC1

Although none of the references explicity
state it, it appears the above results are reported on an
"ag is" basis, except for reference 12, which appears to
be on the dried basis.

Purkiss gg.g;.26, reported that the absor=-
bance of sodium diatrizoate is due to the presence of the
acetamido group and is not dependent on iodine content.
Removal of iodine from the compound_did not affect absor-
bance at 238 nm. Neudert and Ropke”~, however, determined
the molecular extinction coefficients (&) of related io=-
dinated compounds at their peaks. They reported the & for
1,3,5,~triiodobenzene at 232 nmm,,is 36,600 and that for 2,
4,6-triiodobenzoic acid at 238 nm, to be 33,600, They also
reported the extinction of 3-acetamidobenzoic acid at 243
nm to be 13,500, Therefore it seems reasonable to suggest
that the strong ultraviolet absorption maximum of diatri-
zoic acid at 238 nm, is due, to a large extent, to iodine.

2.14 Mass Spectrometry

No molecular ion is observed for diatrizoic
acid, Weak peaks at m/e 569, corresponding to the loss of
-COOH at m/e 572, for the loss of -COCH,, from the unob-
served molecular ion, do occur. Major fragment ions at
m/e 487 and 486 occur, due to loss of I and HI, respective-
ly. Loss of CH4CO from the m/e 486 fragment results in a
peak at m/e 443 and loss,of a second CH3CO results in the
observed peak at m/e 4007,

2,2 Crystal Properties

2.21 Differential Thermal Analysis
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vValenti3* determined the DTA of diatrizoic
acid on a DuPont 900 Thermoanalyzer at a temperature rise
of 15° per minute, The thermogram showed endotherms at 166
and 321°, exotherms at 220° (small) and 330°, and a shoulder
at 306°, Kabadi™~ reprecipitated diatrizoic acid from al-
kaline solution and dried it at room temperature, under
vacuum. He reported DTA data under the same conditions
referred to above as follows: endotherms at 119° (large),
157° (small), 316° broad; exotherm at 234°; shoulder at 294,
The moisture content of this specimen was <0.4%.

The work of Kabadi35 indicates that other
polymorphic forms of diatrizoic acid exist,

2,22 Thermal Gravimetric Analysis

Valenti34 determined the TGA of diatrizoic
acid on a DuPont Thermogravimetric Analyzer, The compound
was heated at a rate of 15° per minute under nitrogen sweep.
Weight loss of 5% was observed, with all volatile material
driven off before 140°.

2.23 X=-=Ray Powder Diffraction

Ochs13 obtained the X-ray powder diffraction
spectrum of diatrizoic acid on a Phillips X-Ray Powder Dif-
fractometer, at a voltage of 45 kv and a current of 15 ma,
The sample was irradiated by a copper source at 1,54A,

Data are recorded in Table 2,

2.24 Water of Crystallization

Langecker et.al. reported that the diatri-
zoic acid crystal can contain up to 2 moles of water of
crystallization.
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TABLE IT

X-Ray Powder Diffraction Pattern of Diatrizoic
Acid Squibb Lot 1987

d(K)* Relative Intensity*¥* d(jb* Relative Intensity*¥

13,2 0.23 3.13 0.45
9.10 0.40 3.12 0.49
7.20 0.19 3.07 0.71
6.50 0.34 3.00 0.23
5.66 0.51 2,98 0.27
5.50 g 0.19 2,93 0.21
5.00 0.15 2.88 0.13
4,50 0.20 2,68 0.11
4,42 0.31 2.60 0.19
4,28 1.00 2.56 0.16
4,18 0.43 2.54 0.24
4,02 0.32 2.50 0.27
3.90 0.49 2,46 0.21
3.75 0.69 2.37 0.12
3.68 0.19 2.28 0.19
3.60 0.19 2.24 0.19
3.48 0.16 2.18 0.17
3.44 0.53 2.16 0.16
3.36 0.43 2,13 0.15
3.30 0.53 2.09 0.17
3.23 0.29 1.93 0.13
3.17 0.17 1.89 0.15

1.87 0.16

* d = (interplanar distance) =
whered = 1,5398

n
2 sin O

** Based on highest intensity of 1.00
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Melting Range

Diverse values have been reported in the

literature for the melting range of diatrizoic acid.
are shown in the table below.
the wide diversity in reported values may be that different

(unidentified) polymorph forms were used in the work.

Melting Range
>300

from 260
>340

260° - 290

2.3 Solution Data

2,31

The data in Table III were reported for the

Solubility

Remarks Ref.

-- 6

Decompositon, I, Vapors 1
reported

Crystal form: needles 11

Using K6fler Microblock 12

(Reichert)

solubility of diatrizoic acid, at room temperature.

TABLE III - SOLUBILITY DATA

Solubility (mg/100 ml)

Solvent Ref. 1 Ref., 12 Ref. 34
Acetone - - <100
Benzene <10 - <10
Chloroform <10 0.1 <10
Ethanol 700 1,018 -
Ether <10 0.3 <10
Hexane - - <10
Methanol 2,400 7,205 -
Propylene Glycol - - <10
Water at 25° 100 - -
Water at 50° 150 - -
Water at 90° 270 - -
0.1N Sodium - - 6,200
hydroxide
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Langecker gg.gl.l reported the solubility at
20° of the sodium salt of diatrizoic acid to be 60 g/100 ml
in water and that of the methylglucamine salt to be 89 g/ 100
ml. Drug Standards” reported that the sodium salt is freely
soluble in water and dimethylformamide and very slightly
soluble in chloroform and ether. The solubility in ethanol
was reported to be 2 g/100,

2.32 pKa
The pKa of diatrizoic acid is 3.41.
2,33 pH

?ge pH of a 1% suspension of the free acid
in water is 2.1°“, The pH of a 507 solution of the sodium
salt is between 7 and 94. Langecker gt.al. reported the
pH of a solution of the sodium salt to be 7.3 and that of
the meglumine salt to be 6.0.

2,34 (Osmotic Properties and Ionic Strength

Berdalen 53.31.36 determined the molal osmo-
tic coefficients and ionic strength of some commercial
preparations of diatrizoate.

2.35 1Index of Refraction

25
The refractive index (np ) of sodium diatri-
zoate in water, at 25°, is given in Table IV.

2.36 Specific Gravity

Langecker gg.gl.l reported the specific
gravities (p) of water solutions of sodium diatrizoate at
25°, Data are recorded in Table IV,

2,37 Freezing Point Depression

The freezing point depression (-AT) of
various concentrations of sodium diatrizoate were reported
by Langecker gg.gl.l, and are reported in Table 1V,
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2,38 Viscosity

Schmid59 studied the viscosity of 0.75M
aqueous solutions of diatrizoate at pH 7, and 20°, He
reported viscosities by Rheomat 16 and Ostwald viscometers
for sodium diatrizoate (3.29 cps), meglumine diatrizoate
(6.19 cps), and tris-(hydroxymethyl)-aminomethane diatri=-
zoate (4.76 cps.).

TABLE IV

Physicochemical Data of Sodium Diatrizoate

g/100 ml Molarity ngs P (g/ml) = ;T®
0.0 0.0 0.997 - -
4,74 0.074 1,338 1,025 0.27

14,20 0.223 1,353 1,085 0.78
28.40 0.446 1,376 1,175 1.70
37.90 0.595 1,392 1,235 2.38
47.40 0.744 1,407 1,295 3.20

3. Manufacturing Procedures

3.1 Synthesis

Diatrizoic acid may be prepared from 3,5-dinitro-
benzoic acid by catalytic reduction with e.g. Raney nickel
in methanol™ or palladium (on carbon support) 1, to yield
the 3,5 diaminobenzoic acid, Reaction of dilute hydro-
chloric acid solutions of the latter compound with potassium
iodochloride or iodine monochloride yields the 3,5-diamino-~
2,4,6=-triidobenzoic acid >~ > 7. Acylation of this com-
pound is accomplished by dissolving it in acetic anhydride,
heating and then acidifying with concentrated sulfuric
acid, added dropwise. After a brief exothermic reaction
the solution is heated on a steam bath and cooled in ice6.
Alternatively 3,5-diacetamidobenzoic acid can be iodinated
in pH 5-6 methanolic solution with godine monochloride, at
80°C, to yield the triiodo compound »10, (See Fig. 3
for stepwise synthetic route)

Davidson28 acetylated the diamino compound with
acetic H” anhydride to obtain tritiated diatrizoic acid.
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Figure 3

Synthetic Route for Diatrizoic Acid

~OO0H COOH
NO NOp NH2/©\NH2
OOH

COOH

I
{%—________

CH3-@—NH -C-CH3 NH Hy

3.2 Purification

Crude diatrizoic acid may be purified in any of
the following ways:

The precipitate is dissolved in dilute ammonia or
sodium hgdroxide, charcoaled and reprecipitated by acidifi-
cation6’ »10,1

Recrystallization from a 507 aqueous dimethyl-
formamide solution with charcoaling”.

Filtration of a solution in dilute sodium hydroxide
containing sodium hydrosulfite and charcoal. The filtrate
is passed through a medium basic anion exchange resin (in
the OH form) The eluate is acidified to reprecipitate the
pure producté.

4, Stability

Diatrizoic acid is chemically stable at room tempera-
ture, Extrapolation of the activation energy and frequency
constant data, between 70° and 100° to room temperature,
indicates decomposition of the N-acyl bond to be 0.1% in
50 years37. Evolution of iodine at 90° from diatrizoic
acid in solution at pH 9, is less than 3% in 75 hours. The
presence of impurities e.g. under iodinated and free amino
compounds, enhance degradation”’.
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Commercial preparations of diatrizoic acid neutralized
with meglumine, and containing sodium citrate (3.2 mg/ml)
and disodium edetate (0.4 mg/ml), show no significant loss
of potency after storage for 5 years, at room temperature’ 4

5. Separation Technique and Analysis for Impurjties

Many of the chromatographic procedures described in
Section 6.6 are used to separate, detect, and estimate im-
purities in diatrizoic acid, 1In addition, the following
methods have been described in the literature to detect
and quantify impurities and decomposition products, and to
isolate pure diatrizoic acid.

5.1 Free Amino Compounds

Hartmann and R6pke37 determined free amino com-
pounds of iodinated contrast agents by a kinetic method
based on the greater reactivity of these impurities with
elemental bromine in acetic acid. Under these conditions,
the free amino compound quantitatively splits off iodine,
which is oxidized to iodate by the bromine. After destruc-
tion of the excess bromine, the iodate is reduced to iodine
and titrated with thiosulfate, to a starch endpoint. Free
iodides in the sample also react with bromine and give
positive results, by this procedure,

Hoevel-Kestermann and Muhlemannl? and Hartmann
and Rt‘)pke37 described a Bratton-Marshall colorimetric
reaction to quantitate free amino compound impurities.

5.2 Free Iodine and Free Halide

Gonda3® detected free iodine in diatrizoic acid
by dispersal in water, filtering and adding starch to the
filtrate. A blue coloration indicates the presence of free
iodine. An alternate procedure™? is to acidify the fil=-
trate, add chloroform and sodium nitrite and observe for
reddish coloration in the lower chloroform layer. Free
halide was detected”® by acidification of a water suspen-
sion filtrate of the drug substance with nitric acid, ad-
dition of silver nitrate and observing for the presence of
opalescence or precipitation,
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Poet39 quantitated free halide coulometrically,

with an Aminco-Cotlove Chloride Titrator. Hartmann and

Rbpke37 quantitated free halide in contrast media by poten-
tiometric titration with 0.001lN silver nitrate, under a
protective cover of nitrogen.

5.3 £ aration

Hentrich and Pfeiferao described methods for the
precipitation of ten contrast agents as their metallic
salts or metallic complex salts, Diatrizoic acid can be
precipitated quantitatively by cadmium sulfate with thioures,
copper sulfate with thiourea, silver nitrate, cadmium sul-
fate with pyridine and copper sulfate with pyridine. Che-
latometric methods are also described for the titration of
excess precipitant, after separation of the precipitated
salt by filtration. The molecular formulae, weights, melt-
ing range and equivalent weight of diatrizoic acid preci-
pitated by 1 ml of 0,1M solution of the precipitant, for
the salts and complexes, are given in Table V below.

TABLE V

Metallic Salt and Metallic Complexes of Diatrizoic Acid40

uiv. Weight

of Diatrizdc acid
Preci- Mol. Fomula of Melting to 1ml qof 0,1M
pitant Salt or Complex Mol. Wt. Range Precipitant
AgNO3 C11HgI3N204A, 720.8 281-284 0.0614 g
cdso,-  {cd[(nH,) ,C8]
Thiourea (C11HgI3N204)2 1,642.7  226-227 0.0307 g
CdS0y - [Cd(CgH5N)4]+ 1,656.6 288-290 0.0307 g

(C11HgI3N204) 2

CuS04- é?u[(Nuz)zcs} 828.7 245 0.0614
Thiourea 11H813N204
CuS0,, - [Cu(CgHgN) 5]e  1,447.5 266-267 0.0307

Pyridine (C);HgI3N,0,) 5
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5.4  Countercurrent Distribution

Strickler 55.31.42 separated diatrizoic acid and
other contrast agents from sera by countercurrent distri-
bution. They used a solvent system composed of sec-butanol:
dil., aqueous ammonia (1l:). Both a 30-tube manual procedure
and a 200-tube automatic procedure are described. Evalu-
ation of other methods e.g. separation by ion exchange on
Dowex 1 column (not successful) and 2-dimensional paper
chromatography, are also discussed.

5.5 Phase Solubility Analvysis

Kallos47 reported on the use of phase solubility
analysis to determine the purity of diatrizoic acid. He
used a solvent system composed of acetone: ethanol (17:3),
with equilibration over a 23 hour period at 25°, The extra-
polated solubility in this system is 3.5 mg per g.

6., Methods of Analysis

6.1 Elemental Analysis

60

The elemental analysis results were calculated

to the anhydrous basis.

Element % Theoretical % Reported60
C 21.52 21,98
H 1,478 1,78
I 62.01 61.69
N 4,562 4,26
0 10.42 10.29 (CALC)

6,2 Identification Tests

Infrared (section 2,11), paper chromatography
(section 6.61), and thin-layer chromatography (section 6.62)
have been used to identify diatrizoic acid,

The evolution of intense violet fumes of libera-

ted iodine can be observed bZ heating a sample of diatri-
zoic acid over an open flame »12
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Identification of the amide funcionality can be
made by first ascertaining the absence of free amino groups
(section 5,1) and then cleaving the acyl group, by reflux=
ing in base, and repeating the Bratton=-Marshall reaction™“.

The pH (section 2.33) of a water suspension and
the ability to titrate a suspension with base, can be used
to identify the presence of the carboxylic acidl?,

6.3 Direct Spectrophotometric Analysis

Purkiss 35.51.26, determined diatrizoic acid
directly in urine and heparinized protein~free plasma at the
238 pm maximum, Samples taken from the subject prior to
administration of diatrizoic acid were used as blanks.
Dilution with water decreased blank interference.

Hoevel-Kestermann and Mihlmannl? used spectro-
photometric analysis at the 238 nm peak to determine solu-
bility in various solvents,

6.4 Polarography

Kabasakalian and Mc Glotten?? studied 10 iodin-
ated radiocontrast agents polarographically in ethanol-
water (l:1) solutions between pH 1.3 and 10.5. The effects
of pH, temperature and sample concentration on wave form
and height are examined and the analytical possibilities
of polarography as a quantitative procedure for diatrizoic
acid are discussed. Diatrizoic acid in phosphafe buffer,
pH 8.9, exhibits two waves: =-Ef at 0.90 and -E% at 1,22,

6.5 Organically Bound Jodine

Hoevel Kestermann and Mihlemannl? reviewed three
methods for liberating organically bound iodine in contrast
agents: A, Parr bomb (fusion with sodium peroxide); B.
catalytic dehalogenation with sodium borohydride; and C.
reductive dehalogenation with zinc-sodium hydroxide. They
recommend method B because of its simplicity, short assay
time and high grecision. This method was originally pro-
posed by Egli4 . Quantitation is accomplished by poten-
tiometric titration with silver nitrate.
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Yakatan and Tuckerman43 reviewed four methods for

decomposing iodinated contrast agents to liberate organi-
cally bound iodine: A, Parr bomb (fusion with sodium per-
oxide); B, alkaline permanganate reduction; C., Zinc-sodium
hydroxide reduction; and D, oxygen flask (Schoniger) com-
bustion, Method D is recommended as a general technique
for all iodinated organic compounds because of its high
reproducibility, simplicity, and rapidity of analysis (20
min. per test)., For compounds that have all iodine atoms
ortho or para to the electronegative carboxylic acid on the
aromatic ring e.g. diatrizoic acid, method C, zinc-sodium
hydroxide reduction, is recommended. In method C, the
iodine is reduced under reflux conditions and replaced by
hydrogen, generated by the reaction of powdered zinc with
sodium hydroxide. The iodide thus formed, is determined by
titration with silver nitrate in acidic solution, in the
presence of the absorption indicator, tetrabromophenol-
phtalein ethyl ester™,.

Ates and Amall% decomposed diatrizoic acid with
alkaline permanganate, After decoloration of the perman-
ganate with sodium nitrite and acid, they titrated the
liberated iodine with thiosulfate.

Zak and Boyle44 used chloric acid as an oxidiz-
ing digestion reagent to wet ash iodine-containing organic
compounds. The iodine present in this solution as iodate
may then be determined by titrimetry, spectrophotometry or
by polarography.

Strauss and Erhardt*® determined diatrizoic acid
directly, in urine, by splitting off the organic iodine,
followed by thiosulfate determination. They boiled urine
samples with sulfuric acid at 150° for 5 minutes, cooled
the sample, added potassium iodide, and titrated.

6.6 Chromatographic Analysis

6.61 Paper Chromatography

Many systems have been described in the
literature for separation and detection of diatrizoic acid.
These are summarized in Table VI. The drug substance may
be quantitated from the developed chromatogram by elution
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in aqueous solution and subsequent spectrophotometric ana-
lysis by densitometry, or by other suitable means.

Pileggi gg.gl.17, described a paper chroma-
tographic precedure for separation of 19 oréanic iodide
compounds from blood serum. Ates and Amall% describe
system§4for separation of 8 contrast agents. Bl fox
et.al.”, and Turula 9 described 2 dimensional paper chroma-
tographic procedures for separation of various iodinated
contrast agents and iodinated proteins, from bile and

serum.
um Key To Table VI_

Solvent Systems

I Ethanol: 25% ammonia (ratio of solvents not given).
IT 0.25M sodium citrate, pH 8.2.
IITI sec-butanol: 47 ammonia (3:1).
IV toluene: ethanol: formic acid (10:3:3).
V tert.~amyl alcohol: 2M ammonia (1l:1)
VI water: formic acid (5:1)
VII n-butanol: 95% ethanol: water (4:1:5); upper phase
used for development.
VIII n-butanol: 1N ammonium hydroxide: ethanol USP (5:2:)
IX water: n-butanol: ethanol USP (5:4:1); upper phase
used for development.
X n-butanol: dioxane: ammonia (ratios not reported).

Methods of Detection

A. Spray with 107 ceric sulfate and 5% sodium arsenite,
both prepared in 1N sulfuric acidl?,

B. Compound assayed was labeled with 1131. Detection

accomplished by autoradiography with Kodak Radio-
graphy film,

C. Viewed under ultraviolet light.

D. Spray with mixture of ceric ammonium sulfate and
arsenious acid, followed by spraying with 0.5%

solution of methylene bluel8,

E. Spray on both sides with a reagent containing 5
parts of a 2.7% solution of FeClq*6H50 in 2N HCI,
5 parts of a 3.5% solution of K3%e(C§)6 and 1 part
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TABLE VI

Paper Chromatographic Systems for Separating Diatrizoic Acid

Solvent System Paper Method of Method of Rf Reference
Development Detection

I Whatman No. 3 descending A,C Not reported 14
I1 Whatman AE 30 ascending B 0.76 16
I1 DE 20 ascending B 0.66 16
II Whatman No. 1 ascending B 0.73 16
III Whatman No. 3 descending D 0.57 17
v Whatman No. 3 ascending E Not reported 19

v Whatman No. 3 descending E 0.00 19,24
V1 Whatman No. 3 descending E 1.00 19
Vi1 Whatman No. 1 descending C 0.27 21
VIII Whatman No. 1 descending C Not reported 22
IX Whatman No. 4 descending C Not reported 23
X Not reported descending B Not reported 24
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of an acified 5% NaAsO2. The color is allowed to
develop for 15 minutes, between glass plates, the
paper washed with water and dried with a current of
warm alr. Spraying and development are carried out

in a dim-1lit or dark room““.

6.62 Thin-Layer Chromatography

Thin-layer chromatographic methods found
suitable for the separation and detection of diatrizoic
acid, are summarized in Table VII. Some of the references
cited, present sample preparation techniques and methods
for eluting the drug from the developed plate, for quanti-
tation by other means.

Hollingsworth et.al., separated iodoamino
acids and related compounds on cellulose plates with a sol-
vent system composed of tert.-butanol: 2N ammonia: chloro-
form (376:70:60), They did not report this technique for
diatrizoic acid, however, it seems reasonable to expect
that this system will separate iodinated contrast agents.
Stahl and Pfeifle29 reported on 6 systems to separate 17
iodinated contrast agents and Hoevel-Kestermann and Muhle-

mannl2 separated 8 contrast agents, with a single system.

6.63 Electrochromatography

Dennenberg27 separated diatrizoic acid on
Whatman No. 3 paper by high voltage paper electrophoresis.
He used a pyridine: acetic acid water (100:10:890), pH 6
buffer, at a potential gradient of 45 v/em, for 1 hour.
Diatrizoic acid in this system has a mobility of 3 cm/1800
v/hr,

Turula19 used a pH 8.6 diethylbarbiturate
buffer system, Whatman Nos., 1 and 3 paper, a potential
gradient of 6 v/cm, for 17 hours, to separate iodinated
contrast agents,

Gopal16 separated a number of iodinated com-
pounds including diatrizoic acid, by paper electrophoresis
on Whatman AE 30, Whatman No. 1 and DE 20 (W and R Balston
Ltd) paper. Electrophoresis was accomplished in ,025M
sodium citrate buffer, at a potential gradient of 7 v/cm,
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Key To Table VII

Solvent System

I

IT
ITT
Iv
v

Vi
VII
VIII
IX
X

Plate

(@RI 2

ethanol: ammonia, 25% (2:1)

benzene: acetone: formic acid (5:5:1)
ethylacetate: isopropanol: ammonia, 25% (11:7:4)
acetone: isopropanol: ammonia, 25% (
isopropanol: ammonia 25% (4:1)

acetic acid: chloroform (1:19)

ethylacetate: methanol: diethylamine (5:4:2)
chloroform: methanol: pyridine (17:1:2)
methanol: chloroform: ammonia (10:20:2)
methanol: chloroform: ammonia (4:5:2)

Silica gel G (Merck)
Silica gel HF 254-366 (Merck)
Silica gel GF (Brinkman)

Detection System

a.

Spray with 1:1 solution of 10% ceric sulfate and 5%
sodium aresenite, both in 1IN sulfuric acid™~.

Autoradiography of H3 labeled diatrizoic acid.
Ultraviolet light,

Spray with 507 acetic acid, followed by irradiation
at 254 mm for 10 min., to give blue violet spots,
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TABLE VII

Thin Layer Systems for Separation and Detection of Diatrizoic Acid

Solvent System

I

II
IIT
Iv
\

|28
VII
VIII
IX

Plate

A,B
A
A,B

(ol

Detection System

RE

Not reported
Not reported

0.12

0.30

0.37

0.40

.37

.00

0.45

Reference

14
28
12,29
29
29
29
29
29
30

HINHIT 'H WVAH
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in 1 hour.

6.7 Titrimetric Methods of Analysis

Sodium diatrizoate dissolved in dimethylformamide
can be Eitrated potentiometrically with perchloric acid in
dioxane™.

Although no references appear in the literature,
it seems reasonable that a simple acid-base titration to
a phenolphtalein endpoint, of diatrizoic acid in aqueous
methanolic solution, would be successful,

6.8 Radiometric Methods of Analysis

6.81 X-Ray

Holynaka and Jankiewicz48 used X-ray fluores-
cence and absorption techniques to determine iodine in
various commercial contrast agent preparations. In the X-
ray fluorescence work, excitat%g? of the sample was accom-
plished by irradiation from a Am source, of 5-mCi
activity. The energy of excitation was 60 keV., Fluores-
cence of the K series of iodine (28.5 keV) was measured in
a scintillation counter having a 6-mm thick NaI/Tl crystal,
The characteristic radiation of iodine was separated by
means of a single-channel, pulse-amplitude analyzer cover=
ing the total width of the K-peak iodine., Measurement time
was 1 min, A calibration curve was made using HIO3 as a
standard.

A 241Am source at 60 keV was used in the X-

ray absorption procedure, The detector was a scintillation
counter equipped with a 6-mm thick NaI/Tl crystal, Absorp-
tion measurements were made by means of a single-channel,
pulse-amplitude analyzer in the energy channel of 5keV,
covering 60 keV. Calibration cuzges were prepared, using
HIO3 as a standard, The authors’~ preferred the X-ray
fluorescence technique because of its higher precision and
accuracy,

Schiller and Synek49 used radiometric

methods to determine iodine in various preparations of con-
trast agents. They used a measuring probe with a GM coun-
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ter and scaler to determine reflected radiation.

Buersch QQ.QL.SO determined the continuous
spectrum of X-rays on aqueous solutions of diatrizoic acid.
They reported that Beer's law with respect to linear absor-
ption, holds, provided the excitation beam is sufficiently
monochromatic., The application to biological systems is
also discussed,

6.82 g- Particle Dispersion

Mikolajek 35.21.51 used the method of retro-
gggde dispersion of beta particles to assay contrast media.
Tl with about 3-pCi activity, deposited on a ring was
used as the source of radiation., A calibration showing the
number of scattered electrons vs concentration was estab-
lished. Results by this method are in good agreement with

determinations made by more conventional methods,

7. FPharmacology

7.1 Drug Metabolism

Diatrizoic acid is excreted rapidly and unghanged
%nggly through the kidneys by glomular filtration2%,40,33,
b

+ Tauxe et,al”” suggest that there is a minor degree
of plasma protein binding, in man. Woodruff and Malvind6
inferred about 5-107 protein binding of diatrizoate, but
did not present data. Stokes 25.31.57 reported that 50%
diatrizoate was protein bound, but binding was easily re=
versed., No reports were uncovered in the literature sug-
gesting metabolites of diatrizoic acid or concentration of
diatrizoic acid in organs of man, other than the kidney.

7.2 Toxicity

Langecker gg.gl.l reported the ngo of diatrizoic
acid in the rat, to be 14,7 g/kg. Miller’® reported the
LD5g of diatrizoic acid to be about 10,1 g/kg, in the
mouse., Schmid®? reported the LD5g of sodium diatrizoate
to be 14,0 g/kg in the mouse and 11,4 g/kg in the rat. The
LD5¢0 of meglumine diatrizoate was reported as 14,7 g/kg in
the rat’”,
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1. DESCRIPTION

1.1 Name, Formula, Molecular Weight
The Chemical Abstracts name for disulfiram is
tetraethylthioperoxydicarbonic diamide, starting with
Volume 76, Previously the Chemical Abstracts name was
bis(diethylthiocarbamoyl)disulfide. The CAS Registry No,
is [97-77-8]. Other common names are tetraethylthiuram
disulfide and TTD.

S S

CH,,CH > S CH.CH
3 2\N-c-s-s-c-u:: 273
CH,CH, CH, CH,

C. H.N.S Mol. Wt.: 296.54

107207274

1.2 Appearance, Color, Odor
Disulfiram is a light yellow odorless crystalline
powder,

2. PHYSICAL PROPERTIES

2.1 Infrared Spectra

The infrared spectrum of disulfiram (Figure 1)
was obtained with a Beckman IR-12 spectrophotometer,
The speitrum was run in three sections: (a) from 200 to
650 cm™ " as a m{neral oil mull on polyethylene; (b) from
500 to 1365 cm™~ as a mineral oil mull between potassium
bromide plates; (c) from 1360 to 4000 cm~l as a perfluor-
inated oil mull between potassium bromide plates. The
spectrum matches those published elsewhere (1,2).

Some of the absorption bands can be assigned to
the alkyl groups: 2980 to 2870 cm'l, C-H stretching;
1460 cm-l, C-H bending; 1378 cm”l, methyl C-H bending
(symmetrical). The assignment of bands to the various
vibrations of the remainder of the molecule is complicated
by the extensive coupling of vibrations of the N-C-S bonds
and the apparent conjugation of the nitrogen unshared
electron pair with the C=S bond (2,3). The 1500 cm~l band
has been assigned to a C=N stretching vibration (3) and
the 1000 cm~! band to a C=S stretching vibration (4).
Other suggested assignments (5) are: _926 cm'l, N-C-S;

7"
976 em~l, C=S; 1149 and 1206 cm~l, N-C-S; 1274 cm™!, N-C.
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2.2 Nuclear Magnetic Resonance Spectra

The proton magnetic resonance spectrum of disul-
firam shown in Figure 2 was run in CDCl3, on a Varian
A-60A 60 MHz NMR spectrometer, with a tetramethylsilane
reference (6). The sweep width is 0 to 500 Hz,

The triplet at 1.40 ppm (J=7.3 Hz) is assigned to
the methyl protons, while the quartet at 4,06 ppm (J=7.3
Hz) is assigned to the methylene protons. The small bands
at + 27 Hz of each line are spinning sidebands (6).

The temperature dependence of the NMR spectrum of
disulfiram and similar compounds has been investigated
(7,8).

2.3 Ultraviolet Spectra
Figure 3 shows the ultraviolet absorption spec-
trum of disulfiram, run on a Cary Model 14 spectrophotom-
eter. The spectrum was obtained at two concentrations,
100 y g per ml and 10 g per ml, in methanol solution, in
1l cm cells.,

2.4 Mass Spectra
The low resolution mass spectrum of disulfiram is

shown in Figure 4., This spectrum was obtained on an LKB
9000S mass spectrometer, with an ionization voltage of
70 eV, source temperature 250°C (6)., This spectrum is
similar to one reported and interpreted by Madsen et al
(9); their suggested fragmentation scheme is shown in
Figure 5,

2,5 Differential Thermal Analysis
The only thermal event in the differential ther-
mal analysis curve of this compound is the melting endo-
therm at 70°C (10).

2.6 Solubility

The solubility of disulfiram at room temperature
is as follows:-
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C.H +
Cf%\ s 5 s
N-C-S=5-C-N
C,Hg C,Hg
/ e \
CyHs N CHs S |*
NEC=S n-e-s
C,Hs Cyls
(116) (148)
C.H C.H
275 25 +
\ﬁ=C=S >N H
H C,H,
(88) (72)
H C.H
\is-c=s 2 5\N +
v’ ol
(60) H
(44)

Figure 5. Mass spectrometric fragmentation (9).
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Solvent Approximate Solubility, mg/ml
Methanol 25

Ethanol (95%) 22

Acetone 440

Water 0.3

Chloroform 740

Ether 80

Benzene 560

Petroleum ether 2.9

2.7 Crystal Properties

Grabar and McCrone reported the crystal properties
of disulfiram (11). The crystal system is monoclinic,
with axial ratios a:b:c of 0.870 : 1 : 0,545, interfacial
angles (0llA 011) = 47.5°, profile angle (Ol1A Oll in 100
plane) = 123°, and beta angle = 126°., The refractive in-
dices (5893 A, 25°C) are @=1.590 + 0.005, B=1.67 + 0.01,
and vy=1.740 + 0.005, The optic axial angle is 2V = 84 +
5°, dispersion v > r, optic axial plane 010, sign of
double refraction negative. The molecular refraction is
84,2 (calculated), 85.0 (observed). Some additional in-
formation regarding crystal habit, fusion behavior, and x-
ray diffraction is also given in this paper. No polymor-
phism was observed.

Grabar and McCrone (11) also reported x-ray dif=-
fraction data for disulfiram. They found the cell dimen-
sions to be a=13.84A, b=15.90A, and c=8.66A, with four
formula weights per cell. The d-spacings and relative in-
tensities of the principal diffraction lines are tabulated.

Karle et al (12) made a complete crystal structure
analysis. The molecule contains two planar S
" /C'
"S-C‘N\

C-

groups, nearly perpendicular to each other. The configu-
ration about the nitrogen atoms is planar, not pyramidal.
The space group is P2}/c, with four molecules in the unit
cell. Their unit cell parameters were a=11.1ll + .02,
b=15.90 + .03, c=8.66 + .02, B=92° 42' + 15'. The unit
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TABLE I

X=-RAY POWDER DIFFRACTION
PATTERN OF DISULFIRAM

/1) d(a) I/1)
10 3.18 23
8 3.17 23
27 3,08 5
100 3.05 6
37 3,00 16
9 2.91 10
14 2.83 3
49 2.80 4
7 2.77 12
21 2,70 4
11 2.65 3
1 2,61 2
12 2.56 2
9 2.52 10
60 2,48 8
8 2.44 5
13 2.38 3
3 2.33 3
4 2.29 4
1 2.26 4
27 2,22 10
1 2.20 5
19 2,15 7
Ll 2,06 5
7 1.88 4
8 L.71 2
5
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cell reported by Grabar and McCrone can be mathematically
transformed into this one,

The x-ray powder diffraction pattern for disul-
firam is shown in Table I. This pattern was obtained on a
Norelco x~ray diffractometer with nickel-filtered copper
Kx radiation., This pattern closely resembles that report-
ed by Crabar and McCrone (1l).

2.8 Melting Point

The following melting points have been reported:

67-71°C (13)
70.5 (14)
68.4 (15)
74 (16)
69-70 (17)
72 (73)
69.5-70 (72)

3. SYNTHESIS

Disulfiram has been prepared in a variety of ways.
The usual method involves oxidation, by various means, of
diethyldithiocarbamic acid, its sodium salt, or some other
metal salt, to give the disulfiram product directly. Oxi-
dants used include hydrogen peroxide (18, 19, 20, 72), so-
dium hypochlorite (21, 22), chlorine or bromine (13, 15,
23), sodium nitrite and hydrochloric acid (24, 73), po-
tassium ferricyanide (14), air (25), and ammonium persul-
fate (16). An alternative method is the reaction of di-
ethylamine monosulfide with carbon disulfide (17).

These reactions are shown in Figure 6.

4. STABILITY-DEGRADATION

No reports of stability studies or of the forma-
tion of degradation products were found in the literature,
except for metabolic products (Section 5), Several uni-
dentified degradation products are formed if an alkaline
solution of disulfiram in methanol is heated to 50°C for
2 hours, however, and at least one unidentified product is
formed when an acidic methanol solution is heated simi-
larly (26).
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S

— -Ce
(CH3CH2)2NH +CS, (CH3CH2)2N C-SH
S - [ S
" Oxidant A b
“C= —_— >  (CH.CH.).=N=C=S=S=C=N=
2 (CH3CH2)2N Cc-S (CHBCHZ)Z N=-C=S=S=-C-N (CHZCH3)2
(CH3CH2)2NH + sc12 > (CH3CH2)2-N-S-N-(CHZCH3)2 + 2 HCl
S S
(CH3CH2)Z-N-S-N-(CHZCH3)2 + zcs2 > (CH3CH2)2-N-C-S-S-C-N-(CH
+5

Figure 6, Synthesis of Disulfiram.
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5. DRUG METABOLIC PRODUCTS

The reported metabolic products of disulfiram in
various species are as follows:

Metabolite Species References
Diethyldithiocarbamic Acid Man (27,28,29,30)
Rat (31,32)
Rabbit (27,29,30)
Cattle (30)
Mice (33,34)
Carbon Disulfide Man (30,35)
Rat (31,32)
Rabbit (30)
Cattle (30)
Guinea Pig (35)
N,N-Diethyldithiocarbamoyl- Man (36)
1-thio- -D-glucopyranosid- Rat (31,32)
uronic Acid
Diethyldithiocarbamic Acid, Mice (34)
Methyl Ester
Hydrogen Sulfide Man (30)
Rabbit (30)
Cattle (30)
Sulfate Rat (31)

Gessner and Jakubowski have proposed the metabolic
scheme in Figure 7 (34).

6. METHODS OF ANALYSIS

6.1 Identification Tests
Disulfiram is easily identified by the physical
properties described in section 2 above, Where identifi-
cation of disulfiram in formulations is necessary, it can
be extracted by solvents such as carbon disulfide. If
identification of very small amounts is necessary, the
colorimetric tests described in section 6.3 or polarog-
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raphy (section 6.7) may be useful.

6.2 Elemental Analysis
The elemental composition of disulfiram is as fol-

lows:
Element % Theory
Carbon 40,50
Hydrogen 6.80
Nitrogen 9.45
Sulfur 43.25

6.3 Colorimetric Methods
The basis for many of the colorimetric methods for
disulfiram is the formation of highly colored metal-di-
ethyldithiocarbamate complexes. Very sensitive procedures
have been developed for use with a variety of types of
samples, Copper is the most frequently used complexing
metal,

Domar et al (27) developed a colorimetric method
for disulfiram in excreta samples, based on the reaction
with cuprous iodide to form the copper-diethyldithiocar-
bamate complex, Disulfiram was extracted with carbon tet-
rachloride. The extract was treated with cuprous iodide
to yield a brown-yellow complex. Diethyldithiocarbamic
acid, a disulfiram metabolite, was determined by treating
the carbon tetrachloride extracted aqueous phase with cu-
pric sulfate in a buffer solution, followed by carbon tet-
rachloride extraction. Domar's method was adapted to the
determination of metabolites in blood and urine by several
investigators (29,37,38,39). Patzch (40) substituted cu-
pric chloride for the cuprous iodide used by Domar.

Parquot and Mercier (41) determined disulfiram in
fat samples at the 5 to 50 ;g per g level, The disulfiram
was extracted into petroleum ether and reduced to diethyl-
dithiocarbamate. The copper-dithiocarbamate complex was
formed by treatment with a cupric sulfate-hydroquinone re-
agent, extracted into chloroform, and determined colorim-
etrically.

Egorova and Trukhina (42) determined disulfiram in
suppositories by carbon tetrachloride extraction, reaction
with cuprous iodide, and colorimetric measurement against
a blank containing no cuprous iodide.
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Vignoli and Cristau (43) determined disulfiram by
reduction of phosphomolybdotungstate in alkaline solutiom,
to form a blue color.

Fried et al (44) adapted the disulfiram identifi-
cation color reaction in Clarke's manual of drug identifi-
cation (45) to develop a quantitative procedure., Reaction
of disulfiram with ethanol and sodium cyanide produces a
blue color., The response is linear in the range 2 to 20
ug disulfiram per ml. Diethyldithiocarbamate and carbon
disulfide do not interfere.

Kofman and Arzamastsev (46) and Piotrowska (47) re-
ported determining disulfiram by combustion by the oxygen
flask method. The sulfur dioxide produced is bound as a
nonvolatile complex by sodium tetrachloromercurate. The
complex is determined colorimetrically by reaction with
formaldehyde and pararosaniline in hydrochloric acid solu-
tion.

6.4 Titration Methods

Disulfiram is not sufficiently basic to be titrated
with acid even in non-aqueous media. However, several ti-
tration methods based on complex formation or oxidation
have been reported.

Ferreira (48) titrated an acidified carbon tetra-
chloride solution, containing from 15 to 25 mg of disul-
firam, with a 0.1lN bromate-bromide solution. The follow=-
ing reaction issgivené

" "
(CZH -N-C-S-S-C-N-(CZH + 13 Br2 + 20 HZO —

5)2 5)2

26 HBr + 4 HZSOQ + 2 HCOOH + 2 (CZHS)ZNH

Analyses of the reaction mixture for sulfate and diethyl-
amine, as well as the amount of bromine consumed, support
the stoichiometry given above.

Varga (49) determined disulfiram in the drug sub-
stance and tablets by oxidation with excess 0.1lN ceric
sulfate and determination of the excess reagent by back
titration with 0.1N ferrous sulfate. Sandri (50) oxidized
disulfiram with an excess of periodic acid; after 30 min-
utes the excess periodic acid was determined volumetrically
by addition of potassium iodide and titration of the io-
dine formed.,
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Roth (51) determined disulfiram in crude products
and fungicide formulations after conversion to carbon di-
sulfide, The sample was refluxed in formic acid and the
carbon disulfide evolved was trapped in an alkaline cadmium
acetate solution. The cadmium acetate solution was neu-
tralized and titrated with 0,.1lN methanolic iodine to a
starch-iodine end point.

Bayer and Posgay (52,53) determined that the addi-
tion of mercuric acetate to a glacial acetic acid solution
of disulfiram formed a complex that consumed 2 moles of
perchloric acid per mole of disulfiram. The sample was ti-
trated to a gentian violet end point with perchloric acid
in glacial acetic acid,

Bukreev et al (54) treated disulfiram with 0.1N
nickel sulfate in an alcohol-ammonia solution, After 1
hour the excess nickel ion was titrated with 0.1N tetra-
sodium edetate. The accuracy of the method was stated to
be within + 0.6%. Li and Li (55) treated a dioxane solu-
tion of tetramethylthiuram disulfide with an excess of
silver nitrate solution, separated the precipitate, and
determined the excess silver ion by titrating with thiocy-
anate solution., Two moles of silver reacted with 1 mole
of tetramethylthiuram disulfide.

Fournier et al (56) determined disulfiram metabo-
lites and other compounds with C-S bonds in urine samples
by the catalytic effect of the metabolites on the reaction
of iodine with iodazide., Scalicka (57) used sodium azide
instead of iodazide to determine disulfiram metabolites by
the catalytic effect; quantitation was by titration of ex-
cess sodium azide with sodium arsenate after the reaction
was completed,

Stefek et al (58) determined the nitrogen content
by a Kjeldahl method. The ammonia was collected in a 2%
boric acid solution, cooled in an ice-salt mixture, and
titrated with 0.05N hydrochloric acid. The standard devi-
ation for the determimation of nitrogen was less than 0,.2%.

6.5 Infrared Spectroscopy
Salvesen et al (59) determined disulfiram in tab-
lets by infrared spectroscopy. The strength was deter-
mined in a carbon tetrachloride solution using the absorp-
tion bands at 7.41, 8.32, 9.92, and 10.31 microns with a
relative error of 27%.
The band at 818 cm™! (carbon disulfide solution)
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can also be used. Diethyldithiocarbamic acid has no ab-
sorption bands near 818 em L,

6.6 Proton Magnetic Resonance Spectroscopy
Sheinin et al (60) determined disulfiram in the
drug substance and tablets by proton magnetic resonance
spectroscopy. The average results on a tablet composite
were 100.8 + 1.4% of claim by magnetic resonance spectro-
scopy and 100.7 + 0.4% by a colorimetric procedure (61).

6.7 Polarography
Belitskaya (62) analyzed disulfiram in rubber

samples by micropolarographic procedure at a 0.003M level
using the wave at -2,5V in an ammonia-ammonium chloride
buffer. Taylor (63) used cathode-ray polarography to make
the determination in the 1.5 to 15 ppm range on rubber
samples; at this level a linear response was obtained.
Porter et al (64) used cathode-ray polarography on urine
samples and increased the sensitivity and specificity by
the addition of copper to the sample., The wave for thi-
uram at -0,5V was replaced by a wave at -0,65V and that of
the excess copper at =0,.23V. The method gave 857 recovery
on urine samples at the 0.5 ;g per ml level and 957 re-
covery on samples extracted with chloroform to give a 2 , g
per ml solution.

Prue et al (65) used pulse polarography for de-
termining disulfiram in tablet samples. The pulse polar-
ographic method is more sensitive than d.c. polarography
and the peak is easier to identify and quantitate, The
use of an aqueous-ethanol acetate buffer rather than an
aqueous~-ethanol ammonia buffer eliminates the interference
of diethyldithiocarbamate, increasing the specificity of
the method.

6.8 Gravimetric Methods
Three papers describe oxidation of disulfiram in
various ways to produce sulfate, determined gravimetric-
ally as barium sulfate. Ferreira (48) used bromine,
Wojahn and Wempe (66) used strong alkali, and Parrak (67)
used nitric acid in the presence of ammonium vanadate,

6.9 Chromatography
Parker and Berriman (68) developed a separation
system utilizing silica gel-Celite adsorbents and 4
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binary solvent mixtures to separate 32 rubber additives,
one of which was disulfiram,

Stromme (32) developed a method for the separation
of proteins, diethyldithiocarbamate, and disulfiram in di-
luted plasma, liver homogenate, and diluted urine using a
Sephadex G=25 gel filtration column.

Goeckeritz (69) used paper chromatography to sepa-
rate disulfiram from 4 other antimycotic drugs using paper
impregnated with one of the following: (a) heptane; (b)
heptane-xylene (l:1); (¢) cyclohexane; (d) methanol-etha=-
nol (l:1); (e) acetone with dimethylformamide; (f) paraf-
fin. As stationary solvents acetone or hexane was used.
For detection, iodoazide or mercury fluorescein was used.

Gessner and Jakubowski (34) used descending paper
chromatography on Whatman No. 1 or No. 4 paper to separate
disulfiram metabolites, The following systems were em-
ployed: (a) n-hexane on paper impregnated with 50% di=-
methylformamide solution in ethanol; (b) cyclohexane-n-
butanol (l:1) on paper impregnated with 50% ethanol solu-
tion of dimethylformamide, Detection was by observation
of quenching spots under ultraviolet light,

Farago (70) chromatographed biological extracts on
silica gel G plates. The Rf values for disulfiram were
(a) 0.82, using methanol-acetone-triethanolamine (l:1:
0.03); and (b) 0.77, using ethylene dichloride-benzene-887
formic acid-Hp0. Palladium chloride was used to detect
disulfiram, The unsprayed spot can be eluted from the
silica gel with chloroform-ethanol (2:1) and the absorb-
ance determined at 272 nanometers.

Drost and Reith (71) chromatographed biological
extracts on Kieselgel G plates., Two solvent systems were
used: (a) toluene-ethyl acetate-diethylamine (7:2:1), and
(b) cyclohexane-diethylamine (9:1). The spots were de-
tected by ultraviolet light irradiation or by spraying with
a mixture of 3 ml 107 HpPtClg, 100 ml 6% KI, and 47 ml of
water. Unsprayed spots were scraped off and extracted
with 1l,2-dinitrochloroethane; the solution was evaporated
and the residue taken up in methanol for ultraviolet de-
termination,
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1. Description
1.1 Name, Formula, Molecular Weight
Estradiol Valerate is estra-1,3,5 (10)
triene-3,178-diol-17-valerate (pentanoate).

- OCOCH2CH2CH2CH3
CHj

HO
C23H3203 Mol, Wt. 356,51

1.2 Appearance, Color,Qdor
White, odorless, crystalline powder,

2, Physical Properties
2.1 Infrared Spectrum
The infrared spectrum of estradiol
valeratel is presented in Figure 1.

2.2 Nuclear Magnetic Resonance Spectrum
The NMR spectrum is presented in
Figure 2, It was obtained on a 60 MHz
spectrometer in deuterochloroform containing
tetramethylsilane as an internal reference2
The following proton assignments were made™:
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Protons at

C-18H
C-17aH
ester-CHj

phenolic-0OH

Chemical Shift

(doublet )
(quartet)
(multiplet)
(singlet)
(triplet)
(triplet)

(singlet)

Coupling Constants

T (in Hz)
1H,2H = 9
1H,2H = 9;2H,4H =2.5
2H,4H = 2.5;4H,6H =1

16H,17H = 7.5
6.5

Concentration
dependent
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Figure 1. Infrared Spectrum of Estradiol Valerate in

Instrument: Perkin-Elmer 621,

Mineral Mull.
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Figure 2,

NMR Spectrum of Estradiol Valerate in Deuterated Chloroform.

Perkin-Elmer R-12B.
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2.3 Ultraviolet Spectrum

EtOH 1% .43
max 281 nm Elcm 6l
Amax 281 nm; = 2090°

Amax 287 nm; 1800 (small peak)6
2.4 Mass Spectrum
The low resolution mass spectrum,
shown in Figure 3, was obtained on an AEI MS-902
spectrometer equipped with a frequency modulated
analog recorder<,

It demonstrates the expected M’ of
m/e 356. There is also the MY of an acid
homolog at m/e 370 present as a minor component,
The high mass fragment ion at m/e 271 occurs by
the cleavage of the acyl portion of the ester at
the C-17 position. There is complement fragment
ion at m/e 85 that represents the other portion
of the molecule. The ions at m/e 253-255
represent the cleavage of the entire C-17 moiety.
Because it is an aromatic steroid, there are a
series of strong fragment ions with the
progressive loss of first D-ring carbons, then
C-ring carbons and finally B-ring carbons. The
m/e 107 ion contains the A-ring and the C-6
carbon. Phenols can also eliminate the oxygen
by explusion of CO or HCO. Thus a second series
of progressive loss of carbons can occur but
does not produce as many ions. The assignment
of some of the diagnostic ions is depicted
below.
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2.5 Rotation
éfd_?b + 44° (dioxane)3

2.6 Melting Range

Like many steroids, Estradiol Valerate
does not melt sharply. The following melting
range temperatures (°C) were reported:

144—1454(from methanol-water)

150°

146-148°

1477 27

142-144
The thermomicroscopic  and fusion properties5 of
estradiol valerate have also been described.

2.7 Solubility
Practically insoluble in water;

soluble in caster oil, in methanol, in benzyl-
benzoate and in dioxane; sparingly soluble in
sesame oil and in peanut o0il®.

2.8 Crystal Properties
No polymorphism was found’. Isomorphic
mixed crystals were formed with estradiol
propionates.
The powder X-ray diffraction pattern
is presented in Table 2.
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Table I
Powder X-ray Diffraction Pattern
of Estradiol Valerate

o* %%k
a(a) I/Il
11.5 0.06 3.50 0.19
10.0 0.60 3.31 0.34
6.95 0.21 3.22 0.08
6.21 0.24 3.14 0.07
5.97 0.51 3.02 0.09
4,98 1.00 2.96 0.08
4,68 0.46 2,32 0.05
4,12 0.34
3.96 0.32
3.83 0.13

*d = interplanar distance nl
2 sin @

l = 1,539a; Radiation: Kaj and Kaj Copper

* %
Relative intensity based on highest intensity

of 1.00

3. Synthesis
The synthesis of estradiol valerate was first

described by Miescher and Scholz? by
methanlysis of estradiol 3,17-divalerate.
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0
\
OC- (CH,) 3-CHj3

]
OC- (CH, ) 3-CH3

MeOH
»
Ko CO3
CH3- (CHp) 3-CQ HO
o]
Alternativel¥ the 3-benzoate has been removed selectively with sodium
borohydride2 .

4, Stability - Degradation
Estradiol Valerate is very stable as a solid.

certain conditions, particularily alkaline,
and estradiol can occur.

In solution under
saponification to valeric acid
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5. Drug Metabolic Products

An increase in blood and urine estrogen
levels was noted after administration of
estradiol valerate to ovarectomized 10 ana
postmenopausal -~ women, No metabolites have been
identified so far, although estradiol valerate
most likely follows the pathway of estradiol
metabolism.

6. Methods of Analysis
6.1 Elemental Analysis

% Calc. % Found4
(o 77.49 77.54;77.42
H 9.05 9.00;9.20
0 13.46 -

6.2 Spectrophotometric Analysis
The U.V. absorption at 282 nm can be

used to determine estradiol valerate in sesame
oil after extraction with 80% methanol, however,
with an accuracy of not better than 104
because of interference from the 0ill3, 1In the
compendial assay the absorbance of an alkaline
assay solution at 300 nm is determined against
an acidic assay preparations.

6.3 Spectroflurometric Analysis
A quantitative fluorometric method for
determination of estradiol valerate in o0il has
been describedl®. After column clean up the
steroid concentration in ethanol is determined
in a spectrofluorometer (Excitation wave length:
285 nm; Fluorescence maximum ca. 328 nm),

6.4 Colorimetric Analysis
Estradiol valerate responds to color-
imetric tests used for estrogens such as the
phenol reagent (Folin-Ciocalteau reagent,phospho-
molybdic phosphotungstic acid)8,iron—phenol solu-
tionl7and the Ittrich modification of the Kober
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reaction (see section 7).
6.5 Chromatographic Analysis
6.51 Paper

The quantitative determination of estradiol valerate by
paper chromatography has been describedl8, Aafter spotting the paper strip
strips were impregnated with 20% diethylene glycol monoethylether (Carbitol
in chloroform and developed for 3 hours with methylcyclohexane saturated
with diethylene glycol monoethyl ether. The steroid is located on a guide-
strip by spraying with Folin-Ciocalteau reagent, eluted with ethanol and
quantitated fluorometrically. (Activation wave length at 280 nm,
fluorescence at 310 nm). In this system estradiol stays at the origin.

6.52 Thin-Layer
Thin-layer chromatographic systems have been tabulated

in Table II.

Table II

Absorbant Solvent System Ref. Ref.
Magnesium silicate Benzene-ethanol (9:1) 0.52 19
Magnesium silicate Chloroform 0.62 19
Silica gel G Stationery phase:mineral oil}

Mobile phase:50% acetic acid 0.64 20
Silica gel G Stationery phase:propylene glycol 0. 60 29

Mobile phase:cyclohexane-pet.ether(1l:1)
Silica gel G Stationery phase:tetraethylene glycol 24

Mobile phase: xylene

Detection systems. Phosphoric acid (1:5)spray(green color);conc. sulfuric
acid, p-toluenesulfonic acid.
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Quantitative determination in pharmaceutical
preparation has been described 3, The tetra-
ethylene glycol-xylene system24 separates
estradiol valerate from estradiol and is the
basis for a compendial limit test for free
estradiol.

6.53 Gas-Liquid
Estradiol valerate can be

determined quantitatively by gas chromatography
using a 3% OV-17 on 80-100 mesh Varaport 30
column at a column temperature of 260°22,
Alternately a 3% JXR (methylsilicone polymer)on
silanized 100-200 mesh Gas Chrom P column at a
column temperature of 230° can be used for the
tetramethylsilyl derivate?29,

7. Identification and Determination in Body

Fluids and Tissues.

A methodl2 has been developed to determine
extremely low concentration of total estrogens
in bovine tissues, making use of a shortened
version of the extraction procedure of
Goldzieher13, followed by fluorometric read out
using the Ittrichl4 modification of the Kober
reaction.
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HYDROXYPROGESTERONE CAPROATE

1. Description
1.1 Name, Formula, Molecular Weight

_ Hydroxyprogesterone caproate is
17-/ (l-oxohexyl)oxy_ /-4 pregnene-3,20-dione;
also 17-hydroxypregn-4-one-3,20-dione hexanoate.
fH

3
20 C=0

2°** OCOCH> (CH3) 3CH3

0]
Cy7Hy(04 Mol.Wt.: 428.62

1.2 Appearance, Color, Odor
White or creamy white odorless
crystalline powder.

2. Physical Properties
2.1 Infrared Spectrum
The infrared spectrum of hydroxy-
progesterone caproate is presented in figure 1.1

2.2 Nuclear Magnetic Resonance Spectrum
The NMR spectrum is presented in figure
2. 1t was obtained on a 60 MHz NMR spectrometer
in deuterochloroform containing tetramethylsilane
as an internal reference. The following proton
assignments were made:©

Protons at Chemical Shift

c-4 4.20 singlet

c-18 9. 30 singlet

c-19 8.80 singlet

c-21 7.96 singlet

Ester methyl 9.08 multiplet, coupling

constant 6.5 Hz
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Figure 1. Infrared Spectrum of Hydroxyprogesterone Caproate in mineral
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2,3 Ultraviolet Spectrum
A max 241 nm; € = 170008

EtOH . wl% £ 1o
amax 240 nm; Elcm ;87 1%

2.4 Mass Spectrum

The low resolution mass spectrum, shown
in figure 3, was obtained on an AEI MS-902
spectrometer equipped with a frequency modulated
analog tape recorder.

It demonstrates the expected MY of
m/e 428. The m/e 385 ion represents the loss of
the C-17 acetyl group or C3H; from the acylate,
probably the former is the predominant pathway.
The loss of the C-17 acylate gives rise to the
m/e 330 ion and the m/e 312, 313 ions. Prominent
ions at m/e 71 and m/e 99 correspond to the
acylate portion of the molecule. The m/e 287 ion
is shown below. The m/e 269 ion can be
envisoned as the dehydrated ion of the m/e 287
ion. A series of fragment ions occur from the
progressive loss of D-ring, C-ring and B-ring
carbons but, H

Hy0 m/e 269

(o)
m/e 287

while present, are not particularly intense

enough to indicate the presence of the A4-3-keto
group. However, the ions at m/e 121-124 are

present and have the compositions expected for
the A-ring group. The assignment of some of the
diagnostic ions is depicted below.®
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2.5 Rotation
ZE;:?%U_; + 61° (c = 1, in chloroform)?

2.6 Melting Range
Like many steroids, hydroxyprogesterone
caproate does not melt sharply, and the melting
point depends on the rate of heating7.
The following melting range temperatures
(OC) were reported.

117-1228

120.0-121.07

115-1183

119-1212

120.1-121.910

The thermomicroscopic8 and fusion

propertiesll of hydroxyprogesterone caproate have
also been described.

2.7 Solubility

Insoluble in waterl© 1
50 mg/ml in ethyl ether 0
1.2 mg/ml in benzenel0
25-29 mg/ml in sesame 0i1?
350-400 mg/ml in lewvulinic acid
butyl ester
Soluble in a mixture of benzyl
benzoate and sesame or castor oillo.
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2.8 Crystal Properties
Dense needles from isopropanolz. The
powder X-ray diffraction pattern is presented in
Table 1I.

TABLE I
Powder X-ray Diffraction Pattern of
Hydroxyprogesterone Caproate23

o* * ok

d(a) /1,

12,2 0.26 4.64 0.21
9.1 0.11 4.53 0.33
7.15 0.31 4.05 0.09
6.90 0.10 4.00 0.11
6.63 0.13 3.88 0.10
6.35 0.37 3.80 0.11
5.80 1.00 3.70 0.15
5.47 0.42 3.62 0.11
5.28 0.21 3.30 0.08
5.08 0.28 2.88 0.09

*a = interplanar distance 5&—

2 sin@

(o)
A= 1.539A; Radiation; K ; and K , Copper

* %
Relative intensity based on highest intensity
of 1.00.
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3. synthesis
= s
..« OH caproic :++0CO (CH,) 4CH3
anhydride
0] 6]

Hydroxyprogesterone caproate is synthesized by acylation of
1l70~-hydroxyprogesterone (cf.4) with caproic acid in the presence of
p-toluene sulfonic acid3. vVariations of this basic method have also been
reporteds. It can also be prepared by oxidation of the corresponding
5-prengnen-17-o0l-3-one caproate?2,.

4, Stability - Degradation

Hydroxyprogesterone caproate is very stable as a solid. The
l7a-ester linkeage is sterically hindered and therefore quite stable, but
can be saponified under forcing conditions. In solution photolytic
degradation of the A-ring is possible, when exposed to ultraviolet light
or ordinary fluorescent laboratory lighting (cf. 12).
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5. Drug Metabolic Products

Excretion and tissue distribution of
labeled hydroxyprogesterone caproate was studied
in ratsl3, steersl4 and pregnant women16.
Langeckerl5 was not able to recover unchanged
hydroxyprogesterone caproate in amounts exceeding

0.1% after administration to man. Plotzl®
incubated rat liver homogenates with 4-1l4c-

labeled hydroxyprogesterone caproate under
anaerobic conditions and recovered allopregnane-
38, l7a-diol-20-one-l7a-caproate in 25% yield

and pregnane-3f, l7a-diol-20-one-l7a-caproate in
2% yield, together with some unchanged starting
material. That the caproic acid ester was not
removed attest to the stability of the bond (see
section 4) and there is evidence that metabolites
in urine also still carry the ester group. Plotz
also found that in homogenate of human placenta
the 20~-keto group was not reduced under
conditions which reduce the 20-keto group of
progesterone,

6. Methods of Analysis
6.1 Elemental Analysis

Calc. %
C 75.66
H 9.41
0 14.93

6.2 Spectrophotometric Analysis
The compendial assay of hydroxy-
progesterone caproate is based on the U.V.
absorption maximum at 240 nml7,

6.3 Spectrofluorometric Analysis
Fluorescence was used for detection in
biological fluidsl3.
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6.4 Polarimetric Analysis
Rotation has been used to determine
hydroxyprogesterone caproate in oil vehiclesl8.

6.5 Polarographic Analysis
The half wave potential (E-1/2 versus
standard calomel electrode) was determined as
-1.65 volts in 1M lithium chloride in 95%
methanol due to the reduction of the a, B un-
saturated ketone??, The diffusion current
constant (Id) was found to be 5,27 t 3%,

6.6 Chromatographic Analysis
6.61 Paper

The quantitative determination and
separation from the free steroid of hydroxy-
progesterone caproate by paper chromatography in
oily vehicles has been described by Roberts and
Floreyl9. After spotting, the paper strips were
impregnated with 30% diethylene glycol monoethyl
ether (Carbitol)in chloroform and developed for
4 hours with methylcyclohexane saturated with
diethylene glycol monoethyl ether. After
locating of the steroid spots with a fluorescent
paddle, the spots are eluted and reacted with
isonicotinic acid hydrazide in methanol contain-
ing also hydrochloric acid. The absorbance of
the yellow hydrazone is read at 415 nm.

6.62 Thin-Layer
Thin-layer chromatographic

systems have been compiled in Table II.

221



(444

Table II

Absorbent Solvent System Rf Ref.
Magnesium silicate Benzene-Ethanol (98:2) 0.35 20
Magnesium silicate Benzene-Ethanol (9:1) 0.61 20
Magnesium silicate Chloroform 0.44 20
Magnesium silicate Chloroform-Ethanol (98:2) 0.53 20
Magnesium silicate Chloroform-Ethanol (96:4) 0.60 20
Magnesium silicate Benzene-Dioxane (2:1) 0.71 20
Magnesium silicate Ether-Ethanol (98:2) 0.83 20
Silica gel Benzene-Acetone (4:1) 0.67 21
Silica gel Benzene-Methanol (9:1) 0.61 21
Silica gel Pet. ether, Benzene, 0.44 21

Acetic acid, Water
167:33:85:15)
Alumina Benzene-Acetone (4:1) 0.61 21

Detection system: U.V. light; sulfuric acid (dark brown); sulfuric-acetic
acid (yellow red); vanillin-sulfuric acid (dark yellow)
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ISOSORBIDE DINITRATE

1. Description
1.1 Name, Formula, Molecular Weight

Isosorbide dinitrate is designated by the fol-
lowing chemical names: 1,4:3,6-dianhydro-d-glucitol dini-
trate'; 1,4:3,6-dianhydrosorbitol Z,S—dinitratel; dinitro-
sorbidel. In Chemical Abstracts the compound is listed
under the heading (Glucitol:1l,4:3,6-dianhydro, "dinitrate,
D"). Some of the commonly used trade or trivial names
are: Isordil, Isorbid, Vascardin, and Carvanil.

ONo H
H ' 0

M.W. = 236. 14

07 ONO,
H oy
1.2 Appearance, Color, Odor

Isosorbide dinitrate is a white, odorless, crys-
talline powder. However, diluted isosorbide dinitrate,
which is a dry mixture of isosorbide dinitrate with lac-
tose, mannitol, or other inert excipients to permit safe
handling, occurs as an ivory-white powder. The mixture
usually contains about 25% of isosorbide dinitrate.

2. Physical Properties

2.1 1Infrared Spectra

The infrared (I.R.) spectrum of isosorbide dini=
trate46 is given in Figure 1.2 The I.R. spectrum was
obtained in a KBr pellet and is identical to that pub-
lished by Sammul et.al.s Assignment of some of the sig-
nificant absorption bands is given in Table I.

Table I
Infrared Spectral Assignments of Isosorbide Dinitrate
Frequency (cm.~') Vibration Mode Reference
2950-2850 aliphatic C-H stretching 48
1665 and 1635 asymmetric NO, stretching 47
1460 methylene scissoring 48
vibration
1285-1270 symmetrical NO, stretching 47
1100 asymmetrical C-0-C stretching 48
865 0-NO, stretching 47

227



87T

FREQUENCY (CM’)

' N 1000 950 900 850 B0 70 700 650
| 2000010000 50004000 3000 2500 2000 1800 00 1400 1200 1100 000 o R ‘ _
100——— | 15 I I 30 P ) O | 1 \{ i | 1
s o I - V- " B _ |
y | LAt AN : llr K \ | | _L i J‘——n‘—“, b | :
: ! | ramin - Wl 1 Y A4 U
! PR I AY Wi ] L ] S 4
‘ ; I i T T TR i K v ¥
! VY [ i Ua | I S | 0
! T T ‘ | I
! [ | S [N U N S S— ] L !
y RESZER 4 ~ |
8 I L .
f PO OV OO M (5 bt : e kil g
g ‘ §REZCIEEaE 1 I [
: i 1 [ i i |
L - t T | | |
1 ] = o - I | = AT
o _ L + I = :
== : 4 I 1 & 7 8 9 10 n 12 13 14 15
v !

Figure 1 - I.R. Spectrum of Isosorbide Dinitrate, Lot No. 5123 Vv 6/1.

Instrument:

WAVELENGTH (MICRONS)

Perkin Elmer Model 21.

0.25% KBr Pellet



ISOSORBIDE DINITRATE

Hayward et.al.? reported the nitrato and hydroxyl
stretching bands of nitrate esters of 1,4:3,6-dianhydro-
hexitols, including isosorbide dinitrate, in dilute solu-
tions of benzene, acetonitrile, chloroform, isopropyl
ether, methylal, pyridine, and carbon tetrachloride.

2.2 Nuclear Magnetic Resonance Spectra

The nuclear magnetic resonance (N.M.R.) spectrum
(Figure 2) was obtained by preparing a saturated solution
of isosorbide dinitrate#6 in deutero chloroform containing
tetramethylsilane as internal reference.” There are no
exchangeable protons. The NMR proton spectral assignments
are given in Table II.

Table II
NMR Spectral Assignments of Isosorbide Dinitrate

Chemical Shift (ppm.) Proton
3.9-4.2 -0-CH,

H

404-5.1 -l-
.\?,o\

/,ONC5

502'5-5 "C\H

Hopton and Thomas6 have reported on NMR studies
of isosorbide which elucidate the conformation of this
molecule. Their findings indicate the conformation is a
composite of the envelope and half-chair forms.

2.3 Ultraviolet Spectrum

Isosorbide dinitrate gives no geak maxima in the
wavelength region of 400 nm. to 220 mm.”, but does absorb
U.V. light. The absorption begins at about 290 nm. and
continually increases as the wavelength decreases. In
U.S.P. alcohol at a concentration of approximately 0.1 mg./
ml. an absorbance of 0.1 is obtained at ;50 nm., and an
absorbance of 1.5 is obtained at 220 nm.

2.4 Mass Spectra
46

The mass spectra of isosorbide dinitrate™ were
obtained” by direct insertion of the sample into an MS-902
double focusing mass spectrometer modified with a SRI dual
CIEI source. Both low resolution electron empact (EI)
and chemical jonization (CI) mass spectra were obtained.
For the EI spectrum the ionizing electron beam energy was
70 eV and for the CI spectrum the beam energy was 500 eV.

The mass spectrum assignrnents9 of the prominent
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ions under both EI and CI conditions are given in Table III.

Table II1
Mass Spectral Assignments of Isosorbide Dinitrate
Chemical Ionization Electron Impact

m/e R.I.(%) Species m/e R. L. (%) Species
237 15 MHY 236 2.5 M+
190 24 MH*-HNG, 143 75 M-HNG, , NO,
144 60 MH*-HNG, , NO, 126 100 M-HNG, , HNO,.
127 100 MH*-HNO, s HNO, 114 27 M-HNO, , CHONG,

100 25 M-HNG, , CH, CHONG,

2.5 Optical Rotation

The specific rotation[d]gs of isosorbidedinitrate®

was determined7 to be +137° in U.S.P. aleohol at a concen-
tration of 3 mg./ml. The Merck Index reports anEx]gS of

+135°.  Jackson and Hayward'" found thelu]p) to be +141°
and Goldbergll +134°.

2.6 Melting Range

There are two ranges reported in the literature
for the melt of isosorbide dinitrate. The Merck Indexl,
Wigginslz, Goldbergll, and Haywafs et.a1.8, report_values of
70°C.-71°C. Jgckson and Hayward™~, Forman et.al.””, and
Hayward et.al.” report ?2.5°C.-52°C. We found a value of
70°C.-71.5°C., Class Ia'?, for isosorbide dinitrate.4® This
difference in melting point may be a result of polymorphism.
The melting temperature range does not change significantly
with variations in heating rate of from 1 to 5°C./min.

2.7 Differential Thermal Analysis

The differential thermal analysis (DTA) curve of
isosorbide dinitrate4® run from room temperature to the
melting point exhibits no endotherms or exotherms other
than that associated with the melt. The DTA curve/ run on
a DuPont 900 DTA using a micro cell and a heating rate of
5°C./min. is shown in Figure 3.

2.8 Solubility

The following solubilities have been determined
for isosorbide dinitrate at room temperature.

Solvent A.uthors7 Merck I_ndex1 U.S.P.15
water £ 0.5 mg./ml. sparingly soluble very slightly
soluble
acetone >1 g./ml. freely soluble very soluble
alcohol 24 mg./ml.  freely soluble sparingly
soluble
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Solvent A.uthors7 Merck Index1 U.S.P.15
ether 43 mg.7m1. freely soluble

chloroform 330 mg./ml. freely soluble
hexane <1 mg./ml.

2.9 Crystal Properties

The X-ray powder diffraction pattern of isosorbide
dinitrate®® obtained’ with a Philips diffractometer!6 using
CuKgz raqiation is shown in Figure 4. The calculated d
spacings’ for the diffraction pattern shown are given in
Table IV.

Table IV

X-Ray Powder Diffraction Pattern for Isosorbide Dinitrate
20 (degrees) d(A) I/Io
10.0 8.85 40
16.1 5.50 25
17.3 5.13 100
19.5 4.55 3
20.2 4.40 95
21.1 4.21 1
23.2 3.83 2
23.8 3.74 9
25.1 3.55 32
25.6 3.48 20
2742 3.28 2
28.9 3.09 3
29.3 3.05 2
3l.4 2.849 5
32.6 2.747 5
33.2 2.698 2
3444 2.607 9
35.8 2.508 3
41.1 2.196 12
d(interplanar distance) =2—2—£-5_

I/Io = relative intensity (based on highest intensity = 100)
3. Synthesis

Isosorbide dinitrate has been prepared by routes
utilizing both L-sorbose and D-glucitol (sorbitol).

In one synthetic routel,o isosorbide was prepared from
L-sorbose by the method of Wiggins,l7 This was accomplished by
hydrogenation of L-sorbose followed by dehydration to obtain
isosorbide. The nitrate ester of isosorbide was then pre-
pared by the method of Forman et.al.l® in a yield of about
50%; the yield was increased to 85-907% by nitration in
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Figure 4 - X-Ray Diffraction Pattern of Isosorbide Dinitrate, Lot No. 5123 V 6/1.
Radiation: CuKgz Instrument: Norelco Philips Diffractometer.
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acetic anhydride-nitric acid-acetic acid mixture.

In another Synthesis,19 shown in Figure 5, isosorbide
was prepared by dehydration of D-glucitol (sorbitol).
Isosorbide dinitrate was subsequently obtained by treating
isosorbide with different nitrating agents. Concentrated
nitric acid (98%) gave a yield of 83%, a mixture of nitric
acid and sulfuric acid (30 and 60% respectively) gave a
yield of 65%.

Isosorbide dinitrate-cla was prepared ba anhydrization
of sorbitol using p-toluene sulfonic acid.20 The resulting
isosorbide was nitrated using 97% nitric acid.

4. Stability and Degradation

The stability of isosorbide dinitrate, in the solid
form, has been studied at various temperatures. It was
found to be stable at a temperature of 45°C. for a period
of 12 months and at room temperature for a period of 60
months. 21,

In acidic medium, under vigorous hydrolytic condi-
tions, isosorbide dinitrate degrades in a stepwise
manner forming 2-mononitrate and 5-mononitrate as inter-
mediates with the final products being isosorbide and
inorganic nitrate.2l For example, 25% decomposition
regults from heating isosorbide dinitrate in 1 N hydro-
chloric acid at 100°C. for one hour. Decomposition in
base is somewhat more rapid, i.e., a 1 N sodium hydroxide
solution of isosorbide dinitraEE when heated at 100°C. for
one hour, decomposes about 45%4“.

‘Jackson and Haywardlo studied the decomposition of
isosorbide dinitrate in pyridine, and found that a slow
decomposition to a polymer, nitrogen oxides, and pyri-
dinium nitrate took place when solutions were heated above
50°cC.

5. Metabolism

Dietz2) reasoned that isosorbide dinitrate is completely
metabolized in man and in the dog since no unchanged drug
was detected in urine. Less than 1% of the dose was
recovered as 5-isosorbide mononitrate and 2-isosorbide
mononitrate and therefore he postulated that the removal
of the nitrate groups is a stepwise process ending with
the completely denitrated isosorbide as the major metabo-
lite.

Sherber et.al.?’ demonstrated that 86% of isosorbide
dinitrate, intravenously administered, is cleared from
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rabbit blood within 90 seconds.

In a later study, Reed et.al.20 found that after oral
doses of isosorbide dinitrate-CL% nearly all of the drug,
with carbon skeleton intact, was excreted in the urine of
dogs during the first 24 hours. Some 20 to 30% of the car-
bon skeleton of isosorbide dinitrate was excreted as neutral
material, principally as isosorbide, 2-isosorbide mononitrate
and 5-isosorbide mononitrate and the ether monoglucuronide
of isosorbide.

Sisenwine and Ruelius2® made a complete investigation
of the plasma concentration and urinary excretion of isosor-
bide dinitrate and its metabolites in dogs. They found that
the initial biotransformation occurs by denitration of the
two isomeric mononitrates, 2-isosorbide mononitrate and 5-
isosorbide mononitrate. As the mononitrate esters disappear
a small amount of isosorbide appears, probably stemming more
from hydrolysis of the more labile nitrate group in 2-isosor-
bide mononitrate than from the sterically hindered nitrate
group in 5-isosorbide mononitrate. Further transformation
of the isosorbide molecule does not take place as demonstra-
ted by the finding that only unchanged isosorbide is excreted
after administration of isosorbide-Cl% to dogs. The disap-
pearance of 5-isosorbide mononitrate from plasma is probably
caused by transformation of the molecule to glucuronide and
other conjugates. The isosorbide glucuronide found in urine
is a metabolite formed from the 5-isosorbide mononitrate
glucuronide and not from isosorbide, since the latter does
not undergo transformation or conjugation. A postulated
biotransformation scheme is illustrated in Figure 6. These
investigators did not find any 2-isosorbide ?ononitrate in
dogzgrine contrary to the findings of Dietz?> and Reed et.
al.

6. Identification

Isosorbide dinitrate can be ideptified by virtue of its
characteristic IR and X-ray spectra (see 2.1 and 2.9).

7. Assay Methods

7.1 Elemental Analysis

Element % Theory Determineds’46
o] 30.52 30.39
H 3.41 3.24
N 11.86 11,77

7.2 Colorimetric Analysis

The most common procedures for colorimetric analysis
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of nitrate esters involves alkaline hydrolysis and colori-
metric measurement of liberated nitrite. This basic proce-
dure hag been used by investigators for at least the last 40
years.2 For isosorbide dinitrate more direct methods have
been used. Most of these involve reaction with the nitrate
group.

Reed et.al.20 measured isosorbide dinitrate by
reacting it with 1% 2,6-xylenol in glacial acetic acid in
the presence of 80% (w/v) sulfuric acid for one-half hour
to form nitroxylenol. The nitroxylenol was extracted from
the aqueous reaction mixture using chloroform and then re-
extracted into sodium hydroxide to form the yellow sodium
salt whose absorbance was measured at 420 nm. This method
is extremely sensitive.

Jackson and Hayward10 reacted isosorbide dinitrate
with 70% (v/v) sulfuric acid and a 1% solution of 3,4-dimeth-
ylphenol for 30-60 minutes at 30°C. Water was then added
and the solution distilled collecting the distillate in a
flask containing a solution of 2% sodium hydroxide. The
absorbance of the resulting solution was then measured at
435 nm.

Nagese et.al.27 determined isosorbide dinitrate in

pharmaceuticals by two colorimetric methods. One was based
on the Griess-Romijin reagent and the other on the phenol-
disulfonic acid reagent.

The phenoldisulfonic acid golorimetric method for
determining mannitol hexani trate2® was adapted32 for
measuring isosorbide dinitrate in tablets and injectables.
In this method a sample containing 10 mg. of isosorbide
dinitrate is extracted from an acidic solution with a total
of 100 ml. of etheror chloroform. An aliquot (4 ml.) of the
extract is then evaporated to dryness and 1 ml. of glacial
acetic acid and 2.0 ml. of phen * ' °~

are added. After 15 minutes th

with ammonium hydroxide and its e w0
mm. In this procedure it is not necessary to use isosor-
bide dinitrate as a standard, any of the inorganic nitrates,
such as sodium or potassium nitrate, can be utilized.

A method used for determining nitrate33 has been
adopted34 to study solutions of isosorbide dinitrate. This
method involves hydrolyzing isosorbide dinitrate with sodium
hydroxide to form nitrite ions. The nitrite is then diazo-
tized with p-nitroaniline to form a diazonium ion which when
coupled with azulene in the presence of perchloric acid
exhibits an absorbance maximum at 515 nm.
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7.3 Infrared Analysis

Infrared spectrophogomggric procedures used for the
estimation of nitrate esters %) have been adopted 2 for
determining isosorbide dinitrate in tablets and injectables.
The method consists of simply extracting isosorbide dinitrate
from its dosage foym with chloroform and reading the absor-
bance at 1650 cm.”" in a sodium chloride cell. Carbon tetra-
chloride can be substituted for chloroform in this proce-
dure.

7.4 Gas Liquid Chromatographic Analysis

The colorimetric and IR methods mentioned above are
virtually non-specific. This is a disadvantage especially
in cases where mixtures of esters are present due to partial
denitration of the parent ester. Gas liquid chromatographic
methods overcome this difficulty, provide adequate separa-
tion and, at the same time, maintain sensitivity of detec-
tion.

Sherber et.al.24 determined isosorbide dinitrate in
rabbit blood by extracting it in ethyl acetate and injecting
the extract without further purification in a 6 ft. column
packed with 3.8% SE-30 on Gas Chrom P. The system was oper-
ated isothermally under the following conditions: oven
temperature, 110°C., flash heater, 130°C., detector, 190°C.;
nitrogen flow rate, 55 ml./min. These same investigators
also used a 3% XE-60 on Gas Chrom Q column with an oven
temperature of 150°C.; flash heater at 160°C.; flame ioniza-
tion detector temperature at 180°C.; and nitrogen flow rate
at 55 ml./min. The internal standard used was m-dinitro-
benzene. The sensitivity of this method is such that as
little as 0.0l pg. can be detected with a flame ionization
detector.

Davidson et.al.38 used a gas chromatographic method
for separation and quantitation of isosorbide dinitrate in
the presence of other organic nitrate esters of common
therapeutic use. They used two columns: one packed with
1% SE=-30 on trimethylchlorosilylated Chromosorb P and the
other packed with 1% Dexsil 300 GC on dimethylchlorosilyla-
ted Chromosorb W. The injection port and detectors were
maintained at 200°C. with nitrogen as the carrier gas. The
columns were programmed at a rate of 10°/min. with an initial
setting of 65°C.

A mixture of isosorbide dinitrate and its two mono-
nitrates was assayed by gas chromatography using columns39
packed with either 3% XE-60 or 3.5% QF-1 on Gas Chrom Q.
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Both columns were operated isothermally, the QF-1 at 110°C.
and the XE-60 at 150°C. The injection port was maintained at
160°C. Good separation of the different nitrates was ob-
tained on the QF-1 column. The XE-60 column was less satis-
factory as 5-isosorbide mononitrate overlapped with isosor-
bide dinitrate. The minimum amount of isosorbide dinitrate
that could be determined was 0.5 pg. with a flame ionization
detector and 8 ng. gith an electron capture detector. These
same investigators4 have subsequently determined isosorbide
dinitrate in human plasma on the QF-1 column. Isoidide
dinitrate was used as the internal standard.

Another gas chromatographic method for the deter-
mination of isosorbide dinitrate in tablets?Z uses a 5 ft. x
1/8 in. stainless steel column packed with 1% OV-17 on Diato-
port S, 80/100 mesh operated at 155°C. The isosorbide dini-
trate is extracted from an acidic solution with chloroform,
and ethyl pentadecanocate is used as the internal standard.
This method will separate isosorbide dinitrate from isosor-
bide and the two mononitrates.

7.5 Polarographic Analysis

A folarographic methzg used for determining glyceryl
trinitrate#! has been adopted®® for assaying isosorbide dini-
trate in injectables and tablets. This method involves the
reduction of the nitrate ester at the dropping mercury elec-
trode in a 0.5 N tetramethylammonium hydroxide aqueous solu-
tion buffered at pH 8.7 with an ammonium buffer (0.5 N in
NH, C1 and NH, OH). The reduction wave has a half-wave poten-
tial of -0.78V. Nitrate and nitrite ions do not interfere.

7.6 Automated Analysis

The phenoldisulfonic acid reaction (7.2) has been
utilized for determining isosorbide dinitrate in tablets
using an automated procedure.‘*3 Glacial acetic acid is used
as the extraction solvent.

7.7 Radiochemical Analysis

Isosorbide dinitrate-C14 was analyzedzo’25 in a
liquid scintillation Sfectrometer under conditions appro-
priate for counting C. 4

7.8 Thin Layer Chromatographic Analysis

Several TLC systems for the separation of isosor-
bide dinitrate from its metabolites and similar structure
compoungs have been reported in the literature. In one
method?3 the sample was spotted on chromatographic plates
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coated with silica gel (.25 mm) and were developed by ascen-
ding techniques with two solvent systems, one a benzene:
ethyl acetate (1:1) mixture, and the second a 2-propanol:
ammonium hydroxide (4:1) mixture. For visualization the
plates were sprayed with 1% diphenylamine in methanol solu-
tion and exposed to ultraviolet light for 5 minutes. Diphen=-
ylbenzadium in sulfuric acid has also been used as a spray
reagent.24 The latter reagent was found to be 10 times more
sensitive than diphenylamine for nitrate esters. The Rf for
isosorbide dinitrate is .68 in the first solvent system and
«77 in the second. Both of these systems separated isosor-
bide dinitrate from its two mononitrates. Other investiga-
tors using these same solvent systems visualized isosorbide
with a metaperiodate-permanganate spray.

Another TLC method44 uses as an adsorbent a mixture
of silicic acid and plaster of Paris (70:30 w/w). Chromato-
grams were developed with mixtures of anhydrous solvents in
the following volume ratio: benzene-petroleum ether (1:1);
ether-petroleum ether (3:39); ether-benzene (1:19). A 1%
solution of diphenylamine in 95% ethanol, followed by expo-
sure to a shortwave ultraviolet light for 10 minutes was used
for detection.

Isosorbide dinitrate21 was separated from isosor-
bide and its two mononitrates on plates coated with Silica
Gel G by using a mixture of carbon tetrachloride and acetone
(8:2) as the solvent.

7.9 Paper Chromatographic Analysis

Jackson and Hayward21 developed several methanol-
hydrocarbon solvent systems useful for paper chromatography
of isosorbide dinitrate. For visualization the paper was
sprayed with 1% alcoholic diphenylamine and exposed to UV
light for 5 to 10 minutes.
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METHAQUALONE

1. Description
1.1 Name, Formula, Molecular Weight

Methaqualone |s 2-methyl-3-0-tolyl=4 (3H)-quina-

zol inone
94 JCH@B

C1gHy4N20 Molecular Weight: 250.30

1.2 Appearance, Color, Odor

Methaqualone occurs as a white, odorless, crys-
talline powder.

2. Physical Properties

2.1 Infrared Spectrum (IR)

The infrared spectrum of methaqualone is presented
in Figure 1 (1). The spectrum was obtained from a KBr
pellet consisting of a 0.5% dispersion of methaqualone in
KBr. The assigned princlpal absorption bands are listed
in Table I (1).

Table I

Principal Bands in the IR Spectrum of Methaqualone

Wavelength (cm-]) Assignment

3049, 2994 and 2907 CH stretching

1672 Amido carbonyl stretching
1603, 1595 and 1471 Aromatic skeletal vibration
1340 and 1326 Aromatic C-N stretching

778, 760, 720 and 703 CH deformation of aromatic ring
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Figure 1

Infrared Spectrum of Methagualone

FREQUENCY {Cm™}
4000 3600 3200 2800 2400 2000 18C0 1600 1400 1200 1000 800 600
| : L I i- L | 1 1 " il L

00 PR S TR VY A RS S I [+ 3 1 1 I

0

o0
=]

~l
(]

o~
(w3

TRANSMITTANCE (%}
v
=

L —- - — 1 - - - i
07 - - o - - e
20 - - *
: !
10 - — - - - : -
- |
| . | :
O ¥ T T 1] Ll T T i T Ll T T 1T T T . T T L L L L) T T 1 1T T 1 F T 1]
R " 12 13 14 4

SMICRCNS) &

[
w
[
[+)
[
v
b
<
[



METHAQUALONE

2.2 Nuclear Magnetic Resonance Spectrum (NMR)

The NMR spectrum of methaqualone shown in Figure 2
was obtained by dissolving 30 mg of methaqualone in 0.5 mi
of CCl, containing tetramethylsilane as the internal
reference. The assigned proton signals are listed in
Table II (1).

Table II

NMR Absorption Signals of Methaqualone

No. of Chemical Signal
Group Protons Shift (ppm) Appearance
CH, (Quina-
zo?inone ring) 3 2.06 singlet
CH3 (Tolyl) 3 2.15 singlet
Aromatic Protons 8 7-8.4 multiplet

2.3 Ultraviolet Absorption Spectra (UV)

Methaqualone exhibits characteristic ultraviolet
absorption properties in different solvents. These char-
acteristic properties were established using a Cary
Model 14 Spectrophotometer in 1 cm cells. The UV Spectra
are presented in Figure 3 and'the relevant UV absorption
data are listed in Table III (1).

Table III

UV Absorption Characteristics of Methaqualone

Solvent A max. nm X min. nm a?'iﬁ at \ max. (&)
Methanol 225.5 214.0  140.9 (35.26 X 103)
265 249.0  38.0 ( 9.51 X 103)

Ethanol (95%)  225.5 214.0  139.6 (34.94 X 103)
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Figure 3

Ultraviolet Absorption Spectra of Methaqualone

A : Methaqualone in methanol
(1:200,000)

B : Methaqualone in ethanol (95%)
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265.0 249.0  37.7 ( 9.43 X 103)

HC1 (1 N) 235.0 215.5  133.0 (33.42 X 103)
~270 258.5 30.8 ( 7.71 x 103)

HC1 (0.1 N) 234.5 215.5  133.4 (33.39 X 103)
~270 257.5 31.5 ( 7.88 x 103)

2.4 Fluorescence Spectrum

Methaqualone does not exhibit any native fluores-
cence. However, the reduced derivative tetrahydroquina-
zolinone exhibits an emission maximum at 450 nm with
excitation at 345 nm in methanol (2).

2.5 Mass Spectrum

The mass spectrum of methaqualone in the form of
a bar graph is presented in Figure 4. The spectrum was
obtained on g Hitachi-Perkin Elmer Model RMU-6D Mass
Spectrometer using the direct Inlet probe with sample
temperature at 60°C. The electron energy was 70 ev and
the accelerating voltage was 1700 volts. The character-
istic fragmentation pattern Is presented in Table IV (1).

Table IV

Fragmentation Pattern Produced in Mass Spectral
Examination of Methaqualone

Mass (m/e) Intensity Fragment lon
250 Strong Molecular ion (M)
235 Very Strong M-CH
145 Weak M-C a7N
144 Weak M-[Z Hy+ CH3l
132 Medium M-C7ZAKO

91 Strong M-CgH7N70
76 Med ium C7H7- H

65 Med tum c7H7-c232
50 Med ium C6H4-CZH2
L1 Very Weak CgHyN=CoHy
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39 Med {um C2H3N'H2

2.6 Melting Range

The melting range of methaqualone Is dependent
on the rate of heating. Using the U.S.P. XVIIIl Class 1
procedure, methaqualone melts between 114°-117°C (1).

2.7 Optical Rotation

Methaqualone exhiblits no optical activity when
analyzed at a series of mercury and sodium spectral llnes

(1.

2.8 Differential Scanning Calorimetry (DSC)

The DSC thermogram of methaqualone is shown in
Figure 5. A melting endotherm Is observed at 385°K(112°C)
with the temperature programing at 10°C/minute. The & H¢
was found to be 5.55 KCal/mole (1).

2.9 Solubility

The equilibrium solubility data obtained on
methaqualone at 23°C is listed in Table Vv (1).

Table V

Methaqualone Solubility

Solvent Solubility.(g/100 ml)

Water 0.03
Methanol 16.58
Ethanol 12.53
| sopropanol 4,76
Ether 3.71
Chloroform >40

Benzene 28.00
Acetonitrile >40

Petroleum Ether (B.P. 30-60°) 0.33
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Figure 5

DSC Thermogram of Methaqualone
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2.10 Crystal Properties

The X-ray powder diffraction pattern of methaqua-
lone was obtained on a Phillips scanning diffractometer
using copper radiation coupled with Nickel filter. The
diffraction pattern is presented in Table VI (1).

Table VI

X-ray Diffraction Pattern of Methaqualone

d(al)# 171 g
9.4 15
8.2 25
7.76 25
7.30 50
6.95 65
6.10 25
5.53 75
4.76 100
413 30
4.00 20
3.75 30
3.66 30
3.53 15
3.39 60
3.2k 15
3.17 15
3.12 30
3.05 25

* d = (interplanar distance) n\
2 Sin ©

*% |/I_ = relative Intensity (based on highest
Intensity of 1.00)

2.11 Dissoclation Constant

The pKa of methaqualone by the spectrophotometric
method at ionic strength w = 0.] was found to be 2.54 (1).
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3. Synthesis

Methaqualone is synthesized by the reaction scheme
shown in Figure 6. Anthranilic acid is reacted with
acetyl chloride to yield n-acetylanthranilic acid. This
intermediate product is condensed with o-toluidine in the
presence of PCl3 to yield methaqualone (3).

L. Stability-Degradation

On refluxing methaqualone with 1.0, 0.1 N NaOH and
1.2 N HC1, the principal degradation products found are
anthranilic acid, o-toluidine and acetic acid. In
addition, 2-aminobenzo-o-toluidide was found on refluxing
methaqualone with 1.0 and 0.1 N NaOH. Also, n-acetyl-
anthranilic acid was found as a degradation product on
refluxing methaqualone with 0.1 N NaOH. Under these
stringent conditions, a low yleld of degradatlon products
was obtained; thereby indicating good stability of the
drug under normal conditions (4). The degradation scheme
is presented in Figure 7.

5. Metabolism

Methaqualone (MTQ) and its hydrochloride salt is rap-
idly absorbed (Ky = 0.82 hr~!) from the stomach and
duodenum following oral administration of tablet or
capsule dosage forms. MTQ exists In blood primarily in
the plasma phase bound to serum albumin. Peak serum
levels of 3-4 ng/ml are seen 1-1 1/2 hours after a 300 mg
dose. The serum elimination curve_ is biexponential with a
distributional phase (a = 0.97 hr']) and an elimination
phase (B = 0.036 hr~1). The principle tissues of distri-
bution are lipid tissue, liver and kidney. MTQ is
metabolized by hepatic microsomal oxidoreductases.
Hydroxylation of 2 and 2' methyl substituents, tolyl
sidechain and quinazolene nucleus, gives rise to the
principle monohydroxy metabolites. O=-glucuronide conju-
gation and O-methylation occur prior to excretion of
metabolites in bile or urine. Ring opening involving
formation of N-1-oxide and 2-nitrobenzo-o-toluidide is a
minor metabolitic path. Biliary excretion and entero-
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Figure 7

Degradation Profile of Methaqualone
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hepatic recirculation of metabolites occur. At a thera-
peutic dose of 75 to 300 mg in man, MTQ is completely
biotransformed and little, If any, unchanged drug appears
in urine (5).

6. Methods of Analysis

6.1 Elemental Analysis

The results from the elemental analysis are
listed in Table VII (1).

Table VII

Elemental Analysis of Methaqualone

Element % Theory % Found
c 76.77 76.50
H 5.64 5.74
N 11.19 10.89

6.2 Phase Solubility Analysis

Phase solubility analysis was carried out using
n-hexane-absolute alcohol (145:5 v/v) as a solvent system.
The results of the analysis are shown in Figure 8 along
with the listings of the conditions under which the
analysis was performed (1).

6.3 Nonagueous Titrimetric Analysis

The nonaqueous titration is the official method
of analysis In B.P. for the bulk methaqualone. An
accurately weighed 0.5 g sample is dissolved in 80 ml of
glacial acetic acid, a few drops of crystal violet T.S. is
added and the solution is titrated to an emerald green end
point against previously standardized 0.1 N HC104 In
glacial acetic acid (6). King and Perry (7) reported the
application of the nonaqueous titrimetric method for
assaying methaqualone tablets,
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6.4 Colorimetric Analysis

Nakano et al. (8) reported a colorimetric assay
method for methaqualone in microgram quantities based upon
diazotization of the diazotizable amines formed by acid
hydrolysis of methaqualone. Pirl et al. (9) developed
assay methods for methaqualone in biological specimens as
low as 0.3 pug/ml. The method entalls isolation of
methaqualone from the biological specimen and condensing
with p-dimethylaminobenzaldehyde in alkaline media. The
resulting chromophore is measured at 503 nm in weak acid.

6.5 Spectrophotometric Analysis

Akagi Masuo et al. (10) described two methods for
assaying methaqualone in blological fluids and tissues.
In the first method, methaqualone is extracted from
alkalinized biological material with hexane, the solvent
is evaporated and the reslidue after dissolving in dil HCI
is measured at 234 nm. The second method eliminates the
normal biological blank by geometric treatment of the
absorbances at three wavelengths. These methods are
specific for methaqualone in that they do not include
degradation products of methaqualone.

6.6 Spectrofluorometric Analyslis

A fluorimetric method of assaying therapeutic
plasma levels of methaqualone has been reported by Brown,
S. S. et al. (2). The method is based on reducing
methaqualone to Its dihydro-derivative using lithium boro-
hydride as an effective reducing agent. The resulting
dihydro-methaqualone derivative exhibits emission maximum
at 450 nm at the activation maximum of 345 nm.

6.7 Gas Chromatographic Analysis

There are several reports regarding the gas
chromatographic analysis of methaqualone In biological
flulds (1, 10, 11, 12, 13). These methods can be applied
for formulation analysis, evaluation of quality, and
characterization of methaqualone. Table VIII summarizes
the gas chromatographic systems with references.
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Table VIII

Gas Chromatographic Systems Used
for Methaqualone Analysis

263

Note: All systems listed used flame ionization detectors.
Carrier Column Internal
Reference Column Gas Temp.°C Standard *RRI
(1) 6 ft. X 4 mm., 1.D., Ny 240°  Diphen- 2.17
glass tubing, 10% 45 ml1/ hydramine
SE~-30 on Chromosorb min
WAW (DMCS), 100-120
mesh
(1) 4 ft. X 2 mm., 1.D., N, 240° Codeine 0.53
glass tubing, 3% 30 ml/
0V-17 on Chromosorb min
W(H.P.), 80-100 mesh
(1) 4 ft. X bmm., 1.D., N, 230° Codeine 0.56
glass tubing, 3.8% 45 ml/
UC-W98 on Chromosorb min
W(H.P.), 80-100 mesh
(10) 2 ft. X h nm., 1.D., He 180°  Butyl 2.81
glass tubing, 3% XE- 50 ml/ Stearate
60 on Gas Chrom Q, min
100-120 mesh
(1) 7 ft. X & mm., 1.D., Ny 200° Buto- 2.14
glass tubing, 3% 55 ml/ barbitone
Cyclohexanedimethan- min
ol succinate 85-100
mesh
(12) 2 ft. X b om., 1.D., Ny 200° Codeine 0.42
glass tubing, 2.5% 40 ml/
SE-30 on Chromosorb min
G, 80-100 mesh
(13)  2-m. X 3 om., 1.D., N, 190°  Buto-
glass tubing, 4% SE- 30 ml/ barbital 0.24
30 and 6% QF-1 on min
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Chromosorb WAW

(DMCS), 80-100 mesh Pento-
barbital 0.30
Pheno-
barbital 0.69

* Retention time relative to internal standard.

6.8 Thin Layer Chromatographic Analysis

There are several TLC systems reported in the
literature which are listed in Table IX. These systems
are used for detecting the assocliated Impurities in
methaqualone, identification of methaqualone or character-
ization of methaqualone and its metabollc products.

Table IX

Thin Layer Chromatographic Systems for
Methaqualone Analysis

Reference Support Solvent System Application
6 Kieselghur G Anaesthetic Ether Detection of
saturated with associated im-
water purities
14 Silica Gel G Chloroform-acetone ldentification
14 Silica Gel G |sopropanol- Identification

chloroform-25%
ammonium hydroxide

(45:45:10)

14 Silica Gel G Petroleum ether Identification
(B.P. 50-75°)
Pyridine (75:15)

15 Silica Gel G Chloroform-acetone Separation of
-25% ammonium hy- methaqualone
droxide (50:50:2) from the

metabolites
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15 Silica Gel G Cyclohexane-chloro-Separation of
form-diethylamine methaqualone
(7:2:1) from the

metabolites

15 Silica Gel G Propanol-ethyl Separation of
acetate-25% methaqualone
ammonium hydroxide from the
(6:2:2) metabolites
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1. Description
1.1 Name, Formula, Molecular Weight

Norethindrone is 17a-ethinyl-178-hydroxy-4-
estren-3-one. It is also known by the following chemical
names.

17-Hydroxy-19-nor-17o-pregn-4-en-20-yn-3-one
19-Nor-17a-ethynyltestosterone
17a-Ethinyl-19-nortestosterone
19-Nor-170-ethynyl-178-hydroxy-4-androsten-3-one
19-Nor-17a-ethynylandrosten-178-o0l-3-one
17a-Ethynyl-19-nortestosterone
Anhydrohydroxynorprogesterone

19-Norethisterone

. Norpregneninolone

HS'0G HFh O WO TR

OH
,C =CH

C20H2602 Molecular Wt. 298.41

1.2 Appearance, Color, Odor

White to creamy white, odorless, nonhygroscopic,
crystalline powder,

2. Physical Properties

2.1 Infrared Spectrum

The infrared absorption spectrum of norethin-
drone is presented in Figure 1. The spectrum was taken
in a KBr pellet with a Beckman IR-8 Spectrophotometer.
Some of the absorption assignments are given in Table L1
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Figure 1. Infrared spectrum of Norethindrone
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TABLE I

INFRARED ASSIGNMENTS FOR NORETHINDRONE

v

3400
3300
3220

Intensity*
v,sh,b
s,sh

m,sh

2970(2840) m,sh

1650
1590

1490(1340)  m,sh

1445
1390
1135
1060
885
680

*s = strong, m
sh = shoulder

m,b

m,b

Vibrational

Assignments
OH stretching
C =CH stretching
Olefinic C-H stretching
Aliphatic C-H stretching
C=0 stretching
C=C stretching
C-H deformation
C-Hy bending
CH; deformation
OH bending
C-0 deformation
OH wagging
Olefinic C-H wagging

= medium, v = variable, b = broad,
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Mesley? assigned the following bands (em-1) to
norethindrone.

a. Absorption associated with 178-hydroxyl group: 1065,
1132,

b. Characteristic absorption due to 4-ene-3-keto function:
1416, 1337, 1269, 1211, 1199, 1018, 960, 890, 764, 685.

These a551§nments as well as those made by
Djerassi® and others* essentially agree with absorption
peaks and shoulders presented in the spectrum, Figure I.

2.2 Nuclear Magnetic Resonance Spectrum

Cross, Landis, and Murphy5 reported the
chemical shift of the C;y4 angular methyl group of norethin-
drone in various solvents. They observed the chemical
shifts at 54.5 cps in d-CHCty, 54.5 cps in CHCI3, 47.5 cps
in dg-DMSO and 53.5 cps in d-DMF.

A reference NMR spectrum of norethindrone
recorded on a Varian A-60 Spectrometer is presented in
Figure II. An 8% solution in deuterated chloroform con-
taining tetramethylsilane as an internal reference was
used. Characteristic chemical shifts are observed at
5.87 ppm (Cy Vinyl); 2.37 ppm (C-17 OH); 2.57 ppm (C-17
C =CH); and 0.90 ppm (C-18 CH3).

2.3 Mass Spectrum

A low resolution mass spectrum of norethin-
drone on a magnetic instrument (Atlas CH-4) was reported
by De Jongh and co-workers® Major fragments were observed
at m/e 110, 215, and 231 representing the following
fragmentation pattern. OH

'.C =CH

231

273



vLT

1 1 . | A - {1 | A
T R | =T T T T — M T
300 400 300 200 100 0 M

He
L, — — 1 Ly | ! | —L
—a 1 1 N | NN PN T B B | N .
20 70 60 50 pewm IV 40 30 20 ) [
Figure II. NMR Spectrum of Norethindrone



SLT

P o p BREER oo

%

Rl

M/ E

Figure III.

Mass Spectrum of Norethindrone

[

L

1 v 1 L) r '
% 55 e 0 e 90 160 110 120 130 140 1S5 160 170 1680 190 200 210 20 ZW 290 250 WO 70 20 20 N



ARVIN P. SCHROFF AND ERNEST S. MOYER

In Figure III, the mass spectrum of norethindrone
obtained on a quadrupole instrument (Finnigan Model 1015)
is depicted. The relative intensities of the major ions
are as follows:

n/e a1
55 76.63
67 74.94
79 95.36
91 100.00

105 59.15

110 75.78

215 44.77

231 48,35

298 44.63

2.4 Ultraviolet Absorption Spectrum

The E (1%, lcm) value at 240 nm reported with the
first synthesis of norethindrone? was later corrected.’
Different E (1%, lcm) values have been suggested from a
low of 525 to a high of 590. Many of these preparations
contain foreign related steroids which affect the E
(1%, lcm) value.®

Nielsen® reported a value of 560 which was con-
firmed later by Bastow!® who isomerized norethynodrel to
norethindrone. We have determined!! by thin-layer chromat-
ographic studies that norethindrone, no matter how it is
manufactured, can be purified chemically by first
converting to the enol ether!? followed by hydrolysis.

The ultraviolet curve shown in Figure IV was

obtained on a U.S.P. reference standard material. Its
E (1%, lcm) at 240 nm was 575,
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Figure IV Ultraviolet Spectrum of Norethindrone
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2.5 Melting Range

The melting point also varied according to
different investigators. For example, Djerassi et all
reported a melting point of 203-204°C, whereas Nielsen®
found a range of 199-208°C with decomposition. Kofler
et all3 on the other hand, suggested a melting point
range of 202-207°C. In our experience, most of the
batches had a melting range of 3°C and all melted between
202-208°C (Class IA U.S.P.)l%

2.6 Differential Scanning Calorimetry

Figure V shows the DSC thermogram of norethindrone.
A Perkin-Elmer model DSC-1B employing a heating rate of
10°C/minute was used.

The difference between the "extrapolated onset"
and the "peak" for reference standard U.S.P., norethindrone
was 2.5°C,

The '"extrapolated onset' and the '"peak" are de-
fined as follows:

a. '"Extrapolated Onset': The temperature corresponding to
the intersection of the extrapolation of the baseline
and the longest, sharpest line section of the low
temperature side of the peak.

b. '"Peak!": The temperature of reversal.

2.7 Solubility

Nielsen? reports the solubilities of norethindrone
to be: almost insoluble in water, 1 part in 80 parts
ethanol, 1 part in 400 parts ether, and 1 part in 15 parts
chloroform. A plot of the solubilities of norethindrone
as a function of temperature for eleven common organic
solvents is illustrated in Figure VI.®
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2.8 Optical Rotation

The following rotations have been reported:

[a]D -25° (Chloroform)3

[al, -24° (Chloroform)*

(o], -31.7°  (Chloroform)!s

[o)g -33° (Chloroform)“
3. Synthesis

Djerassi, Miramontes, Rosenkranz and Sondheimer?
first reported the synthesis (Scheme I) of norethindrone
from 19-nortestosterone I, Chromium trioxide oxidation
afforded estr-4-ene-3,17-dione II, Reaction of the
dione with ethyl orthoformate under carefully controlled
conditions resulted in selective enol ether formation at
C-3. Ethynylation followed by cleavage of the enol ether
with aqueous mineral acid gave norethindrone.

Alternate methods using estradiol 3-methyl ether
or estrone tetrahydropyranyl ether have also been
describedl®

In a recent patentl® the preparation of 17o-
ethynyl-4-androstene-178,198-diol-3-one was reported in
detail. It was mentioned that the 19-hydroxy compound can
be converted to the 19-nor derivative with a strong base
as reported by Barber et all? and Meyer2? The general
scheme of preparing norethindrone by this method is
outlined in Scheme II,

4., Metabolism

Tissue distribution of tritiated norethindrone in
rats was studied by Watanabe and co-workers2!  They
observed no selective uptake by any tissue up to four
hours after administration. Matsuyoshi?? incubated
norethindrone with rat liver and kidney homogenate and
obtained dihydro and tetrahydro derivatives of
norethindrone.
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The metabolic fate of norethindrone in humans has
been studied by several investigators.23-39

Kamyab and co-workers3! administered l“C-nore-
thindrone intravenously to seven women and found the
radioactivity excreted mainly in the urine. In the first
twenty-four hours 32.1%, and in five days 53.9% of the
activity given appeared in the urine. Layne and co-
workers3" found a similar excretion pattern with tritiated
norethindrone; namely, 50.4% in five days after oral dose
and 70.2% after intravenous administration. A radio-
activity excretion of only 33% in five days was reported
by Murata35 after oral administration of 100 mg of l%C or
3H labeled norethindrone to postmenopausal women.

Kamyab 93_31?0 observed the urinary radioactivity
excretion in rabbits to be comparable to that found in
humans. The amount of radioactivity in the conjugated and
unconjugated states was measured3! in plasma after intra-
venous administratién., Substantial fractions of the
administered dose were present in the circulation for up
to forty-eight hours after injection. The unconjugated
activity in the plasma decreased rapidly to less than 0.4%
of the dose per liter of plasma after twelve hours whereas
after thirty minutes, a considerable amount of activity
was in the form of conjugated metabolites.

Gerhards and co-workers?? studied plasma radio-
activity as well as excretion in urine and feces after
p.o. administration of 20 mg of l“*C-norethindrone of
0.25 mg 3H-norethindrone to males. The radioactive
substances in plasma were characterized as: 17u-ethynyl-
5B-estrane-3a,178-diol; 1l7a-ethynyl-58-estrane-38,178-diol
and 1l7a-ethynyl-5a-estrane-3a,178-diol.

Earlier, a number of investigators23,25,29,31,32,
36 had reported excretion of 17a-ethynyl-17-estradiol
after oral administration of norethindrone. These obser-
vations, however, were not supported by in vitro investi-
gations. As an explanation of this discrepancy, Breuer2!
recently suggested that the increased estrogen content
in in vivo experiments probably is due to artifacts pro-
duced during work-up of the urine. Recent work of
Stillwell and co-workers39 substantiated this observation.
They found no ethynyl estradiol in urine after administra-
tion of norethindrone to a female.
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All norethindrone metabolites characterized from
humans and rabbits possess the l17oc-ethynyl group. Ome
exception to this was the in vitro experiments of
Palmer.37 He identified 4-estrene-3,17-dione as a
metabolite from norethindrone. The overall metabolic
pathway of norethindrone is illustrated in Scheme III.

5. Methods of Analysis

5.1 Elemental Analyses

The elemental analyses obtained on USP reference
standard norethindrone and that reported by Djerassi and
co-workers3 are as follows:

Element % Theory Ref. Std. Reported3
C 80.49 80.69 80.83
H 8.79 8.64 8.80

5.2 Phase Solubility

The phase solubility analysis of norethindrone
was carried out using ethyl acetate as the solvent.
Calculations as per USP XVIII were performed on a time-
sharing computer using an in-house program. The results
are illustrated in Figure VII.O

5.3 Thin-Layer Chromatographic Analysis

A TLC procedure for separating norethindrone
from possible impurities is described in the USP (XVIII)*!
One hundred micrograms of the norethindrone sample and
one microgram each of four possible impurities (19-nor-
androstendione, norethynodrel, 10g-hydroxy-norethynyl-
testosterone and 10g-hydroxy-norandrostendione) are
spotted in individual lanes on a silica gel plate. The
TLC plate is developed to a height of 17.5 cm by ascending
chromatography employing a solvent system of 95:5
chloroform-methanol. After air drying the plate, it is
sprayed with a mixture of 1:3 H,S0, and dehydrated alcohol.
The plate is heated in an oven at 105°C for five minutes
and the intensities of the various foreign related
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steroid spots are compared visually under long-wavelength
ultraviolet light with the intensities produced by the
corresponding steroids in the norethindrone sample. No
more than two impurities totaling a maximum of two percent
are allowed.

This TLC procedure takes into consideration
only one synthetic method which produces the above
mentioned impurities. The USP Subcommittee #6 recently
recognized this and proposed another TLC procedure which
will accommodate other methods of synthesis.“?

Thin-layer chromatography was recently re-
ported*3 for quantitating norethindrone in tablets. Here
a single tablet is extracted, treated with internal
standard solution (norethynodrel) and spotted (10-20 ug)
on a silica gel GF plate. After development with 4:1
benzene-ethylacetate, the plate is air dried and scanned
at 250 nm with a Schoeffel double-beam spectrodensi-
tometer., Quantitation is achieved by comparing the
norethindrone to internal standard ratio (area) with
that of a standard obtained in the same manner.

Thin-layer chromatograghy has also been used to
identify norethindrone in tablets!* An aliquot of a
chloroform extract is spotted and the plate developed
using cyclohexane-ethylacetate (1:1) as the solvent
system. After drying at 100°C for ten minutes, the
plate is sprayed with antimony trichloride in chloroform.
Norethindrone has an Rg¢ of 0.47 and a violet color in
daylight and red color under ultraviolet light.

5.4 Vapor Phase Chromatography

Oxidation of norethindrone to 19-norandrosten-
dione was observed“S on metal columns. Lodge"® substi-
tuted a glass column packed with 5% QF-1 on Diatoport S
and developed a single tablet assay method. A tablet
containing 1-5 mg of norethindrone is dissolved in acetone
containing pregnenolone acetate as an internal standard
and an aliquot is injected directly into the glass column
operated isothermally at 200°C.
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5.5 Spectrophotometric Analysis

Keay"" reported an ultraviolet method for the
quantitative analysis of norethindrone in tablets. Here,
powdered tablets equivalent to 6 mg of norethindrone were
extracted with 100 ml of chloroform and a 20 ml aliquot
evaporated to dryness. The residue is redissolved in
100 ml methanol, its absorbance measured at 240 nm and
the norethindrone content calculated. The accuracy of
the method has been claimed to be better than 5%. A
modification of the above procedure has been included in
the NF XIII%7 for determining content uniformity of
norethindrone tablets.

5.6 Colorimetric Analysis

A number of colorimetric methods have been used
to detect and determine the quantity of norethindrone.

A. Blue Tetrazolium

The reaction of blue tetrazolium with various
steroids has been studied thoroughly by Meyer and
Lindberg.*8 They noted that A'*-3-ketosteroids (devoid
of an a-ketol function) react with blue tetrazolium and
reduce it to form a reddish-purple colored formazan.
This reactivity is considerably enhanced in the case of
19-norsteroids and may result from a complex oxidative
mechanism resulting in aromatization of the A-ring of
these steroids. Smith and co-workers“® extended this
concept for the analysis of norethindrone in tablets.
They extracted the progestin with a chlorinated solvent
mixture and developed the color by adding blue tetrazolium
and tetramethylammonium hydroxide. The reaction is
allowed to proceed in absence of light for sixty minutes
at room temperature. Quantitation is achieved by
measuring the color intensities of the standard and
sample preparations at 530 nm.
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B. Isonicotinic Acid Hydrazide

Reaction of A%-3-ketosteroids with isonico-
tinic acid hydrazide (isoniazid) produces a ¥e110w hydra-
zone which can be used for quantitation,50s51,52
Barthl* used this reaction in automating the colerimetric
quantitation of norethindrone in tablets, and Wu°3s5%
used the manual approach for the AOAC collaborative study
on norethindrone. Recently,®® the Food and Drug Adminis-
tration Laboratory published an automatic method which is
capable of performing single tablet assays.

5.7 Titrimetric Analysis

The British Pharmacopeia®® recommends a potentio-
metric titration method for the assay of norethindrone.
Here a tetrahydrofuran solution of norethindrone, which
also contains silver nitrate, is titrated with sodium
hydroxide solution and the end point is determined
potentiometrically.

Rizk and co-workers5’ modified the method so
that 30 mg of norethindrone can be easily titrated as
compared to 200 mg required for the Britith Pharmacopeia
method.
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1. Description
1.1 Name, Formula, Molecular Weight

Norgestrel is designated as dl-13-ethyl-l7«<-ethynyl-
17-hydroxygon-4-en-3-one and is listed in the subject indices
of Chemical Abstracts under the heading: dl-13-ethyl-17-
hydroxy-18,19- dinor-17&-pregn-4-en-20-yn-3-one.

q =CH

CH.
2.5 OH

021H2802 Mol. Wt.: 312.46

1.2 Appearance, Color, Odor

Norgestrel is a white to off-white, practically
odorless, crystalline powder.

2. Physical Properties

2.1 Infrared Spectra

An infrared absorption spectrum of a potassium
bromide dispersion of norgestrel (Wyeth Reference Standard
material, Lot #C-10484) is presented in Figure 1. This
spectrum agrees with a published spectruml. The spectral
band assignments are listed in Table I.

Table I
Infrared Spectral Assignments of Norgestrel
Frequency (cm.-1) Vibration Mode Reference
3350 OH stretching 2
3270 Acetylenic C-H stretching 1
2940 and 2865 Aliphatic C-H stretching 3
1655 Conjugated C=0 stretching 1
1615 C=C stretching 3
1448 Methyl C-H asymmetrical bending 3
1420 and 1335 OH in plane bending 3
1360 Methyl C-H symmetrical bending 3
1065 Alcoholic C-0 stretching 1
700 - 670 Acetylenic C-H bending 3
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2.2 Nuclear Magnetic Resonance

The 60 MH, nuclear magnetic resonance (NMR) spec-
trum, shown in Figure 2, was obtained by dissolving norges-
trel (Wyeth Reference Standard material, Lot #C-10484) in
deuterochloroform containing tetramethylsilane as an internal
reference. The only exchangeable proton is the hydrogen
associated with oxygen at position 17. The NMR proton spec-
tral assignments are listed in Table II.

Table II
NMR Spectral Assignments of Norgestrel
Chemical Shift (ppm.) Proton Splitting
0
5.86 -8-ci=cT singlet
2.61 -CeCH singlet
2.31 OH singlet
1.02 -CﬂengL triplet

2.3 Ultraviolet Spectra

Fernandez and Noceda4 reported a Amax. of 240 nm.
for norgestrel in absolute methanol (a = 56.0). Norgestrel
in 95% ethanol (Wyeth Reference Standard material (Lot #C-
10484) when scanned between 360 nm. and 200 nm. exhibited a

max. at 240 nm. (a = 54.6). This spectrum in 95% ethanol
is shown in Figure 3.

2.4 Mass Spectra

The mass spectrum of norgestrel (Wyeth Reference
Standard material, Lot #C-10484) was obtained by direct
insertion of the sample into an MS-902 double focusing, high
resolution mags spectrometer. The sample was run at 200°C.
and 1.0 x 10™° torr with the ionization electron beam energy
at 70 eV. The high resolution data were compiled and tabu-
lated with the aid of an on-line PDP-8 Digital Computer.
Results are presented as a bar graph in Figure 4 and the
high resolution mass spectrum assignments of prominent ions
are given in Table III. This spectru@ is in agreement
with that presented by DeJongh et.al.
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Table II1
High Resolution Mass SEectral Agsignments of Norgestrel
Measured Mass Calculated Mass Formula

312.2082 312.2088 C21H2802
284.1812 284.1775 019H2402
283.1698 283.1698 019H2302
245.1902 245.1905 C17H250
229.1596 229.1592 Cl6H220
110.0730 110.0731 C<7H100

Norgestrel gives a molecular ion at m/e 312 as its base
peak. The first prominent fragment occurs at m/e 297 which
corresponds to the loss of the methyl radical, followed by
the more intense peak at m/e 283 which represents cleavage
of the 13-ethyl radical (M -C,Hce). A peak at m/e 284 is
observed from the loss of GpH,.

Ions of m/e 245 and m/e 229 are explained by the cleav-
age of the D-ring with hydrogen transfer.® The intense
fragment in the spectrum at m/e 110 is indicative of the
remaining A-ring molecular fragment with the formula C7H100.

2.5 Melting Range

The following melting temperature range has been
observed on norgestrel (Wyeth Reference Standard material,
Lot #C-10484) employing the U.S.P. XVIII, Class I conditions:
207-210°C.8 Short_et.al. reports a melting range tempera-
ture of 206-207°C.1” The melting temperature range does not
change significantly with variations in heating rates from
1 to 5°C./min.

2.6 Differential Thermal Analysis

The differential thermal analysis (DTA) curve of
norgestrel (Wyeth Reference Standard material, Lot #C-10484)
obtained from room temperature to the melting point at a
heating rate of 20°C./min. is presented in Figure 5. A
sharp endothermic change observed at 209°C. corresponds to
the melt of the drug.

2.7 Solubility

The folbowing solubility data were obtained at
room temperature:
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chloroform 111 mg./ml.
acetone 15 mg./ml.
95% ethanol 13 mg./ml.
benzene 7 mg./ml.
ether 2 mg./ml.
water less than .0l mg./ml.

2.8 Crystal Properties

The X-ray powder diffraction pattern of norgestrel
(Wyeth Reference Standard material, Lot #C-10484) obtained
with a Philips diffractometer at a scan rate of 1°/min.
using CuK ., radiation is shown in Figure 6. The calculated
d-spacings for the diffraction pattern are presented in
Table IV. The crystal has orthorhombic symmetry with space
group P21272y. Unit cglé parameters are a = 20,6734, b =
12.9794, and ¢ = 6.567A.

Table IV
X-Ray Powder Diffraction Pattern for Norgestrel
20 d(d) L/1o
10.95 8.08 0.02
13.9 6.37 1.00
14,2 6.24 0.53
14.5 6.11 0.81
15.2 5.83 0.20
15.8 5.61 0.72
17.4 5.09 0.17
18.0 4.79 0.06
18.9 4.69 0.06
19.8 4.48 0.42
21.2 4.19 0.04
21.8 4,075 0.05
23.3 3.817 0.19
24.9 3.575 0.24
25.3 3.520 0.12
26.0 3.428 0.09
26.3 3.389 0.09
27.6 3.232 0.07
29.05 3.073 0.07
30.4 2.940 0.10
31.8 2.814 0.10
34.7 2.585 0.07

d = (interplanar distance)——lha;
2 sind-

I/Io = relative intensity (based on highest intensity of
1.00)
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2.9 Optical Rotation

dl-norgestrel is a racemdte and therefore exhibits
no optical rotation. A solution of 500 mg. of norgestrel
in 10 ml. of chloroform has a reading of 0° * 0.05° in a
1 decimeter cell at 25°C. with sodium D light.9

3. Synthesis

The basic synthetic f8u£f for norgestrel has been devel-
oped by Hughes and Smith™“? and is presented in Figure 7.
The ring formation is accomplished by the base catalyzed
condensation of 6-(m-methoxyphenyl)-hex-1l-ene-3-one (I)

with 2-ethylcyclopentan-1,3-dione (II) to yield the trione
(I1I). Cyclodehydration of (III) with p-toluenesulfonic
acid forms gonapentaene-l17-one (IV). An alternate synthetic
route for this ring structure (IV) has been described by
Hughes et.al.l2 and is also presented in Figure 7. In this
route the gonapentaene-17-one (IV) is prepared by the meth-
anolic hydrochloric acid cyclization of the seco-oestra-
tetraene-14,17-dione (IIIA) prepared from the base catalyzed
condensation of 2-ethylcyclopentan-1,3-dione (IIA) with
tetralol (IA).

Catalytic hydrogenation of (IV) yields the correspon-
ding gonatetraene-17-one (V) and subseqmently converted
into the estradiol derivative (VII) by reduction initially
with sodium borohydride followed by potassium-ammonia-
tetrahfdrofuran. Conversion of (VII) by the Wilds and
Nelsonl3 modification of the Birch reductionl4 gives the
1,4-dihydro derivative (VIII). An Oppenauer oxidationl?
produces the l17-ketone (IX), which is then ethynylated,
giving the enol-ether intermediate (X). Treatment of (X)
with methanolic hydrochloric acid yields norgestrel (XI).
A similar synghetic route is presented in a review article
by Klimstra.1

4. Stability and Degradation

Norgestrel is extremely stable in the solid state when
exposed to long term accelerated thermal and photochemical
conditions. No decomposition has been observed for this
compound when stored for periods of 5 years at room tempera-
ture, 1 year at 45°C., 1 month at 75°C. and 1 month under
direct UV light.l Decomposition has been reported under
severe hydrolytic and more accelerated photolytic and ther-
mal conditions.l8 '

Studying steroids structurally related to norgestrel,
Savard et.a1.19, demonstrated that exposure of a*-3-keto-
steroids to ultraviolet light produced saturation of the 4,5
double bond and/or migration of the double bond from that
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CH CH.O

continued « . . .

Figure 7 - Synthetic Routes for Norgestrel
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Figure 7 - Synthetic Routes for Norgestrel (concluded)
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positizn in conjugation with the 3-ketone. Subsequent work
with A7-3-keto progestational steroiSsZ{n pharmaceutical
systems under photolytic conditiong2?s have further sup-
ported degradation of steroidal A-ring as described by
Savard et.al. However, the specific decomposition products
for the progestin, norgestrel, have not been reported in

the literature.

5. Drug Metabolic Products

Administration of racemic norgestrel to humans has been
shown by mass spectroscopy and other analytical techniques to
yield a range of metabolites. The major metabolic product
has been identified as tetrahydronorgestrel, 13p-ethyl-17<-
ethynyl-58-gonan~3e 17g-diocl; i.e., norgestrel reduced at
the A%*-3-keto group in the A-ring.® By optical rotatory
dispersion studies, this metabolite was shown to be entire-
ly the optically pure_g-isomerzz. Other metabolites have
been identified as 13B-ethy1-17«C—ethyny1-5[3-gonan-3ﬁ,};BE4
diol and mono-hydroxylated derivatives of norgestrel,“”’

6. Methods of Analysis

6.1 Elemental Analysis

The following data were obtained on norgestrel
(Wyeth Reference Standard material, Lot #C-10484).

Element % Theory % Determined
C 80.73% 80.66%
H 9.03% 8.92%

6.2 Ultraviolet Spectrophotometric Analysis

a%-3-ketosteroids produce a characteristic chromo-
phore s¥stem with maximum absorption between 230 nm. and
270 nm.2> The ultraviolet absorption maximum of norgestrel
at about 240 nm. in 85% ethanol in water (v/v) has been
utilized for the analysis of the steroid in tablet formula-
tions containing estrogens. In this procedure a sample
equivalent to about 0.5 mg. norgestrel is stirred in 85%
ethanol in water (v/v). This solution is diluted to obtain
a final concentration of about 10 ug./ml. in the 85% ethanol.
Following centrifugation to remove insoluble excipient mater-
ial, the absorbance is spectrophotometrically measured and
compared with a standard solution of norgestrel. Norgestrel
has been isolated from interfering formulation components
by an extraction of the steroid with organic solvents (viz.,
chloroform and methylene chloride) from an acidic aqueous
solution.

309



ANDREW M. SOPIRAK AND LEO F. CULLEN

A modified version of an automatic analyzer system
procedure for arelated484-3-ketosteroid27 has been applied to
the quantitative analysis of norgestre1.17 This completely
automated technique is capable of disintegrating a whole tab-
let, dissolving the active constituent, filtering it, dilu-
ting a portion of the clear filtrate to a desired volume
and obtaining a complete ultraviolet absorption spectrum.

The accuracy of the automated method is comparable to that
of the manual spectrophotometric method for norgestrel.

The absorption characteristics exhibited by nor-
gestrel in ethanol solution at about 240 nm. is due to the
conjugated character of the oec,B-unsaturated carbonyl group
in the A-ring. Any alteration in the conjugated character
of this system by prolonged heating at extreme temperatures
or by prolonged irradiation with a strong ultraviolet light
source will result in a corresponding loss in ultraviolet
absorptivity at 240 nm. Consequently, this method will
measure intact norgestrel in the presence of its photochem-
ical and thegmal degradation products and is, thus, stability-
indicating.2

Reactions of the 3-keto group of progestational
steroids with the common carbonyl reagents have provided
the basis for several other spectrophotometric analytical
methods. These techniques can be applied to the analysis of
norgestrel. Evans and Gilliam observed that the absorption
maxima of the thiosemicarbazones of saturated and «£,B-unsatu-
rated ketones could be determined in the presence of excess
thiosemicarbazide.2® Bush29 and Talbot et.al.30 have
apzlied this technique to the determination of a series of
A%=3-ketosteroids which yield thiosemicarbazones with
absorption maxima at 299 to 301 nm.

Gdrég31 developed a procedure for the determina-
tion of A™-3-ketosteroids which is based on the Claisen con-
densation of the active methylene groups of ketosteroids
with diethyl oxalate leading to spectrophotometrically
active glyoxalyl derivativea. The development of the chromo-
phore was carried out at room temperature in a mixture of
tertiary butanol and cyclohexane in the presence of sodium
tertiary butoxide while the absorbance was measured in moder-
ately acidic ethanol. The method is suitable for the char-
acterization and quantitative determination of norgestrel
Whi§9 produces absorption maxima at about 244 nm. and 318
nm.
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Salicyloyl hydrazide reacts with A%-3-ketosteroids
to form characteristic hydrazones which absorb strongly in
the ultraviolet32 and ma¥ be used for the analytical deter-
mination of norgeatrel.

Gorog developed a simple and rapid ultraviolet
spectrophotometric method for the determinatign of A4-3-
ketosteroids in pharmaceutical preparations. The method
is based on the reduction of the C-3 carbonyl group with
gsodium borohydride, followed by the determination of the
decrease of absorbance due to the reduction as measured by
differential spectrophotometry. This procedure is appli-
cable to the analysis of norgestrel in tablet formulationsl7
Ethinyl estradiol and common inactive tablet components do
not interfere with the determination.

6.3 Colorimetric Analysis

6.31 Isonicotinic Acid Hydrazide

Norgestrel can be assayed utilizing the well-
known isonicotinic acig hydrazide (INH) colorimetric method
described by Umberger. The chemistry of this technique
is based on the formation of the isonicotinyl hydrazone of
norgestrel from the reaction of the steroid with INH rea-
gent in absolute alcohol acidified with hydrochloric acid.
The A%-3-keto group reacts quantitatively at room tempera-
ture in less than 1 hour. A stable colored species results
which allows measurement of its absorption at about 380 nm.
In the analysis of tablet formulations, norgestrel is extrac-
ted with chloroform from an acidic aqueous suspension of the
tablets, INH reagent is added to an aliquot of the extract
and the resultant yellow solution is spectrophotometrically
measured. Estrogens [viz., 17 ethinyl estradiol and 17« -
ethinyl estradiol-3-methyl ether (mestranoiZ] and inactive
components typically found in oral estrogen-progestin combi-
nation dosage forms do not contribute to th8 gglor develop-
ment; thus, do not interfere in the assay.

The absorption characteristics exhibited by
norgestrel in this colorimetric method are due to the con-
jugated character of the steroid A-ring with the formed
hydrazone. Thus, this method will measure intact norges-
trel in the presence of its photochemical and thermal degra-
dation products for reasons analogous to those descrlged
for the ultraviolet spectrophotometric procedure
sequently, the procedure is also stability-indicating.

Con-
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Russo-Alesi describes a completely automated
INH reagent procedure for the content uniformity testing of
corticosteroid tablet formulations.36 This gensitive, accu-
rate, and rapid automatic analyzer procedure has been adap-
ted to the analysis ?§ norgestrel in oral contraceptive
tablet formulations.

6.32 Dinitrophenylhydrazine

Steroids with an«&, p-unsaturated carbonyl
group were observed by Djerassi and Ryan to produce 2,4-
dinitrophenylhydrazones yith absorption maxima at 390 nm.
in chloroform solution.3’/ Gornall and MacDonald38 have
described a colorimetric procedure, applicable to norges-
trel, in which the pale yellow color of the hydrazone
derivative is converted to a stable, deep red resonating
quinoidal ion species in alkaline solution.3? The reaction
with norgestrel is complete in less than 10 minutes and the
resulting colored species is spectrophotometrically measured
at about 450 nm.

4 In a related study, Nishina et.al.?0 report
that A7-3-ketosteroids will condense with p-nitrophenyl-

hydrazine to yield the corresponding hydrazone, which pro-
duces a reddish-purple species in an alkaline solution of
dimethylformamide. Norgestrel produces a Amax at 540 nm.

6.33 Blue Tetrazolium

The utility of the blue tetrazolium reagent
in the analysis of «C-ketol and non-ketol steroids iz well
documented.’1s Meyer and Lindberg4 noted that A7-3-keto-
steroids, devoid of an cC-ketol function, react with blue
tetrazolium in the presence of a strong organic base to form
the reddish-purple diformazan derivative with a Amax at
530 nm. Application of the tetrazolium technique to the
gelective analysis of norgestrel in anovulatory tablet
formulations containing estrogens has been described by
Smith et.al.** This colorimetric reaction has been adap-
ted to an automatic analyzer procedure fog the analysis of
norgestrel in biopharmaceutical systems.4

6.34 2,6=-Di-tert-butyl-p-cresol

A color reaction is obtained by the action
of 2,6-2%-2$rt-buty112-cresol on norgestrel in an alkaline
medium.™"? The concentration of norgestrel in the resul-
ting colored solution can be determined spectrophotomet-
rically in the visible region.
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6.4 Fluorometric Analysis

Cullen et.al.18 describe a sensitive procedure,
based on a sulfuric acid-induced fluorescence, for the
analysis of norgestrel in tablets of low dosage, i.e., 15-
75 ng. per tablet. Fluorogen formation, which is effected
with an 85% sulfuric acid reagent, is measured at an emis-
sion Amax of 550 nm. with an excitation Jmax of 418 nm.
Specificity of the method with respect to the analysis of
intact norgestrel in the presence of its photochemical and
thermal degradation products was demonstrated by comparison
to quantitative thin-layer chromatography assay values.
This procedure has been completely automated to permit
rapid content uniformity testing of the dosage form. The
automatic analyzer procedure is capable of analyzing 15
gamples per hour with a relative standard deviation of
* 1.4% at the 50 pg. norgestrel per tablet level.

Short and coworkers 1,48 applied fluorometry to

the determination of norgestrel in biological fluids. Nor-
gestrel is extracted from serum with methylene chloride and
subsequently re-extracted into an 80% sulfuric acid in
ethanol reagent which produces an intense fluorescence. The
resulting fluorogen is measured at an emission >\max of 520
nm. and excitation,}max of 460 nm. This method can be
applied to the analysis of norgestrel solutions containing
0.02 pg. per ml.

Bush and Sandberg49 noted that paper chromatograms
sprayed with sodium hydroxide developed an orange-yellow
fluorescence specificfor£§h3-ketosteroids under UV irradi-
ation. Subsequently, Abelson and Bondy50 found that potas=-
sium tert-butoxide could produce the alkaline fluorogenic
reaction, and is suitable for quantitative measurement of
norgestrel in the 0.1-10.0 pg. per ml. level in ethanolic
solution.l!

6.5 Titrimetric Analysis

The ethinyl group of norgestrel reacts stoichio-
metrically with silver nitrate in tetrahydrofuran. The
nitric acid produced can be titrated with 0.1 N sodium
hydroxide to a potengiometric endpoint using a glass~-calomel
electrode system.51’ 2
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6.6 Polarographic Analysis

Norgestrel exhibits a well-defined cathodic wave at
the dropping mercury electrode in alkaline isopropanol. The
halfwave potential of norgestrel in this system is gbout
-1.5v and the diffusion current is linear with concentration
over the range of 104 to 10-3 M.

6.7 Chromatographic Analysis

Chromatography is used qualitatively for the identi-
fication and quantitatively for the determination of purity
and stability of norgestrel.

6.71 Thin-Layer Chromatography

The various eluant and adsorbent systems
used for thin-layer chromatography of norgestrel are given
in Table V. The visualization techniques used for detection
of norgestrel are also included in Table V.

6.72 Gas Chromatography

Norgestrel has been directly chromatographed
on a &4 ft. x % inch glass column packed with 0.5% QF-1 on
Chromosorb G (80/100 mesh) utilizing a flame ionization
detector.?? A column temperature of 215°C. is employed
with helium at 40 ml./min. as the carrier gas. This tech-
nique has been applied to the selective analysis of norges-
trel at the 0.25 to 1.0 mg. dosage level in anovulatory
tablet formulations. In the analysis norgestrel is extrac-
ted with chloroform from an acidic aqueous suspension of the
tablets, the chloroform extract is concentrated by evapora-
tion and subsequently chromatographed using cholesterol as
the internal standard.

6.73 Column Chromatography

The quantitative analysis of norgestrel and
structurally related progestational steroids in orally admin-
istered anovulatory formulations has been described utilizing
a gel filtration column technique and ultraviolet spectrom-
etry.4 A synthetic polysaccharide (Sephadex LH-20) column
with methanol-water (17:3) as the eluant permits the quanti-
tative separation of norgestrel from formulation components.
Estrogens (viz., ethinyl estradiol, mestranol, estradiol,
and estradiol benzoate) and common tablet excipient materials
were shown not to interfere in this assay procedure.
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Table V
Thin-Layer Chromatographic System for Norgestrel

Solvent Visualization
System Adsorbent Technique .Eﬁ Reference

A Silica Gel GF 1, 2 0.37 53

B Silica Gel GF 1, 2 0.45 53

C Silica Gel GF 1, 2 0.59 53

D Silica Gel GF 1, 2 0.53 53

E Silica Gel G 1, 2 0.47 54

impregnated with
DuPont Lumines-
cent Chemical 609
F Silica Gel G 1, 2 0.46 54
impregnated with
DuPont Lumines-
cent Chemical 609
Silica Gel G 3 0.54 26
Silica Gel G 4 0.73 1
MN Silica Gel 1, 2 - 18
G-HR/UV

| Q

Solvent Systems

Benzene:methanol (95:5)
Benzene:acetone (80:20)
Chloroform:methanol (90:10)
Methylene chloridesmethanol:water (150:9:0.5)
Petroleum ether:ethyl ether (10:90)
Petroleum ether:ethyl ether:diethylamine (40:60:10)
Chloroform: alcohol, U.S.P. (96:4)
N-hexanet ethyl acetate (1:3)
Benzene:chloroform (8:2)

Visualization Techniques
Ultraviolet light
Sulfuric Acid Spray Reagent
10% Ethanolic Phosphomolybdic Acid Spray Reagent
Antimony Trichloride Spray Reagent

HIOMMEUOOQWR

EBNVL RN SO
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PHENFORMIN HYDROCHLORIDE

1. Descrigtion

1.1 Name, Formula, Molecular Weight
Phenformin hydrochloride is named in Chemical
Abstracts as l=phenethylbiguanide hydrochloride. Other
names occasionally used are N'=[ -phenethylformamidinyl=-
iminourea hydrochloride and DBI.

CHZ-Cﬂz-NH-ﬁ-NH-ci-NHZ. HC1
|
N=H N=H
c10H16N5C1 Mol. wWt, = 241.73
1.2 Appearance, Color, Odor

Phenformin hydrochloride is a white or practically
white, odorless, crystalline powder.

2. Physical Properties

2.1 Infrared Spectrum
The infrared spectrum of phenformin hydrochloride
(USP Standard) is shown in figure 1. The spectrum was ob=-
tained on a Perkin=Elmer 621 Spectrophotometer from a KBr
pellet, The structural assignments have been correlated
with the following band frequencies.,

Frequency (em~1) Agsignment
3400 - 3250 N=-H stretching
3200 - 3100 Amine salt N=H stretching
1660 = 1610 C=N (a~B-unsaturated)
1590 - 1510 Amine salt bending
756 & 695 Phenyl (monosubstituted)

2.2 Nuclear Magnetic Resonance Spectrum
Phenformin hydrochloride displayed the NMR spectrum
shown in figure 2, The sample was dissolved in dimethyl
sulfoxide-dg The spectrum was measured on a Varian A-60 NMR
Spectrometer with TMS as the internal reference. The follow=
ing structural assignments have been made for figure 2,
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Figure 1.

Infrared Spectrum of Phenformin Hydrochloride (USV House Standard batch 22574)
taken in KBr Disc. Instrument: Perkin Elmer 621,
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Chemical Shift (§) Assignment
2.90 and 3.35 & -CH ~CH -NH-
7.05 Exchangeable
7.30 Aromatic

2.3 Ultraviolet Spectrum
Shapiro (1) reported the absorption spectra for
phenformin hydrochloride. The spectra are shown in Table 1,

Samples were measured in acidic, neutral and alkaline medium
as well as in methanol.

TABLE 1

Ultraviolet Spectra of Phenformin Hydrochloride

Solvent A max (nm) E x 10°3
H20 233 14.5
1x10™3nHC1 233 11.2
1x10™4NHC1 233 14,5
1x10~1NNaOH 232 12.7
1 N NaOH 225 - 228 12,0
methanol 234 17.7

2.4 Mass Spectrum
Phenformin hydrochloride was found to be unstable
under electron impact-mass spectrometry conditions. The
major fragments peaks were observed at m/e 205, 146, 104,
and 101 (2). The molecular ion did not appear.

2.5 Melting Range

Phenformin hydrochloride has a melting point of
176=178° (1).
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Figure 2.

NMR Spectrum of Phenformin Hydrochloride (USV House Standard batch 22574) in
deuterated DMSO, Instrument: Varian A-=60.
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2,6 Solubility
The solubility of phenformin hydrochloride was de-
termined at room temperature in the following solvents.

Solvent mg/ml Solvent < 0,02 mg/ml
Water 83 Chloxroform
Ethanol Abs. 34 Acetone

Ethanol 95% 64 Ethyl Acetate
Methanol 225 Ether
Isopropanol 3.8 Hexane

Dimethyl formamide 415

2.7 Distribution Coefficients
The distribution coefficients, P, of phenformin
hydrochloride were determined in the oil/water systems, A
and B, The values are shown below as a function of sodium
hydroxide concentration (3)., The partitioning of the drug
into the organic phase increases with higher pH levels.

Py (NaOH) PB (NaOH)
0.01 0.00 0.18 0.004
0.17 0.05 1.11 0.056
0.32 0.20 1,92 0.24
0.57 0.80 2,37 0.64

System A = methylene chloride/water
System B = (1:1) chloroform t-amylalcohol/water

2,8 1Ionization Constant, pKa
Phenformin is a strongly basic substance and con-
sequently exists in di and mono ionic forms. Ray (4) has
reported the ionization constants, pKa' - 11.8 and pKa" -
2,7 at 32°, In our laboratory , the apparent pKa" - 3,1 was
measured at 25° by potentiometric titration. The second
ionization constant, pKa', could not be reliably measured
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in agueous medium by our method. However, Garrett (3) has
calculated an approximate pKa' of 13.0 from plots of the re-
ciprocals of the apparent partition coefficients against the
hydrogen ion concentration,

2.9 Differential Scanning Calorimetry
The thermal stability of phenformin hydrochloride

was determined on a Perkin-Elmer Model DSC-1B Thermal
Analyzer (2)., The sample is stable when heated to 10° below
its melting point for 30 minutes. A melt endotherm was ob-
served at 175 - 179°, However, phenformin hydrochloride is
unstable on heating above its melting point. The following
data shows the heat of fusion and melting point of phenformin
hydrochloride as determined by DSC Analysis on a sample of
99,8% purity.

Heat of Fusion - 39,8 cal/gram

9600 cal/mole
Melting Range = 175 = 179°C

Melting Point = 176.5°C

2.10 Thermogravimetric Analysis
Phenformin hydrochloride is weight stable through
its melting point. At temperatures above 230°, the sample
loses approximately 30% of its initial weight. The thermal
analysis data was determined on a Perkin~Elmer TGS Thermal~
analyzer (2).

3. Synthesis

Phenformin hydrochloride can be prepared by the addition
of 2-phenylethylamine hydrochloride to dicyanodiamine at
150° (1), Phenformin hydrochloride is then recrystallized
from the reaction mixture with isopropanol.

H
CH,CHyNHCl + HoN=-C-NHCN —>Phenformin hydrochloride
150°

4, Stabilitx

Phenformin can be recovered as the diacid salt after
prologned heating with 3 and 6N hydrochloric acid, 50% sul-
furic acid or polyphosphoric acid. Phenformin hydrochloride
is stable in dilute sodium hydroxide at room temperature.
However, the compound hydrolyzes in strong sodium hydroxide
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to B=-phenethylguanidine and small amounts of B-phenethyiurea
and B-phenethylamine (1).

5. Metabolism

Wick (5) identified the major metabolites of phenformin
hydrochloride in the excreted urine of male rats as p=hydroxy
- B- phenethylbiguanide and its glucuronide conjugate.

Beckmann (6) discovered that man also metabolizes
phenformin hydrochloride to p-hydroxyphenformin. Nearly
33% of the dose was excreted as this metabolite.

Hall (7) studied the metabolism of phenformin with an
in vitro liver system. The biotransformation to p-hydrox-
phenformin was inhibited by a known metabolic iphibitor.
This evidence and the tissue distribution of cl4 1abelea
phenformin suggest that the liver is the major site of
metabolism.

6. Methods of Analysis

6.1 Elemental Analysis

Element % Theory % Reported
c 49,7 49,6
H 6.7 6.7
N 29,0 29.3
C1 14.6 14,3

6.2 Ultraviolet
Phenformin hydrochloride can be analyzed by
measuring its absorbance in water at 233 nm (8).

6.3 Fluorometric

Bailey (9) treated solutions of phenformin hydro-
chloride with alkaline ninhydrin and measured the fluores-
cence of the phenformin-ninhydrin complex at 518 nm on a
Turner fluorometer, The fluorescent complex showed exci=-
tation peaks at 304 and 392 nm, The activation monochrometer
was set at 390 nm. This method can detect 0.025 pg/ml of
phenformin.
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6.4 Colorimetric Methods

Phenformin hydrochloric forms an extractable (1l:l)
ion pair with bromthymol blue, Garrett (10) found that the
ion pair is extracted quantitatively in methylene chloride
from aqueous solution. The absorbance of the ion pair was
then measured in methylene chloride at 413 nm., Garrett
discovered a more sensitive procedure by treating the
phenformin=bromthymol blue ion pair with excess tetra-
butylammonium hydroxide to form a {(2:l) tetrabutylammonium-
bromthymol blue ion pair. The absorbance of this (2:1) ion
pair was determined at 630 nm. This latter method was
applied to the analysis of phenformin in human urine. Minor
interference from nicotine in some urine samples was ob-
served,

Shepherd and McDonald (1l) developed a colorimetric
assay based on the color reaction of phenformin hydro-
chloride with the lenaphthol-diacetyl reagent. The quantity
of phenformin was determined from the absorbance of the
colored solution at 565 nm, Beer's Law was obeyed up to a
concentration of 20 pg of phenformin per ml of solution.
This method was applied to the analysis of phenformin in
biological fluids (12), The U. S, Pharmacopeia (13) de-
scribes this colorimetric procedure.

To achieve the specificity required of modern
analytical methods, these colorimetric procedures should be
coupled with a suitable chromatographic separation technique.

6.5 Chromatographic Methods
Phenformin hydrochloride can be determined by the

following chromatographic methods.

6.51 Paper Chromatograghz

The following data show the solvent system
and response factors, (Rf) for phenformin hydro-
chloride., For the qualitative detection of phen-
formin, the chromatograms can be sprayed with the
location reagents, pentacyanoaquoferriate (PCF),
Sakaguchi, and l=naphthol-diacetyl reagents (14,
15), 1l-Naphthol-diacetyl reagent is the most
sensitive, with a detection limitation of 0,05
pg phenformin.
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Solvent system REf Reference
Acetoneiwater 1:l 0.76 9,16

Isopropanol twater:ammonium
hydroxide 40:916 0.73 16

Pyridine:butanol:water 131:1 0.79 16

Ethyl acetatesethanol:water

633:1 0.76 13,16
Butanol:water:ammonium
hydroxide 4:5:1 0.49 16
Butanol saturated with water 0.43 16

6.52 Thin Layer Chromatography

A TLC system was developed by Bailey (9) for
phenformin hydrochloride on silica gel GF glass
plates. The TLC plates were eluted with the upper
layer of equilibrated n~butanol:acetic acid:H20
(40:5:55). The migration rate was approximately
14 cm in 5 hours with an Rf of 0.45.

Phenformin hydrochloride is quantitatively de-
termined in our laboratory on cellulose plates
which are pre-washed in the developing solvent,
isopropanol:H,Osacetic acid, 80:20:5, After
development in the above solvent system, phenformin
hydrochloride is extracted in methanol and the ab=
soxbance of the solution determined at 233 nm,

6.53 Paper Electrophoresis

Bailey (9) has developed an electrophoresis
method using Whatman No. 3 paper at 400 volts. With
IN acetic acid, phenformin showed a migration rate
of 8,25 cm in 1 hour., Phenformin was extracted from
the paper chromatogram and determined by u.v.
spectroscopy in the usual manner,

6.54 Gas Liguid Chromatography

Wickramasinghe and Shaw (17) have reported
the thermal instability of phenformin hydrochloride
to gas chromatographic conditions. A single peak
of retention time about 22 minutes was observed on
a glass spiral column (122 cm long) packed with
0.5% Carbowax 20M on glass beads (80=100 mesh) at
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a column oven temperature of 225°. The analysis of
the single GC peak on a LKB-9000 gas chromatograph-
mass spectrometer showed prominent GC-MS signals at
m/e 230, 139, 110, 91 and 68, This GC-MS data is
consistent with the s=triazine structure shown
below.

NH, \(NY NH=CHp=CHy=
|
N\(N

NHo
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1. Description
1.1 Name, Formula, Molecular Weight

Procainamide hydrochloride is benzamide,
p-amino-N-/{2-diethylamino)ethyl/monchydro-
chloride with Chem, Abstr. registry number
614-39-1,

Among the generic and trivial names for
this compound are procaine amide hydrochloride,
amidoprocain and procainamide. Common trade
names are Pronestyl, Procamide, Procardyl,
Novocamid, Novocainamid and Supicaine Amide.

0 H2CH
I 23
H,N C-NHCH,CHoN  *HC1
CHyCH3
Cj13H1N30°HC1 Molecular Weight 271.8

1.2 Appearance, Color,0Odor

Procainamide hydrochloride is a
white-to-tan, odorless crystalline powder.

2. Physical Properties
2.1 8Spectral Properties
2,11 Infrared Spectra

Samples of procainamide hydro-
chloride were dispersed in a potassium bromide
pellet or in mineral oil to obtain the infrared
spectra given in Figures la and lb from_a
Perkin-Elmer Model 21 prism instrument~“. The
potassium bromide and mineral oil spectra are
essentially identical.
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pellet. Instrument: P.E. Model 21 Infrared Spectrophotometer.
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Structurally significant bands
were interpreted by Toeplitzl2 as follows (see
Figures la and 1lb).

Wavelength(cm'l) Interpretation
3389,3279,3205 NH, and NH
2564,2457 HC1

1639 Amide C=0

1538 Secondary Amide

1600 NH, and Aromatic C=C

1511 _ Aromatic C=C

840 Para-Substituted Aromatic

2.12 Nuclear (Proton) Magnetic
Resonance Spectra

cohend59 obtained both 60- and
100-MHz spectra of procainamide and its hydro-
chloride. The 60-MHz NMR spectra were obtained on
a Varian Associates A-60 spectrometer of CD30D
solutions containing tetramethylsilane as an
internal reference. The 100-MHz NMR spectra were
obtained on a Varian Associates XL-100 spectro-
meter deuterium-locked to the solvent (CDClj,
CD30D, or ds-pyridine)containing tetramethyl-
silane as internal reference.

Because procainamide hydro-
chloride is not soluble in chlorinated
hydrocarbons, the 60-MHz NMR spectrum was
obtained in tetradeuteromethanol (Figure 2);
this spectrum is compared with that of the free
base in the same solvent (Figure 3). Although
the spectra are qualitatively the same, the
spectrum of the hydrochloride salt differs
because of protonation at the alkylamine site,
resulting in a great downfield shift of the
protons on the methylene groups directly
attached to the aliphatic amine nitrogen and a
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Table 1., NMR Spectral Assignments

© H
or il D 2
DyoN C-N-CH,-CHo- N

@ CH5-CH3

H
® 0

(44

Chemical shift(§) ppm (No.of Peaks” " ,Coupling Constant(J)in Hz)

60-MHz Spectrum

Assignment (Figure 2 ) (Figure 3)

of Proton HCl1l Salt Base in

Position in HOCD3and HOCD3 and

DOCD3 DOCD3
(1)) 1.33 (t, 7.3) 1.22(t, 7.3)
® . 3-29 (a, 7.3) 2.61 (q, 7.3)
(©) 23,35 (m) *n2.60 (m)
® *3.71 (t, 7) *3.47 (t, 9)
® 7.70 (d, 8.6) 7.65 (4, 8.6)
® 6.71 (d, 8.6) 6.68 (d, 8.6)
Table 1, continued....
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Table 1, continued...

Chemical shift(§)ppm(No. of Peaks***,Coupling Constant (J)in Hz)
100-MHz Spectrum

Assignment (Figure 4) (Figure 5) (Figure 6)

of Proton Base 1in HOCD3 Base in Base in

Position and DOCD4 CDCl4 Perdeuteropyridine
o 1.08(t, 7) 1.04 (t, 7) 0.95 (t, 7)
() 2.61 (q, 7) 2.57 (q, 7) 2.48 (q, 7)
(©) **2.66 (m) 2.62 (m) 2.67 (t, 7)
@ **3.48 (m, 8) 3.46 (m) 3.71 (q, 7)
) 7.58 (d, 8.5) 7.59 (4, 8) 7.13 (4, 8)
® 6.65 (d, 8.5) 6.59 (d, 8) 5.93 (d, 8)
@) - 6.79 (Broad) 6.79 (Broad)
® - 4.04 (Broad) 4.04 (Broad)

*Hydrogens not distinguishable.

**Hydrogens are distinguishable,

**%No. of peaks is designated t = triplet, 4 = doublet, g = quartet, and
m = multiplet,
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slight downfield shift of the protons on the
B-carbons. That the site of protonation is not
on the aromatic amine is demonstrated by the
similarity of the aromatic proton resonances of
the two compounds. Protonation of the aromatic
amine would have resulted in a large downfield
shift of the ortho protons and a small downfield
shift of the meta protons, because the -NH3 +
group is not as strong an electron-donating
group as is the -NHpgroup. The assignments

of the chemical shifts shown in Table 1 are given
in Delta values(§) and the coupling constants,
J, are given in Hz with t-triplet, d-doublet,
g-quartet and m-multiplet,

It is evident that the 100-MHz
spectrum of the base in CD30D yields additional
resolution (Figure 4 and Table 1), The 100-MHz
NMR spectrum of procainamide base (Figure 5)
shows the amine and amide protons. There are
additional lines for the methylene protons
attached to the amide nitrogen due to coupling
of the amide proton, which is Jn7Hz. The
assignments are shown in Table 1. When the
100-MHz NMR spectrum of procainamide base is
obtained in perdeuteropyridine, considerable
changes in chemical shifts occur that result in
separation of all the proton resonances
(Figure 6). The assignment of the spectrum is
depicted in Table 1.

2.13 Ultraviolet Spectra

punham®’ had indicated that the

ultraviolet spectra of procainamide hydrochloride
should be measured in 0.1lN ammonium hydroxide in
either methanol or ethanol. Spectra for the
compound dissolved in either solvent alone can
have variable wavelengths of maximum absorbance,
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as indicated by the following spectral data
obtained with a Cary 15 Spectrophotometer.

Solvent A max (nm) E (1%, 1 cm)
MeOH containing 282 667
0.1N NH4OH 282 670
282 676 (Note)
MeOH 291 694
MeOH 291 690

MeOH containing

10';1 N HCl 293 682
107" N HC1 293 399
EtOH, 95% 286 656
EtOH, 95% 286 654
EtOH, 95% 282 658
containing

0.1N NH4OH 282 654

Note: The spectrum of this solution, determined
again 5 hr. later, showed A max = 282 nm,
E (1%,1 cm) = 670.

The data indicate that the wave-
length of maximum absorbance is pH dependent.
Both methanolic and ethanolic solutions of pro-
cainamide hydrochloride had a A max of 282 nm in
0.1N ammonium hydroxide, although the E(1%,lcm)
varied between the two solvents. Addition of
acid to the methanolic solution shifts the
maximum to 293 nm. Spectra of the compound
dissolved in either solvent alone can show A max

values that are quite variable, depending on the
possible contribution of slight residual acid or
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base on the glassware or from impurities in the
batch of solvent used to make the solutions and
measurements. When 10~% N hydrochloric acid in
methanol is used as solvent, there is a slight
decline (about 1.5%) in absorbance, with a 2-nm
upward shift in A max, relative to the absorbance
in methanol alone. However, when the acid
concentration is increased to 10-3 N, the
absorbance declines appreciably (about 42%),
relative to absorbance in methanol alone. This
decline has been ascribed to protonation of the
aromatic-NHj group55’65

The effects of the substitution
of amino and carbonyl groups on the shift of the
absorption of the benzene ultraviolet chromophore
have been discussed®l. The use of ultraviolet
spectrophotometry for determination of Yrocain—
amide hydrochloride has been describeddl, >3
(see Section 6, 3).

2,14 Mass Spectra

cohen®? has reported the
following concerning the mass spectra of pro-
cainamide hydrochloride.

The low-resolution mass spectrum
(see Figure 7) is dominated by the m/e 86 ion
(base peak) resulting from the cleavage of the
bond beta to the tertiary amine nitrogen. This
cleavage is anticipated in the fragmentation of
amines. The M+ of the compound is observed at
m/e 235. High-resolution peak matching, Table 2,
and high-resolution data acquisition, Table 3,
were employed to determine the composition of
each fragment ion. Assignment of the fragmenta-
tion is shown below3,5,
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87+ 71-1H
99-11 86 J0-28 €
Jo-24

O | H CH,— CH,

H,N K. l ~

— N —{= CH,4-CHp = N

CHz - CH3

—> 82 120 1as 148 63 206 220
He

only

The low-and high-resolution mass spectra were
obtained on an AEI MS-902 Spectrometer equipped
with a frequency-modulated analog tape recorder.
The low-resolution mass spectrum was processed
on a Digital Equipment Corporation PDP-11
computer using Squibb programs62, while the
high~resolution mass spectrum was processed by
womack®3 on an EAT computer. Peak-matched

data were obtained from the AEI MS-902
spectrometer equipped with a wide-ratio
accessory.
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Fig. 7 Low Resolution Mass Spectrum of Procainamide Hydrochloride.
Instrument: AEI MS-902 Spectrometer Equipped with
Frequency Modulated Tape Recorder; Spectrum Processed
on Digital Equipment Corporation PDP-11 Computer
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Table 2
High-Resolution Peak-Match Data of Procainamide

352

Found Calcd., C H N 0
M+ 235.1685 235.1685 13 21 3 1
206.1293 206.1293 11 16 3 1
205.1215 205.1215 11 15 3 1
189.1266 189.1266 11 15 3 0
188.1188 188.1188 11 14 3 0
174.1031 174.1031 10 12 3 0
163,0871 163.0872 9 11 2 1
148.0678 148.0637 8 8 2 1
136.0627 136,0637 7 8 2 1
120.0451 120.0449 7 6 1 1
99,1041 99,1048 6 13 1 0
92.0507  92.0500 6 6 1 0
86.0963 86.0970 5 12 1 0
71.0735 71.0735 4 9 1 0
70.0653  70.0657 4 8 1 0
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Table 3
High-Resolution Mass Spectrum of Procainamide®

Rel.

Found Calcd. QZC13 H N _O Int
M+ 235.1667 235.1685 13/0 21 3 1 4
233.1530 233.1529 13/0 19 3 1 4
189.1241 189.1266 11 15 3 0 4
188.1137 188.1188 11 14 3 0 1
187.1151 1
l64 5
149,0705 149.0715 8 9 2 1 4
148. 0700 148, 0637 8 8 2 1 5
137.0646 137.0715 7 9 2 1 3
136.0597 136,0637 7 8 2 1 7
121.0479 121,0482 6/1 6 1 1 12
120.0458 120.0449 7 6 1 1 141
119.0368 119.0371 7 5 1 1 2
100.1078 100. 1064 5/1 13 1 0 20
99.1031 99.1048 6 13 1 0 242
93.0554 93.0533 5/1 6 1 0 6
92,0488 92,0500 6 6 1 0 57
91.0421 91.0422 6 5 1 0 8
87.0974 87.1003 4/1 12 1 0 78
86.0944 86.0970 5 12 1 0 999
72,0799 72.0813 4 10 1 0 22
71,0732 71,0735 4 9 1 0 25
70.0662 70.0657 4 8 1 0 13
65.0395 65.0391 5 5 0 0 55
58.0687 58.0657 3 '8 1 0 90
57.0625 57.0578 3 7 1 0 11
56.0501 56.0500 3 6 1 0 36

a . .
High-Resolution
J. Womack, EAT,

Dr.

FM analog tape processed by

Princeton, N.J.

353



RAYMOND B. POET AND HAROLD KADIN

A similar mass-spectral fragmen-
tation pattern was reported by Atkinson et al39,
These authors commented that the most prominent
ion (m/e 86 ion) results from the ability of the
free electron pair on the tertiary amine nitrogen
atom to stabilize a positive charge on the
adjacent carbon atom, Atkinson et al.39 ascribed
the m/e 99 fragment to a McLafferty
rearrangement66.

2.15 Fluorescence

Procainamide has been reportedl9
to exhibit maximum fluorescence at 385 nm, with
maximum activation at 295 nm, at pH 1ll. The
spectrophotofluorometer used employs a xenon arc
source emitting a continuum from 200 to 800 nm
as the activating light source. This instrument
yields spectra uncorrected for the non-linear
intensity of emission of the xenon arc and the
uneven photomultiplier response over this
continuum. This may explain the same maximum
activation at 295 nm, but a different
fluorescence maximum at 360 nm, at pH 11, that
was reported by Koch-Weser®,

Refer to sections 6.5 and 7.0
for applications of this physical property.

2.2 Crystal Properties
2.21 Differential Thermal Analysis

Differential thermal analysis
(DTA) of procainamide hydrochloride by Valenti3O
yielded a sharp endotherm at 169°Cc. A DuPont
900 Thermoanalyzer programmed for a temperature
rise of 15° per min produced the thermogram of
Figure 8.
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2.22 Differential Scanning
Calorimetry (D.S.C.)

Valenti30 also reported the
D.S.C. purity of the same lot of procainamide
hydrochloride to be 99.94 mole percent. A
Perkin Elmer D.S.C. Model 1B was used.

2.23 Melting Range

The melting range for U.S.P.
procainamide hydrochloride is specified as
165.0 to 169.0°Ccl., The sample of procainamide
hydrochloride used for most of the studies re-
ported herein has a U.S.P. melting range between
168.4 and 169.2°C. This narrow, high-melting
range signifies excellent purity, which is
confirmed by the sharp 169°C D.T.A. endotherm
and the 99.94% D.S.C. purity (Sections 2.21 and
2.22). Various preparations of procainamide
hydrochloride are reported to have the
following melting ranges:
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Melting Range Author (s) Ref.No.

(°c)

165-9 K. Iwaya and 98
K. Yoshida

165-7 M. Yamazaki, 85
Y. Kitagawa,
S. Hiraki, and
Y. Tsukamoto

164 G. Ghielmetti 99

167 H. Najer and 86
M. Joannic

166-7 V. Hack and 87
E. Koppové

166-6.5 Z. Ledbchowski, 89
M. Bogucka,
~A. Ledbchowski, and
A. Chimiak

167-8 E. Pavlovsk a, 100
J. Lukac and
M. Borovicka

165-8 K. Radushkevich 72

165-8 P. Egli 93

165-8 Y. Tashika and 84
M. Kuranari

2.24 X~-Ray Powder Diffraction

The X-Ray powder diffraction of
procainamide hydrochloride was obtained by
ochs35 at a voltage of 25 kv and a current of
10 ma, utilizing a Phillips X-Ray Powder
Diffractometer., The sample was irradiated by a
copper source at 1l.54A°. Data derived from the
spectrum are listed in Table 4; the intensity of
each peak in the spectrum is shown relative to
the incident radiation (I,p), as I/Io x 100, at
twice the angle of incidence or reflection of the
radiation (28) for the distance, d, between
the atomic planes in the crystal.
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Table 4
X-Ray Powder Diffraction Pattern of Procainamide
Hydrochloride
Instrument:
Phillips X~Ray Powder Diffractometer
1ar (aO)* I/Io x 100°" 1(20)***

8. 30 25.26 24
7.40 12.63 12
6.43 7.37 07
5.76 10.53 10
5.40 14.74 14
5.26 100.00 95
4.82 14.74 14
4,52 40,00 38
4,30 27.37 26
4.10 30.53 29
4,01 90.53 86
3.92 66.32 63
3.74 49.47 47
3.48 52,63 50
3.34 18.95 18
3.23 8.42 08
3.14 18.95 18
2,98 28.42 27
2.95 14,74 14
2,86 8.42 08
2.77 20.00 19
2.50 10,53 10
2,36 7.37 07
*d (interplanar distance) = _DA

2 sin ©
A = 1.539A°

** Based on highest intensity of 100.
**% Twice the angle of incidence or reflection,
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2.25 Hygroscopicity

Walton®’ reported that solid
procainamide hydrochloride is readily converted
to a solution in an atmosphere of 65% relative
humidity.

2.3 Solution Data
2.31 Solubility

valenti30 reported the following
solubilities (U.S.P. definition) of procainamide
hydrochloride in various solvents, at room

temperature.
Partsof Solvent/One

Solvent Solubility Part of Solute
Water very soluble less than 1
0.1N Hydro-

chloric acid very soluble less than 1

0.1N Sodium

hydroxide very soluble less than 1

95% Ethanol soluble 10 to 30

Propylene sparingly 30 to 100

Glycol soluble

Chloroform slightly 100 to 1000
soluble

Acetone slightly 100 to 1000
soluble

Ether insoluble more than 10000

Benzene insoluble more than 10000

Hexane insoluble more than 10000
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The solubility of procainamide hydrochloride in
acetone at 32°C was reported to be 3.43 mg per g
of solvent®2,

Radushkevich’2 reported the
solubility of procainamide hydrochloride in
absolute ethanol to be 6% at 20° and 70% at the
boiling point of ethanol. Procainamide hydro-
chloride was reported to be insoluble in 1,2-di-
chloroethane or in diethyl ether’2,

2.32 pKa

The pKa of procainamide hydro-
chloride, determined by a titrimetric procedure,
was 9.24 (i 0.10)77. The pKa refers to the
following type of dissociation:

+ —_— +
R—NH3 == R-NHp + H

2.33 Surface Chemistry

The dielectric potentials and
surface tensions of solutions of procaine and of
procainamide hydrochloride were compared over a
wide pH range97. At pH 10.3 and 10.5 the
following data on dielectric potential were
obtained:

Concentration and Drug PpPH Dielectric Potential

(rav)
0.0066M Procaine 10.5 477
0.02M Procainamide 10.3 268

Although the solution of procainamide was three
times as concentrated as that of procaine, the
dielectric potential of the former was less.

At lower pH's, the dielectric potential of the
procainamide solution was also less than that of
procaine, although the difference was not as
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pronounced as at pH 10.3 and 10.5.

Similarly, the surface tension
for the procainamide solution was less than that
for procaine, over the pH range tested.

The authors®’ concluded that the
toxicity of procainamide is less than that of
procaine because procainamide is less surface
active.

2.34 Complex Formation

Complex formation by procaine and
procainamide with adenosine triphosphate (ATP) in
aqueous solution was studied by optical rotation
and NMR methods?®, These studies indicated that
hydrophobic stacking of the aromaticity, rather
than horizontal hydrogen bonding, is implicated
in the formation of these complexes. At pH 7.0,
ATP binds one drug molecule tightly or two
molecules weakly. The formation constants for
tightly bound complexes as determined by both
optical rotation and NMR measurements, were in
good agreement. The weak-association constants
were obtained by trial-and-error procedure,

The complex-formation constants
were:

ATP Complex

Strength Procaine Procainamide
Tight 1430 ¥ 3g0M~- 3.60 £ gomM~1
Weak 1.1 * 0.7x105M-2 4.7 * 2,8x%103y"2

According to Thymm et al.96 the

activity of these drugs on nerve membranes may be
ascribed to complexing with membrane-bound ATP.
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3. Synthesis

p-Nitrobenzoic acid is converted to the acid
chloride by reaction with sulfonyl chloride.
p-Nitrobenzoyl chloride is then reacted with
diethylaminoethylamine. The resultant nitro
condensation product is then treated with
hydrochloric acid and reduced to yield the final
product85.

OZN“@— COOH + SOC12—-) OZN@‘COCI

+ NHCH cH NZ S2ls —> 0 N CONHCH ,Cli N<C M
277272 CZHS ¢ u

——Pﬁ%' H,N LONHCH CH N\CZHS * HCl1
red. 2 C2H5

Alternative syntheses of procainamide have
been described by several workers?’2,86-90,95,98,
Preparation of procainamide by electrolytic re-
duction of N-(2-diethylaminoethyl)-p-nitro-
benzamide has also been reported84.

The synthesis of 14C-procainamide hydro-
chloride, reported by Egli93, utilized
p-aminobenzoic acid labelled in the carboxyl
carbon. The synthesis outlined above was
followed. A purity analysis was performed by
radioscanning a thin-layer chromatogram of the
final product, using the support and solvent
system II of Fairbrother and Shand®8as described
in section 6.42. The final product contained
4,83 uCi/mg, with less than 0.5% of radiochemical
impurities. Egli93 reported that it was possible
to maintain the product at only 0.5% impurity by
keeping the specific activity as low as possible
and growing the crystals as large as possible;
this procedure apparently minimizes the surface
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oxidation that is common with labelled compounds.

4. Stability

Bulk samples of procainamide hydrochloride
were stored at 25 and 50°C for as long as 1 year.
Samples stored at these temperatures showed no
significant differences in intravenous or oral
toxicity in mice. The purity, measured by
titration with perchloric acid, ranged from
98.9-100.1% over the period of one year.
Procainamide hydrochloride bulk appeared to be
stable under the conditions employed9l,92,

5. Analysis of Impurities, Degradation Products
and Residual Intermediates

N-(2-diethylaminoethyl)~-p-nitrobenzamide, an
intermediate in the synthesfg of procainamide,
has been determined polarographically?3. The pH
4.0 buffer contained 250 ml of 1M sodium acetate,
750 ml of 1M acetic acid, 7.46 g of potassium
chloride and 530 mg of dodecyltrimethyl ammonium
chloride. A dropping-mercury electrolysis cell
was used in which the average half-wave reduction
potential (vs. Hg) was found to be -0.405 volts.
Use of a gravimetric method®9 has also been
reported, in which the nitrobenzamide compound
was extracted into ether from alkaline solution;
the solvent was removed by evaporation and the
residue was dried and weighed.

The determination of p-nitrobenzoic acid, a
possible process contaminant, was accomplished
gravimetrically®9 after extraction from acid
solution into ether and removal of the solvent
by evaporation. The stability of p-nitrobenzoic
acid can be monitored by thin-laye? chromatogra-
phy83 on silica gel plates (with indicator) with
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a solvent system prepared by mixing 10 mls water
with 20 mls of U.S.P. ethanol then diluting to
1000 mls with methyl isobutyl ketone.

Concentrations of N,N-diethylethylenediamine
(a precursor diamine) in the range of 0,.01-0.3%
have been determined in procainamide hydro-
chloride by a colorimetric me thod’0 by Whigan
and Kadin. 1In this test, based upon a report by
J. Bartos94 a 50-mg sample of procainamide
hydrochloride is dissolved in dimethylformamide
and reacted with a 0.1% solution of ascorbic
acid, dissolved in the same solvent, by heating
the mixture for 10 min in a boiling-water bath.
The absorbance of the colored reaction product
is measured at 530 nm. The color reaction
between the diamine and ascorbic acid is
enchanced by the presence of procainamide. A
similar enhancement by p-aminobenzoic acid (PABA)
had been observed. Therefore, 30 mg of PABA
were added to both the reagent blank and the
diamine standard to correct for this enhancement.

As little as 0.1% N,N-diethylethylenediamine
in procainamide could also be determined quanti-
tatively by paper electrophoresis and densitome-
try/+. Samples and standards were spotted 12 cm
from the anodic edge of 12 x 36 cm Whatman 3MM
paper. Electrophoresis in a pyridinium-formate
buffer was carried out for 30 min at a voltage
gradient of 10 V/cm. The sheet was air dried,
sprayed with a ninhydrin reagent containing
sym-collidine, and developed for 3 hr. The
colored spots were evaluated by densitometry.

p-Aminobenzoic acid in solutions of
procainamide has been detected by circular paper
chromatographyGO. After development with
ammonia-saturated butanol, the paper was dried
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and sprayed with sodium nitrite in 5% hydro-
chloric acid, followed by l-naphthol and
ethanolic potassium hydroxide. Procainamide and
its cleavage product give red circular zones.

p-Aminobenzoic acid, a potential cleavage
product, has been separated by electrophoresis
on paper78, eluted in distilled water, then
determined coulometrically. p-Aminobenzoic acid
may be separated from procainamide in an ex-
traction system79. The alkalinized sample is
extracted with chloroform and the p- aminobenzoic
acid remaining in the aqueous phase as the sodium
salt can be determined spectrophotometrically
(Section 6, 3).

The phase-solubility of procainamide in
acetone at 23 and 32°C has been used to determine
the purity of the compound52’80. Purity was also
evaluated by Differential Scanning Calorimetry
(Section 2,22),

6. Analytical Tests and Methods
6.1 Elemental Analysis

C13H22N3OC1
Element Theory Reportedb4
C 57.45% 57.45
H 8.16% 8.16
N 15.46% 15.46
0 5.89% 5.88
Ccl 13.04% 13.05

6.2 Identification Tests

A test based on the preparation of
benzoyl procainamide and the determination of its
melting point is described in the u.s.p. L.
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Clarke has reported results for micro-
crystals and Vitali's color testsll, Crystal-
reaction identification tests have been
described®8, A number of spot-plate tests to
identify procainamide have been reportedl3’15’l7’

Identification has been achieved by paper
and test-tube chromatography,16’14 as well as by
gas chromatography4l. cColor reactions with
barbituric acid and 2-thiobarbituric acid have
been reported33.

Infrared spectroscopy (Section 2,11),
spectrophotometry (Section 6.3), paper and thin-
layer chromatography(Section 6.42), spectro-
photofluorometry (Section 6.5) and gas
chromatography (Section 6.43) provide alternate
methods for purposes of identification.

6.3 Spectrophotometric Methods

Procainamide and its decomposition
product p-aminobenzoic acid have been determined
by measuring their ultraviolet absorption55
(see Section 2.13).

The color developed upon the reaction
of procainamide with vanillin in acid solution
has been used to measure its concentration48,33,

A reaction with thyme camphor after
diazotization has also been reported49. Reaction
with sulphonphthalein dyes30 has been used to
give a colored product for measurement,

Refer to Section 7 for spectrophoto-

metric methods applicable to the determination of
procainamide in biologic fluids and tissues.
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6.4 1Isolation and Chromatographic Methods
6.41 Solvent Extraction
Procainamide has been isolated by
solvent extraction (see Sections 5.0 and 7.0) for
subsequent determination by a variety of methods
(see Sections 6.43, 6.6 and 7).

6.42 Paper and Thin-Layer Chromato-
graphy

Procainamide has been assayed by
paper chromatographic methods22,47,60,  Rroberts4?
using S&S 597 filter paper, developed chromato-
grams for 16 hr in the solvent-rich upper phase
of a solvent system composed of equal volumes of
isobutanol and 0.05N phosphoric acid. The zones
on the developed chromatograms were located by
their ultraviolet absorbance,

A number of thin-layer chromato-
graphic systems have been used to examine pro-
cainamide qualitatively20,21,22,38 5png quantita-
tively22,36,40,68,82,93 7the quantitative TLC
systems36:82 can separate procainamide from such
known impurities as p-aminobenzoic acid and
p-nitrobenzoic acid. The most useful thin-layer
systems are given in the next table.

6.43 Gas Chromatography

Gas chromatography has been used
to separate and guantitate procainamide (see
Section 7.0), as well as for identification of
the compound (see Section 6.2).
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Ref.
38

36,38,40

82

93,68

Thin-Layver Chromatographic Systems

Support Solvent Composition
Silica Gel GF250 Benzene:Ethyl Acetate:Ethanol:

Ammonium Hydroxide (15:15:5:1)

Silica Gel GF250 Benzene:Ethyl Acetate:Methanol:
Ammonium Hydroxide (160:80:160:1)

Kieselgel GF254 (Merck) Benzene:Ethyl Acetate:Methanol:
Ammonium Hydroxide (20:10:20:1)

Silica Gel QlF250 I. Benzene:Ammonium Hydroxide:
(Quantum Industries) l,4-Dioxane(10:5:80)

II.Isopropanol:Chloroform:Ammonium
Hydroxide (45:45:5)
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6.44 Ion Exchange Chromatography

The use of ion-exchange chroma-
tography for the separation of procainamide from

mixtures has been reported24’29:74:75

6.5 Spectrophotofluorometric Methods

Fluorescence of procainamide in the
ultraviolet has been reported~”. It exhibited
an uncorrected activation maximum at 295 nm,with
an uncorrected fluorescence maximum to 385 nm at
pPH 11. The minimal detectable concentration was
reported to be 0.0l pg/ml.

The concentration of procainamide in
biologic fluids has been measured spectrophoto-

fluorometrically8’43(see Section 7.0).

6.6 Titrimetric Methods

Procainamide has been determined by
titration with IC126, The most generally useful
methods for the determination of procainamide
have been those involving titration with nitrite
23,25,27,28,42 and with perchloric acid 7 2.

Kadin®1 recently reported that pro-
cainamide, as well as some other aromatic amines,
readily undergo partial acetylation in glacial
acetic acid containing acetic anhydride. The
acetylated aromatic amines are not titratable
with acetous perchloric acid. The addition of
acetic anhydride to glacial acetic acid is
commonly employed to remove water when the
acetous perchloric acid is constituted. Indeed,
quite satisfactory titrations may be obtained
when the acetic anhydride is not added to the
acetous perchloric acid. However, reagent grade
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glacial acetic acid may already contain offending
acetic anhydride. Kadin®l has shown that acetic
anhydride interference can be eliminated by prior
reaction of the titration solvent with an aroma-
tic amine. He titrated an aliquot of solvent,
which had been cleared of acetic anhydride
through reaction with the aromatic amine
benzocaine, to neutrality just prior to
dissolving the procainamide sample for titration,
However, he strongly recommended abandonment of
this rather cumbersome nonaqueous titration in
favor of a simpler, more selective nitrite
titration of procainamide using the stable
internal indicator ferrocyphen.

Procainamide, isolated by extraction
into chloroform from ammoniacal agqueous solution,
was dissolved in dilute hydrochloric acid after
removal of the solvent by evaporation. Pro-
cainamide was titrated with 0.1M sodium nitrite
by oxidation-reduction potentiometry, using
platinum electrodes3l. The direct conductometric
titration of procainamide hydrochloride with
sodium hydroxide has been described34. The
usual change in the slope of the conductance
response with volume of the sodium hydroxide
titrant occurs after the neutralization of the
amine hydrochloride, Intersection of the two
linear plots, representing the changes in
conductance before and after neutralization,
then accurately delineates the endpoint.

6.7 Microbiological Methods

A microbiological assay of
procainamide with Acetobacter suboxydans has
been reported32.
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7. Analysis in Biological Fluids and Tissues

Concentrations of procainamide in biological
media have been measured colorimetrically after
diazotization and coupling to the
Bratton-Marshall reagent (N(l-naphthyl)-ethylene-
diamine)to form a colored product. These methods
have involved protein precipitation45 or solvent
extraction2:43,46,56 g igolate procainamide
prior to the colorimetric measurement.

Concentrations of procainamide in blood and
urine were estimated after reaction of the drug
with 4—dimethylaminocinnamaldehyde81 to form a
colored product.

A rapid procedure for measuring plasma pro-
cainamide concentrations by gas chromatography
has been reported by Atkinson et al39, They used
a2mx 2 mm i.d, glass coil packed with 0.2%
OvV-17 on a 100/120 mesh glass bead (Corning GLC-
110). The temperature of the injector port was
230°C, that of the column 225°C, and of the
flame ionization detector, 240°c. A flow rate of
30 ml/min Np carrier gas and Hyp was used. The
air-flow rate for the detector was 300 ml/min.
Procainamide was extracted from alkaline solution
into methylene chloride, with p-amino-N-(2-
dipropyl-aminoethyl)benzamidine HC1l as the
internal standard. The residue resulting from
the evaporation of this methylene chloride
solution was dissolved in ethyl acetate and
injected into the chromatograph.

The determination of procainamide in serum®>

by use of its fluorescent properties has
provided an additional tool. Procainamide was
extracted from alkalinized salt-saturated serum
into benzene containing 1,5% isopentyl alcohol.
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It was re-extracted into dilute hydrochloric
acid. 1Its fluorescence was measured after the
pPH had been adjusted to 1l by the addition of
sodium hydroxide.

A colorimetric method for the determination
of N-acetylprocainamide, a metabolite of
procainamide, has been reported by Poet44. In
this method2:46, N-acetylprocainamide is
extracted from alkalized serum into benzene
containing 1.5% isoamyl alcohol. It is then
re-extracted from the solvent into 1N-hydro-
chloric acid. An aliquot is heated in a
boiling-water bath to hydrolyze any N-acetyl-
procainamide present. N-acetylprocainamide is
then determined as the difference in procainamide
content of the sample extract before and after
hydrolysis, as measured by the greviously
reported colorimetric method?, 46,

The metabolism and distribution of
procainamide hydrochloride in man and dog was
studied by Mark et al?, They reported that
50-60% of a single intravenous dose administered
to man was excreted unchanged in the urine; that
about 2-10% was accounted for as p-aminobenzoic
acid; and that the drug did not accumulate when
given in repeated oral doses. Procainamide
concentrations in these studies were measured
after isolation of the drug from alkalized
biological material by extraction into benzene,
augmented by saturation of the aqueous phase
with sodium chloride. The drug was returned
to dilute acid, diazotized, and coupled with
N(l-naphthyl)ethylene diamine. The resulting
colored dye was determined spectrophotometri-
cally (see Section 7.0). The specificity of the
method was demonstrated by the calculation of
comparative distribution ratios’®,
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Dreyfuss et 3l.3’4 studied the biotransfor-
mation of procainamide hydrochloride in rhesus
monkey, man, and dog, using l4c_1abelled drug.
In the dog, 50-67% of the l4cC activity excreted
in the urine was unchanged procainamide; four
metabolites were recognized. 1In monkey, 22-49%
of the l4c activity was excreted in the urine as
unchanged procainamide; two metabolites were
recognized. N-acetyl procainamide, isolated and
identified by a combination of TLC, NMR and mass
spectrometry, was a major metabolite excreted by
monkey; although present in man this metabolite
did not appear to occur in dog. The combination
of these analytical techniques helped to provide
essential data in these metabolic studies. These
studies also suggested that compounds containing
readily acetylated aromatic amino groups should
be studied in primates rather than in dogs, but
preferably in both species. Weily and Genton®
have reported on the routes and mechanism of
procainamide excretion; the effect of urine pH;
and the effects of flow rate and the presence of
renal or hepatic impairment on the plasma half
time and on the renal and hepatic clearance and
excretion of procainamide.

The pharmacokinetics of procainamide hydro-
chloride in man has been studied‘extensively7’8’%
Koch-Weser demonstrated that plasma concentrations
between 4 and 8 mg/L are found after the usually
effective therapeutic doses. He showed that
knowledge of plasma concentrations is helpful in
establishing the optimal dosage in individual
patients. Procainamide concentrations were

determined spectrophotometrically8 and spectro-
photofluorometrically® by methods that are well

within the capability of hospital laboratories
(see Section 7).
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A recent reportlo indicated that N-acetyl
procainamide was detected in the plasma of two
patients receiving procainamide. This compound
was identified by a combination of TLC, gas
chromatography and mass spectrometry. This
metabolite was demonstrated to have anti-
arrhythmic activity in mice. The report
concluded that the observed anti-arrhythmic
activity of procainamide in man may be due, in
part, to its conversion to N-acetylprocainamide
(see also Section 7).
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1. Description

Reserpine is 1,2-didehydro-2,7-dihydro-11,170~dimethoxy-
3B8,200~Yohimban-16R~-carboxylic acid methyl ester, 18B~tri-
methoxybenzoate ester,

OCHz

OCH3

OCHs

Reserpine is generally obtained by extraction of the
roots of certain species of Rauwolfia (Apocynaceae),
prinﬁggally R. Serpentina and R. Vomitoria,™ or by synthe-
sis, It occurs as a white or pale buff to slightly
yellow, odorless, crystalline substance. It 1is weakly basic,
with a pK of 6.6,

2. Physical Properties

2.1 Melting Point 1
Reserping melts at 264-265°C with decomposition,

Hochstein et. al.  have reported that reserpine melts at
284=286°C in an evacuated tube, and that the apparent
melting point is less dependent on heating rate when measured
under vacuum,

The melting pgints of several salts of reserpine
are listed in Table 1," and melting points for several
stereoisomers have been included in Table 2.
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Table 1

7

Melting Points of Several Reserpine Salts

Salt
hydrochloride
sulfate
perchlorate
nitrate
oxalate
methylbromide
maleate

picrate

Empirical Formula

C33H4ON204-HC1'H20

€33N0 Hy80,,

C33H40N209-HC104

€33N0 HNO,

C33H40N209-C2H204'1/2H20
C33H40N209-CH33r

C33H,0N90q C, 1,0,

C33H,oNy0g" Hy0

387

Melting Point*
224°

242=-244°
238-239°
235°
206°
271-272°
226-227°

183-186°
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Table 2

Sodium D-line Rotations for Reserpine
and Several of Its Configurational Isomers

Melting
Compound Isomer* Point °C lng Conditions Ref
reserpine - 264265 -118° CHC1,, 23°C 7,8
~164° pyridine, 26°C 7
-168° dimethyl-
foramide, 26°C 7
-100° dilute acetic
acid, 25°C 16
-125° Dioxane, 25°C 16
16-epireserpine 16c 180 + 44° CH.Cl3 1
18-epireserpine 18x 141-145 + 38° CHCl3 10
16~epi-17-epi~reserpine ‘
(neoreserpine) 160,178 163-170 + 29° CHCl3 11
3-isoreserpine 3o 152-165 -164° CHCl3 8,9
18-epiisoreserpine 18 245-248 CHCl3 10

*The entries in this column give the configuration of the carbons which differ from the
configuration in reserpine.
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2,2 Electronic Spectra

2.2.1 Ultraviolet Absorption Spectrum

The ultraviolet spectra of indole alkaloids
generally consist of three bands, one band in the region of
225 nm and two bands, often unresolved, in the region of
280 nm., These bands have been assumed to have the same
origin as the low engrgy transitions of benzene, and so th
benzene nomenclature ™~ is used for the indole chromophore,
As shown in Figure 1, all three baTds are distinct in the
spectrum of reserpine. 1The a < A band maximum occurs at
216 pm (€=§5,700), the "La ¢— A band ai4267 mm (€=15,700) and
the <«— A band at 296 nm (€=9,660). The absorption
maxima and extinctions are essentially identical in chloro-
form and methanol.

2,2.2 Optical Activity
Carbons 3, 15, 16, 17, 18, and 20 of

reserpine are asymmetric, resulting in 64 possible configu-
rational isomers., Reserpine itself ha§ 8 rotation of -118°
(sodium D line) at 23°C in chloroform.’?’  The D=line
rotations for reserpine and several of its isomers are
listed in Table 2, The circular dichroism (CD) and magnetic
circularlgichroism (MCD) spectra of reserpine have been
reported ~ and are reproduced in Figure 2, The magnetic
circular dichroism is of special analytical interest because
the sign pattern can be used to distinguish indole alkaloids
from alkaloids bearing the indoline or oxindole chromophores:
the lattir chromophores show a positive effect at low wave=
length (L transition) and negative effects at higher wave-
length ( a transition), whereas indole alkaloids have
negative effects at low wavelength and positive effects at
higher wavelength.

2.2,3 Fluorescence and Phosphorescence

The absorption band at 296 mnm in resTyp}gelg
gives rise to strong fluorescent emission at 375 mm, "’ ’17
In water, the fluorescence intensity is maximum at low pH:
a spectrum in water at pH 1.0 is reproduced in Figure 3.
Fluorescence is typical of compounds closely related to
reserpine, including alkaloids which occur naturally along
with reserpine and degradation products of reserpine (vide
infra)., The fluorescence characteristics of several of these
are summarized in Table 3. In reserpine, deserpidine, and
rescinnamine, it has been shown that light energy absorbed by
the indole caaoggphore is emitted from the trimethoxybenzoate
chromophore,” ? The intramolecular singlet-singlet exci-
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Figure 1. The Ultraviolet Absorption Spectrum of Reserpine

390



RESERPINE

298(1.99)
2-
-
L
p—
x0T —=
§ I iy B Lol
— \
- —2-\‘
Y
o -3
—44 % - 20
267[16.40)‘>W, 270(—4.55)
_: ‘\“‘ ”f, T
z ¢¢ "',, D
, 294(10.04) -
¢,l“\ ll,.'||lllllll,'l'l p— ln x
w
T T 40
250 300
N(nm)
Tigure 2. Magnetic Circular Dichroism (-), Circular
Dichroism (----), and Absorption Spectra (.....) of Reserpine
in Methanol

391



76€

RELATIVE INTENSITY

100 -
90 -
GH
10
60
90
40
301
20

10 -

Figure 3.

o ! L] T T 1 T 1 1 ] 1 L] 1
200 250 300 350 400 450 500 550 600 650 700 750 800

WAVELENGTH-MILLIMICRONS

Fluorescence Spectrum of Reserpine in Water at pH 1.



RESERPINE

tation transfer occurs with 1007 efficiency, and ifvolves
transfer from the indole S (w,T*) state to the LR

(7, w*) state of the trimefhoxybenzoate acceptor. The
energy transfer appears to occur b¥3an exchange mechanism
rather than a resonance mechanism.

Table 3

Fluorescence Characteristics o
Compounds Related to Reserpine

Excitation Emission Relative

Compound Maximum Maximum Sensitivity
Reserpine 280 360 6
3-180 Reserpine 390 510 18
Dehydroreserpine perchlorate 390 510 75
Tetradehydroreserpine

chloride 340 440 50
Rescinnamine 310 440 2
Rescinnamine N-oxide 310 340 2-3
Deserpidine 280 360 15
Reserpine N-oxide 280 360 8
Methyl Reserpate 300 360 19
Reserpinine 300 360 2
Methyl=0=- (35-dimethoxy=-4-

hydroxybenzoyl reserpate) 300 360 8
Syrosingopine 300 360 4
Syrosingopine N-oxide 290 350 6
Trimethoxybenzoic Acid 280 360 2
Trimethoxycinnamid Acid 300 400 <1
Indole 280 340 36
Harmaline HC1 390 490 150

Phospho§sscent emission from reserpine occurs at about
460 nm,

2,3 Infrared Spectrum
The infrared spectrE%_Qg reserpine has been
reported by several workers, The spectrum in chloro-
form is reproduced in Figure 4, and the assignments of
several bands in the spectrum are as follows:

3480 em”! 1 >N-H stretch

2840-3030 em” >C-H stretch

1732 cm:l > C=0 stretch, acetyl group

1713 cm > C=0 stretch, trimethoxybenzoate

group
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At one time Wenkert30 suggested that the presence of EYo or
more bands or distinct shoulders between 2700-2900 cm = on -1
the low wave number side of the major band at about 2900 cm
indicated an ¢ hydrogen on carbon 3, whereas the absence of
these bandisindicated a P hydrogen on carbon 3. It has since
been shown”~ that these bands are associated with axial
hydrogens at C-3, and are therefore indicative of the confor-
mation rather than the configuration of the molecule.

2.4 Nuclear Magnetic Resonance Spectrum

The n.m.r, spectra of methyl 3-isoreserpate, methyl
reserpate, methyl neoreserpate, and the 3',4',5'-trimethoxy-
benzoate esters of each of these compounds have been reported
by Rosen and Shoolery.  The 60 MH, spectrum of reserpine is
reproduced in Figure 5, and the asSignments of several of the
resonances in the spectrum are given in Table 4.

As axial protons are generally found at higher
fields in the n.m.r. spectrum than the corresponding equa-
torial protons, the resonances of the C-3 and C-18 protons
may be used to distinguish reserpine from isoreserpine or
neoreserpine, In the most stable conformation of reserpine,
the C-3 proton is equatorial and the C-18 proton is axial.
In 3-isoreserpine, however, the C-3 proton is axial and is
shifted to high enough field that it is obscured by the -0CH
resonances: the axial C-18 resonance is essentially un-
changed. In neoreserpine the C-3 proton is again axial
(therefore not discernable in the spectrum) and the C-18
proton is equatorial and therefore shifted to lower field
than in reserpine (5.83 p.p.m. compared with 5.05 p.p.m.,
respectively). ,

3
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Table 4

Assignment of the N.M.,R. Spectrum
of Reserpine in CDCL,
-

Chemical

Functional shift

Group (p.pem, from tetramethylsilane)
NH 7.85 p.p.m, (broad singlet)
Indole aromatic H Two groups of lines at about

(C-9,C-10,C-12) 6.7 and 7-3 popomo
Trimethoxybenzoic acid

aromatic H 7.34 p.p.m, (sharp singlet)
C-18 H 5.05 p.p.m, multiplet
C-3 H 4,43 p.p.m, multiplet
Trimethoxybenzoic acid,

-OCH3 3.92 p.p.m. singlet
c-11, -OCH3 3.79 p.p.m, singlet

0

C-16, -C-OCH3 3.79 p.p.m. singlet
c-17, -OCHB 3.46 p.p.m. singlet

2.5 Crystal Form and X-Ray Powder Pattern

Crysta}}ographic data on reserpine has been re-
ported by Rose, The crystals are monoclinic with axial
ratios, a:b:c, of 1,654:1:1.537 and B = 115°8', They occur
as blades or needles elongated parallel to b and lying on the
orthopinacoid 100 or basal pinacoid 001 , The crystals
sometimes show the clinodome 011 and the hemipyramid:
blades are generally terminated by the clinopinacoid 010 .

The density of the crystals wag determined to be
1.298 g/em” by flotation and 1.293 g/em” by x-ray. The
refractive indexes of the crystal at 25°C for 58934 radiation
are as follows: o=1,51, B=1,568 + 0,002 and ¥ =1,687 + 0,004,

The unit g¢ell contgins two molegules and has
dimensions A=14,57A, b=8,81A, and c=13,5A, The powder
pattern is summar§§ed in Table 5.

Hamilton™“ has reported that reserpine is one of the
largest acentric molecules whose structure has been de-
termined by direct x-ray techniques, but he did not report
the details of this study.
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Table 5

X-Ray Powder Pattern of Reserpine31

d I/1 hkl d(calculated)
13.14 0.40 100 13.11
12,22 0.40 001 12.18

7.44 0.20 101 7.48

7.19 1,00 011 7.14

5.73 0.40 111 5.70

5.34 0.40 210 5,26

5.02 0.40 012 5.01

4,78 0.60 102 4,80
4,49 0,80 103 4.45
4,21 0,40 112 4,21
4,18 0.20 021 4,15
3,71 0.40 202 3.74
3.56 0.40 401 3.57
3.47 0,20 103 3.48

2.6 Solubility and Partition Coefficients
Reserpine 1s only soluble to the extent of 6 mcg/ml
in 0.1 N HC1l at 37°C, and its solubility in aqueous solvents
decreases at high pH., Reserpine is much more soluble in less
polar solvents, with a solubility of about 0,56 mcg/ml 19
ethanol and 167 mg/ml in chloroform at room temperature.
Distribution coefficients for reserpine and sevegal
related alkaloids have been reported by Hochstein et. al.
and are reproduced in Table 6.

Table 6

Distribution Coefficients for
and Related Alkaloids

6Reserpine

Solvent System

Compound A B C
Reserpine 9.0 0.01 8.0
Yohimbine 9.0 0.01 1,5
Rauwolscine 9.0 0.01 0.7
Ajmalicine 11.0 0.01 8.0
Heterophyllin 20,0 0.01 8.0
Serpentine 0.01 11-13 7
Ajmaline 0.01 11-13 1
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System Solvent 1 Solvent 2
A benzene .05M pH 7

phosphate buffer
B 50% CHBOH in HZO CHC13
C n-butanol 15% CH3C00H in H20
Distribution Coefficient = conc. solvent 1l/conc. solvent 2

3. Degradation of Reserpine

3.1 Chemistry of Reserpine Degradation

3.1.1 Hydrolysis
The reserpine molecule contains two ester

groups, both of which are susceptible to hydrolysis, as
shown in Figure 6.

Hydrolysis of the trimethoxybenzoate ester
group occursz%ugg gpre rapidly than hydrolysis of the methyl
ester group.” *77° As with all esters, the hydrolysis of
reserpine is catalyzed by both acid and bg e with basic
catalysis generally being most efficient. Although the
full pH profile of reserpine hydrolysis has apparently not
been studied, one would expect the rate of hydrolysis to be
minimum in the pH range of 3-4.

3.1.,2 Epimerization
Although reserpine has six asymmetric

carbons, only C-3 1s inverted easily enough for isomeri-
zation to be a significant route of degradation. Epimeri-
zation of reserpine tgﬁgéésoreserpine occurs ggincipally in
strong acid solution, Gaskell and Joule™” have shown
that epimerization under these conditions is initiated by
protonation of C-2 with subsequent ring opening to give an
intermediate in which C-3 is planar and properly orienteg9
for efficient reclosure of the system to 3-isoreserpine.
Bayer = has reported that epimerization of reserpine in
solution in chloroform is algo promoted by heat and light.

Hakkesteegt™ has reported that the ratio
of epimerization to hydrolysis was 2.2, 5.6 and 8.1 for so-
lutions of reserpine at pH 1.3, 2,2 and 3.0, respectively,
after storage of the solutions for 48 hours at 100°C.
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3.1,3 Oxidation

Oxidation of reserpine may be induced either
photolytically or chemically, and it is usually. the major
route of degradation for reserpine. Ljungberg = found that
photo-oxidation of reserpine first produces a yellow
substance with yellow-green fluorescence, but that further
photolysis gives rise to a reddish brown solution with blue
fluorescence (due to lumireserpine) which eventug}ly returnes
through red and orange to yellow. Banes et. al, = first
suggested that the initial oxidation product was 3,4 di-
dehydrorezsrpine, and this was later confirmed by Kyebs and
Futscher., Lumireserpine was shown by Hakkesteegt ' to be
3,4,5,6-tetradehydroreserpine, a resulEswhich has been, re-
confirmed recently by Wright and Tang. Hakkesteegt™  has
suggested that some of the non-fluorescent brown and yellow
products formed during oxidative degradation of reserpine are
polymers, The oxidations of reserpine are also summarized in
Figure 6.

The oxidation of reserpine is rapid in the
presence of ljght and oxygen. The oxidation 1s also cata-
lyzed by acid”™ ', and by certain metal ions. The efficiency
of several metal ions in catalyzing the oxidation of 46
reserpine decreases in the following order: Cu Mn Fe Al,

3.2 Degradation of Reserpine in Pharmaceutical Dosage

Forms

Hydrolysis o§4reserpine appears to be very unlikely
in solid dosage forms™ ', and there apparently have been no
reports in the literature of significant levels of hydrolysis
in reserpine igéectables or elixirs.

Bayer =~ has reported that reserpine does undergo
epimerization in both solution and crystalline pure drug
under the influence of heat and light, but did not provide
any £9formation on the extent of conversion observed. Weis-
Fogh™° studied the degradation of a 0,25% reserpine solution
at pH 2.5 under the influence of sunlight, After three
months at room temperature, he found that the reserpine
content had decreased to 70% of initial, and that there was
5% 3,4-didehydroreserpine present. Weis=-Fogh felt that the
remaining 257 of the reserpine was present largely as 3-iso-
reserpine, but this conclusion was probably incorrect because
his assay method would have measured most of the_jiso-
reserpine along with the reserpine. Hakkesteegt™ was unable
to find 3-isoreserpine in crystalline reserpine or in
reserpine tablets from one to seven years old and estimated
from his kinetic studies that it would take 26 years for 10%
of the reserpine in a pH 3.0 solution to be lost through
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combiﬂgd hydrolysis and epimerization at 20°C, Wright and
Tang found evidence of 3-isoreserpine iIn several com-
mercial brands of reserpine tablets by TLC, but it may be
concluded that epimerization is not likely to be a signifi-
cant route of degradation for reserpine in most pharmaceuti-
cal preparations,

Oxidation appears to be the most importaEE route of
degradation for reserpine in formulations. Banes = examined
several reserpine injections, elixirs and tablets. All
injections and elixirs examined contained significant levels
of oxidation products, whereas only one of the eight lots of
tablets exapgjined showed any evidence of these products.
Haddesteegt™  found levels of oxidation products as high as
35% in one lot 2; reserpine tablets, and more recently,
Wright and Tang = found that 3,4-didehydroreserpine was
present in all commercially available reserpine tablets that
they examined (3,4,5,6-tetradehydroreserpine was not detected
in any of them),

4, Metabolism of Reserpine
The distributi ti d boli i
e distribution, excretiop, gpd getgho 1§E9‘,’§2‘-’§§‘3‘i§?-9ﬁ’

have . been, studied ig,the mous , Ta
dog§2123’6f, monkeygz, rabbit29’62, ginea pig54’63,
man , and Busycon canaliculatum,

The metaBo}%sm of reserpine is qualitatively similar in
all species ~’77, with oxidative demethylat§8n58f6§he 4 po-
sition of the 3,4,5-trimethoxybenzoyl group™ °7°° 4@“93
ggdgglysis of the trimethoxybenzoate ester linkage e

>"" being the major identified routes of metabolism50 gge
metabolic products therefore4§ggaug6 %gt2¥1 reserpate” 77,
3,4,5=-trimethoxybenzoic acid TEAEEITY and its glucu-
ronide or sulfate ggnjugates syringoyl methyl reserpate” ,
and syringic acid. Sheppard ~ has made special note of the
absence of 3-isoreserpine, reserpine N-oxide, didehydro-
reserpine, and tetradehydroreserpine in guinea pig brain at
doses which produced measurable quantities of ummetabolized
reserpine in these tissues.,

5., Identification of Reserpine

Reserpine can be identified by its NMR, IR, and UV
spectra and by melting point (See section 2)., Reserpine
forms a rose-pink color upon addition of about 1 mg,., to a
few tenths of a 1-2% solution of vanillin in78§%9: the color
will deepen upon standing or gentle heating. A green
color is produced when 0.5 mg. of reserpine is treated with
5 mg dimethylaminobenzaldehyde, 0.2 ml glactal acetic acid,
and 0,2 ml of sulfuric acid: the color will change from green
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to red upon addition of 1 ml of glacial acetic acid.77 1 mg
of reserpine treated with 0,17% solution of sodium molybdate
in sulfuric acid produces7? yellow color which turns to blue
within about two minutes. If 1 mg of reserpine is dis-
solved in 0.5 ml of dilute acetic acid and 5 drops of sodium
chlori?g test solution are added, a white precipitate

forms. A yellow color accompanied by greenish fluorescence
develops in a solution of 1 mg reserpine in 5 ml of chloro-
form upon addition of 5 ml_gf a 10% solution of trichloro=-
acetic acid in chloroform. Identifgcation of reserpine by
formatiog . of crystalline derivatives' ~, formation of eUt§f§§8
mixtures , and by use of a variety of other color tests

have been reported.

6. Elemental Analysis

Carbon 65,127
Hydrogen 6.62%
Nitrogen 4 ,60%
Oxygen 23,66%

7. Chromatographic Methods of Analysis

7.1 Thin Layer Chromatography

A variety of thin layer systems have been developed
for reserpine and a number of these are summarized in Table 7
Reagents used for detection and identification of reserpine
on the plate are summarized in Table 8, Thin layer systems
have also been described in references 102-111.

Quantitation of reserpine following thin layer
chromatography is described in references 50, 92, 96-101,
104, 107 and 110-111,

7.2 Paper Chromatography

Several paper chromatography systems for reserpine
are summarized in Table 10 and methods for visualizing
reserpine on the paper are summarized in Table 11, Paper
chromatography systems for f§§erpine are also discussed in
references 119-127. Becker has applied elatography to
reserpine, elatography being the technique in which a sample
is spotted on the paper, treated with an appropriate reagent,
and the reaction products are then separated chromatographi-
cally.

Quantitation of reserpine by ultraviolet and infra-
red spectrophotometry, colorimetry, titration, and polar-
ography after isolation by paper chromatography are discussed
in references 116 and 125,
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Table 7

Thin Layer Chromatography Systems for Reserpine

Solvent System

CHC13:Me2CO:NH4OH,

80:20:1

CHC13:Me2C0, 85:15

CHClB:EtOH:Me
90:5:5
CHC13:M£2CO:Et2NH,
5:4:1

CHC13:Et

,C0,

2NH, 9:1

Cyclohexane:CHC1
ET. NH, 5:4:1

2
Cyclohexane:CHC13,

3:7 and 0,05% Et2NH

3:

Methanol

Sorbent

Silica gel-gypsum
plates pretreated at
120°C for 30 minutes
Alumina

Alumina

Silica Gel G

Silica Gel G

Silica Gel G

Alumina G

Silica Gel G, 0.1N
NaOH impregnated

REf

0.60

0.89

0.72

0.80

0.25

0.35

0.69

Application and Comments Reference
Separation from other 87
tranquilizers

Separation from other 88, 90,
alkaloids of R. serpentina 94
Separation from other

alkaloids of R. serpentina 88, 90
Separation of Rauwolfia 89-91
and opium alkaloids

Separation of Rauwolfia 90, 91
alkaloids

Separation of Rauwolfia 50, 90-
alkaloids 92
Separation of Rauwolfia 90, 91
alkaloids

Separation of Rauwolfia 20, 91

alkaloids
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10,

11.

12.

13.

14,

15.

16.

17.

Solvent System

Heptane:Me=-CO=-Et,
1:1 in atmosphere
of ammonia

Heptane:Me-CO+Et:
MeOH, 60:30:10

Heptane:Me-CO=-Et:
MeOH, 60:30:10

Heptane:Me~CO-Et:
MeOH, 60:30:10

Heptane:Me-CO=-Et:n~
BuOH, 60:30:10

Heptane:Me-CO-Et :n-
BuOH, 60:30:10

Heptane:Me-CO-Et :n-
BuOH, 60:30:10

Heptane:Me-CO-Et:
Pyridine, 70:15:15

Heptane:Me-CO-Et:
Pyridine, 70:15:15

Sorbent
Cellulose, formamide
impregnated
Whatman SG 41 Silica

Gel

Kieselgel G (Silica
Gel)

Aluminum oxide G
Whatman SG 41
(Silica Gel)

Kieselgel G (Silica
Gel)

Aluminum oxide G

Whatman SG 41 (Silica
Gel)

Kieselgel G (Silica
Gel)

0.59

0.25

0.32

0.63

0.47

0.52

0.78

0.07

0.05

Application and Comments Refereuce
Separation of Rauwolfia 90, 93
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
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18.

19.

20.

21,

22,

23.

24,

25.

Solvent System

Heptane:Me-CO-Et:
Pyridine, 70:15:15

n-BuOH:glacial
HOAc:HZO, 4:1:1

n~-BuOH:glacial
HOAc:HZO, 4:1:1

n-BuOH:glacial
HOAc:HZO, 4:1:1

Isooctane:EtZO:
xylene:EtOAc)

45:40:15:5

Ethylene dichloride:

EtOAc:n-BuOH,
60:30:10

Me,CO:Pet. Ether:
CC% :isooctane,
35:30:20:15

Isooctane:Me, CO:n-
BuOH, 58:33.%:8.4

Sorbent

Aluminum oxide G

Whatman SG 41 (Silica

Gel)

Kieselfel G (Silica
Gel)

Aluminum oxide G

Silica Gel G

Silica Gel G

Silica Gel G

Silica Gel G

0.90

0.64

0.75

0.97

0.00

0.58

0.32

0.40

Application and Camments Refarenaa
Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of 10 Rauwolfia 95
alkaloids

Separation of Rauwolfia 96, 97
alkaloids for quantitative
analysis

Separation of Rauwolfia 96, 97
alkaloids for quantitative
analysis

Separation of Rauwolfia 96, 97
alkaloids for quantitative
analysis

Separation of Rauwolfia 96
alkaloids for quantitative

analysis
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27.

28.

29.

30.

31.

32.

33.

H,0, 65:25:25

from its degradation

products

Solvent System Sorbent Rf Application and Comments Reference

Me,CO:Pet. Ether: Silica Gel G 0.22 Separation of Rauwolfia 96, 97

glacial HOAc, 45:45:10 alkaloids for quantitative
analysis

Me,CO:MeOH:glacial Silica Gel G 0.80 Separation of Rauwolfia 96, 97

HOAc, 70:25:5 alkaloids for quantitative
analysis

-Pet. Ether:Me,CO: Silica Gel G 0.60 Separation of Rauwolfia 926

Et,NH, 70:20: %0 alkaloids for quantitative
analysis

MeZCO:MeOH:EtZNH, Silica Gel G 0.96 Separation of Rauwolfia 96

70720:10 alkaloids for quantitative
analysis

Me CO:C014:Pet. Silica Gel G 0.43  Separation of Rauwolfia 97

Etﬁer, 45:45:30 alkaloids for quantitative
analysis

H 0:Et0H:CHCl3, Cellulose 1.00 Detection of cholinesterase 98

5%:42:2 inhibitors at low levels

C6H6:EtOH, 9:1 Aluminum oxide Quantitative analysis 100

n-BuOH:Me-CO-Et: Silica Gel G 0.95 Separation of reserpine 34
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34,

Solvent System

CHCL,:Me,CO, 70:30

372

Sorbent

Silica Gel G

RE

0.35

Application and Comments

Reference

Separation of reserpine
from other drug substances

101
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Visualization of Res

Table 8

erpine on Thin Laver Plates

Treatment

Iodine Vapor

Dragendorff Reagent
Acetylchloride, then heat

1% Ceric Sulfate in 10% H2804

Frohde's Reagent (Sulphomolybdic
acid)

5% Ferric Chloride in 50% HNO3

Todoplatinate

0.5% Phosphomolybdic acid in 507
HNO3

1% Ammonium Vanadute in 50% HNO3

Result

brown spot

greenish brown, turning brown
after 5 minutes at 105°C

yellow=brown

yellow-green turning green-
brown after 5 minutes at 105°C
pink

yellow-green

yellow-green

Reference

87
88
89

95

95

95

95

96

96



o1y

11

Treatment

Spray with source of cholinesterase
(human blood plasma suitable),
followed by 1 part 0.6% bromthymol
blue in 0.1N NaOH and 15 parts
aqueous 1% acetylcholine chloride

500 mg p-dimethylaminobenzaldehyde

in 50 ml conc. HZSO4

Result

blue spots on yellow
background

greenish-black spot

Reference

98, 99
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Solvent Systems

Cellg

66

CeHy:CoH, o,

C6H6:C6H12,

612

1:1

1:1

Table 9

Paper Chromatography Systems

for Reserpine

Immobile Phase Rf

50% ethanolic formamide .96

50% ethanolic formamide .75
containing 5% ammonium
formate

50% ethanolic formamide .61

50% ethanolic formamide .20
containing 5% ammonium
formate

507% ethanolic formamide .00
containing 5% ammonium
formate

Application and Comments

Reference

Distinguish reserpine from
synthetic precursors and
related compounds. De-
tection limit, 1 mcg.

Distinguish reserpine from
synthetic precursors and
related compounds. De-
tection limit, 1 mcg.

Distinguish reserpine from
synthetic precursors and
related compounds. De-
tection limit, 1 mcg.

Distinguish reserpine from
synthetic precursors and
related compounds., De-
tection limit, 1 mcg.

Distinguish reserpine from
synthetic precursors and
related compounds. De-
tection limit, 1 mcg.

112, 116

112

112

112

112
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10.

11.

Solvent Systems

Shake isooctane:

C H6:Formamide,
180:50:5 together,
discard lower layer,
add 2 parts C_H

and filter.

ga%%rate

Immobile Phase

Me,CO: formamide,
100:30

chamber with NH3 vapor

C6H6:C6H12, 1:1

CH :CH,, , 1:1
sgtgrageézwith
propylene glycol

Et-C0O-Me:Me, CO:
HCOOH:HZO, Z0:2:1:6

Et-CO-Me:MEzNH:HZO,
921:2:77

i~Bu=-CO-Me:HCOOH:
HZO’ 10 parts
ketone saturated

with 1 part 47 formic

acid

Formamide:MeOH, 70:30

Propylene glycol:
MeOH; HOAc, 50:50:1

Whatman No. 1

Whatman No. 1

Whatman No. 1

Application and Comments Reference

Identification of reserpine 113, 114
and related compounds in
drug formulations

Estimation of reserpine in 115
Rauwolfia root

Quantitative analysis of 116
raw materials

117

117

117
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13.

14.

15.

Solvent System

CHC1 ., :MeOH:HCOOH:
H,0,710 parts CHCl
saturated with a
mixture of 1 part
MeOH and 1 part
47 HCOOH

3

C_H,:Et-C0O-Me:HCOOH:
H20, 9 parts C_H
and 1 part Et-C0-Me
saturated with 1
part 2% HCOOH

C6H :HCOOH:HZO, 10
pargs CGH satu-
rated w1tg 1 part

2% formic acid

Acetic Acid: 5%
aqueous sodium
acetate, 10:90

a. Shake with n-
BuOH, added in
small portions,
until saturation
of the aqueous

Immobile Phase

Whatman No. 1

Whatman No. 1

Whatman No. 1

Whatman No., 542
paper

phase is just achieved

RE

.12

.05

Application and Comments

Reference

Detect less than 1 mcg

117

117

117

118
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16.

Solvent System

b. Same as a except
replace n-BuOH
with i-pantanol

n-BuOH:C H6: equal
parts l.gN NH, OH

and 1.5N (NH, J¥.CO,,
80:5:15 472773

Immobile Phase

Whatman No. 542
paper

Whatman No. 1

Application and Comments

Reference

Detect less than 1 mcg

Radio~assay for reserpine
in biological samples

118

48
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Table 10

Visualization of Reserpine on Paper Chromatograms

Treatment

Obsérve under low or high pressure
Hg lamp

Observe under low pressure Hg lamp
after spraying with .0025% solution
of fluorescein in 0.5M ammonia

Observe under UV lamp after spraying
with 3% solution of sodium nitro-
prusside in 50% trichloroacetic acid

Spray with mixture containing 5 ml
HC1, 95 ml ethanol, and 1 g p-
dimethylaminobenzyldehyde, heat
briefly at 100°C, respray with nitro-
prusside solution (No. 3 above), and
heat again at 100°C for 3-5 minutes

Dragendorff Reagent (27 potassium
bismuth tetraiodide in 0,01N HC1)

Result

Strong green fluorescence

Strong green

Strong green

Brown spot, reaction weak

Reference

112

112

112

112

117
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7.3 Column Chromatography

System Description Reference

1, Column: Solka-Floc and Celite 545, 1:1 128
Eluting Solvent: 5N acetic acid

Application: Quantitative determi-
nation - pharmaceutical preparations.

2, Column: A 200 x 22 mm id column packed in 129-131
four layers is used. 1) bottom layer - 1 g

celite +0.5 ml of fresh 27 NaHCO,, 2) 1l g

celite +0,5 ml of fresh 0,5% cittic acid

solution, 3) 0.5 g celite +0.5 ml H,0, and &)

1 mg equivalent of reserpine sample and 1 ml
dimethylsulfoxide and 2 g celite.

Eluting Solvent: Chloroform

Application: Quantitative determi-
nation of reserpine in formulations.

3. Column: 1) Bottom layer consisting of 113, 114
1,5 g celite 545 and 0.4 ml ethanol and 1 ml

2% NaHCO,, and 2) top layer of 10 g celite

545 and %0 ml of a solution prepared by

dissolving 1.05 g citric acid in water, diluting

to 50 ml with water, and adding 20 ml ethanol.

Eluting Solvent: Shake together 100 ml
CHC1,, 200 ml isooctane, 100 ml water and 40 ml
ethahol, Discard aqueous layer and filter.

Application: Quantitative determination of
reserpine in formulations,

4, Column: Celite 450 and formamide layer 132, 133
resulting from shaking together 15 ml heptane,

110 ml CHCI3, 1 ml morpholine, and 25 ml

formamide.

Eluting Solvent: CHCl3 layer obtained
as described under "column."
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System Description Reference

Application: Separation and determi-
nation of reserpine, deserpidine, and
rescinnamine.

5. Column: Acid activated aluminum oxide 134
Eluting Solvent: Methanol

Application: Separation and quanti-
tation of reserpine in Rauwolfia extracts,

6. Column: Dowex 50-X-2 cation exchanger 135

Eluting Solvent: Methanol/ammonia,
4/1

Application: Quantitation of reserpine
in formulations.

7. Column: Aluminum oxide equilibrated 136
with CHC13.

Eluting Solvent: Ethanol/CHClB, 1/99

Application: Separation of reserpine
from weakly basic alkaloids in R. Serpentina
extract.

8. Column: Alumina 137

Eluting Solvent: Gradient elution
with benzene containing 0-407% ethanol.

7.4 Electrophoresis
Reserpine has been separated from rescinnamine,

reserpic acid and serpentine by electroEngfggs on paper
with 5N acetic acid as the electrolyte. i Under the
conditions employed (8 volts/em, 1.2 mA, 5 hours) res-
cinnamine was not completely separated from reserpine.
Electrophoretic separations of reserpine from other
Rauwolfia alkaloids were also reported in references 6, 121
and 136. '
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7.5 Countercurrent Distribution

The three solvent systems described in Table 7
have been used to separate reserpine from other Rauwolfia
alkalojds by countercurrent distribution.  Kidd and
Scott also reported several solvent systems, but found
the use of diethyl ether: chloroform (3:1) as the mobile
phase and a pH 3.1 buffer (16.3 g citric acid and 16.1 g
NazHPO *12H,0 in 1 liter water) as the stationary phase
gave tﬁe begt separation of the alkaloids of R. Serpentina
and R, Vomitoria. Other countercurrent systems may be
found in references 140-142,

8. Titrimetric Determination

Reserpine has been determined by titration in CHC1
solution using 0,1IN HC10, in dioxane as titrant and de-
tection of the endpg&gtlxzth methyl red, methyl yellow, or
potentiometrically. ? Titrations with anionic
surfactanig5 fggh as sodium lauryl sulfate, have also been
reported.” "’ 7,

Reserpine has been determined titrimetrici&}y in formu-
lations after an appropriate extraction. Sun extracted
with 0.3N citric acid, alkalyzing with NH,OH, back
extracting into CHC1l,, drying, taking up into .OLN H SOA’
and finally back-tiiggtiug with 0,0IN NaOH using metﬁyl red
indicator. Sakurai extracted reserpine with CHC13 from
injection solutions alkalinized with NH,OH and then
titrated with 0.002N p-toluenesulfonic acid dissolved in
ethylene glycol: 2-propanol (1:1).

Reserpine has also been determined by precipitation as
its tetraphenylborate salt, dissolution of the precipitate
in acetone,lggd titration with AgNO_ using silver
electrodes; Tgs by micro-Zeisel determination of its six
methoxy groups.

9., Electrochemical Analysis

In acidic media, alkaloids containing the 6-methoxy-
indole nucleus undergo a one electron oxidation which
probably involves insertion of a hydroxyl group into the
aromatic portion of the molecule, If the molecule contains
available nitrogen with an unshared pailr of electrons, a
two elfgiron oxidation occurs with formation of an N-

oxide. " ]53Reserpine does not undergo polarographic re-
duction,
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Reserpine has been analyzed coulometrically by reaction
with chlorine generated electrochemically from HC1. lgge
electrochemical coefficient was 0.0007885 mg/ma-sec.

10. Spectrophotometric Analysis

10.1 Infrared
The infrared absorption of reserpine in the 5.0-
6.5 micron region has beeTSHsed for quantitation of this
compound in formulations. The band intensity was
measured following extraction of the reserpine into chloro-
form,

10.2 Ultraviolet

The ultravio orptiog,of reserpine can be
used for quantitation,}ig’igg_{gg’ggz-f8§ but the possi-
bility of interference from related alkaloids, excipients,
and degradation products requires that the reserpine be
isolated from these other substances prior to measurement.
The separation from roots and crude p{§g§fgsions has been
accomplished by extensive extraction ; from formTi6
lations by paper chromatography (System No. 8, Table 9) H
and from crude extracts, raw materials, and formulations by
electrophoreigg QugpPaper using 5N acetic acid as the
electrolyte. 4 The absorbance the final sample is
generally measured at 268 nm. Page has reported a semi-
automated procedure for reserpine in tablets using a
Technicon Auto-Analyzer® system with both ultraviolet and
colorimetric detection.

Ultraviolet spectrophotometry has also been
evaluated for the deterngation of foreign alkaloids in
reserpine preparations,

10.3 Colorimetric
The most commonly used colorimetric procedures
for reserpine involve oxidation of the compound to 3,4~
didehydroreserpine with nitrite and measurement of the
absorbance of the oxidation product at about 390 nm, The
reaction is carried out in solutions containing 5-15 pg/ml
reserpine in eingI6gethanol or ethanol acidified with
sulfuric acic;6 160.165 This procedure has been applifglto
2 H ’
fgfmf%gtions s chgg Rauwolfia preparations
? , and animal feeds. An automated version of this
assay for determining reserpine in tablets has been
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reported by Page.183

An alternate procedure employs oxidation of
reserpine with nitrite inlgsgigs acid followed by ex-
traction into chloroform. The absorbance of the
chloroform layer is measured at 465 mm. This procedure is
suitable for 50-300 pg of reserpine, and has the advantig9
that hydrolysis products of reserpine do not interfere,

A variation of this procedure in which the sample is
treated with amyl nitrite rather than with acei?ﬁ acid -
sodium nitrite reagent has also been reported.

Reserpine has also been analyzed colorimetrically
by reactioT7Yiiyzvanillin (absorba of 0,1 at 532 nm with
17 pg/ml), : amiT9gyf§§idine, xanthydr?}60neasurﬁj7
50-500 pg at 500 nm), "’ pE7§ylisocyanate, iodine,
and sodium glyoxalate - FeCl3.

10,4 TIon~Pair Extraction with Spectrophotometric

Detectign

Booth reported a procedure for the analysis of
reserpine in formulations by extracting the reserpine into
chloroform from pH 4,0 phosphate buffer as an ion-pair with
bromcresol purple., A final solution concentration of
2.8 pg/ml gave an absorbance of O.}BB at 402 nm. Pro-
cedures employing bromeresol green and methyl orange
in place of bromcresol purple have also been reported.

181

10,5 Fluorescence
Since 3,4-didehydroreserpine is strongly fluo-
rescent (Section 2,2.,3), the sensitivity of the colori-
metric methods employing oxidation of reserpine to this
product (Section 10,3) can be increased by using fluori-
metric detection. Nitrite oxidation and fluorimetri
determination have been used for analysis of tab}ggglss and
for feeds containing reserpine at the ppm level. An
automated single-ta?%at ggsay based on this procedure has
51
also been reported.
Reagents other than nitrite have been usig t?
8,190-

iggelop fluorescen0f93iT§kuding hydrogen peroxide,

selenious acid, ! g§ggiggnesu1fonic acid in acetic
acid, sgafovanadic acid, and vanadium pent-

200-

oxide. The vanadium pentoxide procESBrEOEas been
automated for use in single tablet assays. ? The
selenious acid procedure has bee2939fg4to determine
reserpine in biological samples. ?
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Kollistratos204 has reported that ThCl
enhances the fluorescence of reserpine in ethanoi,
methanol, acetone, and dioxane, but did not determine the
mechanism responsible for the enhancement.

greatly

11. Analysis of Reserpine in Biological Systems

Reserpine levels haY§3been detefgined fluorimetrically
in tissue samples. Poet and Hess adjusted the pH of
samples to 8.5 with borate buffer, extracted with heptane
or petroleum ether, back-extracted into dilute sulfuric acid
and finally developed fluoresggnce using tthSelenious acid
oxidation procedure. Glaszko™  and Maronde  adjusted the
pH of plasma and urine samples to 3.7-4.0 with citrate
buffer, extracted with ethylene dichloride, and developed
fluorescence with6§odium nitroprusside followed by hydrogen
peroxide. Zsoter ' analyzed pliaga and urine samples using
a modification of Jakovljevic's fluorimetric procedure,

The most widely used methods for detfﬁmining
reserpine in tissues are those employing =~ C or “H labeled
reserpine. Specificity is obtainedsifﬁghe radioactive
determlnagbegg’Eg’g5%g5’8g553356332 thin layer chroma-
togrgghz9 546566 or paper chromatogra-
phy. 77T e Other procedures may be found in the
references cited in Section 4,

The bioavailability of reserpine administered orally
as a coprecipitate with polyvinylpyrrolidone or with bile
acids has been determined using the blepharoptot}asgﬁiivity
of the preparation as a measure of availability. 212
Ptosis was rated using the scale devised by Rubin et. al.
These studies included examination of the dissolution rates
of the coprecipitates and the relationship between disso-
lution rate and blepharoptotic activity.
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SPIRONOQOLACTONE

1. Description
1.1 Name, Formula, Molecular Weight

Spironolactone is 17-hydroxy-7a-mercapto-3-oxo-
170-pregn-4-ene-21-carboxylic acid y-lactone 7-

acetate,
0
[\ 0
SCOCH3
C24H3204S Molecular Weight: 416,59

1.2 Appearance, Color, Odor

Spironolactone is a yellowish-white crystalline
powder, with a faint mercaptan odor.

2. Physical Properties

2.1 Infrared Spectrum

The infrared absorption spectrum of a spirono-
lactone reference standard compressed in a KBr
disc is shown in Figure 1. Essentially the same
infrared spectrum is observed in chloroform solu-
tion. The following assignments have been made
for absorption bands in Figure 1:

1

Wavenumber, cm Assignment
1775 5-membered lactone carbonyl
1670 - 1690 3-ketone, 7-thioester car-
bonyl
1620 4,5 - double bond
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2.2

SPIRONOLACTONE

Nuclear Magnetic Resonance Spectrum

The NMR spectrun of a spironolactone reference
standard in deuterated chloroform is shown in
Figure 2. Spectral assignments are as follows:

Chemical Shift

(ppm) Type Assignment
5.7 Broad quartet 4 - H
4.0 Broad singlet 7-H
2.4 Singlet 7-thioacetate pro-
tons
1.2 Singlet 19-methyl protons
1.0 Singlet 18-methyl protons
2.3 Ultraviolet Spectrum

2.4

The ultraviolet absorption spectrum of a spirono-
lactone reference standard in methanol is shown
in Figure 3. The molar absorptivity of spirono-
lactone in methanol is 19.6 X 103 at the
absorbance maximum at about 238 nm.!

Mass Spectrum

The low resolution mass spectrum of spironolac-
tone shown in Figure 4 was obtained with an AEI
Model MS-30 mass spectrometer. A molecular ion
was observed at m/e 416. The base peak in the
spectrum was at m/e 341, corresponding to loss
of .SCOCH,. Structure assignments are as
follows:

m/e Assignment % Relative Intensity
43 CHzCO+ 89
267 340 - Lactone 26
ring
325 340 - methyl 12
340 M} - HSCOCH3 43
341 Mt - .SCOCH3 100
359 MY - (CH2C0+CH3) 20
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3 Ultraviolet Spectrum of Spironolactone
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2.5

2.6

2.7

SPIRONOLACTONE

374 Mt - (CH,CO) 36
383 M - (H28 + CHy) 1
416 Mt 0.4

Optical Rotation

The following specific rotation values in
chloroform! have been reported for spironolactone:

[aJ2]. = -403.8°
[a]i§6 = -110.00
[a]§Z6 = - 45.80
[alerg = - 38.89
[e]igg = - 36.3°

Melting Range

The USP la melting range of spironolactone is
1980 - 2079C.2 A reference standard lot of the
compound was found to melt from 205.40 to 206.99C.
Melting and resolidification at lower temperatures
is sometimes noted.

Differential Scanning Calorimetry

The DSC thermogram of a spironolactone reference
standard crystallized from ethanol and water
shown in Figure 5 was obtained on a Perkin-Elmer
DSC-1B differential scanning calorimeter at a
heating rate of 200C/minute in an atmosphere of
nitrogen. A slight exothermic peak was observed
beginning at about 160°C, and an endothermic
melting peak was found at about 210°C.°3
Spironolactone chemical crystallized from
different solvents can yield different thermo-
grams. Samples crystallized from methanol have
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SPIRONOLACTONE

been shown to give thermograms with two trans-
ition peaks: an endotherm at about 120°C and an
exotherm at about 140°C. These transition 8eaks
can be removed by heating the sample at 105°C
refluxing in water for four hours. A sample
crystallized from n-propanol, however, gave only
one endothermic peak at 210°C. Thermograms of
spironolactone crystallized from ethyl acetate
have shown two transition peaks: one endotherm
at about 1100C and an another at about 207°C.
This behavior suggests that spironolactone can
exist in a number of polymorphic forms.

2.8 Solubility

Solubilities of spironolactone in various sol-
vents at 250C are given in the following table:

Solvent Solubility, mg./ml.
Water 2.8 x 1072
Methanol 6.9
Ethanol (USP) 27.9
Chloroform 50
Heptane 2.4 x 1071

3. Synthesis

The synthetic route to spironolactone shown in Figure 6
has been reported in papers by Cella, Brown and
Burtner®, and Cella and Tweit.®

Carbonation of the Grignard reagent of 17c-ethynyl-5-
androstene-38,178-diol (I) yielded an acetylenic acid
(IT). Selective reduction of the acetylenic bond was
accomplished by catalytic hydrogenation over palladium
on calcium carbonate, using dioxane and pyridine as
solvents. Treatment of the product with mineral acid
yielded the unsaturated lactone, 3-(38,178-dihydroxy-
5-androstene-17a-yl) propenoic acid lactone (III},
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SPIRONOLACTONE

which was easily reduced to the saturated lactone (IV)
by hydrogen over palladium on charcoal. Oppenauer
oxidation of the product afforded 3-(3-oxo-178-
hydroxy-4-androsten-17a-yl) propionic acid lactone
(V). Unsaturation at Cg was then introduced by
treatment with chloranil. Finally, the resulting
17-hydroxy- 3-oxo-17a-pregna-4,6-diene-21-carboxylic
acid-y-lactone (VI) was reacted with thioacetic acid,
yielding 17-hydroxy-7a-mercapto-3-oxo-17q-pregn-4-
ene-21-carboxylic acid y-lactone 7-acetate, spirono-
lactone (VII).

Stability and Degradation

Spironolactone has been found to decompose to the
dienone, canrenone. The reaction is not a facile one
in either the pure chemical or its dosage forms,
since canrenone forms only to the extent of 1% or
less over a period of five years at 400C,®

Drug Metabolic Products and Pharmacokinetics

The structures of spironolactone metabolites in man
identified so far are summarized in Figure 7.

Gochman and Gantt, using the fluorimetric method de-
scribed in Section 6.5, demonstrated that spirono-
lactone (VII) is readily converted to the dethio-
acetylated metabolite, canrenone (VI), in humans.®
Subsequent studies by Zicha et al® and by Wagner
et al'? showed the presence of at least six meta-
bolites in the urine of humans after ingestion of
spironolactone, Tentative structures for the un-
known metabolites were proposed by these investi-
gators;?®,!%however, rigorous identification of the
metabolites was not attempted.

Karim and Brown established that elimination of the
thioacetate group of spironolactone in vivo is not
quantitative.!! Besides canrenone, these iInvestiga-
tors identified a major sulfur-containing metabolite,
3- (3-oxo-7g-methylsulfinyl-68,178-dihydroxy-4-andros-
ten-170-yl) propionic acid y-lactone (Metabolite C,
(VIII), Figure 7), in the urine of humans. Tentative
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SPIRONOLACTONE

structures were also proposed for three other minor
sulfur-containing metabolites, (IX), (X), and (XI).
Under the gas chromatographic conditions reported by
Chamberlain for the determination of canrenone,

it was found that Metabolite C (VIII) was converted
to A4-3,6-dioxo steroid (XII). Further, under these
conditions, spironolactone (VII) as well as labile
metabolites (IX), (X), and (XI), were converted to
canrenone (VI).

Further unpublished observations'® have shown that
metabolite C (VIII) had the same retention time as
an unknown urinary polar metabolite observed by
Chamberlain,

The pharmacokinetics of spironolactone and canrenone
were investigated by Sadee, Dagcioglu and Schroder’”
Determmination of plasma levels following equivalent
oral administration of spironolactone or canrenone
led to the conclusion that 79% of spironolactone is
dethioacetylated to canrenone. The terminal log-
linear phase half-life of canrenone in plasma follow-
ing oral administration of spironolactone ranged from
17 to 22 hours. Fluorescence assay revealed that
from 14 to 24% of oral doses of spironolactone were
excreted in the urine as fluorogenic metabolites
within five days.

Methods of Analysis

6.1 Partition Coefficient

Spironolactone is preferentially extracted into
heptane from water. The partition coefficient
is 3.5 at 25°C.

6.2 Phase Solubility

Phase solubility analysis of spironolactone can
be carried out by equilibration in methanol at

250C. Figure 8 shows the phase solubility dia-
gram of a spironolactone reference standard.
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SOLUTION COMPOSITION (mg./g. solvent)

Sample: Spironolactone
Solvent: Methanol

= Equilibration: 24 hr, @ 25°C
Extrapolated Solubility: 8.7 mg./g.
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Figure 8. Phase Solubility Diagram of Spironolactone
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6.3 Spectrophotometric Analysis

The ultraviolet absorption spectrum of spirono-
lactone is the basis for the USP XVIII assay for
the compound. The absorbance maximum at about
238 nm. in methanol is used for quantltatlon.

6.4 Colorimetric Analysis

Reaction of spironolactone with methanolic
hydroxylamine hydrochloride and ferric perthlo-
rate yields a red ferric hydroxamate cqmplex
having an absorbance maximum at about 515 nm.!
The absorbance at this wavelength is linear
with concentration over a range of 5 mg./ml. to
29 mg./ml. The colored complex is stable for
up to 2 hours. The method is used for analysis
of the compound and a variety of its dosage
forms. Canrenone, the principal degradation
product of spironolactone, does not interfere,

Isonicotinic acid hydrazide may be reacted with
spironolactone in methanolic solution, yielding
a soluble yellow product whose absorbance rises
to a plateau beginning at about 375 nm.!®The
molar absorptivity is 2.2 X 103 at about 380 nm.
The method has not yet been adopted for quanti-
tative analysis.

6.5 Fluorometric Analysis

Spironolactone may be dethioacetylated under mild
acid or alkaline conditions, yielding the cor-
responding 4,6 -dienone,'” canrenone, which,

in 62% sulfurlc ac1d is converted to a fluor-
escent trienone,!® ThlS compound has an excit-
ation maximum at 483 nm. and an emission maxi-
mum at 525 nm. The fluorescence is useful for
quantitation of canrenone in plasma over the
range 40-160 ng./ml.® The procedure may be used
to determine spironolactone in the presence of
its major dethioacetylated metabolites, by mea-
suring fluorescence in 62% H2S04 both with and
without prior dethioacetylation. !
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6.6 Chromatographic Analysis

6.61 High Pressure Liquid Chromatography

Spironolactone may be separated from
canrenone on an octadecyl silane column
using methanol - water mobile phase, and
detected with the aid of a continuously
variable wavelength UV detector. Spirono-
lactone, which is eluted first, may be
detected at about 238 nm. and canrenone
may be observed at its absorption maxi-
mum at about 283 nm.

6.62 Thin Layer Chromatography

Thin-layer chromatographic systems and
corresponding R values for spironolactone
are sumnarized in the following table:

Solvent System Adsorbent Detection R
Ethyl acetate, Silica Gel 1,2,3 0.53"
100% GF (Woelm)
Benzene: Ethyl Silica Gel G 4 0.67 '
acetate: Methanol
73:25:2
Detection:

1. Observe under short wave UV,

2, Spray with 50% H SO , heat at 80 C for
10 minutes, observe under long wave UV,

3. Spray with Phosphomolybdic Acid.

4, Spray with Phosphomolybdic Acid, heat
at 80 C. for 10 minutes.
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1. Description
1.1 Name, Formula, Molecular Weight
Testosterone enanthate (heptanoate) is
17-/ (l-oxoheptyl)oxy_/-4-androsten-3-one.

OCO(CH2) 5CH3y
o}

CopHaO3 Mol, Wt., 400.61

1.2 Appearance, Color, Odor
White, crystalline, odorless powder,

2. Physical Properties
2.1 Infrared Spectrum
The infrared spectrum (KBr pellet of
testosterone enanthate is presented in Figure 1°.

2.2 Nuclear Magnetic Resonance Spectrum
The NMR spectrum is presented in
Figure 2. It was obtained on a 60 MHz spectro-
meter in deuterochloroform containing tetra-
methylsilane as an internal reference. The
following proton assignments were made?:

Protons at Chemical Shift Coupling
Constants
T(in Hp)
C-4H 4,20 singlet -
C-17aH 5.38 triplet 16H,17H =8.5
C-18H 9.17 singlet -
C-19H 8.82 singlet -
ester

methyl 9.13 multiplet -
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Instrument: Perkin-Elmer 621.
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KLAUS FLOREY

2.3 Ultraviolet Spectrum
Squibb House Standard (Lot 78245) gave
a single band, due to the 3-keto-4 ene system”:

1% 3
A max 240 nm Elcm 429

A max 240 nm EL% 4107
lcm

2.4 Mass Spectrum

The low-resolution mass spectrum, shown
in Figure 3, demonstrates the expected M' of
m/e 400. There is progressive loss of carbons
from the alkyl portion of the acylate which gives
rise to the ions at m/e 315, 316 from the hydro-
carbon portion of the chain and the m/e 288 ion
with the additional loss of the acylate carbonyl.
The loss of the entire C-17 group yields the
m/e 270 and 271 ions. The ions at m/e 85 and
113 represent the hydrocarbons, CgHj;j, and
C;H,30, respectively. Fragment ions occur through
a progressive loss of D-ring, C-ring and B-ring
carbons. The m/e 147 and 124 ions are
diagnostic for A®-3-ketones. The assignment of
some of the diagnostic ions is depicted below?.

(-1H) 288
i
- H2—CH2—CH2 CH2 CH2 CH3
'5\/6

\/

) 229
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TESTOSTERONE ENANTHATE

Rotation
The following rotation were reported:
+78° (dioxan)%
+78.0° (Squibb House Standard Lot
. 78245) 3

+79°
+75-76°

Melting Range
The following melting range temperature

temperatures (°C) were reported:

2.8

36-37, 54

37—383(Squibb House Standard Lot
78245)

35 (from alcohol—ether)5

366

36-37/

36-378

Differential Thermal Analysis
Endotherm at 37°C.°

Solubility

Insoluble in water; very soluble in

ether, soluble in vegetable o0ils23,

2.9 Crystal Properties

The powder X-ray diffraction pattern is

presented in Table 19. It is not too well

resolved,

since due to the low melting point of

testosterone enanthate, the sample partially
liquified during analysis.
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Table I
Powder X-ray Diffraction
Pattern of Testosterone Enanthate9

o*

a(a) K/1," "

14.5 0. 39 4,80 1.00
9,20 0.15 4,69 0.25
8,00 0.12 4,60 0.30
7.30 0.15 4,49 0.27
6.40 0.25 4,20 0.45
6.30 0. 25 4,11 0.27
6.18 0.25 4,03 0.27
6.00 0. 25 3.72 0.22
5.80 0.30 3.52 0.20
5.46 0.28
5.27 0.33
5.10 0.77

*d = interplanar distance nd

o 2 sin@

A= 1.539 a;
Radiation:Kaj and Ka, Copper

* %
Relative intensity based on highest intensity

of 1.00
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3. Synthesis

Testosterone enanthate is prepared by acylation of testosterone with
enanthic anhydride in pyridine4.

QO
|
OH oC- (CH2) 5—CH3

0 o)

Enanthic acid and an ion exchanger8 and enanthic acid chlorige®:7
have also been used instead of enanthic anhydride. It can also be

prepared by transesterification of testosterone propionate and methyl
enanthate>,

4, Stability, Degradation

Testosterone enanthate is stable as a solid. 1In solution photolytic
degradation of the A-ring is possible when exposed to ultraviolet light
or ordinary fluorescent laborator¥ lightning (cf. 16). The kinetics of
saponification have been studiedl”’,18 Mucor fungi possess esterases
able to saponify testosterone enanthate among other steroid estersl9,
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5. Drug Metabolic Products

Generally, the metabolic fate of testosterone
enanthate is deacylation to testosterone. It
then follows testosterone metabolism, mostly to
17-keto steroids such as 4-androsten-3,20-dione
and estrogenic substances. Data have been
reported for human urine after intramuscular
injectionlo:ll, ratslz, their prostates and
liversl3, The fate in maternal peripheral blood
and cord venous blood has also been studiesl4,
Tissue distribution and excretion of labeled
testosterone enanthate was studied in steersl®.

6. Methods of Analysis
6.1 Elemental Analysis

C H (0]
Calc.% 77.95 10.07 11.98

6.2 Spectrophotometric Analysis
The U.V. maximum at 240 nm can be used
for quantitation determination in pharmaceutical
preparations20,21,22,

6.3 Colorimetric Analysis
Reaction with isoniazid and determina-
tion of the resulting hydrazone at 380 nm is the
basis of the compendial assay23.

6.4 Chromatographic Analysis
6.41 Paper

The quantitative determination and
separation from testosterone by paper chromato-
graphy in oily vehicles has been described by
Roberts and Florey26. After spotting, the paper
strips were impregnated with 30% diethylene
glycol monoethyl ether (Carbitol) in chloroform
and developed for 2-1/2 hours with methyl
cyclohexane saturated with diethylene glycol
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monoethyl ether. After locating of the steroid spots with a fluorescent
paddle, the spots are eluted and reacted with isonicotinic acid hydrazide
in methanol containing also hydrochloric acid. The absorbance of the
yellow hydrazone is read at 415 nm.

A similar procedure, using impregnation with propylene glycol, phenylglycol
ethyl ether and methanol (l:1:2) and propylene glycol, phenyl glycol ethyl
ether and heptane (1:1:200) as developing solvent and 2,4-dinitrophenyl-
hydrazone as spray reagent has also been reported27.

6.42 Thin-Layer
Thin-layer chromatographic systems have been compiled in

Table II.
Table II

Absorbent Solvent System RE. Ref.
Silica gel G 50% Acetic Acid 31 24
impreg. with mineral oil 50% Ethanol 26 24
Silica gel Benzene-Acetone (4:1) - 25
Silica gel Benzene-Methanol (9:1) - 25
Silica gel Pet-ether,Benzene,Acetic

Acid,Water (67:33:85:35) - 25
Alumina Benzene-Acetone(4:1) - 25
Silica gel Methanol-Water (9:1) - 23

impreg.with corn oil

Detection systems: U.V. light, sulfuric acid - alcohol.
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6.43 Column
Column chromatography on silanized
chromatographic siliceous earth using 95%
ethanol-heptane solvent system followed by the
isoniazid reaction is the basis of the compendial
assay of testosterone enanthate in oil
preparationsz3.
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1. Description

1.1 Name: Theophylline
Theophyllinels4>2 is designated by Chemical

Abstracts as 1, 3-dimethylxanthine., It is also known as
theocin,

O

CH3-

1,2 Formula and Molecular Weight
H
J
N:>
CD‘l‘\~N N
dh3

C7HgN402 180,17

1.3 Hydrates
Theophylline has been reported to exist in

both anhydrous and monohydrate forms, The anhydrous form
is obtained by drying finely powdered drug at 150°C for
three hours™,

1.4 Salts

Sodium and potassium salts as well as a large
number of less basic salts and/or complexes have been pre-
pared to increase the water solubility of theophylline for
parenteral administration. The ethylenediame salt (amino-
phylline)?:© is the most widely utilized form of this drug.
Other theophylline salts which_have been prepared inc%ude
sodium and alumigum glycinates7, hgxamethylenegiamine s
monoethanglamine s triethagolamine s glucamine”, meghyl-
glucamine”, ethylglucamine’, 2-diethylaminoethanol™™,
cholitilgl1 and sodium acetatel2, Theophylline aminoisobu-
tanol”” and 2-~carbamoylphenoxyacetic acid, sodium saltl
have been prepared and studied clinically as has a niacin-
amide=-theophylline complex 15,16, Theophylline has also
been shown to form stable, complexes with saccharin17,
phenobarbitalls, papaverinelg, caffeineld, sulfosalicylic
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acidig, benzyl alcoholls, and & -, and ’3- naphthalene ace-
tatet”,

1.5 Appearance, Color, Odor and Taste
Theophylline occurs as a white, odorless, crys-
talline powder with a bitter taste.

2, Physical Properties

2.1 Spectra

2.11 Infrared Spectrum
The IR spectrum of anhydrous theophylline is
shown in Figure 1. This was recorded on a KBr pellet with
a Perkin-Elmer model 21 spectrophotometerzo. This spec-
trum is consistent with_the literature interpretation which
is presented in Table 121,

Table I

Infrared Spectrum of Theophylline

IR Absorption Band 54&1 Interpretation
2.90 N-H (stretch)
5.86, 5,98 C=0 (stretch)
6.20 C=C (stretch)
6.40 C=N (stretch)
6.92 C-H (bending)
7.7, 8.0 C-N, C-0 (vibration)

The spectrum is generally consistent with
those of other purine bases although the placement of the
methyl groups prevents enolization and is reflected in
differences in the 2.5-3,5/ region of the spectra. The
region from 5.8-8.2 is nearly identical for the three
methylated xanthines; i.e, theophylline, theobromine and
caffeine, however, the fingerprint region between 8.5 and

- 13.041is quite dissimilar and could be used for differen-
tiation,
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2.12 Nuclear Magnetic Resonance Spectrum
The 60 MHZ proton magnetic resonance spectrum
run in deuterodimethylsulfoxide ogoa Perkin-Elmer R-12 B
spectrometer is shown in Figure 2°-, The of theo-
phylline has been reported in the leterature®® and the
assignments are given in Table II.

Table II

NMR Spectral Assigmments for Theophylline

Proton Assignment No. Chemical Shift ()
N-CH (position 3) 3 6.83 (8)
N-CH (position 1) 3 6,63 (s)
N-H 1 -3.4 (b)
C=C-H 1 2.01 (8)
Impurity - 7.55

s= singlet, b= broad

2,13 Mass Spectrum

The low resolution, electron-impact mass
spectrum of theophylline us%Bg a 70 e,v, ionizing energy
is illustrated in Figure 3. The resultant fragmentation
represented by this spectrum is not readily explainable
and is only in Eartial agreement with a literature mass~-
spectral report 3. The peak at 180 m/e corresponds to the
base peak, which is also the molecular ion and the peak
at m/e 123, which represents loss of CONCH3, are common
to both spectra., Other peaks observable in Figure 3 occur
at m/e 95, 68, 53 and 41 while the literature report in-
dicates major peaks at 137, 109, 82, 67 and 55 m/e.
Another, more recent, literature report suggests that
fragmentation from m/e 123=9»95 is due to loss of CO and
that m/e 95=9»68 is due to loss of HCN from metastable ion
calculations, Apparently ring opening occurs which results
in a further complex fragmentation pattern.

2.14 Ultraviolet Absorption Spectrum
The ultraviolet spectrum of theophylline, K
and K Laboratories, recrystallized from water, recorded on
a Perkin-Elmer Hitachi, Model 124 Recording Spectrophoto-
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meter in 0,1 N NaOH is illustrated in Figure 4, 1In addi-
tion the spectra was also recorded in 0.1 N HC1l, pH 6.3
phosphate buffer and CHCl3 with all of the results given
in Table III.

Table III

Ultraviolet Absorption of Theophylline

). max, (nm) 10‘Gmax. Solvent
271 1.02 0.1 N HC1
271 1.04 pH 6.3 buffer
274 1.28 0.1 N NaOH
271 1.04 CHC13

All of these spectra exhibited a single max-
imum in the spectral region between 230-300 nm. The na-
ture of the spectra, as well as the calculated molar ab-
sorptivities are in good agreement with published liter-
ature datz. Turner and 0Osol2 reported an € at 271 nm, of
1.02 x 10" in pH 6.3 phosphate buffer, while the value of
€ at 274 nm. in 0,1 N NaOH calculated from the data of
Schach and Waxler2® compares closely with the observed
value above.
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2.2 Optical Rotation
Theophylline exhibits no optical activity,

2.3 Melting Range
The original synthetic literature?’ reported a

melting point of 264° C for theophylline subsequently the
melting range has been reported to be between 271° and
274° c.28

2.4 Solubility
The reported solubility of theophylline is 8,3

mg/ml in water; 12,5 mg/ml in ethanol; 11,6 mg/ml in
chloroform; and sparingly soluble in ether »2,  geveral
basic salts have been prepared which enhance the water
solubility of theophylline and have been utilized ther-
apeutically intended for oral, rectal and parenteral
administration., (See Section 1.4) 1In addition, there
are numerous literature reports of altered theophylline
solubility due to specific interactions wiEB a variety
of chemical substances, Leuallen and 0sol“” have dem-
onstrated marked increases in theophylline solubility
in the presence of a wide variety of primary, secondary
andd tertiary aliphatic amines, They attributed this
increased solubility to salt formation as well as hydro-
phobic interactions, Paruta and Irani30 reported a
three-fold increase in theophylline solubility in alco-
hol-water and dioxane-water mixtures with maximal solu-
bility occurring at a dielectric constanf_ of 40 in these
mixed solvent systems, A British patent”" reports a six-
fold increase in theophylline water solubility in the
presence of guiacol. Several other papers32' 6 have re-
ported specific interactions of theophylline with a mul-
titude of planar organic molecules in aqueous solution
usually resulting in an increase in the solubility of
of both interacting species., For a thorough discussion
of the nature of these specific molecular interactions
and the magnitude of this solubility effect see Cohen
and Connors.37 Not surprisingly there has been some
NMR evidence suggesting that theophylline also forms
1:1 complexes with itself (dimerizes).38’39

Theophylline also demonstrates altered solubility
in the presence of several inorganic salts as illustrated
in Table IV.
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Table IV

Effect of Inorganic Salts on Theophylline Solubility

Salt Effect

Nal, KI, NaCNS, KCNS Increased theophylline sol-
ubility

NaCl, KCl, NapSO, Decreased theophylline sol-
ubility

NaBr, KBr No effect on theophylline
solubility

2.5 Dissociation Constant

Theophylline is a weakly acidic compound with
the proton on the nitrogen in position 7 being dissoci-
able. The pKa of 8,6 determlned both potentiometrically
and spectrophotometr1§a11¥ is in good agreement with
other literature data reportlng a pKa~8.6 in
aqueous solution. Theoghylllne is alzz very weakly
basic and pKb's of 13,5 5,43 and 11.5%* have been re-
ported in the literature from aqueous potentiometric
measurements,

2.6 Dipole Moment
The dipole moment of theophylline has been deter-

mined in three different solvents with the following
values being reported (all in Dﬁgye units):m = 3,94 in
dioxane45p“ = 4.6 in 907 phenol™®; andm.= 3,94 in ben-
zene

3. Synthesis

Although present in coffee, tea and cocoa as well
as other natural sources, theophylline is made available
commercially by total synthesis., Theophylline was first
syntHesized by Traube?’ as ‘an intermediate in the total

synthesis of caffeine starting from urea, This classic
procedure, which is still utilized, is illustrated in

Figure 5. Several subsequent syntheses which are mod-
ifications of this procedure and are claimed to either

increase the reaction ngld or simplify the process,
have also been reported

477



JORDAN L. COHEN

NH> CH3-NH CH3-N ?=0
i:=0 CHaNH» R IC'=0 NCCHoCOOH f=0 (|§H2
NH2 CH3-NH CH3-NH CN
alkalai
0 0
CH3 CH3
0 0
NHCHO
CH3- NHp

C'H3 Cl:[?,
/llkalai
0

H
i
N
CH3 -N I
0 I;I N
CHj

Figure 5. Chemical Synthesis of Theophylline
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Uric acid has been used as the starting compound.so’51

In addition various intermediates have been prepared, in-
cluding 1,3-dimethy1-4-amino-5-formylaminouracil52 1,3-
dimethy1-4,5-diamino-2,6-dihzdroxyformy1pyr1midine53, 1,3~
dimethyl-5, 6~diaminouracil, >4 and 1,3-dimethyl-4-imino-2,6-
dioxyhexahydropyrimidine55, from which theophylline has
been synthesized,

4, Isolation and Purification

Because of its significantly increased solubility in
hot water2, theophylline can be purified by recrystalli-
zation from water, The anhydrous form can be obtained by
finely powderini the resulting solid and drying at 150° C,
for three hours®., Adjusting the pH of an aqueous solution
to 4-6 allows optimal extraction with chloroform while pH
5=7 is required using 1,2-dichloroethane.56 Saturation
of the aqueous phase with sodium or amonium sulfate and
addition of 5-15% 1sopropyl alcohol to the organic phase

has been shown to markedly increase the extraction effi-
ciency26,57,58,

Sephadex G-10 adsorption chromatography has been
used to isolate theophylline from biological samples also
containing several closely-related xanthines?9, Thin
layer chromatographic separation of theophylline, caffeine
and theobromine on silica gel-G using an ethylacetate,
acetone, butanol, 107 NH4OH (5:4:3:1) mixture has also
been reported60. Cohen and Garrettson have demonstrated
base line separation of these same three compounds using
reverse-phase high performance liquid chromatography58.

5. Theophylline Stability and Compatibility

Theophylline solutions are generally quite stable
over the entire pH range. Strongly alkaline solutions
(pH> 12) show decomposition and apparent ring opening
after several weeks™, Solutions of theophylline have
been shown to be susceptible to oxidation at position 8
forming 1,3-dimethyluric acid in the presence of methylene
blue which acts as a photosensitizing dye61. Because of
its low solubility and relatively high pKa theophylline
will precipitate from aqueous solutions if the pH drops
below 9 unless present in concentrations less than the

479



JORDAN L. COHEN

water solubility. All acidic salts, therfore, are poten-
tially incompatible with theophylline in solution. As
discussed earlier theophylline forms generally soluble
complexes with a variety of other compounds. In the solid
state however, these complexes may lead to formation of
eutechtic mixtures as in the cases of theophylline, pheno-
barbital and papaverine hydrochloride62 and theophylline
riboflavin interactions63 which have been reparted.

Theophylline ethylenediame (aminophylline), which is
commonly employed in alkaline parenteral solutions in con-
centrations considerably greater than the solubility of
theophylline, has many incompatibilities associated with
it, Since the solutions are alkaline, but essentially
unbuffered, all acidic substances produce precipitation
of the free theophylline when mixed together with amino-
phylline solutions. Limited exposure to air results in
carbon dioxide absorption and also leads eventually to
precipitation of the free drug, For a more complete dis-
cussion and listing of the incompatibilities of amino-
phylline Remmington3, Martindalell or a series of papers
in the hospital pharmacy literature64-68 may be consulted.

6. Methods of Analysis

6.1 Identification Tests

Theophylline has been qualitatively identified
by infrared2l, NMR 2 and mass spectroscopy23, thin-layer60
and paper chromatography69 using color localization reac-
tions as well as by a multitude of specific color forma~-
tion tests designed to distinguish it from caffeine, theo-
bromine and other xanthines and purines., Brown needles
are produced from the aqueous reaction of theophylline and
ammoniacal AgNO3 70 while reaction with ammoniacal silver
and subsequent treatment with thallium acetate yields
light brown ball shaped masses’/l. A combination of 2,6~
dichloroquinone chlorimide and theophylline in sodium
borate solution gives a blue color and subsequently forms
a red-violet precipitate’2, Sanchez’3 has reported theo-
phylline to produce a semi-quantitative red color when
reacted with diazo-p-nitroaniline. More recently Feigl,
et. al.’4, have shown that microgram quantities of theo-
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phylline can be detected in the presence of other xanthines
by heating at 150°-180° C. with excess Hg(CN),.

6.2 Quantitative Analytical Methods

6.21 Ultraviolet Spectrophotometry

Shack and Waxler described a remarkable ultra-
violet spectrophotometric method for the analysis of theo-
phylline in aqueous solutions as well as biological fluids
in 1949 26, This procedure involves extraction from the
sample adjusted to pH 7.4 using 5% isopropyl alcohol-
chloroform followed by back-extraction of the drug into
0.1 N NaOH and measurement of absorbance at 274 nm, They
found the method to be semsitive to about 1 mcg/ml and
demonstrated its applicability to theophylline analysis in
water, plasma, urine and even tissues. Although it lacked
specificity, it was rapid and sensitive and is still widely
utilized for routine blood level determinations of theo-
phylline, Gupta and Lundberg75 reported a modified pro-
cedure using differential spectrophotometry and estimating
the theophylline concentration from absorbance readings at
285 nm and a standard curve, Although their method was
somewhat less sensitive, 10 mcg/ml in plasma, it was
specific for theophylline in the presence of phenobarbital;
a drug frequently taken with theophylline and a serious
interference in the Shack and Waxler procedure,

A similar ultraviolet procedure was developed
for the analysis of theophylline in dosage forms which
avoided the back=-extraction into NaOH. The absorbance of
the organic extract was measured at 271 nm and the theo-
phylline concentration determined from a beers lgw plot
of standards which was linear from 2-15 mcg/ml.7 A me-
thod utilizing extraction and combination of two succes-
sive volumes of CHClz-isopropyl alcohol (20:1) from an
aqueous sample to which sodium chloride had been added
reports_improved sensitivity of 0,5 mcg/ml from aqueous
samples77. A method involving oxidation of theophylline
with KoCrp07 in acid and steam distillation of the product
which is measured at 257 nm has also been reported appli-
cable to plasma samples’8, It is, however, not specific
for theophylline and marginally sensitive for therapeutic
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plasma levels of 10-20 mcg/ml,

6.22 Visible Spectrophotometry
Several methods involving derivitization

of theophylline and subsequent colorimetric analysis

have been reported. Coupling reactions have been des-
cribed with p-nitroaniline79, and p-aminobenzenesulfonic
acid80 exhibiting colorimetric absorption maxima at 510
nm and 482 nm respectively, While the sensitivity was
less than ultraviolet methods, acceptable standard curves
enabled quantitation of 50-5,000 mg, Chemical reaction
of theophylline with murexide and thiophene enabled quan-
itation of 300-2,500 mg. amounts by measuring absorbance
at 660nm,81

6.23 Gas~Liquid Chromatography
A gas chromatographic method for theophyl=-

line in dosage forms using a 6 fgot, 1.5%, SE-30 chromo-
sorb W column has been reported8 . Helium was used as
the carrier gas and temperature program was required to
separate the individual xanthines, Elefant, et al
reported a GLC procedure for tablets containing ephedrine,
phenobarbital and thophylline, Using a 6', %" o.d., 3%
HI-EFF 8 BP on 100/120 mesh Gas Chrom Q, theophylline
eluted as a moderately sharp peak after 14 minutes at a
column temperature of 250° C,

Recently, Shah and Riegelman57 reported a
GLC procedure applicable to therapeutic plasma and saliva
determinations of theophylline with a sensitivity of 1
mcg/ml. The dipropylated analog was formed by deriviti-
zation using tetrapropylammonium hydroxide and chromato=-
graphed on a 3% 0V-17 column at 190°, The retention
time was 3,6 minutes with a sharp peak resulting,

6.24 High Pressure Liquid Chromatography
The author has developed a high performance

liquid chromatographic method for the analysis of theo-
phylline in biological fluids®8, A reverse-phase 2',
Phenyl Corasil column with a 5% CH4CN in pH 8.5 phosphate
buffer mobile phase permits determination of as little

as 0.5 mcg/ml using an ultraviolet detector, Baseline
separation of theophylline, theobromine and caffeine is
also achieved,
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6.25 Thin Layer Chromatography

Several thin layer chromatographic systems for
the separation of theophylline, theobromine and caffeine
and subsequent quantitation have been developed and are
sumrarized in Table V.

Table V84

Summary of Thin Layer Chromatographic
Literature Data

Rf
Solid Solvent Theophyl— Caffeine Theobromine
ﬁ
Silica Gel CHC13-Ether .35 .20 .40
G (85:15)
" CHC13-CH30H .50 .23 .26
(95:5)
" CC14-CHC12-CH3OH .54 .46 .31
" CHClj-acetone~ .50 .49 iy
CHg0H (1:1:1)
Aluminum CHC14~BuOH .34 .30 .15
Oxide (98:2)
" CHC13-02H50H 1.00 .10 .10
(99:1)
" C6H6-C2Hg .15 .06 .02
" C6H6'C2H50H 47 .08 .04
(95: 5)
" CgHg=CoH .58 .11 .06
%98 10)
" CeHg~CoH .75 .27 .19
8 :20)
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Quantitation was most often achieved by densitometry at
254nm., Fluorescence inhibition scanning at 254 nm., en-
abled quantitation of 50 mcg/ml of theophylline on a
siligg gel plate and a 95:5 CHCl3-CoH5O0H developing sol-
vent®”’. Two papers report the use of Draggendorfs Reagent
for the quantitative estimation of theophylline in amounts
as low as 0.5 meg. Schunack, et a186 utilized two differ-
ent solvent systems, benzene-acetone (30:70), Rg= 0,06

and chloroform-ethanol-formic acid (88:10:2), Re= 0.45
while Senanayake, et al 7 utilized an 8:5:1 mixture of
chloroform, carbontetrachloride and methanol and found an
Re for theophylline of 0,31,

6.26 Paper Chromatograph

There are several references in the literature
to paper chromatographic systggssgor the separation and
quantitation of theophylline,””’ A typical system is
illustrated by Berger and Hedrick89 who developed two dif-
ferent percentage mixtures of acetonitrile and aqueous buf-
fer to achieve separations of theophylline from theobro-
mine and caffeine, Quantitation by diazotization and
fluorescence quenching densitometry following a paper
chrggatographic separation has been described by Kala, et
al,

6,27 Column Chromatography
Theophylline has been separated and quantigi-
tively determined by column adsorption chromatography.
A silicic acid column with 5% butanol in chloroform was
utilized and the eluent analyzed by ultraviolet spectro-
photometry,

6.28 Polarography

Dusinsky and cavanak??2 report on a non-speci-
fic polarographic determination of theophylline involving
the bromine oxidation to methyl parabanic acid, The half-
wave potential was reported to be -0.72 v, and accuracy
for dosage form analysis was of the order of 37%.

6.29 Titrimetry

There are numerous literature reports describ-
ing titrimetric quantitative analytical methods for theo-
phylline due to its acidic properties and reactivity with
a variety of compounds.
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6.291 Complexometric Titration

Theophylline has been determined by
reaction with excess copper (II) ions, usually as amine
salts and then back-titration with ﬁomplexon III (Murexide)
to a visual indicator endpoint.93’9 Theophylline also
forms molecular complexes with silver ions and has been
determined bgsboth direct titration with silver nitrate
using visual’” or potentiometric detection’” and by back-
titration after the addition of excess ammoniacal silver
nitrate using potassium thiocyanate97.

6.292 Photometric Titration
Fleischer”?® has reported a photometric
titration determination of theophylline by coupling with
Fast Blue. Sensitivity from aqueous solutions is claimed
to be 2 meg/ml,

6.293 Non-Aqueous Titration
Theophylline can be determined by ti-

tration in a nonaqueous solvent using perchloric acid in
acetic acid as a titrant,99 Endpoint determination can
be done either wiih a visual indicator such as Nile BlueID
or Crystal Violet 0l o potentiometricallyloz. Theophyl-=-
line has also been titrated as an acid in dimethylforma-
mide_using sodium methoxide and thymol blue as an indica-
tor.

6.294 Miscellaneous Titrations
Other titrimetric procedures regorted
for theophylline determination_include iodometricl 4’105,
bromometric , amperometric 07, coulometric and
radiometric .

6.3 Bioassay Methods
The diuretic activity of theophylliTe was de-
termined on a relative scale by Lipshitz, et al 10 45
dogs by plotting the log dose versus the log of the diur-
etic effect., With urea normalized to 1.0, thophylline
was found to be 115 timesas effective,

7. Pharmacokinetics

Because of the availability of methodology for
the analysis of theophylline in plasma as early as 194926
there are numerous literature reports detailing the dispo-
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sition of this drug in humans following administration by
several routes, Although theophylline 1s generally well
absorbed following oral administration, considerable var-
iation does occur depending upon dosage form, formulation
and which salt form of theophylline being administered.
Hydroalcoholic solutions produce peak plasma levels in 60
minutes which decline below acceptable theragfgtif levels
four hours after single dose administration, » 112 Tablets
demonstrate peak levels from 2-4 hours with availability
dependent upon formulation, while sustained release tablets
provide peak levels at_6 hours and provide therapeutic
levels up to 10 hours!13, A non-alcoholic liquid suspen-~
sion administered as a soft gelatin capsule showed absorp-
tion characteristics between those for a_hydroalcoholic
solution and a sustained release tablet . This same
study suggests that there is significantly slower absorp=-
tion of theophylline ethylenediamine (aminophylline) than
plain theophylline in comparable oral doses in the same
subjects on a cross-over study desi%n. This contradicts
earlier findings by Waxler and Moyl 5 and additional stu-
dies are being performed.

Theophylline is commonly administered rectally,
particularly in asthmatic children,but has been showm to
be poorly and erratically absorbed from normal suppository
base preparations showing peak plasma levels considerable
lower than from comparable oral doses,and occurring 1-3
hours after administrationll®, Theophylline retention
. enemas, however, have been shown to produce plasma consi-
deration=-~time profiles similar to those following an
intravenous dosell%, The drug appears to be fully bio-
available from this route if allowance is made for a nor-
mal 30-60 minute absorption delay and subsequent effect of
partial first-pass metabolism. 11/ Correlation of plasma
levels and clinical response is readily achievable and
this route has been proposed as the ogtimal method of theo-
phylline administration in childrenll8,

Theophylline disposition following intravenous,
intramuscular and oral administration can be described by
an open two-compartment pharmagokinetic modelll9 with an
average plasma half-life for,ﬁf-phase dissappearance of
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4,4 hours, Wide patient-to-patient variation with half-
lives ranging from 2,5-9.5 hours presents possible ser-
ious management problems for asthmatics on chronic theo-
phylline therapy 20, The drug is relatively widely and
rapidly distributed into all tissues with high rates of
blood flow and has a volume of distribution (V4) of 0,3V
kg, and a half-life for distribution (©{ =-phase) of 0,12
hours, Erythrocytes apparently also take up significant
amounts of theophylline rapidly, While there was found
to be no statistically significant differences in the
pharmacokinetic parameters betweenngrmal volunteers and
asthmatic subjects, Maselli, et al showed that asth=-
matic children evidenced significantly shorter'f’-phase
half-lives than adults with a mean of 2.65 hours com-
pared to the 4.4 hour half-life for the adult population,

A recent study122 has shown theophylline to
be bound about 60% to plasma proteins at therapeutic
plasma concentrations of 12-15 mcg/ml,_ This same study,
as well as that of Shah and Riegelmansz indicates that
saliva levels of theophylline are approximately 507 of
those in plasma and the disappearance of theophylline
from saliva parallels that from plasma over the normal
therapeutic concentration range, This may lead to a
simplified method for monitoring theophylline concen=-
trations in clinical pharmacokinetic studies for patients
undergoing chronic therapy.

Theophylline has been shown to be extensively
metabolized in vivo with 13% of the administered dose
appearing in the urine as 3-methylxanthine, 35%_as 1,3~
dimethyl=-uric acid and 19% as l-methyluric acidl23,
Although considerably more work needs to be performed
in this area, the variations in plasma half-life in
adults and the marked decrease in plasma half-life in
children is probably related to differences in meta~-
bolic activity in individual subjects.
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1. Description

1.1 Name, Formula, Molecular Weight
Tybamate is 2- (hydroxymethyl)-2-methyl-
pentyl butylcarbamate carbamate. It is also
known as 2-methyl-2-propyltrimethylene butylcar-
bamate carbamate, and as N-butyl-2-methyl-2-
propyl-1,3-propanediol dicarbamate.

ﬁ CH3 0
HzN-C-0-CHz-C-CHp-0-C-NH-CH;-CHp-CHp-CH3
CHz-CH2-CH3

C13H26N204, Molecular Weight: 274.36

1.2 Appearance, ‘Color, Odor, Mode of
Occurrence
Tybamate occurs as a white, crystalline
powder or as a clear, colorless, viscous liquid,
which may congeal to a solid form on standing.
It has a mild characteristic odor and a bitter
taste,

2. Physical Properties

2.1 Infrared Spectrum
The infrared spectrum of N. F. Tybamate
Reference Standard (1) is shown in Figure 1. The
spectrum was obtained on a 0.5% dispersion of
tybamate, previously dried under vacuum at 30° to
35°C for 4 hours, in a potassium bromide disc.
The following band assignments have been
made (2):

Wave Number, cm. ! Characteristic of
3350 NH stretching
1720 Amide I band
1540 Amide II band
1255 Amide III band

620 Amide IV band
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2.1 Infrared Spectrum Cont'd.

A mineral 0il (Nujol) mull of crystalline
tybamate can be prepared much more easily than a
satisfactory KBr disc, mainly because of the low
melting range of tybamate.

The infrared spectrum of a 1% mineral oil
mull of tybamate is shown in Figure 2.

2.2 Nuclear Magnetic Resonance Spectrum
The NMR spectrum as presented in Figure 3
was obtained by using a 12.5% solution of tybam-
ate in carbon tetrachloride containing tetra-

methylsilane as the internal standard. The
following peak assignments have been made:

Chemical Shift,ppm. Proton No. of Protons
(a) 0.9 CH3-C 9
(b) 1.3 C-CH2-CHp-C 8
(c) 3.05 N-CHy 2
(d) 3.8 C-CH2-0 4
(e) 5.2 - 5.7 N-H 3
N-H2
26

The peak assignments indicated in Figure 3
are shown on the following structural representa-
tion of tybamate:

(a) (d) (e)

CH3\\\\ ////,cuz c -NH,
CH3-€§Z-CH2’//// \\\\\CHZ-O-

/
(a) (b) (d)

~-NH-CHy - CHp -CHy -CH3

G
I
!J(e)(c) (b) " (a)
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Figure 2 - IR spectrum of N.F. Tybamate Reference
Standard in Nujol mull.
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2.3 Mass Spectrum

The Tow resolution mass spectrum of tybam-
ate (3), shown in Figure 4, exhibits the expected
M+ of m/e 274. Long chain alkyl groups, particu-
larly those attached to nitrogen, fragment on the
carbon-carbon bond 2 to the nitrogen function
with retention of the charge on the alkyl moiety.
Cleavage of the N-butyl group results in an m/e
43 ion. The m/e 41 ion, C3Hs, arises in the
cleavages of the branched hydrocarbon portion of
the molecule. Likewise, an m/e 43 ion arises in
the fragmentation of the C3H7 moiety of the
branched hydrocarbon. The m/e 55-57 ions have
the composition C4Hy to C4Hg. The fragment ions
resulting from direct bond cleavage are: m/e 29,
43, 44, 72, 74, 158, 200, 214, 231, and 245.

The diagnostic peak for carbamates, m/e 62,
was present and was shown by Coutts (4) to be
NH2COOH2+. Through rearrangement, HOCONH2 is
lost from the M+ to form the m/e 213 ion. The
same loss can occur from the m/e 213 ion to form.
the m/e 170 ion. In a parallel fragmentation
mode, the elements of OCONH; are lost from the
m/e 231 ion to yield the m/e 171 ion. The very
intense high mass m/e 158 ion can be formed from
either the m/e 200 ion through loss of CH3-CH=CH2
(42 amu) or from the M+ by the loss of OCONHC4Hg.
Finally, the m/e 184 ion can arise through the
loss of CyHg from the m/e 213 ion.

The mass spectrum is in agreement with the
structure proposed for tybamate in 1.1.

2.4 Thermal Characteristics

2,41 Melting Range
Crystalline tybamate in fine powder

form, dried under vacuum for 4 hours at 30°-35°C,
melts within a range of 2° between 49° and 54°C.

2.42 Boiling Range
Tybamate boils at approximately 150°-

152°C at a pressure of 0.06 mm. of mercury.
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2.4 Thermal Characteristics Cont'd.

2.43 Differential Scanning Calorimetry
The DSC thermogram shown in rigure 5

was obtained with a Perkin-Elmer DSC-1b instru-
ment by first cooling the encapsulated sample to
0°C with a mixture of dry ice and methanol. The
sample was then heated at the rate of 10°C per
minute using a recorder chart speed of 1 inch
per minute, and an ordinate sensitivity of 8
millicalories per second. A sharp melting endo-
therm occurs at about 46°C. Purity can be esti-
mated by comparison with a reference standard.

2.5 Solubility Characteristics

2.51 Solubility in Several Solvents
S0Iubility of tybamate in several
solvents was determined at room temperature.
Approximate solubility data is shown in Table I.

2.52 Partition Coefficients
The partition coefficients for tybam-
ate were determined for several solvent systems
at room temperature. These are shown in Table II.

2.6 Optical Rotation

A 5% alcoholic solution of tybamate is
optically inactive when tested by the USP pro-
cedure,

3. Synthesis

Tybamate has been synthesized (5,6) by the
sequence of reactions shown in Figure 6. The
first step is the preparation of 2-methyl-2-
propyl-1,3-propanediol by reacting 2-methyl-
pentanal and formaldehyde in the presence of
potassium hydroxide. The diol is then reacted
with diethyl carbonate in the presence of sodium
methylate to form S5-methyl-5-propyl-2-m-dioxan-
one. This is distilled and reacted with 28%
aqueous ammonia solution forming 2-methyl-2-
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Figure 5 - DSC thermogram of N.F. Tybamate
Reference Standard.
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TABLE 1

Approximate Solubility of Tybamate

mls. Solvent Required

Solvent per g. of Tybamate
Water 2000
Ethyl Alcohol 0.6
Chloroform 0.5
Ethyl Ether 1
Propylene Glycol 2
TABLE 11

Partition Coefficients for Tybamate

Solvent System Partition Coefficient
Cottonseed Oil/Water 28
Chloroform/Water >100
Carbon Tetrachloride/Water 10
Benzene/Water 43
Heptane/Water 0.2
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FIG. 6: SYNTHESIS OF TYBAMATE
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3. Synthesis Cont'd.
propyl-3-hydroxypropyl carbamate. This in turn
is treated with butylisocyanate to form N-butyl-

2-methyl-2-propyl-1,3-propanediol dicarbamate
(tybamate).

3.1 Purification and Crystallization
The impure synthesized tybamate product is
crystallized from hexane-butanol, or xylene-
naptha solvent mixtures.

Successive crystallizations of tybamate
from trichlorethylene, SDA-3A alcohol, and from
hot water by dilution with cold water will re-
move most impurities,

The liquid form of tybamate may be con-
verted to the crystalline form by dissolving the
former in a mixture of one part of trichlorethy-
lene and two parts of hexane, and cooling.

4, Stabilit
Tybamate is very stable chemically (7) as a
solid or as a liquid. If degradation should

occur, it could be via thermal or hydrolytic
cleavage of the carbamate group. As N-substitu-
tion increases, stability increases and thus
tybamate would be expected to be more stable

than meprobamate which has no N-substitution. It
has been shown that even carbamates of the mepro-
bamate type do not degrade readily under the
above conditions.(7) It is stable in dilute

acid or in dilute alkali, and is not broken down
at 37°C in gastric or intestinal fluid. Hot
alkali or strong acid hydrolyse tybamate to

yield the corresponding diol, ammonia, butylamine
and carbon dioxide.

Dosage forms of tybamate (tablets, soft gela-

tin capsules) have shown no loss of potency
after a 5 year period at room temperature.
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5. Drug Metabolic Products

Douglas, Ludwig, Schlosser, and Edelson (8)
have identified 4 compounds in the urine of both
dogs and cats after administration of tybamate.
These are: the unchanged drug, meprobamate (I),
hydroxymeprobamate (II), and the major metabolite,
hydroxytybamate (III). The metabolites are
shown in Figure 7.

6. Methods of Identification and Analysis

6.1 Elemental Analysis
A typical result obtained on medicinal
grade tybamate using the F § M Model 185 CH § N
Analyser (9) is shown below:

Element % Theoretical % Found
Carbon 56.90 56.51
Hydrogen 9.55 9.45
Nitrogen 10.21 10.30

6.2 Identification Tests

6.21 Derivative Formation
A crystalline derivative of tybamate
with xanthydrol in glacial acetic acid can read-
ily be prepared. This reaction is characteristic
of carbamates. (10)

HQ
H.  OH H. N-C-R
.Cu’
O O R-C-N-Hz O O
0] (0]
+
H,0

R = balance of Tybamate molecule
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(I) Meprobamate

0
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C
CHz-CH,-CH; CHZ-O-ﬁ-NHZ
0
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FIG. 7: METABOLIC PRODUCTS OF TYBAMATE
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6.22 Colorimetric Identification Test
A red color is formed when tybamate
is heated with p-dimethylaminobenzaldehyde, anti-
mony trichloride, and acetic anhydride. (11)

6.3 Cobalt Cyanate Colorimetric Assay

Tybamate is hydrolysed in alkaline alco-
holic medium to yield cyanate ion which forms a
blue complex with cobalt ion. The absorption is
determined at 590 nm. (12) An automated method
based on the cobalt complex has been developed
for N-unsubstituted carbamates and can be applied
to tybamate. (13)

6.4 Hypochlorite Colorimetric Assay

At pH 10.5 tybamate reacts with hypoch-
lorite to form an '"active' chlorine derivative.
The excess hypochlorite is decomposed with phenol
in dilute acid. The chlorinated compound is re-
acted with excess potassium iodide and the liber-
ated iodine is measured colorimetrically at 357
nm. (14)

6.5 Volumetric Analysis

The analysis depends upon the solvolysis
of the unsubstituted carbamate group by sodium
methoxide in a nonaqueous medium. The excess
sodium methoxide is titrated with 0.1N hydroch-
loric acid using phenolphthalein T.S. as the
indicator. (11) Cerri, et al (15) have shown
that this method is specific for the non-N-sub-
stituted carbamates. They have postulated the
following mechanism for the reaction:

(1) 0 OH
R-0-C-NHy == R-0-C=NH
(2) OH ONa
R-O-é-NH + CH3ONa-—4>R-O-é=NH + CH30H
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6.5 Volumetric Analysis Cont'd.

(3) ONa
R-0-C=NH —» R-OH + NaO-C=N

In anhydrous pyridine, the equilibrium shown in
the first equation is strongly shifted to the
right. The enolic species reacts with the sodium
methoxide. In aqueous medium, the keto form is
favored and the reaction with alkali is no longer
quantitative. )

6.6 Spectrophotometric Analysis

6.61 Infrared Identification
The infrared absorption spectrum of a
10% solution of tybamate in chloroform is com-
pared with the spectrum obtained with N.F. Tybam-
ate Reference Standard. No extraneous bands
should be found. Mineral oil (Nujol) mulls have
also been used for obtaining tybamate IR spectra.

6.62 Nuclear Magnetic Resonance

An NMR metﬁo&'was developed for the
analysis of meprobamate tablets using malonic
acid as an internal standard. (16) A simple
adaption of this method can be used for tybamate.
(17) Possible degradation of tybamate to
N-butyl-2-methyl-2-propyl-3-hydroxypropyl carbam-
ate can be detected by observing the NMR signals
of the protons of the methylene groups attached
to oxygen. In tybamate, there are 2 such groups
and they appear as a singlet. If hydrolysis
occurs, the singlet will decrease and a new sig-
nal will start appearing down field from the
methylene singlet,

6.7 Gas Chromatographic Methods

6.71 Tybamate in Dosage Forms
A method for the determination of
tybamate in dosage forms is made available by
adaptation of the procedure of Rabinowitz, et
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6.71 Tybamate in Dosage Forms Cont'd.
al.(18) This involves a simple extraction pro-
cedure, followed by chromatography on a 3.8% OV-
17 column with meprobamate as the internal stand-
ard, Other methods using different internal
standards have been reported.(19,20)

6.72 Tybamate in Biolosical Fluids

A method for the determination of
tybamate in biological fluids has been reported
by Douglas, et al,(21) which employs glass col-
umns packed with 3.8% UC-W98 methyl silicone
on 80-100 mesh Diataport S. A linear relation-
ship has been established using dibutyl phtha-
late as the internal standard. Other carbamates
are determined similarly.

6.8 Thin-Layer Chromatographic Methods

6.81 Identity and Purity of Commercial

Tybamate
Ten pl of a 10% solution of tybamate
in chloroform is spotted on a silica gel plate.

The chromatogram is developed with a mixture of
chloroform and acetone (4:1), the plate is air-
dried for several minutes, sprayed with a satura-
ted solution of antimony trichloride in chloro-
form and then with a 3% solution of redistilled
furfural in chloroform. After 10 to 15 minutes
dark spots are visible on a white to grey back-
ground which slowly darkens. Pure tybamate shows
only one spot. Commercial material may have
trace quantities of meprobamate and 2-methyl-2-
propyl-3-hydroxypropyl carbamate with Rf values
of 0.36 and 0.51 relative to tybamate. (22)

6.82 Identification in Presence of Other

Drugs

Several other TLC methods are avail-
able for the identification of tybamate in the
presence of other psychotropic drugs in blood or
urine. Positive identification has been obtain-
ed by the use of 5 different chromatographic
systems., (19,20)
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7. Pharmacokinetics

Peak serum concentrations of tybamate were ob-
tained about 1 hour after oral administration.
The major metabolite found in the urine was hydro-
xytybamate. Serum levels of tybamate were deter-
mined in male mongrel dogs by the colorimetric
method of Hoffman and Ludwig (25) after oral
administration of 15 mg./Kg. Metabolic studies
were carried out after tybamate, 100 mg./Kg.,
was given daily for 5 days. The distribution of
tybamate in rat tissue was observed after oral
administration of 3 to 7 mg. of carbon-14 labeled
drug. Tybamate was rapidly absorbed; a maximum
blood serum level in dogs of about 10 mcg./ml.
occurred within 1 hour after administration.
Serum half-life was about 3 hours and no drug was
detectable after 24 hours. Neither tybamate nor
its metabolites were retained by rat tissue, but
were excreted almost entirely in the urine during
a 24 hour period. (5)
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ERRATA

Fluphenazine Enanthate

6.2 Vol,.II p.258 Neutralization
equivalent: calec, 275. not 285,

Triamcinolone

1.1 Vol.I p.369 Molecular weight:
394.45 not 434.49
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Italic numerals refer to Volume numbers.

Acetaminophen, 3, 1

Acetohexamide, 7, 1;2, 573

Alpha-Tocopheryl Acetate, 3, 111

Amitriptyline Hydrochloride, 3, 127

Ampicillin, 2. 1,4, 517
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Cephalexin, 4, 21

Cephalothin Sodium, 7, 319

Chloral Hydrate, 2, 85

Chloramphenicol, 4, 47,517

Chlordiazepoxide, 7, 15

Chlordiazepoxide Hydrochloride, 1, 39; 4,
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Erythromycin Estolate, 7, 101;2, 573

Estradiol Valerate, 4, 192

Ethynodiol Diacetate, 3, 253

Fludrocortisone Acetate, 3, 281

Fluorouracil, 2, 221
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Fluphenazine Enanthate, 2, 245; 4, 523

Fluphenazine Hydrochloride, 2, 263; 4,
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Flurazepam Hydrochloride, 3, 307

Halothane, 7, 119; 2, 573
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Reserpine, 4, 384

Secobarbital Sodium, 7, 343
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