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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
Pharmaceutical 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 seventh.

The concept of analytical profiles is taking hold not only for compendial
drugs but, increasingly, in the industrial research laboratories. Analytical
profiles are being prepared and periodically updated to provide
physicochemical 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 compen-
dial status.

The cooperative spirit of our contributors has made this venture possible.
All those who have found the profiles useful are requested to contribute a
monograph of their own. The editors stand ready to receive such contribu-
tions.

Thanks to the dedicated efforts of Dr. Morton E. Goldberg, a long
cherished dream has come to fruition with the publication of Pharmacological
and Biochemical Properties of Drug Substances, M. E. Goldberg, editor,
published by APhA Academy of Pharmaceutical Sciences. This new series
supplements the comprehensive description of the physical, chemical,
and analytical characteristics of drug substances covered in Analytical
Profiles of Drug Substances with the equally important description of
pharmacological and biochemical properties.
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Drug substances appearing in the new series will be cross-referenced in

the cumulative index.
The goal to cover all drug substances with comprehensive monographs is
still a distant one. It is up to our perseverance to make it a reality.

Klaus Florey
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1. Introduction

1.1 Foreword

The writing of an analytical profile of

aspirin, this drug of drugs, poses two major
dilemmas. The first is in the name itself. There
are many countries where Aspirin is still a trade-
name of the German firm Bayer AG, and Acetylsali-
cylic Acid is used as the generic. Yet, I decided
to use the former because it is the U.S.P. and B.P.,
the better known worldwide and the more elegant
name.

Aspirin has now been available for close
to 80 years, and its usefulness and popularity are
undiminished. Consequently, the literature is
voluminous and also undiminished. A complete cover-
age would be beyond the scope of an analytical pro-
file. I have endeavored to cover the newer litera-
ture as comprehensibly as possible and have included
only those older references which I found of histor-
ical interest. To all those who have labored in
the vineyard of aspirin and who go unreferenced in
this profile, I tender my sincere apologies.

1.2 Histor

The documented facts of the discovery of
aspirin are quickly ‘told. It was synthesized by the
German chemist Felix Hoffmann (1868-1946) in the
laboratories of Farbenfabriken Bayer, Elberfeld,
Germany in 1897 (Fig. l1). The compound was tested
pharmacologically by H. Dreser! and clinically
among others by Wohlgemuth 2 and Witthauer3 who
documented the antirheumatic, antipyretic and
analgesic properties free of the undesirable side
effects of salicylic acid.

Apparently, there was some initial reluc-
tance at Bayer to market the new compound since it
was thought that the field was already crowded with
new drugs. But opposition faded when the new drug
got the support of Carl Duisberg, then the general
manager of Bayer. Duisberg, of course, was the
great chemist and industrialist who built Bayer into
the chemical giant of world renown. After the
inspired trade name Aspirin, a contraction of acetyl
and "spirsdure" (salicylic acid), was coined in the
offices of Bayer - Euspirin was also considered and
fortunately discarded* -it was marketed in tablet
form in 1899 and conquered the world.
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Figure 1. Laboratory notebook entry of Felix
Hoffmann, descrlblng his first prepara-
tion of aspirin. The initials CD on the
page are those of Carl Duisberg.
(Courtesy of Bayer A.G., Leverkusen,
Germany)
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What motivated Hoffmann to undertake this
momentous synthesis? Legend has it that he wanted
to help his father who was suffering from rheuma-
tism and who was no longer able to tolerate sodium
salicylate, then widely used in rheumatic and
arthritic diseases. Salicylic acid occurs naturally
in several plants. The analgesic and antipyretic
properties of willow bark were already known in
antiquity to Hippocrates and the blossoms of
spiraea ulmaria (meadow sweet) were used in the
middle ages. Salicylic acid was crystallized from
willow bark extracts in the early years of the last
century, and Kolbe, in 1859, was able to synthesize
it from sodium phenolate and carbon dioxide. His
student von Heyden worked out a commercially
feasible process and started a factory to produce
salicylic acid which made possible its widespread
use in rheumatic diseases. However, its bad taste,
stomach irritation and other side effects were a
strong incentive to search for derivatives which
retained its efficacy without its disadvantages.
Acetylation of the hydroxyl group was one of the
logical modifications. Acetylated salicylic acid
had already been described three times in the
literature (see Section 3). Von Heyden and possibly
also Merck, Darmstadt, are reputed to have experi-
mented with aspirin without being able to produce
the pure drug.

At the time when Felix Hoffmann prepared
pure aspirin successfully in the Bayer laboratories,
one of his colleagues was Arthur Eichengrin, who had
been hired by Carl Duisberg in 1896, while Hoffmann
had been hired in 1894. Eichengriin, as an old man,
had to undergo the horrors of the infamous Nazi
concentration camp in Theresienstadt which he sur-
vived. In 1949, Eichengriin published his memoirs
relating to the invention of aspirin® which was then
a half-century old. He claimed that it was he who
told Hoffmann to prepare acetylsalicylic acid.
Acetylation certainly was on Eichengriin's mind,
since he had also experimented successfully with the
acetylation of cellulose about the same time. He
went cn to fame as the inventor and developer of
rayon and safety film. Eichengriin also claimed that
another colleague of Bayer, the pharmacologist Dreser,
opposed clinical trials. However, the memory of the
82 year-old Eichengrun must have been faulty when he



6 KLAUS FLOREY

wrote these rather bitter reminiscences concerning
Hoffmann's, Dreser's and his own role in the discow
ery of aspirin because, in 1913, Eichengriin wrote a
chapter on "The Pharmaceutical Research Laboratory"
in the book History and Development of Farben-
fabriken Bayer, Vorm. Friedr. Bayer & Co., Elber-
feld by F. Fischer, 1913% where he laid no paternity
claim to aspirin and described Dreser's role correct-
ly. The pertinent passage (p. 412) translates as
follows: "Acetylsalicylic acid, prepared by Felix
Hoffmann ........ rested unnoticed for 1% years
among thepreparations rejected by the pharmacologi-
cal laboratory until in 1898, during unrelated in-
vestigations, Dreser's attention was again drawn to
it. On account of the observation that the acetyl
compound was increasing cardiac activity in contrast
to salicylic acid itself, he recommended a clinical
trial of the product...."

Felix Hoffmann did not publish his version
of the discovery, nor did he obtain a German patent,
since the synthesis had been previously described.
Farbenfabriken Bayer did obtain a U.S. Patent® in
1900 which named him as the inventor. Chemical
Abstracts reveal no subsequent publications by him,
nor is there any record that he was publicly honored
for his contribution. However, in 1899, he was
appointed director of the pharmaceutical research
and garketing division of Bayer. He retired in
19287,

In many ways, the story of the discovery
of aspirin is typical for the way in which new
drugs are invented and developed in pharmaceutical
research laboratories, where many individuals have
to make a contribution and where it is often diffi-
cult to fathom completely what thought processes,
suggestions and interactions lead to a successful
new drug.

2. Description
2.1 Name, Formula, Molecular Weight

Aspirin 1s acetylsalicylic acid, also
salicylic acid acetate and 2-(acetyloxy)-benzoic
acid (50-78-2)., The last name is currently popular
in Chemical Abstracts.
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COOH

Of

OCOCH

CH,O

qHg M.W. 180.16

4

2.2 Appearance, Color, Odor
Asplrin 1s a white, crystalline powder. It
is odorless but might have a faint odor of acetic
acid.

3. Synthesis
The first synthesis of aspirin is credited to

Gerhardt® in 1853. Gerhardt was investigating
mixed organic acid anhydrides and, among others, re-
acted acetylchloride with sodium salicylate. He
obtained a solid product, undoubtedly impure acetyl-
salicylic acid, which immediately and without further
characterization he hydrolyzed with aqueous sodium
carbonate to salicylic and acetic acids. WNext it
was prepared by reaction of salicylic acid with
acetylchloride by H. von Gilm® in 1859, who de-
scribed a crystalline product. 1In 1869, K.Krautl?0
had a student, A. Prinzhorn, prepare acetylsalicylic
acid by the methods of Gerhardt and von Gilm and
obtained an identical product by both methods with
a reported melting point of 118.5°. Kraut also
correctly observed that the product is not an acid
anhydride as assumed by Gerhardt but rather a
phenolic ester. Felix Hoffmann® used acetic anhy-
dride for its preparation.

CH3COCl
COOH
@ +  or COOH
OH catalyst
CH3CO —_— OCOCH
\O 3
CH,CO~
3
or
CH.,=CO

2
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Essentially, all methods of synthesis are
variations of the reaction of acetylchloride, acetic
anhydride or ketenel!l with salicylic acid using a
variety of catalysts such as pyridinel!2? or sulfuric
acidl3 and reaction conditions (c.f. 14). The prep-
aration of aspirin labeled with a l4c-labeled acetyl
group has also been reported.l!3 Efforts to improve
the commercial processes continue to the present
day.

4. Physical Properties
4.1 Spectra
4,11 Infrared
The assignment of the KBr infrared

spectrum (Figure 2) of aspirin (U.S.P. reference
standard #0675-F-4) is summarized in Table 1.1€
It agrees essentially with a spectrum published
previouslyl’? A reflection spectrum has also been
presented, 18

TABLE 1

Infrared Spectrum Interpretation

Wavelength (ggfl) Assignment
2300-2500 carboxyl OH
1760 vinyl ester C=0
1690 aromatic acid C=0
1610
1580 aromatic C=C stretch
1490
1220 } =C~-0 (acid and ester)
1190
760 ortho subst. phenyl C-H bending

4.12 Ultraviolet
Aspirin in 0.1N sulfuric acidl?® and
in diluteltrichloroacetic acid?0 exhibits maxima at
229 nm (El 484) and 276 nm (E 65.5).l In chloro-
form a makximum was found at 277 nm (E] 68).2!

4.13 Fluorescence - Phosphorescence
The native fluorescence of aspirin,
in contrast to salicylic acid, is a weak one and has
been studied only recently.?? Excitation wavelength
maximum is at 280 nm and emission maximum is at 335
nm, Maxima for salicylic acid are at 308 and 450 nm
respectively.
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Figure 2. Infrared Spectrum of Aspirin (U.S.P. Reference Standard)

KBr pellet. Instrument: Perkin-Elmer Model 621
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The phosphorescence emission maximum
was found at 410 nm,23

4.14 Raman:
Raman spectra are described and dis-
cussed in the following references: 24, 25

4.15 Nuclear Magnetic Resonance
The 60 and 100 MHz proton magnetic
resonance spectra of aspirin have been published as
part of analytical?6-29 and biochemical studies.3¥3!

The 100 MHz pmr spectrum of a deuter-
ochloroform solution containing tetramethylsilane
as an internal reference was obtained on a Varian
Associates XL-100-15 spectrometer equipped with a
Nicolet pulsed Fourier accessory.3? (Figure 3.)

The rms error for the experimental and calculated
spectra shown in Fiqure 4 is 0.2. The proton
assignment is shown below.

s

o Hy 12.04 J3 4 = 8.05Hz
He H* 2.34(3H) J, . = 1.34Hz

H C-OH ’
5 1 Hy 7.13 Jy ¢ = 0.3Hz

’

H =

3 0 H5 7.33 J4' 1.74Hz
He 8.11 J5 ¢ = 7.96Hz

The differences in the pmr spectrum
previously reported in aqueous media3? are attrib-
uted to the solvent used. The proton-proton coup-
lings of the aryl protons are virtually identical,
however.

The fully decoupled 13C—NMR spectrum
of aspirin in CD30D (200 mg/ml) is shown in
Figure 5. The spectrum was obtained on a Varian
XL-100-15 NMR spectrometer equipped with a Trans-
form Technology TT-~100 FT data system. The data
represent the transformation of a 400 pulse FID
obtained using 4096 data points with a 15 second
delay time between accumulations.33 Peaks a-i
(Pigure 5) arise from the nine carbons of aspirin.
The seven peak multiplet centered at §=49.0 ppm



‘__JL_V I} w — e — J L,\‘
1 1 | i | | i L 1 1 1 1 L
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Figure 3. 100 MHz PMR Spectrum of Aspirin. Instrument: Varian XL-100-15
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arises from the solvent. Assignment of each of the
peaks can be made on the basis of their chemical
shifts and the coupling information summarized in
Table 2. Peak a is the sole peak in the aliphatic
region of the spectrum and is, therefore, assigned
to methyl carbon (C-9). As expected, the fully
coupled. spectrum exhibits four peaks in this region
with a 1JCH of 130 + 2 hz. Peaks b,d,e and £ can

be assigned to the four singly protonated aromatic
carbons. Each is strongly coupled to one proton
with a lJCH of '65 + 2 hz. Weak long range coup-
ling can also be observed. Peak b,d,e and £ can be
assigned to carbons 3,5,6 and 4, respectlvely by
comparison of their chemical shifts to values pre-
dicted on the basis of substituent effects observed
in model systems. Peaks c,g,h and i must arise

from non-protonated carbons since they do not
exhibit appreciable splitting in the fully coupled
spectrum. Chemical shift predictions based on sub-
stituent effects enable a551gnment of peaks ¢ and g
to the C~1 and C-2 aromatic ring carbons, respec-
tively. The remaining peaks h and i must arise from
the carbonyl carbons. Comparison of their respec-
tive chemical shifts to those of model compounds
suggest their assignment to the carboxyl (C-7) and
acetoxy carbonyls (C-8), respectively. This assign-
ment is confirmed by the observation of a long range
coupling of peak i to the three protons of the
methyl group.

TABLE 2

13C—NMR Data for Aspirin

a Assignment b b
Peak § (ppm) Carbon # lJCH Multiplicity
a 21.6 9 130 (4)
b 124.6 3 164 (2)
c 124.9 1 c m
d 126.9 5 165 (2)
e 132.6 6 165 (2)
f 134.7 4 163 (2)
g 151.9 2 c m
h 167.4 7 c m
i 171.2 8 c m (4)

a) ppm from TMS external via the relationship
§ (CD30D)=49,0 ppm.
b) obtained from the fully coupled spectrum.
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¢) none observed.
m) weakly coupled multiplets due to long range
effects.

4,16 Mass
The low resolution mass spectrum was

obtained on an AEI MS-902 double-focussing mass
spectrometer equipped with a frequency-modulated
analog tape recorder at a source temperature of
100° C. above ambient (approximately 1300 C.).32
By adjusting the sample flow and the electron multi-
plier gain, the maximum sensitivity was obtained
without clipping the most intense peak. The record-
ed analog spectrum was processed on a PDP-11, 3%
Except for differences in the intensity of the
molecular ion (M+), the intensities shown in
Figure 6 are virtually identical to the previously
published spectrum.33 DpDifferences could be ascrib-
ed to instrument design, source temperatures or
even source design.

The assignment of a number of frag-
ment ions of the mass spectrum is shown in Figure 7.

Figure 7.
0
u|
O-0OH
163
43
-H O—“-CH3
120 +H
138
-C2H»0 %
mt 52820 /2 138 ‘_“H2(1)°4'3 m/z 120
\OO
&4
<% ~CO_—> m/z 64
m/z 92 ~HCO
T n/z 63

The metastable ion at m/z 104.3
supports the loss of the elements of water from the
m/z 138 rearrangement ion.
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The mass spectrum of aspirin has
been used as an aid in the rapid identification of
toxic materials isolated from urine, blood or
gastric aspirates of drug abuse patients.36,37

4.2 Solid Properties
4.2] Melting Range

The melting point of aspirin is
nothing very definitive having variously been given
between 118-144°38 and a good deal of work has been
done to get the best methods for compendial
use.39"%3 Early commercial preparation melted
around 135°.%% fThe European Pharmacopeia“’ gives a
melting point of 141° to 144° as determined by the
instantaneous method. For further discussion, see
Polymorphism (Section 4.242).

4,22 Differential Thermal Analysis
When aspirin (USP reference
standard) was heated at a rate of 15°/min. in air,
a single endotherm was observed with a T onset =1340
and T peak = 139°.%6 DTA and TGA patterns_of
aspirin have also been previously studied"*4nd used
for forensic drug identification.%®

4,23 Thermogravimetric Analysis
When aspirin (USP reference
standard) was heated at 20°/min. and a Ny flow of
20 cc{?in.,no weight loss was observed at less than
1300,

4.24 Crystal Properties
4.241 Single Crystal X-Ray
Diffraction
The crystal structure of
aspirin was determined by Wheatley.*? The monoclinic
crystals have a space group of P3;/C. The dimension
of the unit cell are: a=11.446A; b=6.596A; c=11.388
R; 8=95° 33'; n=4.

4.242 Powder X-Ray Diffraction

The powder x-ray diffrac-

tion pattern of aspirin is presented in Table 3 and
Figure 8.50

4.243 Polymorphism
In 1968, Tawashi®! claim-
ed that aspirin exists in several polymorphic forms.
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TABLE 3

Powder X-Ray Diffraction Pattern of Aspirin
(U.S.P. Reference Standard)

20 Relative 20 o Relative
(Deg.) D (R) Intensity (Deg.) D (A) Intensity
7.80 11.3 0.539 27.56 3.23 0.054

14.09 6.25 0.033 28.85 3.08 0.068
15.63 5.68 1.000 29.62 3.02 0.040
16.78 5.28 0.087 30.26 2.96 0.039
18.19 4.88 0.038 31.54 2.84 0.120
20.63 4.30 0.079 32.57 2.74 0.110
20.95 4,22 0.035 33.85 2.67 0.051
21.53 4.12 0.030 34.50 2.60 0.037
22.56 3.93 0.268 36.04 2.50 0.049
23.20 3.83 0.210 36.55 2.46 0.048
25.00 3.55 0.033 37.45 2.40 0.034
27.05 3.30 0.427 39.37 2.29 0.038

This started a flurry of activity. DeBisschop!?3
claimed to have obtained three different crystal
forms but stressed that the only stable one is the
monoclinic one melting at 142° C.

However, the claim for
true polymorphism of aspirin was %uestioned or re-
futed in several laboratories52~5f® and can be best
summarized in the words of G. Schwartzman:S57

"It is generally accepted that true polymorphism
results in distinct optical and spectral proper-
ties. The data presented are entirely negative
in these respects. The evidence accumulated
agrees with the findings of Pfeiffer®5 and
questions the formation of aspirin polymorphs.
We believe that the different crystal habits ‘
were caused by the solvents used for crystalliza-
tion. The dissimilar melting points are probab-
ly due to the poor transfer of heat caused by
the larger crystal size or to possible crystal
defects."

4.244 Optical Constants
Aspirin has been describ-
ed as monoclinic, atb:c = 1.7322:1:1.7322, B=95°
4.25'. Indices for 576 puu are: d=1.5042; B=1.6424
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and z=1.6554; 2v=15° 46'. The optical plane is
normal to (010) and lies in obtuse angle 8.5% Very
similar constants are presented in reference 41l.

4,245 Polarized Crystal
Absorption Spectrum
The polarized absorption
spectrum of a single crystal of aspirin was measur-
ed which indicated that aspirin may be spectroscop-
ically treated as perturbed benzoic acid.

4.25 Calorimetry
The heat of combustion at
constant volume was determined as 859.3 kcal/Mol.60
Aspirin tablets make good samples for use in oxygen
bomb calorimetry.®1

4.3 Solution Properties
4,31 SolubilityP®Z-6%

o g/ml
Water at 25 0.0033
Water at 37° 0.01
Water at 100° 0.03
Ethanol 0.2 - 0.4
Chloroform 0.025 - 0.06
Carbon tetrachloride 0.0004
Ether 0.1 - 0.2
Abs, ether sparingly soluble
Benzene 0.0033
Petroleum ether insoluble

The solubility in polyethylene
glycol 400 and in aqueous solution of other poly-
ethylene glycols has been described.®3-66 The
effect of selected surfactants above and below the
critical micelle concentration (CMC) on aspirin
solubility67 was studied.

4.32 Dissociation Constant (pKa)

In 1913, Springer and Jones®8
determined the dissociation in aqueous solution at
various temperatures. At 25° they determined the
dissociation constant as 2.8 x 10~4 (pKa 3.55). The
Merck Index®2 gives a value of 3.27 x 104 (pka
3.49) at 25°.

When the apparent pKa was de-
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termined in DMF, using quaternary butyl ammonium
hydroxide as the titrant, the pKa observed depended
on the solvent of crystallization. From ethanol
(m.p. 140—1420), a value of 8.99; from hexane (m.p.
121-1249), a value of 9.19 was obtained. The latter
higher value was ascribed to internal hydrogen
bonding of the carbonyl to the hydroxy group.59
This apparent pKa should not be confused with the
true pKa of 3.5 (see above).

4,33 Partition Coefficients
When asplirin was partitioned
between buffers pH 1-7 and octyl alcohol, partition
coefficients ranging from k=17.7 (pH 1) to k=0.025
(pH 7) were obtained.’? Earlier, coefficients of
0.32 in toluene:water and 1.81 in chloroform:water
were determinegd.’!

4.34 Dielectric Constant, Dipole

Moment
Dielectric constant: Dipole Moment: Ref.
~n 2.35 2.09 72
5 to 7 - 73
5.65 calc.; 74
4.36 observed
0.93 (acc. to 75

Onsager by immersion)

4.35 Radiation Absorption
The absorption coertricient of a

collimated beam of 60Co z-radiation was determined
for aspirin. See reference 76 for details.

5. Methods of Analysis
5.1 Historical Synopsis

As the following pages of this section
will show, there is hardly a new method of analysis
which is not immediately tried for the determina-
tion of aspirin as such, or in formulations and
biological fluids. The analysis of aspirin is
intricately interwoven with that of salicylic acid,
its precursor and degradation product. From the
very first, residual salicylic acid was determined by
the convenient reaction with ferric salts -- typical
for phenols -- which give a violet complex with
salicylic acid.

In spite of the plethora of methods, the
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compendial approach to determine purity and strength
of aspirin has been very conservative. A monograph
for aspirin was introduced into U.S.P. not earlier
than Volume X (1926) and has not been changed in its
essentials for the last fifty years. Aside from
such niceties as ash, carbonizable substances, chlo-
ride, sulfate and heavy metals, the mainstays then
(U.s.P. X, 1926) and now (U.S.P. XIX, 1975) are:

a) identification by a color test with ferric chlo-
ride after heating, saponification to salicylic
acid, identified as a white precipitate and an odor
test (ethyl acetate), b) residual salicylates as
determined by a color matching test with ferric
ammonium sulfate with a 0.1% limit and c¢) an assay
involving saponification to salicylic and acetic
acids and back titration of excess alkali with a
purity specification of 99.5 to 100.5%.

The European Pharmacopeia'® uses essential-
ly the same analytical methods as U.S.P.

In contrast to aspirin itself, the U.S.P.
monograph for aspirin tablets has undergone consid-
erable changes. For some reason, U.S.P. does not
use the ferric salt test for free salicylic acid, as
does the British Pharmacopeia of 1973. Apparently,
certain excipients such as citric and tartaric acid
interfere with this reaction.’’ Already in 1913, a
double titration method was developed’® which was
made an official method in 1926.7% This method was
used as the assay method when the aspirin tablets
monograph was introduced into U.S.P. XII in 1942,
For identification, the same two tests as for aspir-
in itself were prescribed then (U.S.P. XII) and now
(U.S.P. XIX); however, due to the pioneering work of
Higuchi, Banes, Smith and Levine in the '50's,80 a
test for non-aspirin salicylates was introduced
using a siliceous earth column for separation from
excipients and aspirin, and spectrophotometric fin-
ish at 306 nm. A limit of 0.3% is specified.

The same column method with different elut-
ing solvents and a spectrophotometric finish at
280 nm is used for the assay with limits of 95 to
105 percent.

5.2 Identity and Color Tests
Aspirin can be identified by the following
name tests:




ASPIRIN 23

Test Color Ref.
Trinder's reagent Purple after hydrolysis 63
McNally's test Red 63
Mandelin's reagent Green with blue 81
(Ammonium vanadate) tint; changes to

red-violet
Feigl Saponif. to salicylic 82

acid. Reaction with KOH

at 130°: violet fluorescence
Kulberg Saponif. to salicylic 83

acid. Addition of FeClj

in HCl: red-violet

coloration
Vitali Morin Orange to red 84
Kofler Microscopic Identifi- 85
cation

For identification by infrared, see Section 4.11.
Identification in combination products by mass
spectrometry has been described.?8®

5.3 Quantitative Analysis
5.31 Elemental
The percent of carbon, hydrogen and
oxygen is as follows:62

¢ (theoretical)

Cqy 60.00
Hg 4.48
04 35.53

5.32 Colorimetric

The use of basic organic dyes for
ion pair extraction-photometric determination has
been described.®? After ammonia treatment, an
orange-red color with CuSogq and H05 (Denigés) can
be quantitated.®® A water insoluble violet complex
(X max. 620 nm) with 2-picoline-Cu(II) has also
been reported.8?

5.33 Ultraviolet
The maximum at 277 nm has been used
to determine aspirin in tablets after chromatogra-
phy (see Section 5.43). It also has been used to
determine aspirin in mixtures with other drugs
(cf. 21). For simultaneous determination of
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aspirin and salicylic acid, see Section 5.61.

5.34 Infrared
The infrared spectrum has been used
to determine aspirin in combination products.
Accuracy of 1-2% has been claimed (cf. 90,91). For
aspirin, the absorption maximum at 1765 cm~l has
been used.

5.35 Fluorescence - Phosphorescence

Although fluorescence of aspirin, as
contrasted to that of salicylic acid, is weak (see
Section 4.13), it has been used for the determina-
tion in tablets.?2 Phosphorimetry (see Section
4.13) has been described as useful in the determin-
ation of aspirin in blood serum and plasma.?3 Since
the phosphorescence of salicylic acid at the maxi-
mum of 410 nm is about 500 times weaker, it does
not interfere.

5.36 Titrimetric - Electrochemical

Although theoretically aspirin could
be titrated directly with alkali, this tends to
give inaccurate results due to its instability in
alkali and, therefore, the compendial methods back
titrate after saponification (cf. 79). However,
non-agueous titration is possible and desirable,
particularly for determination in combination
products. Sodium methoxide in benzene-methanol is
used as the titrant and methylisobutyl ketone as
the solvent. The end point is determined potentio-
metrically.®3 Alternately, tetrabutyl ammonium
hydroxide and DMF as titration solvent have also
been used.®%,95 Titration in ethylene diamine has
also been described.®® pPotentiometric measurements
of ion-pair association and selective acid strength
in ethylene diamine and water has been reported.?7?
Potentiometric titration in aqueous medium has also
been described?®® as has colorimetric.??®

The direct current and alternating
current polarographic response of aspirin in an a
aprotic organic solvent system (acetonitrile - 0.1M
tetrabutyl ammonium perchlorate) has been
studied.19? The following values were obtained:

1. dc half-wave potential: Ex=-1.64
2. ac fundamental harmonic peak
potential: Ep = -1.76
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3. ac second harmonic minimum
potential: E min = 1.87

n values calculated from the
three modes are: 0.44; 0.45 and 0.40. Approximate
detection limits (moles/liter) for the three modes
are: 5 x 10-5; 1 x 10-%; 1 x 10-4.

On a rotating disk electrode,
aspirin was reduced to the aldehyde.l01

5.37 Miscellaneous (NMR)
Nuclear magnetic resonance spectro-
metry has been used to quantitate aspirin in a
combination product with a coefficient of variation
of 1.1.192 For quantitation, the shift at 2.3 ppm
representing the ester methyl group was used.

5.4 Chromatographic Methods
5.41 Paper
Paper chromatographic systems have
been tabulated in Table 4.

TABLE 4

Solvent systems: RfA* RgS* Detection Ref.

Pet-ether, Methanol,
Benzene and Water
(25:20:20:0.05) 0.05 - FeCl3 103

Iso-propyl alcohol,
Water, Ammonia

(15:85:10) - - FeCls 104
Methanol, Water,

Ammonia (10:90:10) - - FeCljy 104
Butanol, 25% Ammonia

(4:1) 0.45 - U.V. 105
0.75% Nitric Acid 0.8 0.6 Fluorimetry 106

*RgA = aspirin; RfS = salicylic acid.

Cellulose anion-exchange paper
chromatography with 5% acetic acid-n-propanol (5:1)
gave good separation, detected by U.V. light, of
aspirin (Rf. 0.07) from salicylic acid
(Rf. 0.51).107
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5.42 Thin Layer
TLC has been used to identify and
quantify aspirin in pharmaceutical preparations and
body fluids. Data have been summarized in Table 5.
Readout by densitometersl08,109 ang TLC separation
as student experiments!l? have also been described.

5.43 Column

As mentioned in the historical
synopsis (Section 5.1), Levinel?! perfected the
compendial partition column procedure in which
aspirin in chloroform is first trapped in an im-
mobile phase of sodium bicarbonate on a column of
siliceous earth (celite) then eluted with a solu-
tion of acetic acid in chloroform and measured
spectrophotometrically. This has been also used
for separation in combination products.8? For the
determination of salicylic acid in presence of
aspirin by this method, see Section 5.61. Ion ex-
change columns filled with strongly or weakly basic
anion exchange resin in the acetate or chloride
cycle have also been used for segaration of aspirin
in combination products.l22,123,124% This has also
been adapted for a student experiment.l!25 A Sepha-
dex~-G25 column has been used for the separation of
aspirin from salicylic acid.!?26

5.44 High Pressure Liquid
This newest of chromatographic

techniques has already been used quite extensively
for the determination of aspirin in pharmaceutical
products. Separation on columns filled with anion-
exchange resinl!?’7 or cation-exchange resin with and
without counter ions!28,129 yere investigated in
detail. Silica surface columns have also been
used!30 as have been reverse phase (octadecyl)
ones!3!-13% y,v, detection was used throughout.

5.45 Gas-liquid

Determination of aspirin by gas-
chromato?raphy was first reported by Hoffman and
Mitchelll33 in 1963 who separated it from other
tablet ingredients by direct chromatography on
tetrafluoroethylene polymer coated with Dow-Corning
silicone, using a flame ionization detector and an
integrator. A glass-bead column, coated with carbo-
wax and isophthalic acid has also been used.!36
Most other investigators made the methyl- or tri-
methylsilyl-derivative prior to chromatography. As



Support

Silica

Silica Gel G
Silica

Polyamide
Polyamide
Polyamide

Polyamide

Silica Gel G

Polyamide

Silica Gel G

TABLE 5

Thin Layer Chromatography of Aspirin

Solvent System

MeOH-HOAc-Et20-CgHg
(1:18:60/120)

Et20-AcOEt (1:4)

Cglg-HOAC-MeOH-CHCl 3~
Pet-ether

CH3C13-CgHg-90% HCO,H
(5:1:0.1)

iso-PrOH-H50-90% HCOLH’
(1:5:6:01)

CH3C13-90% HCO3H
(20:0°1)

Cyclohexane-CHC1l3-HOAc
(4:5:1)
Cyclohexane-CHC13-HOAC
(50:40:10)

CHC1l3-Cyclohexane~HOAC-
Dioxane (40:60:1:10)
CHCl3-Cyclohexane~-HOAc
(40:60:1)
EtOH-IsoProOH-Xylene-—
CHCl3 (12.5:12.5:25:50)

Rf.Asp. Rf.Sal. Detection Ref.
~v0.9 - uv 111
0.26 - - 112
0.42 0.44 uv 113
0.44 0.24 uv 114
0.32 0.08 uv 114
0.47 0.24 uv 114
0.61 0.41 uv 114
0.36 - Kq(Fe(CNa))3 115
0.48 0.14 uv 116
0.37 0.12 uv 116
0.04 - Iodine 117



Support

Silica

Silica

Silica

Silica

Silica

Gel GF

Gel GF
Gel GF
Gel 60

TABLE 5 (continued)

Solvent System
CHC13-(CH3)2CO (9:1)
MeOH - NH3(100:1.5)
EtOAc-t-PrOH-NH;

(40:30:3)

EtOH-HOAc-H20 (60:30:10)
CeHg

CgHg—-Dioxane-HOAcC
(60:20:2)

Rf.Asp. Rf.Sal. Detection Ref.
0.075 - NH, Vanadate 118
0.75 - NH4 Vanadate 118
0.25 - uv 119
0.92 - uv 119
0.10 - uv 119

- - Fluorimetry 120
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methglating agents, diazomethane in ether alco-
holl37 or tetrahydrofurane,!38 methanol with boron
trifluoride!39 and methyl iodide with potassium
carbonate!*? were used. For trimethylsilylation
hexamethyl disilazane,1%1-1%3 N-O-bis(trimethyl~-
silyl) acetamide and other trimethylsilyl donors,'**
BSTFAl%45-146 and MSTFA!%7 have been tried. It was
noted that derivatization with BSTFA or MSTFA re-
sulted in slight hydrolysis of aspirin.1%7

5.5 Electrophoretic Methods

Aspirin can be separated from salicylic
acid by ionophoresis at a pH of 4-5.1%8 geparation
of aspirin in combination products has been achiev-
ed with paper strip electrophoresis, usinq buffers
at pH 2-8 and a 200 V. applied potential.!%®
Aspirin was separated from metabolites by paper
electrophoresis in a phthalate buffer of pH 3.2 and
an ionic strength of 0.0125-0.0500.150

5.6 Determination of Impurities
5.61 Salicylic Acid

As has already been pointed out, the
determination of salicylic acid is intricately
interwoven with that of aspirin itself. There is
the convenient color reaction with ferric chloride
which was already used by Dreser! to determine free
salicylic acid in his own urine after the ingestion
of aspirin. However, this reaction is not too
specific and considerable work has gone in the de-
velopment of interference free methods.

My task has been made easy since
there is an excellent review by C.A. Kelly!S! on
the determination of salicylic acid in aspirin and
aspirin products. A more recent review has been
compiled by S.L. Ali.!52

I, therefore, have restricted my
tabulation of methods to those references which
discuss determination of salicylic acid in bio-
logical specimens, which were not covered by Kelly,
to important references which have been published
since the Kelly review and references which are
pertinent to other sections of this profile.

References for the determination of salicylic acid:
1. Colorimetric (iron complex): 77,78,153,154
(Folin-Ciocalteu reagent): 218,219
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2. Nonaqueous titration: 104

3. Iodometric: 131

4, Spectrophotometric: 20, 156-158

5. Fluorometric: 22,159,160

6. Infrared: 92

7. Column: 57,137,138,103

8. PC (for Rf values and solvent systems see

Section 5.41): 106,107

9. TLC (for Rf values and solvent systems see
Section 5.42): 114,116,119

10. vpPC: 106,107,140,141,144,145,146,147

11. HPLC: 152,164

12. Automated: 165-167

5.62 Acetic Acid
It 1s easily forgotten that aspirin
degrades to acetic as well as salicylic acid. And,
indeed, any smell aspirin might have is due to ace-
tic acid. However, the volatility of acetic acid
does not make the determination of acetic acid a
reliable tool to measure stability or degradation.

A.N. Smith in 1920168 devised a
method to determine acetic acid in aspirin by
bubbling dry air through a thin layer of powdered
aspirin, trapping the acetic acid in water and back-
titrating it with alkali. Gas chromatography!®? has
also been used.

5.63 Acetylsalicylic Anhydride and Acetyl-

salicylsalicylic Acid

In addition to salicylic and acetic
acids, very small quantities of acetylsalicylanhy-
dride (0.0012 to 0.024%) and acetylsalicylsalicylic
acid (0.03 to 0.1%) have been found in aspirin prep-
arations. The former has been determined by gas
chromatography, 140 TLcl70 ang spectroghotometry,171
the latter by gas chromatography.!*0,1%% A contro-
versy is still ongoing (cf. 152) whether the occa-
sionally observed hypersensitivity against aspirinis
caused by these two impurities and whether the basis
of the adverse reaction is immunological.

6. Stability - Degradation

That aspirin 1s sensitive to moisture is well-
known and most of us at one time or another have
observed the growth of salicylic acid whiskers on
aspirin tablets left for too long in a humid bath-
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room wall cabinet. The hydrolysis of aspirin to
salicylic acid was already of concern to the pharma-
cologist, Dreser! (see Section 1.2), who in 1899
prepared what nowadays one would call a preformula-
tion profile. He tested the hydrolysis of aspirin
in acid and alkaline solutions and, by perusing text-
books of Ostwald and Nernst to devise the proper
equations, determined hydrolysis constants of

3.3 x 1074 at "body temperature" in acid medium and
2.5 x 1072 at room temperature in alkaline medium.
He also observed that aspirin was easily split in
weakly alkaline medium which had consequences for
the metabolism (see Section 7). One could say that
he established the first profile for the pH depend-
ence of hydrolysis of aspirin. Of course, the
definition of pH was unknown at the time.

The next systematic study of the hydrolysis of
aspirin in water, albeit at 100° C., was undertaken
by Rath!72 who determined a hydrolysis constant of
about 0.17 depending on experimental conditions.
Much work has been done since, and it is quite
evident that this seemingly simple hydrolysis to
acetic and salicylic acids is both complex and
controversial. I am fortunate that I can refer the
reader to the excellent and detailed review by Clark
A. Kelly!5! already mentioned in Section 5.61. The
most complete and thorough kinetic studies of the
factors involved in the hydrolgsis of aspirin are
undoubtedly those by Edwards!’3 which were further
elaborated by Garrett.l7%

Stability and decomposition kinetics of aspirin
both as a so0lid and in solution continue to be
studied. The topochemical decomposition pattern of
aspirin tablets has been explored.!?75 The degrada-
tion of aspirin in the presence of sodium carbonate
and high humidity was studied by x-ray diffrac-
tion.!7® The activation energy of decomposition by
water vapor in the solid state was found to be
30 kcal/mol.177 The effect of common tablet excip-
ients on aspirin in agueous suspension was also
studied. 178

An exhaustive study of the stability of aspirin
in polyethylene glycols (substituted, unsubstituted
and esterified), as well as other polyvhydric alcohols,
was undertaken by Whithworth and collaborators!?79-183
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It was found that decomposition is in part due to
transesterification and that substitution increases
stability. The effect of gamma radiation on aspirin
has been described.l8% The pH stability profile of
aspirin according to Edwards has been made the sub-
ject of a student experiment.!8%

7. Pharmacokinetics = Drug Metabolic Products

When Dreser® investilgated the pharmacological
properties of aspirin in 1897 (see Section 1.2), he
postulated that, based on the easy hydrolysis of
aspirin in weakly alkaline medium, aspirin also
should be converted to salicylic acid in vivo. And,
indeed, he found that only 22 minutes after in-
gestion of aspirin, his own urine gave a positive
reaction for salicylic acid with ferric chloride.
After 12 hours, he could no longer detect salicylic
acid in his urine. He found no evidence for aspirin
itself in urine, nor d4id he find a combination of
aspirin with glycine analogous to the formation of
hippuric acid already known at the time. He had
evidence for formation of another nitrogen contain-
ing derivative. This early investigation should
give food for thought to those who believe that
pro-drugs and pharmacokinetics are recent discover-
ies.

In 1911, Neuberg!®6é detected small amounts of
gentisic acid (2,5-dihydroxybenzoic acid) in the
urine of dogs dosed with aspirin. The metabolism of
aspirin is intertwined with that of salicylic acid,
but I was unable to ascertain who first reported
the metabolic formation of salicyluric acid, the
major metabolite of both salicylic acid and aspirin,
specifically after administration of aspirin.

Reviews by Puetter!®7 and by Levy,188-19%90 taken
together present a comprehensive picture of the
pharmacokinetics and metabolism of aspirin.

Once absorbed, aspirin is rapidly converted
to salicylic acid. After i.v. administration, the
half life of aspirin in the human organism was found
to be only 15 minutes!®! by Rowland and Riegelman
who also estimated that only 20% of the in vivo
hydrolysis takes place in blood.!92 -

Apparently, all tissues investigated possess
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esterases which can split aspirin; however, most of
it seems to be hydrolyzed in the liver.187 while
the major pathway of hydrolysis leads to free ace-
tic acid, it is noteworthy that a significant
portion of the acetic acid is not set free but used
for transacetylation of certain factors which plag
a role in the inhibition of platelet aggregationl?®3
only shown by aspirin but not by salicylic acid.
The kinetics of this important pathway still need
exploration.187

Aspirin serum esterase activity is species
dependent.!%% In man it is sex linked since it was
found to be higher in men than women.l1%35 1t also
seems to be age dependent.l98

Once aspirin is hydrolyzed to salicylic acid,
it follows the metabolic pathway of the latter.
The metabolic products of salicylic acid are pre-
sented in Figure 9. Over the last decade, the
pharmacokinetics of salicylates in the healthy and
diseased organism have been explored in great
detail by Levy.l188 salicylic acid (II) is elimina-
ted by five parallel and competing pathways (Fig. 9)
leading to renal excretion. These are: excretion
unchanged (II), conjugation with glycine to form
salicyluric acid (III) -- the major pathway --
conjugation of the carboxyl or phenolic hydroxyl
group to form glucuronides IV and V and hydroxyla-
tion to gentisic acid (VI). To a minor degree,
salicyluric acid can be further conjugated with
glucuronic and sulfuric acids.!®7 The major
metabolic pathways (salicyluric and salicyl phenol
glucuronide) are easily saturated in the usual
dosage range for treatment of inflammation.!®7 For
the clinical implications of these non-linear
pharmacokinetic characteristics, I refer to the
reviews by Levy.!88-190

To properly treat bovine "sufferers of head-
aches" (inflammation) the pharmacokinetics of
aspirin in cattle have also been explored.l198

8. Bioavailability - Dissolution

In the last two decades, the concept of bio-
availability has gained prominence and with it
dissolution as a possible in vitro model for drug
absorption. 1In 1960, Swintosky and Blythel??
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compared the relative availability of aspirin from
enteric coated and compressed tablets by measuring
the excretion of salicylate. About the same time,
Levy?200,201 gtarted to compare dissolution and
absorption rates of different commercial aspirin
tablets, found good correlation and proposed that
the U.S.P. tablet disintegration test be replaced
by a dissolution test; a suggestion which as of
this writing has not been heeded. These studies
were extended and further perfected by Gibaldi.l63
Many other papers on this subject have appeared,
Particularly, the influence of the crystal habitat
(see Section 4.243) on absorption has been studied
(cf. 202). Significant intraindividual, but not
interindividual, variations in blood plasma aspirin
levels were found in young male subjects after
administration of aspirin as tablets or solutions.
The plasma level curves obtained for tablets were
more variable than those obtained for solutions.?203
Levy20% found that using urinary excretion measure-
ments for evaluation of aspirin dosage forms,with
different absorption rates in man, requires

that such measurements be made during the first
hour after drug administration. The use of a pH-
stat for testing dissolution of various aspirin
dosage forms has been described.205

9. Determination in Biological Fluids and Tissues
All the advances in pharmacokinetics and drug
metabolism described in Sections 7 and 8 would not
have been possible without the availability of the
proper analytical methods. The following is a tab-
ulation of publications in this field, most of
which have already been discussed in Section 5. It
should be mentioned that a few publications talk
about aspirin blood levels, but really mean sali-
cylate levels. The following tabulation covers
only those papers where aspirin was differentiated
from other salicylates by chromatography or other
means. It seems that the "workhorse" for serum
salicylate levels is still the colorimetric (ferric-
nitrate) method of Brodie, Udenfriend and Coburn!S53
published in 1944, or modifications thereof.
Simplified versions (cf. 206) may lead to erroneous
results under certain conditions.2%7 The method is
also applicable for urinary metabolites after
proper hydrolysis (cf. 208). For other methods
restricted to salicylic acid, see Section 5.61.
The first gas chromatographic separation of aspirin
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and salicylic acid in glasma was described by
Rowland and Riegelman,!“! who presented a brief
review of earlier methods.

Methods for aspirin:

Colorimetric (with differential extraction):218,219
Spectrophotometric (differential): 20, 209
Fluorometric (as salicylic acid): 160, 210
Phosphorimetric: 23

VPC: 137,141,143,145,146

PC: 106,107,119

TLC: 118,211

Mass Spectrometric: 37

Radioisotopic: 212-214

10. Determination in Pharmaceutical Preparations

The followling tabulation of references high-
lights those methods (see Section 5) useful in
pharmaceutical analysis.

1. Determination in tablets:
Differential U.V.: 157,158

Automation: 166

Fluorometric: 22

Column: 121

TLC: 120

GC: 136,139,144
2. Determination in buffered tablets:

Fluorometric: 159

Column: 161,162

3. Determination in combination products:
a. General Identity tests: 83,86,103,104,105,
112
b. Aspirin, caffeine, acetophenetidine
(and more components)

Uv: 21,215

IR: 91-93

NMR: 102
Electrophoresis: 149

TLC: 110,111
Column: 80
Ion-exchange column: 123

HPIC: 127,130,131
VPC: 135,142

Pot. titration: 216
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¢. Aspirin, acetaminophen, caffeine:
Nonaqueous titration: 94,217
Potentiometric: 102

d. Aspirin-barbiturate combinations:
Nonaqueous titration: 93

e. Cough-~cold mixtures:
HPILC: 132
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1. Introduction

1.1 History

The most valuable pharmacological properties of the pep-
tide type ergot alcaloids induced a variety of attempts of
chemical derivatisation of the parent compounds (1,2 + lit.
quoted therein). In one of these the bromination of a-ergo-
cryptine led to a product of highly interesting pharmacology,
namely bromocriptine.

It became known to suppress prolactine secretion, and it
is therefore a useful tool in the treatment of prolactine
dependent disorders, such as galactorrhea associated with
hyperprolactinemia and postpartum, as well as certain kinds of
sterility (3 - 9). In more elevated doses, the drug is a
potent antiparkinsconicum. In addition, there is recent evi-
dence of bromocriptine playing an important role in the trace
heavy metals balance of the brain (10).

1.2 Name, Formula, Molecular Weight

Bromocriptine mesilate is 2-bromo-a-ergocryptine methane-
sulphonate or 2-bromo-12'-hydroxy-2'-(l-methylethyl)-5*'-(2-
methylpropyl-5'a-ergotaman-3',6',18~trione methanesulphonate
or Bromocriptinum (INN). It is the active ingredient in
Parlodel® dosage forms.

H3C\13“ /CHa
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Chemical Abstracts Registry Numbers

25614-03-3
(26409-15-4)
(47830-26-2)

Average Molecular Weights
base : 654.601
mesilate: 750.71

Average Formulas :

base : C32H4OBrN5O5

mesilate: C33H44BrN5085

1.3. Appearance, Colour, Odour

Grey tinged white or light yellow, finely crystalline
powder, odourless or of weak, characteristic odour.

2. Physicochemical Properties

2.1 Elemental Analysis

The elemental analysis of bromocriptine mesilate
yielded the following results (11):

element % calculated % found
C 52.8 53.2
H 5.9 6.0
Br 10.6 10.5
N 9.3 9.2
0 17.0 16.8
S 4.3 4.4

2.2 Spectra

2.21 Infrared

The infrared spectrum of bromocriptine mesilate in a
KBr pellet is given in fig. 1. It was recorded on a Perkin
Elmer 257 infrared spectrophotometer.
The main characteristic bands are the following :
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wave number (cm_l) assignment

3200 - 2900 C-H-stretching vibrations

1728 C=0-stretching of 5-membered
ring lactam (cyclol)

1642, 1672 C=0O-stretching of 6-membered
ring lactam (amide I)

1560 amide-II band and

C=C-stretching

The spectrum of the base has been reported by P.A. Stadler
and co-workers (11).

2.22 Ultraviolet

The ultraviolet spectrum of bromocriptine mesilate was
recorded on a Philips 1700 uv spectrophotometer in 0.1 M me-
thanolic methanesulphonic acid solution. It is given in fig.
2. A maximum occurs at about 308 nm with a log molar absorp-
tivity of 4.0. In l:1 dichloromethane/methanol solution the
absorption maximum was reported as 306 nm log = 3.988 (ll1).

2.23 Fluorescence

Bromocriptine mesilate exhibits fluorescence like the
other lysergic and isolysergic acid type alcaloids. In 2 per-
cent ethanolic tartaric acid solution, the emission maximum
appears at 402 nm (excitation at 325 nm). See fig. 3.

2.24 Proton Nuclear Magnetic Resonance

The PMR spectrum of bromocriptine mesilate in deuterated
dimethyl sulphoxide as obtained on a Bruker HX-90 NMR spectro-
meter is presented in fig. 4. TMS served as internal standard.
The characteristics of the spectrum are given in the following
table (see also 12, 13 and lit. quoted therein):

PMR-spectrum and Assignment
Chemical Shift

downfield (ppm) Intensity Multiplicity Assignment
11.85 1H Singlet indole-NH
+
10.45 1H Singlet NH
9.55 1H Singlet CONH (18-19)
7 - 7.3 4 H Multiplet H-Cc _, C _, C

12 13 14
and OH
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Figure 2.

DANIELLE A. GIRON-FOREST AND W. DIETER SCHONLEBER

Ultraviolet Spectrum of Bromocriptine Mesilate
in 0.1 M Methanolic Methanesulphonic Acid.

C. = 0.05 mg/ml, C_ = 0.012 mg/ml.

Instrument: Philips SP 1700
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Figure 3. Fluorescence Spectrum of Bromocriptine
Mesilate in 2 % Ethanolic Tartaric Acid.
C = 65/«g/ml.
Instrument: Perkin Elmer MPF-3
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6.47 1H Singlet gfcg
4.3 - 4.5 Triplet H- 5
3.2 16 H Singlet 6—C_I*_I_3 (C-17)
3 -4.2 Multiplet gfc8,;gfcll,;§;c4;
B-Cg 3 H-Cp 5 H-Cy
CH,COCH,CH, ; H)0
(recryst. solvent)
2.37 3 H Singlet C§3—SO3H
. i let H_COCH_CH
2.1 6o & Single c__3 5CH,
2.1 - 1.5 Multiplet 5'--C§_2 ; 5'-CH ; 2'-CH ;
B-Cqy, # H-Cyy,
0.75-1.15 12 H Multiplet 2'C§_3 ; 5'—C_E13 and
OCH,CH
CH ,COCH ,CH |

2.25 Carbon-13 Magnetic Resonance Spectrum

The spectrum of bromocriptine mesilate has been recorded
in dimethyl sulphoxide using a Bruker HX-90 NMR spectrophoto-
meter (fig. 5). The assignment of the individual signals is
given in fig. 6.

2.26 Mass Spectrum

The low resolution electron impact mass spectral pattern
of bromocriptine mesilate (fig. 7) corresponds quite nicely
to those of the other non- and dihydrogenated ergot alcaloids
(12, 13 and lit. quoted herein).

The molecular peak M of the base shows up at 653 and 655,
respectively, reflecting the natural abundance of the bromine
isotopes, and M-18 at 635/637 mass units. As in the parent
compounds the next smaller fragment appears at M-228, indica-
ting a substantial loss of the peptide section constituents
with the tentative fragment structure Fl. From this species
the isopropyl group splits off easily to yield the line pair
at 382/384 mass units. Loss of the entire peptide moiety leads
to the formation of 2-bromo-lysergamide F2 at 345/347 m.u.,
the mass spectral behaviour of which corresponds to that of
the bromine-free compound. Thus, it gives rise to peak pairs
at 300/302 and 299/301, respectively, presumably by loss of
formamide or by the rupture of the tetra-hydro-pyridine ring,
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a decay mode that was proposed earlier (14,15) for lysergic
acid derivatives. Peak doublets at 285/287 and 274/276 m.u.
indicate fragments of illicit structure still containing
bromine.

F1

HN

r
425/427 m.u. 345/347 m.u.

The peptide moiety itself (308 m.u.) obviously does not
appear in the spectrum, whereas its fragmentation pattern with
peaks at m/e 195 (F3), le67 (F3-CO), 155 - 153 (F4), 125 (F5),
86 (F6), and base peak 70 (F7) mass units, is clearly under-
stood (14,15). The mesilate shows a signal at m/e 96.

F3 F4

195 m.u. 154 m.u.



60 DANIELLE A. GIRON-FOREST AND W. DIETER SCHONLEBER

+
;1
+

H N Fob
L___k FS N
0 NH, H
F7
125 m.u. 86 m.u. 70 m.u.

2.3 Crystal Properties

2.31 Melting Characteristics

Bromocriptine mesilate decomposes between 180 and 200 °C,
thus a melting point or melting range cannot be given.

2.32 Polymorphism

Investigations for the occurrence of polymorphism have
been undertaken by ir spectroscopy, differential scanning
calorimetry and x-ray powder diffraction (Guinier-de Wolff).
No polymorphism has been observed so far. An amorphous form
may be prepared artificially by rapid evaporation of a
methanolic solution of the drug substance.

2.33 X-Ray Diffraction

X-ray structural analysis of bromocriptine, crystallized
as the base from dichloromethane/diethylether, has been car-
ried out on a CAD 4-diffractometer with CuKa-radiation (16).
3371 reflexions were within sin 0/A<0.62 A& !. Assessment of
the structure was achieved by computation to a refinement of
R = 0.033 for the absolute configuration. '

The crystal data were: Space group P 21, a = 10.681,

b = 13.454, ¢ = 11.049, B = 99.75°, Z2 = 2.

In fig. 8 the resultant conformation of bromocriptine base
is depicted.

2.34 Differential Scanning Calorimetry

The DSC thermogram of bromocriptine mesilate, obtained
with a Perkin Elmer DSC-2 instrument at a heating rate of
20 °C/min. and in a nitrogen atmosphere, is shown in fig. 9.



Q

R (9
"
’ R

\

G N
Y
N \
Q&& {

\

(3
Y WYy
oy ‘ g
(9
\ *®

*

£
k\ *
W y \ ©
AN ® \\‘:\\ “
s " W Gl

N
N>
Y

»
)

Figure 8. Conformation of Bromocriptine Base established
on the Basis of the X-ray Structural Analysis.

Nitrogen, = Oxygen, O = Carbon,

O
1

Hydrogen



62

TG

LOSS OF WEIGHT

0.04 MG

ENDO |

0.5 McAL/S
EXO

DANIELLE A. GIRON-FOREST AND W. DIETER SCHONLEBER

DSC
T
40 80 100 120 140 160 180 200 °©°C
Figure 9. Differential Scanning Calorimetry and

Thermogravimetry Curves of Bromocriptine
Mesilate, each at a heating rate of 20°C/min.
and a Nitrogen Flow of 15 ml/min.
Instruments: Perkin Elmer DSC-2

Perkin Elmer TGS-1
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The melting endotherm is followed immediately by a strong
exothermic degradation. Since bromocriptine mesilate decompo-
ses under melting, the transition temperature is strongly
dependent on the heating rate. A broad but weak endotherm
between 40 and 100 °C indicates the volatilization of sorbed
recrystallization solvent (usually butanone-2, see section 3).

2.35 Thermogravimetry

The thermogram of bromocriptine mesilate, carried out on
a Perkin Elmer TGS-1 thermobalance, is given in fig. 9.
The sample temperature was raised at a rate of 20°C/minute
maintaining a nitrogen atmosphere. A considerable loss of
weight, attributed to a loss of sorbed solvent (s. above), is
observed below 130 °C. Sample decomposition obviously starts
after melting.

2.4. Solubility

The solubility of bromocriptine mesilate was determined
in a variety of solvents equilibrated by vibration during
24 hours at 25 °C. They are as follows:

Solvent Solubility in mg/g Solubility in g/100 ml
water 0.8 0.08
methanol 910 72
ethanol 23.0 1.8
2-propanol 1.2 0.1
acetonitrile 1.6 0.12
acetone 0.2 0.015
ethyl acetate 0.2 0.015
chloroform 0.45 0.06
benzene <0.1 <0.02
hexane <<0.1 <<0.01

At 22 * 2 °C bromocriptine mesilate dissolves readily
(>2 %) in propylene glycol, 50 % ethanol, 95 % ethanol and
n-octanol, whereas it is poorly soluble (<0.1 %) in simulated
gastric and intestinal fluids at 37 * 2 °C.

2.5 Dissociation Constant

Due to the low solubility of bromocriptine mesilate in
water, the pK value had to be determined in methyl cello-
solve/water 832 (w/w). Titration at ambient temperature yield-
ed pKa as 4.90 £ 0.05 for a 0.0078 M solution.
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2.6 Partition Coefficients

The partition coefficients of bromocriptine mesilate
between water of pH 1.2 and n-octanol on the one hand, and
water of pH 7.5 and n-octanol on the other, have been deter-
mined at 37.0 * 0.5 °C.

water pH 1.2/n-octanol 1 : 90
water pH 7.5/n-octanol 1 : 235

2.7 Optical Rotation

Theoretically, with 6 chiral centers within the molecule
(at 6, 9, 2', 5', 11' and 12' positions) 64 diastereomeric
forms are possible. However, bromocriptine is sterically well
defined at all of these positions, as it is derived from the
naturally occurring a-ergocryptine.

The specific optical rotation of bromocriptine mesilate
in different solvents is given below for 20° C corrected for
loss on drying. A Perkin Elmer polarimeter 241 was used, the
actual concentration being 10 mg/ml.

wavelength (nm)

solvent 589 578 546 436 365

specific optical rotation in degrees

dichloromethane/
methanol 1l:1 101.0 107.5 130.1 327.8 329.4
ethanol 100.6 107.0 129.6 328.7 331.3

dimethyl formamide 127.4 135.2 162.0 388.0 392.7

For the specific rotation of 2-bromo-a-ergocryptine and -inine
bases see (11).

3. Synthesis

Bromocriptine base is manufactured by bromination of
a-ergocryptine with N-bromosuccinimide in dioxane solution.
The mesilate is then formed by addition of methanesulphonic
acid. The salt is recrystallized from butanone-2 (s. fig. 10)
(2,3,11).
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a-Ergocryptine Base

N-Bromo-succinimide

Bromocriptine Base

Methanesulphonic Acid

Bromocriptine Methanesulphonate

Figure 10. Route of Synthesis
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4. Stability and Degradation Processes

Possible degradation pathways of ergot alcaloids at the
example of ergotamine tartrate have been clearly summarized by
H. Bethke et al. (17) and B. Kreilgaard (13).

As a nonhydrogenated ergot alcaloid, bromocriptine is
relatively sensitive to autoxidation both in solid and in dis-
solved states, but degradation products have not yet been elu-
cidated. Similarity to the oxidative transformation of the
parent compounds is to be strongly anticipated (12).

In hydroxyl-containing solvents, nonhydrogenated ergot
peptide alcaloids are readily epimerized at C-8 to an equili-
brated mixture of the lysergic and iso-lysergic acid series,
called the -ine/-inine forms (-ine = 88, -inine = 8a) (12,18
and lit. quoted therein). The hydrolysis of the lysergic acid
amide bond is of minor importance for the beginning degrada-
tion, but, of course, prevalent under more drastic hydrolysis
conditions.

Under the same conditions, but at elevated temperatures,
the C-2'-center is very likely to be inverted (aci-inversion)
yielding a more acidic isomeric compound.

The light-induced addition of water to the 9,10-double
bond of bromocriptine yielding the so-called lumi~products,
is of high probability (12,18). They have, however, not yet
been isolated or characterized. The corresponding 1l0a-methoxy-
lumi~derivative could be prepared by the photo-catalyzed
addition of methanol (19) under slightly acidic conditions.

4.1 in Bulk

Although bromocriptine mesilate is sensitive to heat
and light, it is stable for up to 3 years at ambient tempera-
ture (20) when stored in sealed polyethylene bags contained
in twist-off amber glass bottles. In warm and tropical clima-
te (30 °C/75 percent relative humidity) and under identical
package conditions, it is stable for 1 year, hewever only for
3 months at 50 °C.

If not properly protected, bromocriptine adsorbs up to
6 percent by weight of water in tropical climate.
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4.2 in Solution

Bromocriptine follows the behaviour sketched above and is
thus rather labile in aqueous or aqueous/alcoholic solutions,
particularly in the presence of acid, yielding mainly the
equilibrated mixture with its 8-epimer (1) and to a smaller
extent, its hydrolysis products 2-bromo-lysergamide and
2-bromo-lysergic acid and their Boa-isomers, respectively.

4,3 in the Dosage Form

Bromocriptine mesilate is marketed as Parlodel® capsules
(10 mg for the treatment of Parkinson's disease) and tablets
(2.5 mg as lactation suppressor). Both forms have proved
stable at least for 4 years when stored at ambient temperature
in amber glass bottles (22).

5. Biopharmaceutical Aspects (23)

5.1. Pharmacokinetics

The disposition of bromocriptine has been studied in
several animal species and man following single oral and
intravenous administration of the drug labelled with either
tritium or carbon-14.

The enteral absorption of bromocriptine from an aqueous
solution amounts to 30 - 40 % as determined from the sum of
the cumulative biliary and urinary excretion of radioactivity
(parent drug + metabolites) in bile duct cannulated animals.

The blood levels following oral and intravenous doses
are very low in all animal species. This, most likely, is due
to the marked affinity of the drug for various tissues and the
rapid hepatic extraction of the absorbed fraction. The main
route of excretion is the bile. Less than 5 % of the dose are
recovered in the urine of intact animals after oral or intra-
venous administration.

In man, the extent of enteral absorption is estimated to
be at least of the same order of magnitude than determined for
animals. Absorption is rapid with an approximate rate constant
of 1.4 h' ! (¢ '/2 = 30 min).
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Peak plasma levels are reached about 1.5 h after oral
ingestion, the maximum concentrations being in the order of
2 - 3 ng equivalents/ml (parent drug + metabolites) for an
oral 1 mg dose. The elimination from the plasma is biphasic
and proceeds with mean half-lives of 6 h (a-phase) and 50 h
(B~-phase). Similar elimination half-lives are obtained from
the urinary excretion. The cumulative renal excretion is
practically the same after oral and intravenous administration
and amounts to 6 - 7 % of the radiocactivity dosed. The main
portion of the dose, either oral or intravenous, is eliminated
by the biliary route into the faeces. The kinetics of bromo-
criptine has been demonstrated to be linear in the oral dose
range from 2.5 to 7.5 mg.

Parent drug is bound to bovine and human plasma proteins
to an extent of 89 - 96 % (in vitro concentration range 0.2 -
80 pg/ml) and exerts a pronounced affinity to various tissues.

5.2 Metabolism

Bromocriptine is rapidly and completely metabolised in
animals and man. The major components of the urinary metabo-
lites have been identified as 2-bromo-lysergic acid and 2-bro-
mo-isolysergic acid. Apart from the hydrolytic cleavage of the
amine bond and the isomerization at position 8 of the lysergic
acid moiety, a third principal biotransformation pathway con-
sists in the oxidative attack of the molecule at the proline
fragment of the peptide part, predominantly at position 8',
giving rise to the formation of a number of hydroxylated and
further oxidized derivatives of bromocriptine, and in addition
of conjugated derivatives thereof.

6. Toxicology

The acute toxicity of bromocriptine mesilate has been
determined in the mouse as 230 and 2620 mg/kg i.v. and p.o.,
respectively. In the rabbit, the corresponding values were 12
and >1000 mg/kg (2). Thus, bromocriptine proved less toxic
than the nonhydrogenated ergot alcaloids by one order of
magnitude, resembling the behaviour of the dihydrogenated
derivatives.

Chronic toxicity studies were carried out with rats,
dogs, and rhesus monkeys (2). In nearly all cases, the princi-
pal effect produced was ischemia of some part of the body.

The well-known emetic effect of ergot alcaloids in dogs was
particularly pronounced with bromocriptine, even with oral
doses of as low as 0.1 mg/kg.
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7. Analytical Methods

7.1 Application of General Tests

Compared with the unsubstituted ergot alcaloids (1,18)
the introduction of bromine into the 2-position of the indole
nucleus diminishes the reactivity of the molecule in respect
to general alcaloid tests. Nevertheless, they still remain
applicable.

1. Keller's test. Bromocriptine mesilate is dissolved in
glacial acetic acid to which have been added traces of ferric
chloride. After carefully layering with concentrated sulfuric
acid, a green colour is produced at the interface. Usually
an intense blue-violet colour occurs with 2-H-substituted

compounds.

2. Van Urk's reaction. (24) Bromocriptine mesilate is
dissolved in methanol. After addition of van Urk's reagent
and vigorous shaking a blue colour develops slowly, which is

substantially weaker than with 2-H-ergot alcaloids.

methanol/water 3:10. After addition of one drop of diluted

hydrochloric acid and one drop of Meyer's reagent (mercuric
potassium iodide) and shaking, a white precipitate is pro-

duced.

7.2 Titration

Bromocriptine mesilate may be assayed in glacial acetic
acid/acetic anhydride 1:7 by titration with 0.1 N perchloric
acid. The endpoint may be determined potentiometrically using
a glass/calomel electrode system.

The methanesulphonic acid content of bromocriptine
mesilate is usually determined by titration with 0.1 N
methanolic potassium hydroxide. The endpoint may be detected
potentiometrically using a glass/calomel electrode system.

Residual N-bromosuccinimide from the manufacturing
process may be identified and/or quantified by making use of
its oxidation potential by titration of liberated iodine
after addition of potassium iodide in acetic acid (25).
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7.3 Spectroscopic Methods

7.31 Infrared

Infrared spectroscopy is utilized for identification
purposes during the analysis of the drug substance. (see 2.21)

7.32 Ultraviolet

Spectrophotometric analysis of bromocriptine mesilate
is carried out directly using the uv maximum at about 305 nm
in methanolic methanesulphonic acid. However, the method is
not very specific.

It was preferred to first separate the impurities from
bromocriptine by thin layer chromatography and then to
isolate the substance by elution from the silica gel of the
plate with methanol. The intact active ingredient is measured
in 0.01 M methanolic methanesulphonic acid (26).

7.33 Colorimetry

In moderately acidic solutions bromocriptine mesilate
readily forms ion pairs with anionic dyes such as picric acid,
bromothymol blue, methyl orange, which are extractable with
an organic solvent. A procedure has been developed both for
direct assay and for assay following chromatographic separa-
tion from the impurities. Therein bromocriptine mesilate is
allowed to react with bromothymol blue at pH 2.5. The resul-
ting ion pair is then extracted with benzene and its concen-
tration determined at 410 nm (25).

7.34 Proton Magnetic Resonance

PMR spectroscopy may be used for identification of the
drug substance. (see 2.24)

7.4 Chromatography

7.41 Paper

Paper chromatography was applied formerly to the deter-
mination of bromocriptine.

conditions: system l: stationary phase: 25 % formamide
mobile phase : carbon tetrachloride/
diethyl ether 1:1
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system 2: stationary phase: 10 % dimethylphthalate
mobile phase : dimethylformamide/
0.5 N hydrochloric
acid 15:85

The drug substance is visualized by reaction with iodine
vapour.

Rf values of bromocriptine and precursor

system 1 system 2
Bromocriptine 0.88 0.09
a-ergocryptine
(precursor) 0.70 0.31

7.42 Thin Layer

The relative instability of bromocriptine makes it very
difficult to avoid artifact formation in test solutions or
during spotting on the plate. Therefore, bromocriptine mesi-
late, usually dissolved in chloroform/methanol 1:1, has to be
spotted on the plate very rapidly and with the exclusion of
light. The separation being terminated, the mobile phase is
removed by means of high vacuum for 30 minutes.

A great number of tlc systems have been investigated for
the separation of by-products, degradation products, metabo-
lites, and excipients. Also a variety of spraying reagents
have been tested (see table). The most advantageous one was
Dragendorff's reagent with consecutive spraying by 30 %
hydrogen peroxide.

methods: stationary phase: silica gel 60 F254, (27)
Merck tlc plates, no.5715
mobile phase 1 : dichloromethane/dioxane/96 percent
ethanol/conc.ammonia 180:15:5:0.1
(v/v/v/v)
mobile phase 2 : chloroform/methanol/formic acid

78:20:2 (v/v/v)

mobile phase 3 : chloroform/96 percent ethanol/conc.
ammonia 192:8:0.35 (v/v/v)

In the procedure with mobile phase 1 and 2, the visua-
lization is accomplished by screening under uv light (254 and
366 nm) and in addition by spraying with Dragendorff's
reagent, modified by Munier and Deboeuf, followed by 30 per-
cent hydrogen peroxide.
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R values
st K

compound mobile phase 1 mobile phase 2
bromocriptine i.0 (Rf 0.5) 1.0 (Rf 0.7)
2-bromo-a-ergocryptinine 1.5 1.1
a-ergocryptinine

(isomer of precursor) 1.4 1.0
a-ergocryptine (precursor) 0.6 0.5
2-bromo-lysergic acid 0.0 0.25
2-bromo-isolysergic acid 0.0 0.35
2-bromo-lysergamide 0.5 -0.15
2-bromo-isolysergamide 0.5 0.35

Mobile phase 3 may be used for the detection and semi-
quantitative determination of residual N-bromosuccinimide.
Thereby, the plate is sprayed with water and then placed in a
chlorine atmosphere for 10 minutes. Excess chlorine is remo-
ved by placing the plate in a stream of warm air for another
10 minutes. After spraying with o-toluidine reagent, the eva-
luation is made against a dilution of N-bromosuccinimide.

The detection limit is 0.1 pg, the R is 0.3 with respect to
bromocriptine Rf wvalue. st

A high performance tlc system has been developped for
the in-process-control (28) using Merck silica gel HPTLC pla-
tes, no. 5628, as the stationary phase and tetrahydrofuran/
chloroform/n-heptane/methanol/conc. ammonia 20:20:57:7:1 per
volume as the mobile phase. The chromatography (6 cm ascen-
ding) is carried out without preceding chamber saturation.
The compounds separated are visualized by uv at 254 and 366
nm, respectively, and by iodine vapour. Rf of bromocriptine
is 0.27. The potential by-products yield spots at R 1.5
(2-bromo-a-ergocryptinine), and 0.55 (a-ergocryptinej.
2-Bromo-lysergic acid remains at the starting point.

Beside the modified Dragendorff's reagent/hydrogen per-—
oxide already mentioned, a variety of spraying reagents has
been used for the visualization of bromocriptine.

They are compiled in the following list.
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spraying reagents for bromocriptine
detection limit
reagent colour on silica gel
Merck no. 5715

Dragendorff (Munier,Deboeuf)

+ 30 percent H202 brown 0.2 pg
0.05 percent aqueous

permanganate yellow 1 ug
van Urk's reagent grey 10 ug
cinnamic aldehyde yellow 1 -2ug
formaldehyde/hydrochloric acid grey 2 ug
formaldehyde/sulphuric acid violet 0.1 ug
chlorine/o-toluidine violet 0.1 pg
folin/ammonia grey 1 ug
ninhydrin/uv det. 360 red 0.1 ng
iodine/potassium iodide brown 2 pg
Ehrlich's reagent orange 1 pg

The identity of methanesulphonic acid may be determined
by tlc on cellulose plates, Merck no. 5728, with ethanol/
water/conc. ammonia 80:16:4 (v/v/v) as a mobile phase.
Detection is achieved by spraying with acid-base indicators,
e.g. bromocresol green or similar species. Rf of methane-
sulphonic acid is 0.5 (that of bromocriptine base = 0.9).

7.43 Gas Chromatography

GC cannot be applied to the analysis of bromocriptine
mesilate due to its low volatility and its thermal instabili-
ty. A procedure according to 29 or 30, which claims excellent
identification and quantitation on the basis of well-defined
peptide section pyrolysis products, has not yet been
attempted. However, GC is very useful determining the residual
recrystallization solvent butanone-2.

The conditions are the following:

Column: Porapak Q 80/100 mesh, in 1.8 m x 2mm glass
Temperatures: injector 240 °C, column 130 °C
flame ionization detector, 240 °C.

7.44 High Performance Liquid

A series of HPLC systems have been utilized both for
assay and purity of bromocriptine mesilate.
Satisfactory procedures have been accomplished both on
straight phase (silica gel) and on reversed phase
(octadecylsilanised silica gel) columns.
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HPLC-conditions

straight phase:

stationary phase: silica gel, 5 um, in stainless steel
25 cm x 3 mm i.d.

mobile phase: water-saturated dichloromethane/methanol
100:2 (v/v)

uv detection at 254 nm.

Fig. 11 shows a chromatogram of bromocriptine mesilate spiked
with dodecylbenzene, potential by-products and the precursor.
The flow was 1.7 ml/minute (31).

Key: 1 = dodecylbenzene, 2 = bromocriptinine, 3 = a-ergocryp-
tinine, 4 = bromocriptine, 5 = a-ergocryptine (precursor).

reversed phase, system I:

stationary phase: Merck RP-18, 10 um in stainless steel
25 cm x 4.6 mm i.d.
mobile phase: gradient: 35 to 60 percent B within 60 min.
A = water, 0.2 percent triethylamine added
B = acetonitrile, 0.2 percent triethylamine
added.
uv detection at 280 nm.

This system was found optimal for the purity test.

Fig. 12 shows a chromatogram of the drug substance spiked
with potential by-products and the precursor. The flow was
set at 4.0 ml/minute.

Key: I = 2-bromo-a-ergocryptinine, II = a-ergocryptinine,

III = a-ergocryptine (precursor), IV = bromocriptine,
\Y 2-bromo-lysergamide, VI = 2-bromo-lysergic acid,
VII = 2~bromo-isolysergamide.

stationary phase: Merck RP-18, 10 pum in stainless steel,
25 cm x 4.6 mm

mobile phase: 0.01 M ammonium carbonate or 0.05 M
ammonium hydrogen carbonate solution/
acetonitrile 35:65 isocratic,
flow 1.5 ml/min.
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Figure 11.

!

High Performance Ligquid Chromatogram
of Bromocriptine Mesilate, spiked with
Dodecylbenzene, Precursor and potential
By-products.

Adsorption Mode, isocratic,
Uv-detection at 254 nm
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Figure 12. High Performance Liquid Chromatogram
of Bromocriptine Mesilate, spiked with
Precursor and potential By-products.
Reversed-phase Mode, Solvent Gradient,
Uv-detection at 280 nm.
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7.5 Differential Scanning Calorimetry

Differential scanning calorimetry cannot be applied to
quantify the purity of the drug substance for the reasons
mentioned in 2.31 and 2.34. However, it may be valuable in
qualitative comparisons from sample to sample or batch to
batch on the basis of their corresponding differential scan-
ning calorimetry patterns.

7.6 Phase Solubility Analysis

For phase solubility analysis, acetonitrile appears to
be the most suitable solvent. A typical plot is given in
figure 13 along with the experimental conditions.

7.7 Analysis of the Dosage Form

The identification of bromocriptine mesilate in the
dosage form can be carried out by thin layer chromatography
using Merck plates with dichloromethane/methanol/formic acid
78:20:2 (v/v/v) and subsequent uv-visualization at 254 and
360 nm. Using this method, it is important to only air-dry
the spot after application to the plate, since more vigorous
evaporation of the solvent will give rise to artifacts (32).

Bromocriptine can also be identified as the base by ir
spectroscopy after extraction from the dosage form with
ethanol and removal of the solvent, both in solution and in a
KBr pellet (33).

Bromocriptine mesilate in Parlodel® tablets may be
assayed in a non-specific way by direct uv-spectrophotometry
following extraction with methanol (32).

Fluorimetry in 0.1 N hydrochloric acid has been applied
during the measurement of dissolution rate of the dosage forms
with excitation at 335 and emission at 425 nm, respectively
(206).

A specific assay of bromocriptine mesilate in the
dosage form may be carried out by tlc followed by uv-spectro-
photometry (26) (The system can also serve for identification
purposes). The drug substance is extracted with methanol in
the absence of light, the chromatographic conditions are:
Merck plates F 254, mobile phase: dichloromethane/dioxane/
ethanol abs./conc. ammonia 180:15:5:0.1 per volume.
The spot corresponding to bromocriptine is extracted with
methanol, and the concentration is determined at about 300 nm
by spectrophotometry.
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Solvent: dry Acetonitrile, Vibration for 24 hrs.
in the Absence of Light. Slope 1.41*0.05 %.
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A further specific assay is the HPLC-determination of
bromocriptine mesilate following extraction with methanol
from the dosage form using RP-18 as the stationary and aceto-
nitrile/0.01 M ammonium carbonate solution 65:35 as the mobile
phase. Uv-detection wavelength is set at 300 nm (26).

For the detection and estimation of degradation products
in dosage forms, a solvent gradient, containing the components
mentioned above, is utilized with advantage.

7.8 Determination in Body Fluids and Tissues (23)

Due to its potent efficacy in the treatment of hyperpro-
lactinemia and acromegaly, bromocriptine is administered in
low doses leading to minute concentrations in body fluids and
tissues. Therefore, none but the most sensitive analytical
methods can be used to measure its concentration in bioiogical
specimens. The only method so far applicable for pharmaco-
kinetic studies with bromocriptine is the use of the radio-
actively labelled drug, measurement of total radiocactivity and
its fractionation by chromatographic separation techniques for
the assay of parent drug and major metabolites. Recently, a
radioimmunoassay kit for the analysis of picogram quantities
of unchanged bromocriptine in body fluids has become availa-
ble. Gas chromatography, mass fragmentography and liquid
chromatography also appear to be suitable for determining
bromocriptine in plasma from patients with Parkinson's disease
which are on treatment at high dose levels. These currently
developped procedures permit quantitative determinations down
to concentrations of 0.5 (GC), 1.0 (MF), and 10 ng/ml (LC),
respectively (34).

The pattern of metabolites in bile (animals only) and in
urine have been investigated using column chromatography
(Amberlite XAD 2 and Sephadex DEAE), tlc and reversed phase
HPLC in combination with radiocactivity monitoring.

The principal metabolites have been isolated from the bile

of rats treated with high doses of bromocriptine. The
structure of the isolated metabolites was elucidated by means
of spectroscopic techniques.
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1. Descrigtion

1.1 Name, Formula, Molecular Weight
Calcitriol is 1 a, 25-dihydroxycholecalciferol.

MW = 416.65

Ca7ta403

1.2 Appearance, Color, Odor
Calcitriol is an odorless white crystalline

powder.

2. Physical Properties
2.1 Infrared Spectrum
The infrared spectrum of calcitriol is shown in
Figure 1 (1). The spectrum was recorded on a Perkin-Elmer
Model 283 Grating Infrared Spectrophotometer and was measured
in a KBr pellet which contained 1 mg of calcitriol in 300 mg
of KBr.

The following absorptions have been assigned for
Figure 1:

a. OH stretching (bonded): 3391 em? -1
b. Aliphatic CH stretching: 2943, 2872 cm
c.  CH deformation: 1468, 1378 cm

d. C-0 stretching: 1056 cm

2.2 Nuclear Magnetic Resonance Spectrum (NMR)

The NMR spectrum of calcitriol, recorded on a
Varian XL-100/Nicolet TT-100 pulsed Fourier Transform NMR
spectrometer, with internal deuterium lock, is shown in
Figure 2 (2). The spectrum was recorded using a solution of
0.84 mg of sample dissolved in 50 microliters of CD,OD (100%D)
containing 1% v/v tetramethylsilane in a 1.7 mm capillary
tube. The spectral assignments are given in Table I.
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Table I
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NMR Spectral Assignments for Calcitriol

Proton

-CHB(Cls)

—CH3(C21)

-CHL (Cog, 27

~ ~
~CH,,, ZCH

HO.

HDO + 3 x OH

Chemical Shift (¢) Multiplicity
0.57 Singlet
0.95 Doublet
~1.16 Singlet
~1.38-3 Complex
4.08 Complex
4.32 Triplet
4,90, 5.28 Complex

6.07, 6.32 AB Quartet
JAB = 11 Hz

(exchangeable protons) 4.78
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2.3 Ultraviolet Spectrum
The ultraviolet spectrum of calcitriol (1 mg of
talcitriol/100 ml of absolute ethanol) in the region o£ 220
to 400 nm exhibits one maximum at 264 nm (¢ = 1.9 x 10°) and
one minimum at 226 nm. The spectrum is shown in Figure 3 (3).

2.4 Mass Spectrum

The low resolution mass spectrum of calcitriol is
shown in Figure 4 (4). The spectrum was obtained using a
Varian MAT CHS5 spectrometer, which was interfaced with a
Varian data system 620 I. The data system accepts the output
of the spectrometer, calculates the masses, compares the
intensities to the base peak, and plots this information as
a series of lines whose heights are proportional to the in-
tensities.

The molecular ion was measured at m/e = 416. Other
characteristic masses were observed at m/e = 398, 380 and 362,
corresponding to the loss of one, two and three molecules of
water, respectively, from the molecular ion; m/e = 383, cor-
responding to the loss of water and CH, from the parent peak;
and m/e = 365, corresponding to the loSs of two water mole-
cules and one CH, from the molecular ion. The base peak is
observed at m/e = 134, and corresponds to the

moiety

2.5 Melting Range
Calcitriol melts at 111-115°C (3).

2.6 Differential Scanning Calorimetry
Melting was accompanied by decomposition (5).

2.7 Thermogravimetric Analysis

Calcitriol was subjected to thermogravimetric
analysis on a Perkin-Elmer Model TGS-1 Thermogravimetric
Analyzer. The sample exhibited two overlapping weight losses.
The initial weight loss, of 0.4%, began at 55°C and ended at
105°C, and was due to surface moisture or solvent. The second
weight loss, due to decomposition, amounted to 2.5% at 205°C,
7.5% at 255°C, 33% at 305°C, and 93% at 355°C (5).

2.8 Hot Stage Microscopy
As observed on a Mettler Hot Stage FP 52 with FP5
controller, the sample appeared as birefringent needle-like
crystals which melted from 115-117°C. The sample did not re-
crystallize from the melt (5).




CALCITRIOL

0.6

ABSORBANCE
o o
ol »H
1 1

O
N
1

o1

T

0 1 1
250 300 350
NANOMETERS

Figure 3

Ultraviolet Spectrum of Calcitriol



RELATIVE INTENSITY

100
904
80
701
60
50
40
30
20

10

50

100

150 200 250 300
m/e

Figure 4

Mass Spectrum of Calcitriol

350

400




CALCITRIOL

2.9 Solubility

91

Extensive solubility data is not readily obtain-
able due to the scarcity of calcitriol. The material is
slightly soluble in methanol, ethanol, ethyl acetate and

tetrahydrofuran (3).

2.10 X-Ray Powder Diffraction

The X-ray powder diffraction data for calcitriol
are presented in Table III (3); instrumental conditions are
given below., The diffraction pattern is shown in Figure 5.

Instrument and Operating Conditions

Instrument

Generator

Detector
Sample
Densitometer*

Optics

Detector
Optical density

Beam exit slit

Guinier-De Wolff Camera

GE XRD-6
50 KV, 12.5 mA

Film
As is
Gelman DCD-16

Tungsten Lamp
575 nm Visible mode

Silicon phototransistor
0.25

0.53 mm

*The diffraction pattern was recorded on film; the density
of the individual lines in the pattern was determined by

densitometry.
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TABLE III

Calcitriol Powder Diffraction Data

20 d R+ I/Io**
26.52 4.993 100
13.33 9.863 90
22.41 5.892 88
20.89 6.316 . 82
18.01 7.314 70
28.97 4.578 66
27.33 4,847 49
23.70 5.577 44
33.55 3.968 36
30.54 4,348 34
31.77 4.183 33
17.19 7.662 33
24.95 5.302 26
21.54 6.129 26
28.04 4.727 15
32.66 4,072 12
19.46 6.776 12
20.35 6.480 12
16.07 8.192 2
11.37 11.559 2

8.03 16.343 2
34.18 3.896 2
12.07 10.889 1

*d S (interplanar distance)
2 Sin ©
**[/Io = percent relative intensity (based on maximum

intensity of 1.00)

2.11 Optical Rotation
The specific rotation of calcitriol in absolute
methanol, measured at 589 nm and 25°C, was +48° (7).
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3. Synthesis

Several procedures for the synthesis of calcitriol have
been reported in the literature., Parren et al.(8) and Norman
et al. (9) described the preparation of calcitriol from
25-hydroxyvitamin D,. Uskokovic and others (10-18) have
described lengthier syntheses utilizing more readily avail-
able starting materials. A typical reaction scheme, utiliz-
ing 1 a, 25-diacetoxy-7-dehydrocholesterol as the starting
material, is shown in Figure 6.

4, Stability and Degradation

Calcitriol must be protected from air and light. The
drug substance exhibits good stability when stored at -15°C
to -25°C in an argon atmosphere. The material is stable
at room temperature when dissolved in a vegetable o0il de-
rivative, containing antioxidants, such as is used in calci-
triol soft gelatin capsules (19).

5. Drug Metabolic Products

Calcitriol may be absorbed directly into the intestine
or bone, or may be hydroxylated to form 1 a, 24, 25-trihydro-
xycholecalciferol prior to intestinal absorption (20-24).

6. Methods of Analysis
6.1 Elemental Analysis
A typical elemental analysis of a sample of calci-
triol is presented in Table IV (7).

TABLE IV

Elemental Analysis of Calcitriol

Element % Theory % Found
C 77.84 77.53
H 10.64 10.75
0 11.52 11.92

(by difference)
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Figure 6

Synthesis of Calcitriol
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6.2 Chromatographic Methods
6.21 Thin-Layer Chromatography (TLC)

The following TLC procedure is useful for de-
termining the purity of calcitriol. It separates the pre-
vitamin, 1 a, 25-dihydroxyprecholecalciferol. A silica gel
GF plate is activated by heating for one hour at 105°C and
is then cooled in a desiccator. A low actinic all glass
chromatographic chamber is equilibrated with the developing
solvent, and 0.8 mg of calcitriol is applied to the plate
from ethyl acetate, The plate is developed in an ascending
mode in ethyl acetate:spectroquality heptane:methanol
(100:10:2) for 15 cm. After air drying, the plate is viewed
under shortwave ultraviolet radiation, then sprayed with a
15% w/v solution of phosphomolybdic acid in ethanol, followed
by heating at 105°C for 10 minutes to develop the colors.
The approximate Rf values are summarized in Table V (3).

TABLE V

Summary of TLC Data

Compound Approximate R .
1 a, 25-Dihydroxyprecholecalciferol 0.4
Calcitriol 0.5

6.22 High Performance Liquid Chromatography

High performance liquid chromatography is used
to determine the purity of calcitriol, and to separate it
from related compounds. Using a 10 micron silica column of
25 cm length, and a mobile phase of spectroquality heptane:
ethyl acetate:methanol (50:50:1) at a flow rate of 1.7 ml/
minute, separation and quantitation are achieved. p-Dimethyl-
aminobenzaldehyde may be used as an internal standard to
compensate for variations in injection technique and instru-
mental conditions. With a 254 nm ultraviolet absorbance
detector, 0.01 ug of calcitriol may be detected (3).

This procedure, with a mobile phase of spec-
troquality heptane:ethyl acetate:methanol (70:25:5) is also
useful for analyzing calcitriol in soft gelatin capsules.

The capsule fill solution may be injected directly. The
amount of calcitriol in the capsule is determined by compari-
son to a calcitriol reference standard, prepared in a medium
similar to the capsule fill (3).
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6.23 Gas Chromatography - Mass Spectrometry
Halket and Lisboa (25) examined several
Vitamin D derivatives by capillary gas chromatography coupled
with mass spectrometry. This technique offered the advantages
of great sensitivity and separating power. Retention times
and fragmentation patterns for ergocalciferol, cholecalciferol
and calcitriol were reported.

6.3 Biological Methods
6.31 Radicimmunoassay
Several workers (26-32) have reported on the
use of radioimmunoassay for measuring calcitriol at very low
(pg) levels in serum,

6.32 Protein Binding Assays
Various protein binding techniques are reported
(32-42) for the determination of calcitriol in plasma.
Generally, a preliminary purification step is required to
avoid interference from other plasma components.

6.33 Bioassays
Stern, et al. (43,44) reported a bioassay

technique based on fetal rat bone absorption of calcitriol.
Parkes and Reynolds (45) developed an in-vitro bioassay using
duodenal tissue from chicken embryos.

6.4 Polarography

Calcitriol drug substance may be analyzed polaro-
graphically, using a glassy carbon working electrode. The
limiting current of the observed oxidation wave (E 172 =
0.96 v) is linear with concentration in the 0.0l to 6.03 mM
region (46).
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1. DESCRIPTION
1,1 Drug Properties
Chlortetracycline hydrochloride (CTC-HCL) is the
hydrochloride salt of an antibiotic substance produced by the
growth of Streptomyces aureofaciens (Fam. Streptomycetaceae).
It was discovered in 1948 by Duggar (1).

CTC-HCl1l is a broad-spectrum antibiotic and anti-
protozoan active against many Gram-positive bacteria, some
Gram-negative bacteria, spirochetes, amebae, and certain
large viruses. Staphylococci have become generally resistant
to the drug, and drug-resistant strains may be found among
other bacterial genera and species generally semnsitive to it.
Cross~resistance to other antibiotics of the tetracycline
family is automatic (2).

Organisms may be considered susceptible if the
Minimum Inhibitory Concentration (MIC) is not more than 4.0
Ug/ml and intermediate if the MIC is 4.0-12.5 Ug/ml (see
Table 1). Tetracyclines are readily absorbed and are bound
to plasma proteins in varying degrees. They are concentrated
by the liver in the bile and excreted in the urine and feces
at high concentrations and in a biologically active form.

The mode of action against microorganisms involves the

inhibition of phosphorylation processes in bacterial cells (3).
TABLE 1 (5)
Antimicrobial Spectrum of Chlortetracycline
Minimum Inhibitory

Microorganism Concentration (ug/ml)
Micrococcus pyrogenes var. aureus 209P 0.292
Micrococcus pyrogenes var. aureus 1248A 0.39
Streptococcus pyrogenes 0.29
Streptococcus mitis 0.147
Streptococcus faecalis 0.39
Micrococcus flavus 0.292
Diplococcus pneumoniae 0.098
Sarcina lutea 0.147
Bacillus subtilis 0.195
Escherichia coli 1.45
Haemophilus influenzae 0.312
Klebsiella pneumoniae 0.29
Neisseria catarrhalis 0.098
Aerobacter aerogenes 1.17

£~
(=)

Proteus vulgaris
Pseudomonas aeruginosa

Salmonella schottmuelleri
Salmonella typhi

Shigella dysenteriae
Brucella bronchiseptica
Mycobacterium tuberculosis
Mycobacterium friedmanii
Mycobacterium smegmatis

e

OO0 WiWwWN
N
d
N

Mycobacterium sp. 58
Candida albicans 100

Clostridium butyricum 0.078
Pasteurella multocida 0.049

Vibrio percolans 0.098
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1.2 Physical Description and Optical Crystallography
CTC~HC1 is a yellow, odorless powder composed

mainly of crystals in the shape of small hexagons, and has

the following optical crystallographic characteristics (4):

a: 1.635; optic sign negative; 2v = 59° (calc.);
B: 1.706; orthorhombic; extinction parallel; and
Y: 1.730; symmetrical

It is stable in air, but is slowly affected by light (6).

1.3 Chemical Properties

CTC-HC1 is the HC1l salt of amphoteric CTC; it is
multifunctional with two chromophores. It is a para-
chlorophenol with an o,B-unsaturated ketone in conjugation.
The second chromophore involves another o,B-unsaturated ketone
that is in conjugation with an anomalously behaving amide (7).
The tertiary amine is responsible for the basic character and
the phenolic group is acidic. CTC is fluorescent and can be
assayed polarographically (8).

A particularly intriguing aspect of the chemistry
of the compounds of the tetracycline family is their ability
to form metallic complexes. CTC shares in this intensively
studied capability, which is very likely related to the
therapeutic activity (9). This property is also used in the
purification (10) and analysis (11) of CTC.

1.4 Structure
Cy9H23C1N90g.HC1 Empirical Formula

515.35 Molecular Weight

7-Chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a~
octahydro-3,6,10,12,12a~-pentahydroxy-6-methyl-1,11-dioxo-2-
naphthacenecarboxamide monohydrochloride (CAS-64-72-2)
(6,12-14) (Figure 1).

1.5 The FDA Chlortetracycline Standard

The current official FDA Chlortetracycline Working
Standard is chlortetracycline hydrochloride, Lot #501-632B-
95-1 (9/29/53), obtained from Lederle, which markets the
antibiotic under the proprietary name Aureomycin. The current
working standard has an assigned potency of 1000 ug/mg (the
term ug applied to chlortetracycline means the chlortetracy-
cline activity (potency) contained in 1 ug of the FDA
Chlortetracycline Master Standard (Lot #990-107-141-1), which
is also chlortetracycline hydrochloride).




Figure 1. Structural formula of CTC-HCl.
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The Working Standard is stored in lots of 250 mg at
-20°C, protected from light and moisture, at the National
Center for Antibiotics Analysis, Washington, DC.

2. PHYSICAL PROPERTIES
2.1 Thermal Properties

Differential Thermal Analysis (DTA) and Thermal
Gravimetric Analysis (TGA). CTC-HCl is stable until it begins
to decompose exothermically at approximately 230°C (Figures
2 and 3) (15). The compound does not lose any mass until the
final decomposition takes place. No polymorphs have been seen
in the samples examined.

2.2 X-Ray Powder Diffraction
The X-ray diffraction pattern of the FDA Working
Standard has been determined. It demonstrates crystalline
structure; the data are listed in Table 2 (16).

TABLE 2
X-Ray Diffraction Data
dd)y  1/1y d(A) /1, d(A) /13
3,34 17
9.10 11 3,27 37 2.060B 13
8.48 12 3.23 16 (1.985 11
(7.752 56 5(3:17 73 (1.962 13
D¢7.43 44 (3.12 74 1.897 12
6.65 13 3.095 38 1.880 10
6.38 43 2.982 8 1.868 13
(5.72 81 2.948 9 1.856 13
D(s.61 42 2.910 47 1.827 8
5.28 61 (2.878 25 1.805 9
5.16 8 D(2.854 31 1.784 6
(496 8 2.788 35 p(1.748 8
(4.88 15 2.710 36 (1.737 11
4.68 3 5(2.653 14 1.705 9
4.54 40 (2.632 10 1.682 6
4.42 100 2. 560 30 1.638 5
4.29 70 2.482 22 1.631 4
4.24 25 2.440 13 1.608 5
(4.15 52 2.421 27 1.595 4
De4.09 78 2.390 12 1.583 4
3.88 37 2.343 24
3.80 31 2.290 7
3.71 59 2.235 14
3.64 33 2.210 37
3.57 16 2.170 13
3.52 25 2.142 23
3.37 23 2.093 21

2p = Doublet.
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(
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Figure 2. Differential thermogram of CTC-HCl.

Weight

120° 160° 200° 240°

Figure 3. Thermal gravimetric analysis curve of CTC-HCl.
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2.3 Solubility
The solubility of antibiotics, including CTC-HC1,

was reported by Andrew and Weiss (17). CTC-HCl is an
amphoteric substance and consequently it is soluble in aqueous
acid and base. However, it can rapidly degrade in these
solvents. 1Its solubility in water is about 8 mg/ml and in
methanol about 17 mg/ml. In higher molecular weight alcohols,
the solubility of CTC-HCl is considerably less than in
methanol. For practical purposes, it is insoluble in many
common solvents such as the aliphatic hydrocarbons, benzene,
ether, and chloroform. It is readily soluble in pyridine and
to the extent of about 5 mg/ml in formamide. Pyridine is an
undesirable solvent because of its basicity, and formamide is
not desirable because of the difficulty in obtaining and
maintaining it as a stable solvent.

2.4 Acid-Base Properties
CTC exhibits three acidic dissociation constants
when titrated in aqueous solutions (18). Stephens et al. (19)
identified the three acidic groups (Figure 4), and reported
thermodynamic pKa values of 3.30, 7.44, and 9.27. Leeson et
al. (20) assigned pKa values to the following acidic groups:

pKa Assignment

3.30 Tricarbonylmethane System (A)
7.44 Phenolic Diketone System (B)
9.27 Dimethylamino System (C)

Kalnins and Belen'skii (21) verified the assignments by
infrared (IR) spectroscopy.

The pH of a 10 mg/ml aqueous solution, as descri-
bed in the Code of Federal Regulations monograph for CTC-HCl
(22) should lie between 2.3 and 3.3.

2.5 Polymorphism
In recent years, with growing concern about the

relative bioavailabilities of different samples of the same
drug substance, polymorphism has become of prime interest.
Miyazaki and co-workers (23) have reported the existence of
two crystalline forms of CTC-HCl. The X-ray powder diffrac-
tion patterns, IR spectra, dissolution behaviors, and
hygroscopicities that they reported were distinctly differ-
ent and there were discrepancies in the bioavailabilities.
In later work on two forms of CTC base prepared by
crystallizing from water or methanol, the X-ray patterns and



Figure 4. Acid-base properties of CTC.
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water contents were different, but other physical properties
were indistinguishable. There appeared to be no difference
in bioavailability (24). No polymorphs were found in the FDA
CTC standard.

3. SPECTRAL PROPERTIES (OPTICAL)
3.1 Ultraviolet

Medium Maxima (nm)

0.1N HC1 368, 340sh, 322sh, 265, 229

0.1N NaOH 345, 283, 253, 222

Methanol 372, 342sh, 322sh, 262sh, 253, 233

See Figure 5 (25).

3.2 Infrared

The IR absorption spectra of CTC-HCl are shown in
Figures 6 and 7. Spectra were run on a Perkin-Elmer Model 467
grating spectrophotometer as a KC1 pellet (1 mg/200 mg Kcl),
and as a Nujol mull (20 mg/3 drops). The spectra are essen-
tially identical. The CTC-HCl spectrum may also be found in a
compilation of IR spectra of Drug Reference Standards by
Hayden et al. (26). Major absorption frequencies have been
compiled (27) and assignments have been made on many of the
bands (28-31). Some of the major frequencies and band assign-
ments are:

em™1 A
3360 2.98 VNH of NH, (asym.)
3315 3.02 VNH of NH, (sym.)

3200-3450 2.90-3.12 VOH (alecoholic, masks NH)

2800-2400 3.57-4.17 tertiary amine halide salt,
group of broad bands

1675 5.97 vC=0

1582 6.32 SNH,

1450 6.90 §CH (bending of CH3)
1368 7.31 VCN

1042 9.60 OH (deformation, alcohols)
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Figure 5.
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Ultraviolet absorption spectra of CTC-HCl in
a, 0.1N HCl; b, 0.1N NaOH; and c, methanol.
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3.3 Spectropolarimetry

Because configurational information can be derived
from optical rotatory dispersion and circular dichroism scans,
considerable work has been conducted using these techniques to
study the tetracyclines (32). The absolute configuration of
CTC was determined using optical rotatory dispersion data (33).
Spectral curves are presented in Figures 8 and 9. The circu-
lar dichroism spectrum is similar to that presented by
Mitscher et al. (34), except that the values differ by a
factor of about 1.5. 1In Table 3, data obtained by Mitscher
and in FDA laboratories are compared.

3.4 TFluorescence
The CTC-HC1 FDA Working Standard gives a yellow
fluorescence under lorgwave ultraviolet (UV) light (375 nm)
(35). The excitation (324 and 357 nm) and emission (443 nm)
spectra of this standard dissolved in 0.05N NaOH (11.4 mg/50
ml) are presented in Figure 10.

TABLE 3
Molecular Ellipticities of CTC
Wavelength (nm) Mitscher's Value2 FDA Value Ratio
(x 103) (X 103y

236 +10 +23 0.43
254 =31 -48 0.64
288 +48 +88 0.54
318 =24 -32 0.73
355(sh) -14 -12 1.09

8These values were obtained from the graph in Reference 34 .

4, SPECTRAL PROPERTIES (OTHER)
4.1 Proton NMR

The 60 MHz NMR spectra of CTC-HCl in DMSO-dg and in
methanol-d, are shown in Figures 1l and 12, respectively. The
sharp signals due to the methyl groups are readily assignable;
their chemical shifts and intensities are consistent with the
structure. The 2 methylene protons at C-5 are not equivalent
and give two sets of multiplets. Only one multiplet is
assignable in the methanol spectrum: the signal centered at
2.20 ppm. In DMSO-dg these protons appear between 1.5 and 2.3
ppm. The only methine proton actually assigned is the one at
C-4. The close proximity to the positively charged N causes a
downfield shift away from the other signals. When Dy0 is
added to the DMSO-dg solution, the H-4 signal remains constant.
However, the two amide protons, originally at 9.15 and 9.55
ppm, exchange with the deuterium and are no longer observed.
These signals were not observed in methanol-d,, again, due to
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Figure 8.
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Optical rotatory dispersion spectrum of CTC-HCl.
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deuterium exchange. Data from the literature (36), based on a
spectrum obtained in DMSO-dg, are included in Table 4. As can
be seen from the table, these values are generally upfield
from our results. Although these differences were unexpected,
no explanation will be attempted here (37).

TABLE 4
Chemical Shifts®
Solvent

Proton Literature (36) DMSO-d¢ Methanol-d4
Cg—CHj 1.7 1.88 (s) 1.98 (s)
C4-N(CH3)» 2.7 2.93 (s) 3.05 (s)
H-8 6.4 - 7.0 7.58 (d) 7.55 (d)
H-9 6.4 - 7.0 6.98 (d) 6.93 (d)
H-4 4,0 4.36 (br. s) 4,10 ()
H-5 1.7 - 2.1 1.5 - 2.3 (m,s) 2.20 (m)P
C»~CONH) 8.4, 8.9 9.15, 9.55 not observed®
H-4a 2,7 not assignedd not assignedd
H-5a 2.7 not assignedd not assignedd

4gpectra were obtained on a Perkin-Elmer R-12B equipped with a
Nicolet TT-7 Fourier transform accessory. Chemical shifts are
reported in ppm downfield from internal TMS. Multiplicities
are indicated as s = singlet, d = doublet, and m = multiplet.

bThis multiplet represents one of the H-5 protons. The
chemical shift of the other one was not assigned.

CThese protons exchange with the deuterium of the solvent and
thus are not observed.

dThe chemical shifts of these protons are not assigned. They
are obscured by the -N(CH3); and/or the solvent.

4.2 13¢c nmR

Proton-noise decoupled and single-frequency off-
resonance decoupled carbon-13 NMR spectra were determined for
the CTC Working Standard (Figure 13).

The observed chemical shifts of the 22 carbon atoms
compare closely with those reported by Frank (38). The only
significant difference observed was that of the dimethylamino
carbons which were found at 48.5 ppm rather than at Frank's
reported value of 41 ppm. This difference in chemical shifts
can probably be ascribed to differing amounts of water present
in the DMSO-dg solvents and hence in the pH of these respec-
tive solutions.



Figure 13.
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Spectra were determined using a pulse width of 4
Useconds, which corresponds to a flip angle of 18° and a 1
second pulse delay time. The 4000 Hz spectrum was described
using 8192 data points.

The observed resonance lines of CTC-HC1 (39) and
their assignments are shown in Table 5.

TABLE 5

Observed Resonance Lines of CTC-HCl and Their Assignments
Carbon Assignment Chemical Shift?@
CH 25.1 q
C- 27.0 t
C-4a 34.9 d
C-5a 42.0 d
N(CH3) 48.5 q
C-4 68.3 d
Cc-6 70.4
C-12a 73.3
c-2 95.5
C-1la 106.1
C-10a 117.0
c-9 118.9 d
c-7 121.3
c-8 139.7 d
C-6a 143.6
Cc-10 160.8
CONH, 172.0
c-12 175.3
c-3 187.1
c-1 192.1
c-11 193.3

8In DMSO-dg, parts per million from TMS (0.00 ppm). q =
quadruplet, t = triplet, d = doublet.

4.3 Mass Spectrometry

Mass spectral studies, including low voltage techni-
ques and accurate mass measurements, have been reported by
Hof fman (40) on tetracycline and eight related compounds. As
a result of good spectral correlations among these compounds,
the major fragmentation processes are discussed in terms of
two compounds in the series: 50, 6-anhydrotetracycline and
dedimethylaminotetracycline, with only a selected number of
ions reported for CTC. Further studies on these antibiotics,
including CTC, were conducted by Morris and Cairns (41).
However, little information on their results is included in
the extended abstract of the meeting, and a full report has not
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been published. Personal communications with the authors
indicate that the results of their work are in close agreement
with data reported here.

The fragmentation pattern of CTC can be discussed
in terms of three different mechanisms. These are:

a. Processes resulting from the capacity of the
dimethylamino group to direct losses of small fragments
together with its ability to retain and stabilize the positive
charge.

b. Fragmentation of the D ring system with charge
retention on the fused ring portion of the molecule.

c. Fragmentation of the D ring system with charge
retention elsewhere than on the fused ring moiety.

The mass spectrum of CTC, shown in Figure 14 (42),
is characterized by a reasonably intense molecular ion at m/e
478 with the concomitant isotope peak at P+2 representing
one chlorine atom in the ring system. Although it has been
suggested that this chlorine atom be employed as a tracer
via the 37c1 isotope ratio for detection of species containing
the A ring and adjunct ring systems, many of these ions are of
such low relative intensity that this would have only limited
usefulness toward that end, except perhaps at higher mass
values.

The dominance of the fragmentation processes by the
presence of the 4-dimethylamino group §ives rise to the
intense ions at m/e 44, m/e 58 (CH3)2-N=CH2, m/e 71 (CH3)2ﬁ—
CH=CHp, and m/e 84 (CH3)-¥=CH-CH=CH2. The ion at m/e 98
(C5HgNO+) appears to involve a cyclization of the dimethyl-
amino group with elements of the D ring. Of particular note
is the loss of 43 atomic mass units from the molecular ion to
give the intense ion at m/e 435 and from the ion at m/e 443
to yield m/e 400 (Figure 15).

The presence of the amide functional group is
indicated by observations of successive losses of NH3 and OH
(as water) from the molecular ion to yield ultimately the ion
at m/e 443. The loss of water at m/e 460 appears to be
slightly favored over the competing loss of NH3 at m/e 462
from the abundances of the respective ions.

Fragmentation of the D ring can provide the dual
purpose of determining the substituent at the 4 position
(dimethylamino in the case of CTC) and/or help to locate
functionalities elsewhere in the ring system. This, however,
requires a detailed examination of analogs such as in the work
of Hoffman (40).

The ion at m/e 365 will locate the substituents at
the 2 and 3 positions of the D ring by determination of the
mass of the lost substituent and also give evidence concerning
the extent of substitution on the A, B, and C rings. This
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knowledge plus the observed shift of the ion at m/e 170 should
suffice to allow postulation of the substitution (Figure 16).

5. CHROMATOGRAPHY
5.1 Paper and Thin Layer

Some of the early reports on the chromatography of
the tetracycline antibiotics prior to 1957 are of limited
value. Fischbach and Levine (43) described a continuous
ascending technique and Berti and Cima (44) reported an
ascending method using aqueous sodium arsenite as the mobile
solvent. Other authors (45,46) reported descending techniques
and bioautographic means for locating the zones of activity.

All of these methods fail to show the presence of
the epimeric form of the tetracyclines and in most instances
streaking of the spots is a problem. A basic improvement in
the paper chromatography of these antibiotics was achieved by
Selzer and Wright (47) and Kelly and Bryske (48) when they
reported methods for the pretreatment of the paper with com-
plexing agents to bind the metallic ions which may be present.

The tetracyclines are well known for their abi-
lity to form complexes with polyvalent cations. This property
changes their solubility characteristics in the mobile sol-
vents and often results in troublesome streaking. To overcome
this difficulty, Selzer and Wright used paper dipped in
McIlvaine's buffer (pH 3.5) which contains citrate ions
capable of binding the metallic ions. The chromatograms were
developed with a mixture of nitromethane, chloroform, and
pyridine (20:10:3) on paper still damp from the treatment with
the buffer solution.

For the same purpose, Kelly and Bryske used paper
impregnated with 0.1N disodium ethylenediaminetetraacetate
(EDTA) and two mobile solvents: the organic phase from a
mixture of n-butanol, ammonia, water (4:1:5) and the organic
phase from a mixture of n-butanol, acetic acid, water
(4:1:5). Disodium EDTA (0.1N) works as well as McIlvaine's
buffer when it is used to treat the paper in the method of
Walton et al. (49). A circular paper chromatographic method
also using paper dampened with McIlvaine's buffer (pH 4.5)
was reported by Urx et al. (50). They used a mixture of
chloroform and n-butanol (4:1) as the mobile solvent.

Most of the methods in which the paper is treated
with a chelating agent are capable of showing a separation of
some of the tetracycline drugs from each other and from their
respective epimeric forms. They are also capable of revealing
the presence of common degradation compounds of these drugs.

The usual method of detecting chromatographed
tetracycline antibiotics involves fuming the paper with
ammonia vapor and observing the yellow fluorescence under UV
light. As little as 0.2-0.5 ug can be visualized by this
technique.
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Some of the features that are successful for the
chromatography of the tetracyclines on paper have been
adapted to thin layer chromatography (TLC). Complexing agents
are almost always used in the preparation of the plates and, in
addition, several methods for hydrating the plates by the
addition of glycerin and/or polyethylene glycol have been
reported. Several investigators find it desirable to acid-
wash the inorganic support in order to remove metallic
cations. These TLC methods are much more time-consuming than
most of the paper chromatographic procedures because of the
special care often required to prepare and store the TLC
plates. For this reason, where applicable, the paper chroma-
tographic methods .are preferable. However, for quantitative
analysis of the tetracycline epimers and degradation products,
TLC is usually considered to be better than paper
chromatography.

In 1964, Somanini and Anker (51) described a method
using Kieselguhr layers impregnated with a buffer solution
containing glycerin. Nishimoto et al. (52) reported the use
of silica gel layers treated with EDTA. In 1967, Ascione et
al. (53) published a method using layers made from acid-washed
diatomaceous earth. They prepared plates containing 0.1N
EDTA, glycerin, and polyethylene glycol 400. Other investi-
gators (54,55) have described methods which are modifications
of improvements of the methods previously published.

5.2 Gas and Liquid Chromatography

Investigators have found it quite difficult to
chromatograph the tetracyclines by gas-liquid techniques.
Often, only fragments of the original sample are obtained
(56). Tsuji and Robertson (57) did manage to chromatograph
silylated CTC using 37 methyl silicone on Gas-Chrom Q and
other stationary phases, However, with the advent of refined
high pressure liquid chromatographic (HPLC) techniques,
interest in gas chromatographic methods for the tetracyclines
has diminished.

A number of papers have appeared reporting the HPLC
separation of CIC from its isomers and/or other tetracyclines.
There is not a consensus of opinion as to the most satis-
factory approach; thus, it appears that at this time one must
still verify the optimal system for a particular instrument.
Methods found in the literature for CTC are described in
Table 6. EDTA is added to prevent the formation of complexes
of the tetracyclines with metallic surfaces.

Other chromatographic techniques that have been
applied to the tetracyclines, including CTC, involve low
pressure column chromatography. Ascione et al. (64) developed
a semiautomated system whereby sample solutions are automati-
cally injected onto a column of diatomaceous earth mixed with




TABLE 6

High Pressure Liquid Chromatography of CTC

Migration Time

Mobile Phase Stationary Phase {(min.) Ref.

20% Methanol, 80% 0.05M ammonium C8/Lichrosorb 10 um, 34.5 58
carbonate, 0.02M EDTA 25 cm x 3.2 mm

Phosphate buffer in 137 methanol, Zipax-hydrocarbon polymer, 6 59
0.85 ml/min., pH 2.5 2.1 x 1000 mm

Aqueous perchlorate-citrate buffer Sil-X, 13 um, 1.3 60
mixed with CH3CN 5 x 125 mm

EDTA, NaCl in 30% methanol, NH3, Ion-X-SA, anion exchanger 3 61
pH 9.9

EDTA, PO,, isopropanol-water, HuBondapak Cqig, 11.6 62
pH 7.6, 2 ml/min. 300 x 4 mm

EDTA, NO3, 9.6% ethanol, pH 9, Zipak, 1.8 x 1000 mm 22 63

1 ml/min.
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a solution of EDTA and polyethylene glycol. CTIC is eluted
with the organic phase of a mixture of chloroform, benzene,
aqueous solution of EDTA, and polyethylene glycol. Ragazzi
and Veronese (65) separated CTC from other tetracyclines by
means of gel permeation chromatography.

6. MANUFACTURE

6.1 TFermentation

A medium (containing corn steep liquor; calcium

carbonate:; sucrose; ammonium, ferrous, manganese, and zinc
sulfates; and ammonium, cobalt, and magnesium chlorides) is
sterilized and diluted with water to the desired concentra-
tion. It is inoculated with Streptomyces aureofaciens, kept
at 27°C, and aerated and agitated for "v60 hours, with lard
0il added to control foaming (66).

6.2 Isolation

The mash from the Streptomyces aureofaciens fermen-
tation broth is acidified and filtered. The filtrate is
adjusted to the desired pH, usually 7-8.5, and various floccu-
lating or chelating agents may be added (e.g., vinyl acetate-
maleic anhydride copolymer, sodium EDTA, ammonium oxalate,
Arquad). The precipitate is (1) stirred with filter aid,
filtered, stirred with HCl, refiltered, mixed with 2-
ethoxyethanol, filtered, washed, and the filtrates are
combined, acidified with HC1l, NaCl is added, and the crystals
are collected, washed with 2-ethoxyethanol, water, and
ethanol, and dried (67), or (2) extracted into methyl
isobutyl ketone, the extracts are combined, filtered, and
acidified with HCl, and the crystals are collected and washed
with water, 2-ethoxyethanol, and isopropanol, and vacuum-
dried. TIf the crystals are greenish, they are treated with
sodium hydrosulfite at pH 1.8, filtered, washed, and dried as
in (1) above (68).

7. STABILITY

CIC~HCl, as a dry powder, is a stable yellow crystalline
material. The situation in aqueous solution, however, is
quite different. In sodium hydroxide solutions, CTC is
converted to iso-CTC on standing (69). The solution becomes
colorless and exhibits a strong blue fluorescence under UV
light. Dilute solutions of CTC, in pH 7.5 buffer, make the
same conversion at 100°C.

In acid solutions, CTC is converted to anhydro-CTC (70).
This change is greatly accelerated by heating and results in
a yellow product that has a maximum absorbance at 445 nm.

In addition, CTC undergoes reversible epimerization of
the 4-dimethylamino group (71). This occurs slowly in water
or methanol but is hastened in buffer solutions in the range
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of pH 2-6. The rate of epimerization is undetectable in
solutions more acidic than pH 2 (72). The antimicrobial
activity of the epimer is probably zero. The slight activity
found for this material is probably due to the reemergence of
CTC under the test conditions.

in a fashion analogous to that of CTC, its epimer can be
converted to epianhydro-CTC in acid solution.

8. ANALYTICAL METHODS
8.1 Microbiological

The microbiological methods used for the determina-
tion of CTC potency in body tissues and fluids, bulk products,
and pharmaceutical formulations can be separated into two
testing procedures: (1) agar diffusion plate method
(cylinder-plate) and (2) turbidimetric method.

1. Agar diffusion plate method (cylinder-plate):

This method is employed for determining the

potency of CTC in human and animal pharmaceutical formula-
tions, bulk products, serum, tissues, urine, dairy products,
and animal feeds. The cylinder-plate procedure is described
by Grove and Randall (73) and the Code of Federal Regulations
(74). Additional methods using this assay are described by
Kramer et al. (75). The official final action method for CTC
assay in animal feeds is described in the Association of
Official Analytical Chemists' Official Methods of Analysis
(76).

2. Turbidimetric method:

This method is used in lieu of the diffusion
plate method for human and animal pharmaceutical formulations
and bulk products. The turbidimetric method is described in
the Code of Federal Regulations (77).

8.2 Chemical

The physical structure of CTC has provided a good
source of characteristics useful for the analysis of this
antibiotic. Although titrimetriec (78) and polarographic (79)
methods have been reported, the most useful procedures have
been based on the spectroscopic properties of CTC and its
derivatives (80).

In 1949, Levine et al. (8l1) published two procedures
for the assay of CTC. One method was based on the conversion
of CTC by heating in acid to the more intensely yellow
anhydro~CTC derivative. The other method was based on measur-
ing the blue fluorescence of iso-CTC, which was prepared by
heating CTC in pH 7.5 phosphate buffer.

Others have described modifications of these methods
for various purposes. Hiscox (82) suggested the direct spec-
trophotometric assay of CTC in either acid or alkaline solution
at various UV wavelengths. The possible contamination of CTC
with other tetracycline drugs was addressed by Chicearelli et
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al. (83). They corrected for the possible presence of tetra-
cycline in CTC using the fact that the former is unchanged in
dilute alkali while CTC is converted to the colorless iso-
CTC.

The tetracycline which may be present is then
converted to an anhydro derivative by heating in acid and is
measured spectrophotometrically. Feldman et al. (84)
developed the alkaline degradation method to measure CTC in
fermentation mash and Spock and Katz (85) used this method to
determine CTC in animal feed premixes.

The natural fluorescence of CTC and its derivatives
has been used extensively to determine small amounts of CTC
in biological materials. Kohn (86) showed that the fluores-
cent complex formed by CTC with calcium ions and barbital
could be extracted from animal tissues into an organic solvent
and then measured spectrofluorometrically. The intense
fluorescence of anhydro-CTC was used by Hayes and DuBuy (87)
to determine CTC in animal tissues, tissue culture cells, and
bacteria. Poiger and Schlatter (88) extracted CTC from bio-
logical material into ethyl acetate as the CTC-calcium
trichloroacetate ion pair. The fluorescence of the antibiotic
was then enhanced by the addition of magnesium ions and a
base.
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1. Description

1.1 Nomenclature

1.1.1 Chemical Name
(+)-4-[2-[[3-(4-Hydroxyphenyl)-1-
methylpropyl]amino]ethyl]-1,2-benzenediol,
hydrochloride

1.1.2 Nonproprietary Name

Dobutamine hydrochloride

1.1.3 Proprietary Name

DOBUTREX®
1.2 Formula
1.2.1 Empirical
C1gHy3NO5-HC1

1.2.2 Structural

HO CH3

|
HO CH2~CH2-NH—CH-CH 2CH2@0H

* HCI
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1.3 Molecular Weight

337.85

1.4 Appearance, Color, Odor, and Taste

White to off-white, odorless powder with a
slightly bitter taste.

2., Physical Properties

2.1 Melting Range

189 - 191°C

2.2 Simple Solubility Profile

The sample is sonicated for one minute at
ambient temperature.

Solvent mg/ml
Water >3.33
pH 1.2 (USP XIX) >2.50
pH 4.5 (USP XIX) >3.33
pH 7.0 (USP XIX) >3.33
Ethanol >5.00
Methanol >10.00
Pyridine >5.00
Octanol <0.50
Diethyl ether <0.50
~ Ethyl acetate <0.50
Chloroform <0.50
Benzene <0.50
Cyclohexane <0.350

2.3 pH Range

The pH of a 5% w/v solution in a water/
ethanol (1l:1) solution is about 4.9.

2.4 Dissociation Constant

The pKa in dimethylformamide/water (66:34)
is 9.45.
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2.5 Thermal Analyses

2.5.1 Differential Thermal Analysis

A DTA thermogram of dobutamine hydro-
chloride, at a heating rate of 5°C per min. in a
nitrogen atmosphere of 40 cc per min., shows
(figure 1) an endotherm at 196°C which appears to
indicate a melt,

2.5.2., Thermogravimetric Analysis

A TGA thermogram of dobutamine hydro-
chloride, run simultaneously with the DTA, shows
(figure 1) no weight loss until 233°C which results
from decomposition.

2.6 Crystallinity

2.6.1 Crystalline Habit

Dobutamine hydrochloride generally
crystallizes in a random manner usually from an oil
(1). This results in a nondescript crystalline
formation. 1In only few cases does the drug exhibit
any crystalline habit of interest. Upon careful
and patient crystallization small thin plates and/
or small needles are formed.

2.6.2 X~-Ray Powder Diffraction

The following data describe the pat-
tern for dobutamine hydrochloride, where d is equal
to the interplanar spacing measured in terms of
Angstroms (A). The ratio I/I, is the intensity of
the X-ray maxima based upon a value of 100 for the
strongest line. A b indicates a broad line result-
ing from failure to resolve two closely spaced dif-
fraction maxima.
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Figure 1.

Thermogravimetric Analysis and Differential Thermal Analysis
Thermograms of Dobutamine Hydrochloride
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]
Cu-Ni-21.5418 A

d /1, d /1,
9.07 7 2.74 14
6.87 5 2.63 9
6.37 7 2.51 16
5.27 18b 2.40 5
4.98 18 2.35 2
4.50 100 2.27 4
4.13 16 2,22 2
4.04 61 2.14 7
3.78 45 2.11 4
3.60 45 2.06 5
3.44 16b 2.01 7
3.18 18 1.99 7
3.11 7 1.95 7
3.01 14
2.86 7

2.7 Ultraviolet Spectrum

The ultraviolet spectrum of dobutamine

hydrochloride in methanol is given in figure 2.
The spectrum exhibits maxima at 281 and 223 nm with
molar absorptivities of 4,768 and 14,400, respec-
tively. When aqueous potassium hydroxide is added
to the methanolic solution of dobutamine hydro-
chloride the maxima at 281 and 223 shift to 293
(e=6,100) and 240 nm, respectively. These shifts
are reversible by addition of hydrochloric acid.
When the absorption spectrum of the drug is
recorded in water rather than methanol, slight
shifts in peak positions and intensities are
observed:

A max

A max

278 nm (¢ = 4,112)
220 nm (¢ = 13,500).

2.8 Infrared Spectrum

The infrared spectrum of dobutamine hydro-
chloride in a potassium bromide disk is given in
figure 3, Major band assignments are as follows:
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Figure 2. Ultraviolet Spectrum of Dobutamine
Hydrochloride
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Infrared Spectrum of Dobutamine Hydrochloride
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1

Band Position, cm™ Assignment
3400, 3300 and 3140 phenolic O-H stretching
2960 and 2840 C-H stretching (over-

laping O-H bands)

2700 and 2450 (weak Mainly NH,, NH stretching
bands)
1610, 1530, 1520 and 1450 Aromatic ring stretching
1440, 1390 and 1380 CH,, CH3, C-H bending

1360, 1280-1190 (several phenolic C-0 stretching

bands)

1150 and lower Mainly skeletal and aro-
matic C-H bending

2.9 Nuclear Magnetic Resonance Spectrum

The 60 MHz proton NMR Spectrum of dobutamine
hydrochloride in deuterated dimethylsulfoxide is
given in figure 4. Assignments of the bands are as
follows:

g T d c i .=|.|fb e j
HO ‘ ll CH3 ’

2 | . |
HO@CHz-CHz—N+—CH—CH20H2-©-0H

CI™



L
10.0 9.0 ]
| I 1 1 I [ 1 1 I
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

PPM (6)
Figure 4. Nuclear Magnetic Resonance Spectrum of Dobutamine Hydrochloride
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Chemical Shift (ppm) Multiplicity Area Assignment
1.3

doublet 3 a

1.9 unresolved 2 b
multiplet

2.5 unresolved 2 c
(overlapping
solvent)

3.0 unresolved 5 d,e,f
triplets

6.8 overlapping 7 aromatic
multiplets protons

8.9 very broad 5 g,h,i,j
singlet

2.10 Mass Spectrum

The mass spectrum of dobutamine hydrochlor-
ide given in figure 5 shows the molecular ion of
the free base at m/e 301. The major fragmentation
consists of a cleavage beta to the nitrogen to
yield peaks at m/e 123 and 178 with relative in-
tensities, to the base peak, of 15.2 and 97.6%,
respectively. The base peak is at m/e 107.

3. Synthesis

A mixture of crotonic acid, thionyl chloride,
and a catalytic amount of dimethylformamide is
stirred in a solvent such as benzene to give 2-
butenoyl chloride (I). The Friedel-Crafts reaction
of methoxybenzene (II) with (I) using AlClz in
carbon disulfide yields 1-(4-methoxyphenyl)-2-
buten-1l-one (II1). 3,4-Dimethoxybenzeneethanamine
(1IV) is then condensed with (III) to give 3-[[2-
(3,4-dimethoxyphenyl)ethyl]amino]-1-(4-methoxy-
phenyl)-1l-butanone (V). This ketone is reduced
with hydrogen over Pd/C to give N-{2-(3,4-
dimethoxyphenyl)ethyl ]-4-methoxy-a-methylbenzene-
propanamine (VI). An alternate synthesis for
compound (VI) involves the reduction of 4-(4-
methoxyphenyl)-3-buten-2-one (VII) with hydrogen
over Raney nickel to yield the corresponding
butanone (VIII), which is then condensed with (IV)
to produce the imine (IX). Compound (IX) is then
reduced again with hydrogen over Pd/C to give (VI).
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178

HO 107
CHj3

|
HO CH,+-CH,—NH—CH—CH, CH2—®—0H

123
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200 220 240 260 280 300 320

Figure 5. Mass Spectrum of Dobutamine
Hydrochloride
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A second alternate synthesis of compound (VI) in-
volves the reaction of 4-methoxy-a-methylbenzene-
propanamine (X) with 3,4-dimethoxybenzeneacetic
acid (XI) at 200°C to yield 3,4-dimethoxy-N-[3-
(4-methoxyphenyl)-1-methylpropyl Jbenzeneacetamide
(X11), which is then reduced with borane in THF to
produce (VI). The trimethoxy secondary amine (VI)
is demethylated by refluxing its solution in glacial
acetic acid and HBr to yield dobutamine hydrobromide
(XIII). Compound (XIII) is added to aqueous meth-
anol then small amounts of hydrochloric acid are
added to produce dobutamine hydrochloride (XIV).
The flow diagram of the synthesis presented above
(2) is shown in figure 6.

4. Stability-Degradation

Dobutamine hydrochloride is quite stable to re-
fluxing in acid and to heating in air for 20 hours
at 115°C (2). However, the drug is very rapidly
oxidized to the corresponding aminochrome at pH
11-13. Approximate kinetic measurements suggest a
half life of 30-45 minutes. This is similar to
catecholamines which produce aminochromes that
undergo further rapid and complex oxidations and/or
condensations. These reactions yield products of
unknown structure which finally are converted to
dark colored polymers related to the melanins.
Photolysis of an aqueous solution of the drug at
40-50°C for 5 days using a 325 w mercury lamp in
the presence of oxygen also produced the amino-
chrome as the photooxidation product.

5. Absorption, Metabolism, and Excretion

5.1 In Dog

The short plasma half-life of dobutamine
(1-2 minutes) was found by Murphy et al. (4) to be
due to the rapid redistribution of the drug from
the plasma to the tissue. However, plasma half-
life of radioactivity following the administration
of 14C-dobutamine was 1.9 hours. The major circu-
lating metabolite is the glucuronide conjugate of
3-0-methyldobutamine. During a continuous intra-
venous infusion of dobutamine, the plasma level of
the parent drug reach a maximum within 8 to 10
minutes, while those of the metabolites peak be-
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Synthesis of Dobutamine Hydrochloride
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tween 3 and 4 hours. Dobutamine and/or its meta-
bolites are eliminated via the urine and bile in
both the dog and rat (5). After 48 hours from
administering !'4C-dobutamine to dogs, 67% of the
radioactivity was excreted in urine and 20% in
feces. Dogs with canulated bile ducts excreted 30
to 35% of the administered drug in the bile, The
major urinary metabolites are the glucuronide con-
jugates of both dobutamine and 3-O-methyldobutamine.
At very high doses of the drug, small amounts of
hydroxylated dobutamine and hydroxylated 3-0-methyl-
dobutamine were observed in the urine. The exact
position of the extra hydroxyl group was not de-
termined. The metabolites were not observed at
therapeutic dosages.

5.2 1In Man

Serum levels of dobutamine reached a max-
imum of 20 ng/ml during a 15-minute infusion of
dobutamine at a rate of 2 yug/Kg/min. and declined
to 3 ng/ml within 5 minutes after the infusion.
Rapid clearance from the plasma is indicated by its
short half-life of approximately 2 minutes. Dobu-
tamine is rapidly metabolized by methylation and
conjugation to 3-0O-methyldobutamine and conjugates
of dobutamine. The major portion of the metabolites
are excreted in the urine within the first 2 hours
following infusion and the remainder within 6 hours.
Metabolism and excretion in man are similar to the
processes described above in the dog. For the
detailed pharmacological and biochemical properties
of dobutamine, the reader should consult the pro-
file by Weber and Tuttle (5).

6. Methods of Analysis

6.1 Elemental Analysis (As C;gHg3NO3-HC1)

Element Theory (%)
C 63.99
H 7.16
N 4,15
0] 14.21

C1 10.49
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6.2 Chloride Identity

About 5 ml of dobutamine hydrochloride solu-
tion in water, 1 mg/ml, is acidified with two drops
of concentrated nitric acid. When a drop of 0.1 N
silver nitrate is added to this solution a white
precipitate is formed which is readily solubilized
by the addition of 3 drops of ammonium hydroxide.
This indicates the presence of chloride ion.

6.3 Non-Aqueous Titration

The secondary amine function of dobutamine
hydrochloride may be determined by potentiometric
titration with perchloric acid using glacial acetic
acid as a nonaqueous solvent. Mercuric acetate is
used to tie up the chloride ion,.

6.4 Chloride Determination

A sample of dobutamine hydrochloride con-
taining at least 2 mg of chlorine is ignited in a
Schoniger flask containing 20 ml of water. Three
drops of diphenyl carbazone (5 mg/ml) in methanol
are added to the solution of the completely burned
sample. Mercuric nitrate, 0.5 N, is then used to
titrate this solution to the first sign of rose
color, using a 1 ml microburette:

percent chlorine =
ml mercuric nitrate X normality X 35.5 X 100
mg sample

percent purity of dobutamine hydrochloride =
percent chlorine found X 100
percent chlorine theory

6.5 Chromatography

6.5.1 Thin Layer Chromatography

The R value for dobutamine hydro-
chloride when chromatographed on a silica gel 60
F254 thin layer plate developed by ethyl acetate/n-
propanol/water/acetic acid (100/40/15/5 v/v/v/v) in
an unsaturated chamber is about 0.67. The spot of
the drug may be visualized under short wavelength UV
light (254 nm), or under white light after exposure
to iodine vapors.
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6.5.2 Gas Chromatography

Silylated dobutamine hydrochloride (by
reaction with N-trimethylsilylimidazole) may be
chromatographed on a 3 foot glass column packed with
3% 0V-225 on Chromosorb G AW-DMCS (100/120 mesh).
The column is operated at 230°C using helium as a
carrier gas at the rate of 60 ml/min. The retention
time of the drug is approximately 4 minutes. A
flame jionization detector is used. n-Triacontane
is used as an internal standard.

6.5.3 High Performance Liquid Chromatography

Dobutamine hydrochloride may be analyzed
on a C,g reversed-phase column eluted with 75%
0.05M KH,PO,, pH 4.4, and 25% methanol at 2 ml/min-
ute. The compound is detected at 280 nm. The re-
tention time of the drug is approximately 6 minutes,

7. Analysis of Biological Samples

7.1 Enzymatic Assay

Plasma levels of dobutamine hydrochloride
are determined by reaction of the drug with 3H-
methyl-S-adenosylmethionine in the presence of
catechol O-methyl-transferase. The radioactivity
of the labeled methyl derivative is determined by
a liquid scintillation counter using an external
standard. The final recovery of added dobutamine
as 3H-CHz-dobutamine is 24.9 ¢ 1.3% in the range
of 2 to 170 ng/ml (4). When 14C-dobutamine is
administered the samples are counted by a double
isotope method.

7.2 Chromatographic Assays

7.2.1 Thin Layer Chromatography

A Silica gel G plate is developed with
a 15% aqueous solution of NaHSO3z. The Ry values
in this system for dobutamine and 3-0O-methyldobut-
amine are 0.50 and 0.35, respectively (4).
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7.2.2 Gas Chromatography

Plasma and urine levels of the drug
are determined by chromatographing the trimethyl-
silyl derivative of dobutamine on a 6-foot column
packed with 3.0% UC-W98 silicon gum rubber (methyl-
vinyl) on Diatoport S operated at 260°C. The
hydrogen flame detector is maintained at 280°C.
Helium flow rate is 60 ml/min. The retention time
of dobutamine derivative (TMS) under these condi-
tions is 3.8 minutes. This method measures plasma
levels as low as 1 pg/ml (4).

The levels of free and conjugated
3-0-methyldobutamine in plasma and urine are de-
termined using electron capture detection of the
pentafluoropropionate derivative of the metabolite.
A 4-foot coiled column is packed with SP-2100 and
maintained at 240°C. The temperature of the 63Ni
electron capture detector is 250°C. The retention
time of the pentafluoropropionate derivative is 1.6
minutes. Plasma levels as low as 50 ng/ml are
readily measured using this method. 3-Hydroxy-N-
3-(4-hydroxyphenyl)-1-methyl-N-propyl)phenethyl-
amine hydrobromide is used as an internal standard.

7.2.3, High Performance Liquid Chromatography

Dobutamine hydrochloride may be de-
termined in plasma levels, after extraction, on a
C,g reversed-phase column eluted with 22% aceto-
nitrile-78% 0.1 M phosphate buffer (pH 2.0) at
2 ml/minute. The drug and its metabolite are de-
tected by a fluorescent detector with an excitation
wavelength of 195 nm and a 330 nm emission cut off
filter. The retention times of dobutamine and the
3-methoxy metabolite are 5.2 and 7.9 min.,, res-
pectively. The lower limit of sensitivity is 10
ng/ml. Reproducibility is + 5% over a 25-300 ng/ml
range. Nylidrin is used as an internal standard

(6).

7.3 Mass Spectrometry (GC/MS)

The biological samples are analyzed with an
LKB 900 GC mass spectrometer containing a 4-foot
coiled glass column packed with 1% UC-W98 on Gas
Chrom Q. The column is maintained at 240°C and the
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flow rate of helium is 60 ml/min. The ion source
voltage is 70 eV, The retention times of the tri-
methylsilyl dobutamine and trimethylsilyl-3-0-
methyldobutamine are 3.8 and 3.6 min., respectively.
The mass spectrum of the dobutamine-TMS shows a
molecular ion at 517 and fragments at 250 and 267.
The spectrum of the derivatized metabolite has a
molecular ion at 459 with major fragments at 250
and 209. This fragmentation pattern confirms the
presence of the methyl group on the catechol
moiety.

8. Analysis of Pharmaceutical Formulations

8.1 Chromatographic Assays

8.1.1 Thin Layer Chromatography

Samples are dissolved in methanol.
The insoluble excipients are removed by centrifug-
ation. The solution is applied on a silica gel
plate using the same conditions as listed previously
in section 6.5.1. Additional detection sensitivity
may be obtained by spraying with a 6% solution of
ferric chloride followed by a 2% solution of potas-
sium ferricyanide.

8.1.2 Gas Chromatography

Samples are extracted into ethyl
acetate from pH 9.0 buffer.. After evaporation of
the solvent, n-triacontane, the internal standard,
in pyridine/chloroform is added to the residue.
The trimethylsilyl derivative is formed and chrom-
atographed according to the details mentioned in
section 6.5.2.

8.1.3 High Performance Liquid Chromatography

Samples are dissolved in water to a
concentration of approximately 0.5 mg/ml and in-
jected directly into the liquid chromatograph with-
out additional preparation. The conditions of
section 6.5.3 apply also to the analysis of form-
ulations.
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8.2 Spectrophotometric (UV)

Dobutamine hydrochloride may be determined
spectrophotometrically in 0.5 M hydrochloric acid
at the maximum of 278 nm. If excipients interfere,
the drug may be extracted into ethyl acetate from
pH 9 buffer followed by extraction into 0.5 M
h