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PREFACE

Although the official compendia define a drug substance as to identity,
purity, strength, and quality, 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. Such information is
scattered through the scientific literature and the files of pharmaceutical
laboratories.

I perceived a need to supplement the official compendial standards of
drug substances with a comprehensive review of such information, and
sixteen years ago the first volume of Analytical Profiles of Drug Sub-
stances was published under the auspices of the Pharmaceutical Analy-
sis and Control Section of the APhA Academy of Pharmaceutical Sci-
ences. That we were able to publish one volume per year is a tribute to
the diligence of the editors to solicit articles and even more so to the
enthusiastic response of our authors, an international group-associated
with pharmaceutical firms, academic institutions, and compendial au-
thorities. I would like to express my sincere gratitude to them for making
this venture possible.

Over the years, we have had queries concerning our publication pol-
icy. Our goal is to cover all drug substances of medical value and, there-
fore, we have welcomed any articles of interest to an individual contrib-
utor. We also have endeavored to solicit profiles of the most useful and
used medicines, but many in this category still need to be profiled.

Klaus Florey

ix
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2.

Analytical Profile of Bromazepam

History and Therapeutic Category

The last quarter century, and in particular the decade
1952-1962, has witnessed a break-through in the treatment
and outlook of the mentally ill. Two groups of drugs
were developed namely psychotic and psychotropic agents.
Among the last named psychotropic agents, the benzodiaze-
pines. These drugs such as diazepam, chlordiazepoxide
and oxazepam have been shown to exert anxiolytic, sleep
inducing, muscle relaxant and anticonvulsant effects in
greater or lesser degree. Search continued for making
more derivatives to produce suitable drug for specific
cases or symptoms. In this way nitrazepam and more
recently flurazepam have been found to be specially effec-
tive sleep inducers and clonazepam exerts even more
potently the anticonvulsant activity known already for
diazepam.

Search has continued and in 1974 bromazepam was marketed
as a new psychotropic drug of the benzodiazepine series
but belonging to a new class of pyridyl-benzodiazepines.
It possesses certain biochemical features which distin-~
guish it from other benzodiazepines. It has been shown
to exert a more profound anxiolytic effect than other
similar substances.

Description
2.1 Nomenclature

2.1.1 Chemical Names

7-Bromo-1,3-dihydro-5-( “2-pyridyl)-2H-1,4~
benzodiazepine-2-one.

2.1.2 Generic Name
Bromazepam.
2.1.3 Trade Names

Lectopam; Lexomil; Lexotan; Lexotanil.
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2.2 Formulae

2.2.1 Empirical

CthlOBrN3O

2.2.2 Structural

H
| 0
2 la N%'JIZ
8
3
7
Br

5
2.2.3 Research Number (1)

Ro 5-3350.

2.2.4 Chemical Abstracts Registry Number

[1812-30-2]

2.3 Molecular Weight

316.16

Physical Properties

3.1 Appearance, Color, Odor and Taste

A pale yellow odorless crystalline solid (2).

3.2 Melting Range

237-238.5° (dec.).
ekt (2).
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3.3

3.4

Dissociation Constants

Bromazepam has three pKa values of 2.5, 5.2 and
11.8 corresponding to protonation at the azomethine
and pyridine nitrogen atoms, and deprotonation at
the nitrogen atom in position 1, respectively.
These pKa values were determined by spectral and
polarographic analysis (3).

Crystal Structure (4)

The crystal structure of bromazepam was determined
using crystals from amyl acetate-ethanol obtained
by slow evaporation. The intensity data were
collected on an Enraf-Nonius CAD-4 diffractometer,
crystal size 0.3 x 0.25 x 0.2 mm, cell dimentions
from setting angles of 25 reflections and graphite
monochromated MoKe radiation. Bromazepam is mono-
clinic with space groups P2;/c (non-centrosymetric).
The cell dimentions are a = 10.304 (4), b = 15.897
(5), ¢ = 8.122 (3) A°, B = 106.8 (3)°, U = 1273.6 A°,
Z =L, Dx = 1.649 Mg m-3, p(MoKa, A = 0.71069 A°)

= 3,13 mm~1, F(000) = 632, room temperature,

R = 0.040 for 1470 observed reflecticnms.

In bromazepam the T-membered ring is in a boat
conformation. The angle between the benzo-moeity
of the 1,4-benzodiazepine system and the hetero-
cyclic ring system in the S5-position is 60.3 (6)°.
Final atomic parameters for bromazepam are listed in
Teble 1; bond lengths, bond angles and selected
torsion angles are listed in Table 2. The atomic
numbering scheme is illustrated in Fig. 1. Bond
lengths and angles generally agree well with values
found in analogous molecules (5-T7). The N(1)-C(2)
formal single bond is shortened to 1.351 (5) A° in
bromazepam and the disposition of bonds at N(1) is
near planar so that the geometry of the bond
resembles that of a normal double bond {cf. torsion
angles in Table 2) (6). The N(4)-C(5) length in
bromazepam corresponds to that of a C = N bond and
the €(5)-C(1") and C(5)-C(11l) lengths are within the
accepted range (1.48-1.50 A®) for a C(sp2)-C(sp°)
single bond. There is, therefore, no evidence for
any electron delocalization between the S5-pyridyl
ring in bromazepam and the 1,4-benzodiazepine
system.



Fig. 1. The molecule of bromazepam viewed in a direction perpendicular to the
mean plane through C(6)-C(11).
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The seven-membered ring is in a cycloheptatriene-
like boat conformation, C(10) and C(1l) forming the

'stern' and C(3) the 'bow'. The bow angles, 60 3
(8°) in bromazepam and the stern angle 30.8 (8°).

Table 1. Fractional atomic coordinates (x th) with e.s.d.'s
in parentheses and equivalent isotropic temperature
factors (A2 x 103)

Ueq =1/3 (Ull + Uy, * U33 + 2U13 cos B).
* v z Yeq
Br -1601 (1) 617 (1) 1023 (1) 18k
o(2) 8156 (3) ~140k (3) -6128 (5) 177
N(1) -6566 (L) -528 (2) -4s561 (5) 9l
N(L) -5071 {3) -2169 (2) L1711 (5) 102
N(at) -2083 (3) -1209 (2) ~431k (5) 95
c(2) -7119 (L4) -1298 (3) -4969 (6) 110
c(3) -6361 (5) ~-200k4 (3) -3843 (8) 163
c(s) -4128 (k) -1626 (5) -3632 (5) 86
c(6) -3115 (5) -520 (3) -1k95 (6) 101
c(T) -31L49 (&) 237 (3) -701 (6) 10k
c(8) -4299 (5) 726 (3) -1165 (6) 108
¢(9) -5411 (5) L9 (3) -2hok (6) 119
c(10) -5406 (4) -324 (3) ~-3221 (5) 78
c(11) -42Lho (L) -821 (2) -2761 (5) 75
c(1) 2782 (4) -1841 (3) -3875 (5) 79
c(3") -885 (L) -1400 (3) 4510 (6) 110
c(h) -308 (5) -2190 (3) -4251 (6) 126
cg5'; -1025 (5) -2820 (L) -3779 (6) 125
c(e6" -2287 (5) -2650 (3) -3622 (6) 99

The major conformational difference between this
compound and other known 5-phenyl-1,4-benzodiaze-
pines is in the orientation of the 5-aryl ring. The
angle between the mean plane of the S5-aryl ring and
the 'benzo' plane is 60.3 (6°) in bromazepam and
75.5 (9°) in other benzodiazepines (8).
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Molecular dimensions

Table 2.

{b) Bond angles

(a) Bond lengths

(%)

(A%)

e D e o e P N N o o — — o~ o~
(SRR A0 1P~ o ¥ g N~ i e, g G I S o R g S~ Y 4 0] P i, g, g = I, =y s e [Ta N TN T NTaN

M M N N e N e N N N e e S e S Nt Mt e N N N N A S N et S’ Mt s

t _wBll633h1363388 S T S | _525951809_7_38_ | SR R -~ e © I QU o
NN A~ H O ONO N WO Moo O - O 26 P e ©) N )N
AN AN AAN A AN A A HMN A AN A A [aY] SV ] AN =~

A A A4 A A4~~~ o B B B B B B B — — — N~
o~~~ o~~~ o~

— — — — P T e
—~ O TN NN - S~ | S H\ O N~ - - OO T = N\Q i
A~ O N~~~ = A~ A~ O e e N A N\D e R N
— e N H~— OO N N A — D e N A B UODD e e DD DD EEREDDODDLDDODD
| SN SEIEE SRS & I SR Vi PN TN o R S I -— A N B I S -2 & T & T T T T T R T A S S
I TOOD T OOV I 1UMMEBEEOO I OO I I~~~ 1 | | | rm oo o oo o o o o o
—~—~ 0t~ 01 0 1T 1 1 1 I~~~ 11T1T11L1II1l—~11~~OHdr~rrmre e e c c e e c e v =
~ A~~~ N\~~~ O OO A - - - 11222233\u56
—e A NN AN N NN~ e D P e O O\ e e v 1 M e e e e e e e e e e
E P e B e e e D D v e B e e DD D e e DD DD DODDLDDO DL
I T 22 1 0O0DVLVLELD I TOODLDLVLULD=E=Z1TLCODLDOD It TLDLODOLDOD L e
PN R e T T T S T T e T T N T I e N T B R U T T R e Ve e e P
[ I VI o B e L T B
A A AN 0NN T A Ao N H AN NN NN A A0 AN N T N

e e e e M N N M N e N N M M M e N N e N e N N M M M N M M S N R N e M M N S N e e N S N

TN TN AN ST TN TN TN S TN TN N N ——TN N —_— PN N
W INANO N INOND I-\O\NO\O I N0 N \O t— t—~ ~\O
e e e e N N N e S e e S ~— -~ — e e e
N MO N T HONUN-ULAN T L Tonnm Il nn )l ONnNoo |
IN—= N~ A0 ONONO O @ O\ QJ [CORNO N el o
MU TN TN NN O oM o ol 1aN o N g
------------- O . . .
[ B e e B B e B e B o B B B B B o — i —~ =~ -
— P T e
— ) —~ —~ e~ —~ e e e e e = - —
\./\./\u/\)ll\/\v/\)Ol_l_ A~ e~ AU NN T IN\D -
AN NN+ 00 O s [l S SN R NN PR WP RNIPRIZ Vo
e e e e e e e e e B R e B e 2 DD DD D U e~
COCCCCCCCC__7COO_NC________I
1 |~ 1~~~ o~ o~~~ 2

NBRM RIS RS NN NSNS NN R TN |
Z00500000000UMEEE0ERN0DLOELLOLOR



BROMAZEPAM

(¢) Selected torsion angels (°); e.s.d.'s ca 0.6°
c(10)-N(1)-c(2)-c(3) -1.1 c(11)-c(10)-N(1)-c{2) 39.8
N(1)-C(2)-c(3)-N(L) -70.3  N{W)-c(5)-c(1")-N(2') 1k41.6
c(2)~C(3)-n(k)-c(5) 72.3  N(4)-c(5)-c(1')-c(2") -
c(3)-N{k)-c(5)-c(11) -2.7 c(11)-c(s5)-c(1")-N(2') -39.8
N(L)-c(5)-c(11)-c(10) -37.6 c(11)-c(5)-c(1")-c(2") -
c(5)-c(11)-c(10)-N(1) -1.2

L. gpectral Properties

4.1 Ultraviolet Spectrum

The ultraviolet spectrum of bromazepam in methancl
is shown in Fig. 2. The spectra of bromazepam in

1N NaOH and 1N HC1 are presented in Fig. 3 and Fig.
4, respectively. The E%%m. and maximum wavelengths

are given in Table 3 (9). These values agrees with
the published data (10-12). Levillain (13), has
studied the relationship of structure and the UV
absorption characteristics of a series of 1,4-benzo-
diazepines, including bromazepam, considering the
electronic distribution of the various substituents
and the stereochemistry. The spectrum of bromazepam
is consistent with that of other benzodiazepines with
similar structure. Also bromazepam was identified

in solid dosage forms by UV absorption spectrometry

(14).
Table 3. UV Spectral characteristics
l%

Solvent Xmax (nm) L

Methanol 320 54,5k
258 398.08
233 1004.78

1N NaOH 350 59.33
268 493.77
238 794,25

1N HC1 348 39.23
270 386.60
238 552.15

The above values agrees with that of bromazepam.
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4.2 Infrared Spectrum

An infrared absorption spectrum of potassium bromide
dispersion of bromazepam (Roche - Reference Standard
Lot 0k01055) is shown in Fig. 5. The spectral band
assignments (9,16,17) listed in Table L.

Table L. Infrared spectral assignments of bromazepam

—l) Assignment

Wave number (cm (Vibration mode)

3220,3150, 3080 N-H stretch

3000,2940,2860 C-H stretch

1695 C = 0 stretch

1615 C = N stretch of both
benzodiazepine and
pyridine.

1600,1590,1570,1L470 Aromatic C = C stretch

815 Out of plane CH-deforma-

tion of 1,2,h-tri-
substituted aromatic

715 Out of plane CH deforma-
tion of ortho-disubsti-
tuted aromatic

750-665 1,2,4-Trisubstituted
aromatic and o-disubsti-
tuted aromatic. Also
2-gsubstituted pyridine.

Other characteristic bands are 1440, 1385, 1340,
1320, 1230, 1200, 1090, 1040, 1000, 990, 890, and

T90 em~l, Infrared has been used for identification
of bromazepam with other psychotropic drugs (18).
Bromazepam was identified in solid dosage forms by
IR absorption spectrometry (1k).
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Fig. 5. The IR spectrum of bromazepam as KBr disc.
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4,3 Nuclear Magnetic Resonance Spectra

h.3.1

lH-NMR Spectrum

A typical lH—NMR gspectrum of bromazepam is
shown in Fig. 6. The sample was dissolved

in DMSO dg and the spectrum was recorded on a
L00 MHz NMR spectrometer, using TMS as an
internal reference standard. NMR spectrum
recorded on a Jeol-FX-100 90 MHz spectrometer
is also shown in Fig 6a. The proton assign-
The spectrum

0 is shown in Fig. T.

ments are listed in Table 5.

after addition of D2

H

Table 5. DPMR characteristics of bromazepam
Proton Group Chemical shift ppm
position and splitting
c-3 -CH, L.22 (s)
Cc~-9 -9H (Benzenoid) 7.23 (4)
C-6 -6H (" ") 7.4 (s)
¢-5° -5"H(Pyridine ) 7.49 (m)
c-8 -8H (Benzenoid) 7.41 (m)
c-b* -4 H(Pyridine) 7.95 (m)
c-3° -3 H(Pyridine) 8.86 (a)
c-6 -6 H(Pyridine) 8.57 (4)
N-1 -1H (Diazepine) 10.66 (s)

(disappeared after D50

exchange)

s = singlet d = doublet m = multiplet
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Fig. 6. 'HoNMR spectrum of bromazepam in DMSO d6 and TMS.
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T™MS

Fig. 6a. 1H-NllR spectrum of bromazepam in DMSO d6 and TMS.

Fig. 7. lH-NMB spectrum of bromazepam in DMSO d; and THMS after D20 exchange.
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L.3.2

Table 6.

Carbon No.

MAHMOUD M. A. HASSAN AND MOHAMMAD A. ABOUNASSIF

l3C-NMB Spectra

13C—-NMR noise-decoupled and off-resonance
spectra of bromazepam are shown in Fig. 8,
and Fig. 9, respectively. Both were

recorded over 5000 Hz range in deuterated
dimethyl sulfoxide (DMSO dg), (conec. 100 mg/
1 ml), on Jeol FX-100 90 MHz instrument.
Sample tube 10 mm and tetramethylsilane as an
internal reference standard at 20°C were used.
The carbon chemical shifts are assigned on
the basis of the chemicel shift theory and
the off-resonance splitting pattern (Table 6).

9 0

Carbon chemical shifts of bromazepam

Chemical shift Chemical shift
Carbon No.
8 (ppm) S (ppm)

169.72

56.89
167.55
127.28
133.50
113.94

133.79
123.3k
138.49
155.63
148.24
122,87
136.96
124,81

n an nctn
Tt el N Sl e et
1 1

’ (3]

e e W N e NV

’

LA)J?'\J'\O*\,I\)F—'\OOD

’

QQO(;JOOOO
P e e e
n AN
e N el e e e St et

s = singlet

d = doublet t = triplet
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A’—Ju_l—ﬂm i et
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Fig. 8. l"C-NMR noise-decoupled spectrum of bromazepam in DMSO and TMS.

Fig. 9. 13C—NMR off-resonance spectrum of bromazepam in DMSO and TMS.
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261
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Mass Spectrum

The EI mass spectrum of bromazepam (Roche Reference
Standard, Lot 0401055) was obtained on a Finigan
1020 quadrupole mass spectrometer and shown in

Fig. 10. 1Its GC trace is shown in Fig. 11. The
ionizing electron beam energy was at 70 eV. It
shows a molecular ion M’ at m/e 316 (relative
intensity 34.87) and M* + 1 at m/e 317 (relative
intensity 63.88). Some of the most prominent ions
are given in Table T (9).

Table 7. The most prominent fragments of

bromazepam
Relative intensity m/e Relative intensity
63.88 236 100.00 (base
peak)
34.87 208 43.56
60.70 207 30.37
26.84 206 23,33
33.2h 179 30.89
59.95 104 21.09
35.95 50 35.54
52.8k 79 19.69
19.28 78 31.90
19.36 T7 2k4.08

51 25.67
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Fig. 10. El-mass spectrum of bromazepam.
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5. Synthesis

Different routes for the synthesis of bromazepam were
reperted (19-21).

Route T
N
\ ‘

/’ Br N'/’
Conc HC1 ~ ‘
Cycllzation -

N
|
H
[2] N\ /
Oxidation
CrO3

NH
2 0
\ 2R

\,.~0 drol g

Br cZ Hydro ys{f \H
C . HC1 4}

, N e Br \\\047
~ Xy

H
o |
CH,NH, CO0C,H, .HC1 |

pyridine /reflux
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2-(2-Amino-5~bromobenzoylpyridine [4] was prepared from
2-phenacylpyridine p-bromophenyl hydrazone [1] through
cyclization with concentrated hydrochloric acid to give
5-bromo-2-phenyl-3~{2-pyridyl)indole [2]. This compound
was oxidized with chromium trioxide to give 2-(2-benza-
mido-5-bromobenzoyl )pyridine [3] (29,22) which on hydro-
lysis with concentrated hydrochloric acid afforded the
desired compound 2(2-amino-5-bromobenzoyl)pyridine [4].
This compound is considered to be the starting material
for the synthesis of 1,4-benzodiazepines. A mixture of
[4], glycine ethyl ester hydrochloride and pyridine was
refluxed to give bromazepam [5].

Route 2
NH2
[§
Oxidati 0
xidation :’ ng
N Fission
]
H l Ny
[6]
///
B in glacial
) acetic acid
H
l 0
N
NH,
N 9]
Br 49
:CHZNHZCOZEQHS'HC1
N Pyridine \\\N
(5] [4]

Mternatively, the key intermediate compound [4] was pre-
pared by bromination of 2-(2-aminobenzoyl)pyridine [6]
with bromine and glacial acetic acid (23,24).
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Route 3
H O
/@ N—C—CHZBI‘
Cﬂ;o BT 4/
BrCOCH Br
/'
NN N
y A
[4] [7]
NH3
V 1‘{ 2
H N—-—c-—-CHzNH2
| 0
N‘_/
o]
BT Cc=
=N
Br
s Heat ) \N
™~
\N
I #
=
[5] (8]
Bromazepam

In this route 2-(2-aminobenzoyl)pyridine [4] was treated
with bromoacetyl bromide in glacial acetic acid. The
crude bromoacetyl derivative [7] was converted directly
to bromazepam [5] by reaction with ammonia through the
intermediate aminoacetamidobenzoyl pyridine [8] (20).
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Route 4
NH2
carbenzoxyglycine ~
7
]
b/
Br c” /OCHz
O=C
~N
N N —H
| CH
s \\2 o
. °=° N _ /N
(4] Hee N C
[9]
Br
HBr
CHBCOOH

[3]

An alternative method (20)for the synthesis of bromazepam
proceeded via the carbobenzoxyglyclyl derivative [9].

This compound is prepared according to the method of
Sheehan and Hess devised for the synthesis of peptides
(25,26). A mixture of the 2-{2-amino-5-bromobenzoyl )pyri-
dine and carbobenzoxyglycine in methylene chloride was
added. The methylene chloride solution after removal of
N,N'~dicyclohexylurea was concentrated in vacuo at room
temperature. The residue was dissolved in benzene and
chromatographed to give [9]. Cleavage of the carbobenzoxy
group with hydrogen bromide in glacial acetic acid (27)
gave bromazepam [5] directly without isolation of the
intermediate, 2-{2-amincacetamido-5-bromobenzoyl)pyridine.
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Route 5

Clarke et al (1980) (28) have described in details the
preparation of bromazepam [5] from the corresponding
benzophenone by the use of hexamine and hydrochloric acid

as outlined below:

H QO

N e C o CH2C1

4C -H N
0 61274

Br o HC1, 3H,O

NN

2

+

+ 3MeC6H12N4CI

+ NH4C1

+ 3HCO,Me

2
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Three main by-product were identified : two imidazolidi-
nones [10], [11] and an aminobenzodiazepine (12).

'§C Br
B 3
/ N
[10]
o)
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Metabolism

The first reported metabolic work on bromazepam was that
published by Sawada in 1972 (29,30). This study was
carried out both in dogs, rabbits and rats. The isolated
urinary metabolite was assumed to be a 3-hydroxylated
derivative of 2-amino-5-bromobenzoylpyridine [15]. The
structural elucidation was based on elemental anslysis,
mass spectrometry and nuclear magnetic resonance studies.

OH

Br

(15] 'é

The biotransformation of bromazepam, was studied in four
species namely human, dog, rat and mouse (31). Four
metabolites were identified and their excretion was
quantitatively determined. The majJor urinary metabolites
excreted by three humans given single 12 mg oral doses
of bromazepam-5- 4o yere the conjugated forms of 3-
hydroxy bromazepam [13] accounting for 13-30% of the dose,
and 2-(2-amino-5-bromo-3-hydroxybenzoyl)pyridine [15]
accounting for L-25% of the dose. Conjugated [13] was
alsoc the major metabolite in dogs and mice administered
1 C-bromazepam, but its excretion by rats was very
limited. Together with [13], metabolite [15] and 2-(2-
amino-5-bromobenzoyl)pyridine [4] were detected in the
excreta of the human, dog, rat and mouse. Although the
pyridyl N-oxide [18] derivative of bromazepam was not
detected as a metabolite in any speices, the Np-oxide [1L]
was a minor metabolite in dog urine. This is the first
reported instance of Nj-oxidation of a 1,4-benzodiaze-
pine-2-one. This study has shown that the metabolism of
bromazepam in human, dogs but not in rats fits the same
pattern of other 1,4k~benzodiazepine-2-one in affording
conjugated 3-hydroxylated derivative (32). The identi-
fication and Qquantitation of the different metabolites
were carried out by thin layer chromatography using
several solvent systems.
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Tabl

de S8ilva et al, 1974 (33) have reported a sensitive and
specific electron-capture GLC assay for bromazepam and
its major metabolites (see under methods of analysis).
Table 8 shows the chemical names and physical properties
of bromazepam and its major metabolites.

e 8. Chemical names and physical properties of bromazepam
and metabolites

Compound Chemical name Molecular Melting
No. weight point
5 7-Bromo-1,3-dihydro-5-(2- 316.16 237-238.5°
pyridyl)-2H-1,4-benzodiaze- dec.

pin-2-one (bromazepam)

13 T-Bromo-1,3-dihydro-3- 332.2 198-200°

hydroxy~5-(2-pyridyl)-2H-
1,4-benzodiazepin-2-one

1k 7-Bromo-1,3-dihydro-5-{2- 332.2 263° dec.

pyridyl)-2H-1,k-benzodiaze-
pin-2-one L-oxide.

it 2-Amino-5-bromobenzoylpyri- 277.12 97.5-99°
dine.
15 2-Amino-5~bromo-3-hydroxy- 293.12 190-196°
benzoylpyridine.
16 Bromazepam mercapturic acid 228 -

iT
18

methylester(7-bromo-1,3-
dihydro-5-{2'-(6'-N-acetyl-
L-cystein-S-yl)-pyridyl]-2H-
1,4-venzodiazepin-2-one.

Methylthiobromazepam - -
Pyridyl N-oxide of bromazepam - -

Taleishi and Shimizu 1976 (34) has recently reported the
isolation of a methylthio-containing metabolite which

was identified as T-bromo-1,3-dihydro-5-[2'-(6'-methyl-
thio)pyridyl]-2H-1,4-benzodiazepin - 2-one (methylthio-
bromazepam) [17]. Also they have shown that the methionine
donor theory (34) is very unlikely in the case of the
formation of methylthiobromazepam. Isolation of the mer-
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Fig. 11. GC trace of bromazepam.
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capturic acid conjugate of bromazepam from bile of rat
given the drug, 1ts identification and subsequent con-
version of the mercapturic acid to methylthiobromazepam
in rat liver preparation was reported (35). Scheme 1
shows a proposed pathway for the biotransformation of
bromazepam to methylthiobromazepam in the rat.

14
Me- C -SAM]

(17}

Scheme I. A proposed pathway for the bilotransformation
of bromazepam to methylthiobromazepam in the
rat.

In this study non-radicactive bromazepam, [S-luC] broma-
zepam and bromazepam-N'-oxide (7-bromo-1,3-dihydro-5-[2'-
(1'-cxo)-pyridyl ]-2H-1,4-benzodiazepin —2~one were
employed. T-Bromo-1,3-dihydro-5-{2'-(6'-methyl,N-acetyl-
L-cysteinate-5-yl)~pyridyl]-2H-1,4-benzodiazepin-2-one
(bromazepam mercapturate methylester) was synthesised
from bromazepaem N'-oxide and methyl N-acetyl-L-cysteinate
in acetic anhydride according to the pyridine-N-oxide
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nucleophilic substitution described by Bauer and
Dickerhofe (36). The results indicated that 6'-methyl-
thiobromazepam isolated previously in the rat urine is
formed at least in part via the mercapturic acid and that
rat liver contains enzyme(s) capable of catalysing the
convergion from the mercapturic acid to methylthiobroma-
zepam. Chemical names and physical properties of broma-
zepam and its metabolites are listed in Table 8. Chemical
reactions of bromazepam and its known metabolites are
shown in Scheme 2.

H
OH | 0
N\/
OH
®
J
~ H
Il o

S_.
| s
k<4
H Br =N
0 -0

COCH

Bromazepam mercapturic acid [17]

Scheme 2. Chemical reactions of bromazepam and its known meta-—

bolites.
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7. Pharmacokinetic Studies

Distribution and elimination of bromazepam has been
studied in 4 human subjects following single oral and
intravenous doses of 6 mg l“C-bromazepam (37). Absorp-
tion and diffusion of the substance takes place rapidly,
peak plasma levels being reached about an hour after

oral administration. Bromazepam is mainly eliminated in
the urine, and, unlike most other benzodiazepines, excre-
tion follows a regular, rectilinear pattern which is
practically completed after 120 hours. Excretion of the
metabolites closely parallels that of the unchanged
substance. Half-life for the elimination of bromazepam
from the plasma is 20.1 hours following intravenous
administration, compared with 22.5 hours for total ratio-
activity (unchanged bromazepam plus metabolites). Fig.
12 and Fig. 13 for intravenous and oral administration
are practically identical. Binding of bromazepam by
plasma proteins was studied by equilibration dialysis,
which showed that about 70% of the substance present is
bound. This is considerably less than for dlazepam and
most other benzodiazepines, and is attributed to the
increased polarity of the molecule due to the presence of
the pyridyl radical (38).

Another work described the application of gas liquid
chromatography for pharmacokinetic studies in man (39).
The assay can be used also for routine plasma level
monitoring. The important pharmacokinetic parameters
have been calculsted from the plasma concentration.

T % (B) = elimination half-life = 18.5 hours, CI = total
body plasma clearance = 347 ml/min and Vdp = apparent
volume of distribution = 0.91/kgm following single oral
dose of 6 mg/day. However, using multiple dosing with
3 mg/day, it was found that T % (B) = 19.5 hours C1 =
243 ml/min and Vdg = OTl/kg. Kaplan et al, 1976 (LO)
have reported plasma concentrations and time profiles
which in agreement with the above mentioned work.



34

MAHMOUD M. A. HASSAN AND MOHAMMAD A. ABOUNASSIF

My/ml
04001,
0.050 1

0.010 4

1224 48 72 S96h 1224 48 72 96h

Fig. 12 Fig. 13

Bromazepam

Bromazepam + metabolites
Fig. 12. l4C—Bromazepam and total radioactivity (ug/ml) in
plasma after I.V. injection of 6.0 mg.

Fig. 13. 14C-Bromazepam in plasma (ug/ml) after oral
administration of 6.0 mg.
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8. Methods of Analysis

8.1 Flemental Analysis

The elemental composition of bromazepam is

Element
c
H
Br
N

0

8.2 Identification Tests

8.2.1 Color Reactions

Reported color reactions for bromazepam are

as follows (41):

% Theoretical

53.18

3.19

25.28

13.29

5.06

35

Reaction
with 1,3-
Diazo- dinitroben- In In
Compound coupling zene 1M NgOH| 2M HC1 In DMSO
(CH3)hN OH
Bromaze- | Orange Red vioclet Yellow | Yellow | Orange
pam red brown

8.2.2 Thin-Layer Chromatogram (42)

Layer

Mobil

: Silica gel F25h’ MERCK pre-

e phase

coated plates 0.25 mm,

without saturation of the
chamber atmosphere.

: Ethyl acetate - conc. ammonis
(100 + 1) (prepare freshly)
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Application : 10 41 of each solution
(sample and comparison)

Sample solution: Shake 400 mg
of tablet powder with 5 ml

of chloroform for approx.

3 min and filter.

Bromazepam comparison solu-
tion: Disselve 60 mg of
bromazepam in 25 ml of
chloroform.

Front distance : 12 cm

Detection : 1. Observe under short-wave
UV-light: decrease of the
fluorescence through broma-
zepam.

2. Spray the dried plate with
a freshly prepared solution
of ferrous sulfate, dry for

a short moment and spray
then with an ammonia (1%):
Bromazepam appears as a
violet spot.

R -value : Bromazepam approx. 0.6

Ferrous sulfate

solution : Dissolve 1 g of FeS0y. THo0
in 100 ml1 of dist. water.

Microcrystal Tests

Bromazepam was identified in solution by
microcrystal tests in microgram quantities

(h3).

A micro drop of the test solution (in 50%
ethanol) was placed on the glass cover slip
and a micro drop of the reagent was added.

The drop being stirred with a slight scratching
of the glass to promote the formation of
crystals. The appearance of the crystals was
recorded as follows:

1. With potassium cadmium iodide, crystals

in the form of small tablets were obtained
after one hour (Fig. 1lha).
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2. With potassium mercuric iodide, crystals
in the form of round trifercate blackish
structures, white on black back ground
were formed after one hour (Fig. 1hbv).

3. With gold bromide hydrochloride, crystals
in the form of flowers of dendrites were
obtained instantly (Fig. 1lhc).

The sensitivities of the tests were 0.2, 0.5
and 0.1 microgram respectively.

8.3 Titrimetric

8.3.1 Non-aqueous Titration

Among several 1,4k-benzodiazepine derivatives,
bromazepam was titrated with perchloric acid
in dioxane or tetrabutylammonium hydroxide in
benzene-methanol (43).

8.4 Spectrophotometric

Unlike other 1,4-benzodiazepines, the existence of
the o, a'-dipyridyl type moiety enables bromazepam
to form complexes with divalent metal ions. Sabatino
et al (45) reported that ferrous ions form purple
complexes with pyridyl benzodiazepin-2-ones; com-
pounds having a basic dipyridyl type bond structure
which has excellent metal complexing properties.

~N N-

A 4

C o

/ \

The method has been applied (L46) to the determination
of bromazepam in biological materials by adding
methanol solution of ferrous chloride to the bromaze-
pam obtained after extraction from blood or urine and
measuring the absorbance of the solution at 580 nm.
The method proved to be specific for bromazepam with
no interference from 2-amino-5-bromobenzoylpyridine,
one of its principal metabolites.

The procedure was also applied to the determination
of bromazepam in rat blood (4T).



Fig. 1ka Fig. 1lbb Fig. 1lhe

Fig. lha. Microcrystals of bromazepam with potassium cadmium iodide.
Fig. 14b. Microcrystals of bromazepam with potassium mercuric iodide.

Fig. 1bec. Microerystals of bromazepam with gold bromide hydrochloride.
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Smyth et al (48) studied the chelation of bromazepam
with Fe(II), Cu(II), and Co(II) using spectroscopic
techniques such as UV - vis. spectrophotometry.

Colorimetric determination of bromazepam, as well as
some other benzodiazepines, was also performed after
reaction with a modified Marquis's reagent (49).

pKa values and mechanism of hydrolysis were also
reported using UV spectrophotometry (3).

Another UV-spectrophotometric method used by F.
Hoffmann - La Roche & Co Limited is as follows: (50)

Assay: The determination should be carried out
within one hour under subdued day-light.

Pulverize 20 tablets and accuretely weigh approxima-
tely 1000 mg of tablet powder into a 250 ml-volumetric
flask., Add about 200 ml of 0.1 N methanolic sulfuric
acid and shake for 15 min or treat with ultrasonics.
Dilute to volume with 0.1 N methanolic sulfuric acid.
Filter a part of this solution (discard the first

15 ml) and dilute 10.0 ml of the clear filtrate to
100.0 ml with 0.1 N methanolic sulfuric acid

(= test solution).

Method of Analysis: With a spectrophotometer measure
the extinction of the test solution at 285 mm (max.)
against 0.1 N methanolic sulfuric acid as a blank
using 1 cm-quartz cells.

Calculation:

mg of bromazepam tablet = E. 25000 . 4

300 . B
E = extinction of the sample solution
A = average weight (mg)
B = weight of sample (mg)

300 = E(1%, 1 cm)-value of bromazepam at 285 nm
(maximum) in 0.1 N methanolic sulfuric acid.

Methanolic sulfuric acid: Dilute 5.0 g of 98%
sulfuric acid to 1000 ml with methancl. Prepare
this solution at least 24 hours before use.
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Polarographic

The ease of reduction of the azomethine (> Cg = N)
group of bromazepam and its 3-hydroxy metabolite,
and the ( > C = 0) carbonyl group of its benzophe-
none metabolites, promotes their quantitation in the
subnanogram range by differential pulse polarography.

De Silva et al (33) described a differential pulse
polarographic method for the determination of
bromazepam and its metabolites, 3-hydroxy-bromazepam,
2-amino-3-hydroxy-5-bromobenzoylpyridine and 2-amino-
5-bromobenzoylpyridine in urine.

Polarography was carried out using phosphate buffer
as the supporting electrolyte with pH of 5.5. The
peak potential, Ep, due to the reduction of the
azomethine group of bromazepam and its 3-hydroxy-

metabolite occured at ~0.535 and -0.555 V. vers
calomel electrode respectively, whereas the peax due
due to the reduction of the carbonyl group of the

metabolites 2-amino-5-bromobenzoylpyridine and
2-amino-3-hydroxy-5-bromobenzoylpyridine

occured at -0.630 and ~0.635 V versus calomel elect-
rode, respectively (Fig. 15). Sensitivity limits
ranged between 50 and 100 ng/5 ml urine.

Trace levels of bromazepam in blood was determined
by differential pulse polarography (51). The
current resulting from reduction of the 4, 5-azome-
thine bond of bromazepam was measured at -0.610 V
versus silver chloride electrode. The method has

a recovery of 62.1% * 7.8 in the range of 10-1000 ng
bromazepam/1 ml of blood.

Polarography was also used to study acid-base and
complexing behaviour of bromazepam (3), and for the
identification of any one or more of several 1,k-
benzodiazepines including bromazepam (52).

Atomic Absorption

Gonzales-Perez et al (53) described a method for the
determination of bromazepam by atomic absorption
spectrophotometry. The method is based on the
extraction of the ion-pair formed by the bromazepam-
nickel (II) cationic chelate and perchlorate from
aqueous to methylisobutylketone (MIBK) solutions.
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Fig. 15. Differential pulse polarograms of: (a) I and 11
(b) IITI and IV in 1.0 M pH 5.5 phosphate buffer as
the supporting electrolyte. Key: A, control urine
blank; B, authentic standard mixture; and C,
authentic recovered from urine.

I. Bromazepam II. 2-Amino-5-bromobenzoylpyridine
[1I. 3-Hydroxymetabolite of bromazepam
IV. 2-Amino-3-hydroxy-5-bromobenzoylpyridine
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The absorbance of nickel in the organic phase was
determined at the nickel resonance a 232,.0 nm line.
The method that showed a detection limit of 2 X 10'6M,
was applied to the determination of bromazepam in
drugs.

Radioimmunoassay

Robinson et al (54%) described four radioimmunoassays
for the determination of bromazepam and other
benzodiazepines. In the most sensitive method, the
antiserum from the Emit-tox serum benzodiazepine
assay kit was used with [3H]flunitrazepam and proved
to be suitable for detecting sub-therapeutic levels
of all benzodiazepines tested except one. The assay
is particularly applicable to blood samples of
forensic interest which may be hemolyzed or decom-
posing, and require only 75 ml of blood.

A radioreceptor assay for benzodiazepines including
bromazepam in human blood, plasma, saliva and urine
was developed (55). The method is based upon compe-
tition between [SH]flunitrzepam and biologically
active benzodiazepines in biological fluids for
brain-specific receptors, prepared in a stable, dry
form and easy to handle. The method is specific for
biologically active benzodiazepines. Other method,
described the determination of benzodiazepines in
serum using the enzyme multiplied immuno assay-single
test (EMIT-ot) drug detection system (56). The
method is useful to clinical toxicology practice.

Chromatographic

8.8.1 Paper Chromatography

Bromazepam was separated from other benzodia-
zepines by using a thin layer system: Merck
aluminium oxide Fpsl and CHCly - PhMe - EtOH
(40:60:2) complemented by a Whatman S.G. 81
silica gel loaded paper system developed in
CHC13~EtOH (49:1). The spots were located by
short UV wavelength and acidified potassium
iodoplatinate (57).
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Thin-Layer Chromatography

Haefelfinger (58) has reported a specific

and sensitive method for the determination of
bromazepam in plasma by quantitative thin-
layer chromatography. Silica gel plates were
used with methylacetate-ammonia 33% (100:1)

as a solvent system. The gquantitation of the
spots was performed either by measuring the
UV reflectance of the plate or by the hydroly-
sis of bromazepam to 2-amino-S5-bromobenzoyl-
pyridine on the plate, diszotization and
coupling with N-(l-naphthyl)ethylenediamine

to form an azo-dye, which was then evaluated
densitometrically. The recovery from plasma
was found to be over 90%. Bromazepam has an
R, value of 0.6-0.65.

Thin-layer chromatographic systems and detec-
tion methods described for the identification
and determination of bromazepam are summarized
in Table 9.

Table 9. Solvent systems and detection methods for

bromazepam
Support Solvent system Detection Ref.
Silica AR |Heptane/ethyl acetate/ethanol/| UV-light 59
7GF-5 (two|concentrated ammonia
dimen- (50:50:3) and: Heptane/
tional chloroform/ethanol/concentra-

TLC) |ted ammonia (50:50:20:1)

Silica gel|Chloroform/acetone (90:10), |Bratton-Marshall,| 60

G |{venzene/isopropanol/ammonia |dragendorff and

(85:15:10) iodoplatinate
reagents.
Silica gell|Diiscpropylether-toluene- Uv-1light (254 nm}| 50
60 Fys), ethylacetate methanol - di- |10% w/v HpS0)y

ethylamine (70:15:10:5:2) heat at 120° for

10 minutes
chamber with
nitrous fumes
Spray with o-
naphthylethylene-
diamine R.




MAHMOUD M. A. HASSAN AND MOHAMMAD A. ABOUNASSIF

Thin layer chromatographic detection and
identification of bromazepam among other
1,k~benzodiazepines has also been reported

(61-6k4).

8.8.3 Gas Chromatography

Numerous methods for the gas chromatographic
analysis of bromazepam in biological fluids
have been reported. Most of these methods
described the determination of the compound
either as the intact 1l,4-benzodiazepine-2-one
or as the hydrolyzed 2-amino-5-bromobenzoyl-
pyridine (ABBP) (33, 65-69). Bromazepam has
also been assayed as the N'-methyl derivative
(70).

The presence of electronegative functional
groups (the halogen in the 7-position and the
2-carbonyl) renders bromazepam amenable to
sensitive determination by electron-capture
gas-liquid chromatography (EC-GLC); therefore
all (except one) the above mentioned methods
applied (EC-GLC) to the determination of the
drug. In principle, these methods are capable
of detecting nanogram amounts of bromazepam
in bioclogical fluids where they compete with
radioimmunoassays. Recently, it has been
coupled with mass spectrometry (71). The
experimental conditions used for the analysis
of the drug in biological fluids are
summarized in Table {(10).



Table 10.
metabolites

Gas liquid chromatographic conditions for the determination of bromazepam and its

Column

R

Drug or metabolite Column packing Carrier temp. |(mins Detectors| Ref,
2-Amino-5-bromo-ben~ 2% Carbowax 20M-TPA on silanized N2 220 + 2° 6-7 EC 65
zoylpyridine (ABBP) Gas ChromP (100-120 mesh)
2-Amino~5-bromo-ben- 3% OV 225 (methyl-phenylcyanopropyl—-| Ar—CH 2140 12.5 EC 66
zoylpyridine (ABBP) silicone) on Gas Chrom Q (60/80mesh)| (90:10)

Bromazepam 3% OV-17 on Gas Chrom Q (60/80mesh).{ Ar-CH 250 6 EC 33
(90:10)
Bromazepam 3% OV-17 on Gas Chrom Q (60/80mesh).| Ar-CH), | 2k0° 9.6 EC 67
(90-10)
Bromazepam 10% UCC-W-98 on Chromosorb W AW DMCS N, 265° L FI 68
(80/100 mesh)
N'-Methylbromazepan 0.5% OV-17 Chromosorb G HP (100/200 N2 270° 3-4 EC 70
mesh)
Bromazepam 4% SE-52 silica capillary column He Program- | 3-4 EC 69
med
130-260°
2(2'-Amino-5-bromoben- | 20% UCC-W on Chromosorb W AW DMCS He Program- Mass Tl
zoyl)-pyridine (80/100 mesh) med spectro-
100-310° meter

Ar = Air
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High Pressure Liquid Chromatography

A high pressure liquid chromatographic proce-
dure for the determination of bromazepam in
humen plasma has been described (72). After
extraction from plasma, the extract was evapo-
rated and the residue was suspended in
acetonitrile/tetrabutylammonium hydroxide
(60:40, v/v) before injection into the
chromgtograph. Analysis was performed on a

K Bondpack 018 column with mobile phase made

from 20 ml MeOH, 30 ml MeCN, and 700 ml of
solution containing 20 ml 10% tetrabutyl-
ammonium hydroxide in 1 L water. The inter-
nal standard was carbamazepine and detection
was by UV spectroscopy.

In order to determine the lower therapeutic
range of drug levels in serum (73), bromazepam,
among other basic drug, was chromatographed

on an RP18 Micropack MCH 10 column using UV
detector and perchlorate/MeCN soluticn as
eluent.

Hochmuth et al (74) described a simple and
rapid method for the toxicological analysis
of some benzodiazepines and antidepressants
including bromazepam. After solvent extrac-
tion at pH 9, the analysis was performed by
HPLC on a reverse-phase column with MeCN 0.6%
KH2POh (1:1) adjusted to pH 3.

Heizmann et al (75) reported a HPLC method
for the determination of bromazepam in plasma
and of its main metabolites in urine. The
unchanged drug was extracted from plasma with
dichloromethane, and the residue was subse-
quently analysed by reversed phase HPLC with
UV detection (230 nmm). For the determination
of the metabolites, the urine samples were
incubated to effect enzymatic deconjugation
before extraction with dichloromethane. The
column used was & 15 cm Supelcosil LC18 and
the mobile phase consisted of a mixture of
methanol/phosphate buffer, pH 7.5, at a flow
rate of 1 ml/min. The retention times ranging
from 6 to 20 minutes.
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2.

Foreword

Busulphan is a chemotherapeutic agent, which has been
widely used as antineoplastic drug since its discovery
in 1953 (1). This alkylating agent belongs to the
series of alkanesulfonic acid esters, possessing
significant cytotoxic activity and is the drug of
preference in the treatment of chronic myelocytic or
granulocytic leukaemia. It has recently been proposed
as a drug of choice in polycythaemia and thrombocythemia
(2-13). Busulphan has alsc been used for the treatment of
bronchial carcinoma (18-19), myasthenia gravis (20)

and chronic granulomatous disease in children (21).

The drug is also used as reproductive sterilant for
insect (22-23) and as a general immunosuppressant for
organ transplant in the treatment of autoimmune

disease (24-26).

Description
2.1 Nomenclature

2.1.1 Chemical Names

1,4-Butanediol dimethanesulfonate;
1,4-Bis(methanesulfonoxy)butane;
1,4-di(methanesulfonyloxy)butane;
1,4~di(methylsulfonoxy)butane;
1,4-Butanediylbismethane sulphonate;
Methanesulfonic acid tetramethylene ester;
Tetramethylene bis(methanesulfonate) (27-29).

2.1.2 Generic Name

Busulphan, CB 2041, GT 41, NSC 750, WR 19508
Busulfanum (29).

2,1.3 Trade Names
Myleran, Misulban, Mitosan, Myelosan,
Myeleukon, Myeloleukon, Sulfabutin,
Mielucin (27).
2.2 Formulae
2.,2.1 Empirical

C6H1406SZ (30).
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2.2.,2 Structural

0

i
-O—CHZ—CHZ_CHZ_CHZ—O_ﬁ_CH

0

w=0

H,C-

3 3

o

2.2.3 CAS No.
[55-98-1] (27)

Molecular Weight

246.31 (31)

Elemental Composition

C, 29.26%; H, 5.73%; O, 38.98%; S, 26.03% (27).

Appearance, Color and Odor

A white almost odorless crystalline powder (29, 32).

Physical Properties

3.1

3.2

3.3

Melting Point
114-118°, 119°, 116°. (@7).

Solubility

Soluble, at 200, in 750 parts of water (in which
it is slowly hydrolyzed) and in 25 parts of
acetone; very slightly soluble in alcohol (27, 32).

Storage

Busulphan should be kept in a well-closed container,
protect from light (30).
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3.4 Spectral Properties

3.4.1

3.4.2

3.4.3

Ultraviolet Spectrum

The ultraviolet spectrum of busulphan in
methanol, ethanol and in water was scanned
from 200 to 400 nm using Varian DMS 90
Spectrophotometer. No absorbance has been
noticed.

Infrared Spectrum

The infrared spectrum of busulphan as KBr
disc is shown in Figure 1. It was recorded
on a Pye-Unicam SP 1025 infrared
spectrophotometer. The assignments of the
characteristic bands in the infrared
spectrum is shown below:

Frequency cm Assignments

2960-3060 CH stretch

1430-1415 —CH2—0 vibration

1352 S(= O)2 stretch (Assymm.)
1180 S(= O)2 stretch (Symm.)
1000-770 S-0-C stretch

Proton Nuclear Magnetic Resonance (1H NMR)

Spectrum

The 1H NMR spectrum of Busulphan is shown in
Figure 2, The drug is dissolved in DMSO-dg
and its spectrum determined on a Varian -
T60 A NMR spectrometer using TMS as the
internal standard.

Assignment of the chemical shifts to the
different protons is shown below:
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Figure 1: Infrared spectrum of Busulphan, KBr disc.
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Figure 2. Proton nuciear magnetic Resonance spectrum of Busulphan in

DMSO -dg using TMS as reference standard.
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Chemical Proton

shift (8) Multiplicity  assignment*
1.68-1.90 Multiplet 3 and 4 (CH,)
3.10 Singlet 1 and 6 (CHj)
4.1-4.40 Multiplet 2 and 5 (CH,)

*Please refer to Flgure 2,

Carbon~-13 Nuclear Magnetic Resonance Spectra

(C-13 NMR)

The carbon-13 NMR spectra of busulphan in
DMSO~dg using TMS as an internal reference
are obtained using a Jeol FX 100 MHz
spectrometer at an ambient temperature.
Figure 3 and 4 represent the proton-decoupled
and off-resonance spectra respectively.

0 0
6 W 5 4 3 it 1
CH3—? -CH 2CH2CHZCH2 -0- ﬁ CH3
0 0

The carbon chemical shifts are assigned on
the basis of the chemical shift theory and
the off-resonance splitting pattern and
are shown below:

Chemical Carbon
shift (&) Multiplicity  assignments

24,70 Triplet 3 and 4
36.52 Quartet 1 and 6

69,40 Triplet 2 and 5
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Figure 3. Proton- decoupled carbon-13 nuclear magnetic resonance spectrum
of Busulphan in DMSO-dgusing TMS as reference standard.
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Figure 4. Off- resonance carbon-13 nuclear magnetic resonance spectrum
of Busulphan in DMSO-dg using TMS as reference standard.
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3.4.5 Mass Spectrum

The electron impact (EI) mass spectrum of
busulphan at 70 eV recorded on Varian

Mat 311 mass spectrometer and the direct
chemical ionization (DCI) mass spectrum

obtained with Finnigan 4000 mass spectrometer
are shown in figures 5 and 6 respectively.

The (EI) spectrum (Figure 5) shows a base
peak at m/e 71, the molecular ion peak was

not detected. Other major fragment are at

m/e 175, 122, 111, 109, 97, 79, 55 and 42.
A proposed mechanism of fragmentation of
the EI fragments is shown in scheme 1.

The CI spectrum (Figure 6) is simple and
shows a base peak at m/e 151 and at
molecular ion peak at 247 corresponding
to M + 1) and minor peak at m/e 125,

Synthesis

By esterifying 1,4-butanediol [HOCHZCHZCHZCH OH]
with methanesulfonyl chloride [CH,S07C1] in “the
presence of pyridine (31, 33) as Shown below:

0

N Pyridi

e _ _ yridine -
CH3 ﬁ Cl + OH CH2CH2CH2CH2 OH

0

0 0

] 1
CH3—;S|—O—CH2CH2CHZCH2—0-|S'—CH3

0 0
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5. Pharmacokinetics

Absorption, Metabolism and Excretion

Busulphan is readily absorbed from the gastro-
intestinal tract and rapidly disappears from the
blood. It is largely excreted in the urine as
sulphur - containing metabolite (29). Due to its
alkylating activity, the compound might be bound
both reversibly and irreversibly (covalently) to
blood component (34). The metabolism takes place
mainly In the liver. The clinical response

usually begins within 1 to 2 weeks after initiation
of therapy. It appears to be practically completely
excreted in the urine as methane-sulphonic acid
(35).

Nadkarni et al (4) using *'C and >°S-labeled
busulphan found that, after intravenous dosing,
the radioactivity in the blood rapidly decreased,
and between 207% and 95% was removed within 3 to

5 minutes. After oral dosing an initial log
phase of about 0.5 to 2 hours was observed before
measureable blood levels were achieved. After
oral 3H-labeled busulphan, Vodopick et al, (36)
found a prompt rise in the plasma level of
radioactivity, which is peaked within the first
hour, followed by a rapid fall and then a gradual
rise in radiocactivity. Busulphan is eliminated
with t!% of about 2.5 hour, for the initial phase
of radio labeled drug in plasma. Only about 1%
of a dose of busulphan is excreted as unchanged
drug within 24 hours. The major portion of
busulphan is probably eliminated by enzymatic
activity rather than pure chemical degradation
(36).

Ehrsson et al (37) have studied the busulphan
kinetics and reported that kinetics were followed

in patient with chronic myelocytic leukemia after
oral dose of 2.4 to 6 mg. The plasma concentration-
time data could be fitted to a zero-order absorption
one—-component open model. The elimination rate
constant averaged 0.27 + 0.05 hr~l (SD). The plasma
AUC was linearly related to the dose. The log

time for the start of absorption, the time absorp-
tion ends, and the absorption rate constant showed
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some inter-individual variation. About 1% of
the drug is excreted unchanged in urine over
24 hours.

The fate of the drug in man has been studied
after the administration of radiolabelled drug
followed by measurement of total radioactivity in
plasma and urine (4, 36, 37).

The drug is rapidly eleminated from the plasma and
is reported to be extensively metabolized; twelve
metabolites have been isolated, including
methane-sulphonic acid and 3-hydroxytetrahydro-
thiophene-1,1-dioxide, most of the metabolites
have not been identified (38).

Wiygul et al (39) have studied metabolism of
busulphan in the boll weevil. When one-day male
boll weevils were force-fed 3H- and l4C-labelled
busulphan, 34.34% of total radiocactivity was
recovered from the feces, about 1.09% as busulphan,
at 72 hours after injection. Most metabolism of
busulphan took place within 24 hours postingestion.
1,4-Butanediol, 2,3-butanediol, sulfolanes, malic
acid, malonic acid, succinic acid, aminoacids,

and methanessulphonic acid were identified as
principal metabolites.

Jones and Campbell (40) have studied the metabolism,
reactions and biological activities of some

cyeclic dimethanesulphonates. Relevance to the
mechanism of action of busulphan (Myleran). The
results obtained suggest that cycloalkylation of
thiol groups by busulphan may represent a normal
detoxification route rather than a mechanism of
action.

Other studies on the metabolism of busulphan in boll
weevils, are also reported (41, 42, 43).

Toxicity

Recently Bishop and Wassom (44) have published a
detailed review article on the toxicity of busulphan
incorporating around 290 references. The most important
side effect of busulphan in high doses are thrombocyto-
penia and damage to haemotological tissues (45,53, 29).
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Interstetial pulmonary fibrosis, known as "Busulphan
lung'", is as well recognised side effect busulphan
therapy (54-64). A wasting or Addison - like syndrome
has occurred in some patients receiving long term
therapy with Busulphan (59, 65, 66). Other adverse
effects include endocardial fibrosis (67), cataracts
(68), cellular dysplasia of pancreas (69), adrenal
insufficiency (70) and bone marrow damage (71-83).
Laboratory studies in animals have shown significant
immunosuppressive (48, 84, 85, 82, 86) and reproductive
toxicity of busulphan (87 - 100).

Busulphan, administered during the third trimester of
pregnancy, can adversely affect fetal growth (101).
Teratogenic effect of this drug in animals has been
reported by several workers (102 - 106). Busulphan is
potentially mutagenic (104 ~ 114) and carcinogenic in
man (115 - 123).

Methods of Analysis

7.1 TIdentification

The USP XX (1980) (32) describes the following
identification tests for busulphan.

A) Fuse about 100 mg with about 100 mg of potassium
nitrate and a pellet of potassium hydroxide
weighing approximately 250 mg. Cool, dissolve
the residue in water, acidify with diluted
hydrochloric acid, and add a few drons of
barium chloride TS; a white precipitate is
formed.

B) To 100 mg add 10 ml of water and 5 ml of 1 N
sodium hydroxide. Heat until a clear solution
is obtained; an odor characteristic of
methanesulfonic acid is perceptible.

C) Cool the solution obtained in Identification
Test B, and divide it into two equal portions.
To one portion add 1l drop of potassium
permanganate TS; the purple color changes to
violet, then to blue, and finally to emerald-
green. Acidify the second portion of the solu-
tion with diluted sulfuric acid, and add 1 drop
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of potassium permanganate TS: the color of
the permanganate is not discharged.

British Pharmacopoeia (1980) (30) has
also reported similar procedures for the
identification of busulphan.

7.2 Titrimetric Methods

7.2.1

7.2.2

Aqueous

British Pharmacopoeia (1980) (30) described
an aqueous titration procedure for the
assay of busulphan as follows:

To 0.25 g of the drug add 20 ml of water and
boil gently under a reflux condenser for
thirty minutes. Wash the condenser with

a small quantity of water, cool and

titrate with 0,1 M sodium hydroxide VS,

using phenolphthalein solution as indicator.
Each ml of 0.1 M sodium hydroxide VS is
equivalent to 0.01232 g of C6H140682‘

Gravimetric

Busulphan tablets are sugar coated and
contain only milligram quantities, hence
the flask combustion method is not
applicable becuase of the large amount of
organic matter. It is necessary to
extract the busulphan with acetone and
decompose it in a sealed tube with nitric
acid as follows:

Triturate an accurately weighed quantity of
powdered tablets equivalent to about 2 mg
of busulphan with 10 ml of hot acetone,
decant the liquid through a filter into a
Carius tube and evaporate to small volume
under a jet of warm air. Extract in the
same way with two further 10-ml quantities of
acetone, decanting and evaporating after
each extraction and evaporating to dryness
after the third extraction. Add 0.5 ml of
fuming nitric acid, seal the tube and heat
at 300° for two hours. After opening the
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Carius tube transfer its contents to a small
dish with 15 ml of water, evaporate to
dryness, dissolve the residue in water and
acidify with concentrated hydrochloric acid.
Add an excess of 10 per cent barium chloride
solution, heat on a water-bath for three
hours, filter through a platinum filtering
crucible, ignite at 800° for one hour,

cool and weigh. Each mg of residue =
0.5276 mg of busulphan (124).

7.3 Chromatographic Methods

7.3.1

Gas Chromatographic Method

Hassan and Ehrrson (125) developed a gas
chromatographic method for the determination
of busulphan in plasma with electron capture
detection. The method comprise a new
derivatization technique for extraction of
busulphan from plasma in a single step
combined with high separation efficiency

and sensitivity by using capillary columm

in combination with electron capture
detection. The derivatization of busulphan
was done directly in plasma by adding sodium
iodide in acetone. Plasma sample (1.0 ml)
was mixed with 0.1 ml of 1.0 ug/ml of
1,5~bis (methanesulfoxy)pentane in acetone
and sodium iodide in water (1 ml acetone

and 8 M Na¥ iodide). After addition of

0.4 ml n-heptane the reaction was carried
out at 70°C for 70 minutes under stirring.
The organic phase was separated for analysis
on gas chromatography. 1-2 ul of solution
was injected into Varian 3700 GC equipped
with a constant current 63Ni  lectron-
capture detector. An OV-I fused silica
cappillary colum (25 m x 0.3 mm i.d.) with
a film thickness of 0.52 um (Hewlett-
Packard) was used.

The instrument was operated isothermally
with the oven, detector and injector port
temperatures at 145°C, 250°C and 200°C respec-
tively. The helium was used as carrier gas with
a flow rate of 2 ml/min, the inlet pressure was
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0.4 bar. Nitrogen was used as make up gas
and added through the hydrogen inlet at a
rate of 30 ml/min in the detector base. A
split ratio of 1 : 10 was used. A high
separation efficiency and sensitivity was
obtained using this method, the retention
time was 8 minutes. The standard curve using
plasma was linear within the range of
5-300 ng/ml. The precision of this method
+ 3,972 (c.v.) at the 10 ng/ml level (n = 5)
and * 2,3% (c.v.) at the 100 ng/ml (n = 5).

Gas Chromatography - Mass Spectrometry

(GC-MS)

Ehrsson and Hassan (126) developed a
chromatographic method for the determina-
tion of busulphan in plasma by GC-MS with
selected ion monitoring. Busulphan
extracted from plasma with methylene chloride
and converted to l,4-diiodobutane. 1.0 Ml
of plasma was mixed with 0.1 ml of internal
standard (l,5-pentanediol dimethanesulfonate
1.0 ug/ml) in acetone and extracted with 4 ml
of methylene chloride using a mechanical
shaker (100 strokes/min). The organic phase
was separated and evaporated to drymess,
derivatization was done by adding 0.1 ml

of 1 M sodium iodide in acetone with a
reaction time of 20 minutes at 70°C. After
addition 0.05 ml of n-hexane and 0.1 ml of
water the mixture was vigorously shaken.

The aliquot (1-2 ug of n-hexane) was used
for the analysis by GC-MS; LKB 2091 with an
ionizing energy of 70 eV was used. The
colum (1.5 m x 2 mm 1.d.) was packed with
10% SP-2401 on 100-120 Supelcoport and was
operated at 140°using a helium flow rate of
20 ml/min. The injector and the ion source
temperature were 230° and 270°C, respec~
tively.

The minimum detectable concentration was

5.7 x 10716 mole/sec. The standard curve
was linear over a range of 10-400 ng/ml.
The relative S.D. was 2.6% at 100 ng/ml and
+ 4,3% at 10 ng/ml (n = 5).
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7.4 NMR Spectrometric Methods

a)

Truczan and Lau~Cam(127) described a simple

NMR spectroscopic method for the assay of
busulphan in tablets. 20 Gram of busulphan
tablets are finely powdered, an accurately
weighed quantity of powder equivalent to 6 mg
of busulphan is transferred to a 15 ml vial.

To this 1 ml of internal standard solution
(11.68 mg of methenamine in 10 ml of chloroform)
was added, the vial was closed with a septum
and crimper sealed with an aluminium seal.

2 M1 of chloroform was added using a syringe by
introducing the needle through septum. The
contents were shaked vigorously. The insoluble
matter 1s allowed to settle and 0.5 to 1 ml

of upper layer is transferred to NMR tube. 1
Drop of reference standard (50 mg tetramethyl-
silane (TMS) in 10 ml chloroform) was added,
caped and shaken. The NMR spectra were
recorded with a 200 MHz, Wise bore, Fourier
transform spectrometer equipped with 5 mm
proton probe and computer with 24 K memory.

The spectrometry conditions were: ambient
temperature = 30°C, frequency 1 h = 200.06 MHz,
Observation frequency range = 1600 HZ'

Pulse width = 9,13 sec.
Pulse repetition time = 14 sec.
FTD data points 8

non

Observation time 2.2 minutes.

Integrate the broad triplet at about 4.3 ppm
due to the 4-methylene protons (-CHy-0-505-)

of busulphan and the singlets and about 4.7 ppm
due to the 12 methylene protons of the internal
standard. The quantity of busulphan in mg is
obtained from:~

(Au/As) x (Ev/Es) x C, where

Au = TIntegral value of signal representing
bulsulphan,
As = 1Integral value of signal represent
methanamine.
Ev = Formula weight of busulphan /4, 61.58.
Es = Formula wieght of methenamine/12, 11.68.
C = Weight in mg of methenamine taken for the

analysis.
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Feit and Rastrup-Andersen (128) have
investigated the hydrolysis of busulphan by
means of NMR spectroscopy. The final product
was found to be tetrahydrofuran (THF). The
rather unstable intermediate, 4-methane-
sulphonybutanol, was synthesized and proved

to undergo cyclization to THF by intramolecular
alkylation. The half-life of this first-order
reaction in aqueous solution at 37° was
determined to be approximately 12 minutes at

pH 3 as well as at pH 7.4. From the data
obtained, it is concluded that 4-methansulphony-
loxybutanol is unlikely to be responsible for
the biological action of busulphan.
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1.

History

This aromatic derivative of mechlorethamine was
synthesized first at the Chester Beatty Research
Institute in England. It was synthesized

among other aromatic derivatives of the chloroethyl-
amines by the British chemists, Everett, Roberts and Ross
(1, 2). Chlorambucil has shown activity in a variety
of human malignancies (3). These include chronic
lymphocytic leukemia (4,5). Hodgkin's and non-Hodgkin's
lymphoma (6), choriocarcinoma, ovarian carcinoma, and
breast carcinoma (7). It is most often employed in the
long-term maintenance management of chronic lympho-
cytic leukemia. Moore et al (8) found that a response
rate of 19% was achieved in 52 advanced breast cancer
patients.

Description

2.1 Nomenclature
2.1.1 Chemical Names

L4-[Bis(2-chloroethyl)amino ]benzenebutanoic
acid;

Lh-[p-[Bis(2.chloroethyl )amino ]phenyl]
butyric acid;
N,N-di~-2-chloroethyl-y-p-aminophenylbutyric
acid;
vY=[p-Di(2-chloroethyl)aminophenyl]butyric
acid;
h-[h-Di-(2-chloroethyl)aminophenyl Jbutyric
acid; .
h-[L-(Bis{2-chloroethyl)amino)phenyl Jbutanoic
acids

p-Di(2~-chloroethyl)aminophenyl butyric acid
(9 -12).

2.1.2 Generic Names

Chlorambucil, C.B. 1348, NSC 3088 Chlorbuti-
num (10-12).

2.1.3 Trade Names

Chlorambucil, Leukeran, Chloroambucil,
{(11).

Amboclorin; Chloraminophene; Linfolysin
(10-12).
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2.1.4 CAS Registry No.

(305-03-3).

2.1.5 Wiswesser Line Notation

QV3R DN2G2G¢  (13)
2.2 Formulae
2.2.1 Empirical

Clqu9ClzN02 (14,15).

2.2.2 3Structural

ClCH2CH2

CH,,COOH

N CH2CH2 5

e

ClCHQCH2

2.3 Molecular Weight
304.20 (10,15).

2.4 Elemental Composition

C 55.27%; H 6.30%, Cl 23.31%, N L4.60%,
0 10.52% (10).

2.5 Appearance, Color and Qdor

A white or off-white crystalline or granular
powder with a slight odor (11).

2.6 Crystal Properties

Flattened needles from petroleum ether (10).

Physical Properties

3.1 Melting Point

Melts between 6L° and 69° (12).



CHLORAMBUCIL 89

3.2

3.3

3.k

3.5

3.6

3.7

Extraction

Chlorambucil is extracted by organic solvents from
aqueous acid solutions (12).

Solubility

Practically insoluble in water (1h). Soluble at
20°C in 1.5 parts of alcohol, in 2.5 parts of
chloroform, and in 2 parts of acetone, soluble in
ether (10) and in dilute solution of alkali
hydroxides (11).

Moisture Content and Hygroscopicity

Not more than 0.5%, determined by Fischer titration

(14),

Dissociation Constant

pKa value 5.8 (16).

Storage

It should be stored in a cool place in airtight,
light resistant containers (11).

Spectral Properties

3.7.1 Ultraviolet Spectrum

The ultraviolet spectrum of chlorambucil

in methanol exhibits maxima at 258 nm

(E 1%, 1 cm 650) and 302 nm (E 1%, 1 cm 85);
and minima at 225 nm and 281 nm (12).

The UV spectrum of chlorambucil in water
and in methanol which was scanned from 200
to 400 nm using DMS 90 Varian spectrophoto-
meter. It exhibits absorption maxima at
257 nm and at 302 nm and minima at 224 and
280 nm. The UV spectra in water and in
methanol are shown in Figs [1] and [2],
respectively.
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Figure 1 : Ultraviolet Spectrum of Chlorambucil in Water.
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Figure 2 : Ultraviolet Spectrum of Chlorambucil in Methanol.
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Infrared Spectrum

The infrared spectrum of chlorambucil is
shown in Fig. [3]. The spectrum was
obtained as KBr disc and is recorded in
Pye-Unicam SP 1025 infrared spectrophoto-
meter. The frequencies and their structural
assignments are as follows:-

Frequency (cm-l) Assignment
3100-2970 0H stretch and CH
stretch
1720 C = 0 acid
1622 € = C aromatic
1450 CH deformation
130 C-Cl stretch

Other fingerprint bands are 1530, 1465 and
830 em™L. Clarke {12) reported the
principal peak are 1695, 1520 and 1229 cm~l.

Carbon-13 Nuclear Magnetic Resongnce Spectra
(C-13 NMR)

The C-13 NMR noise decoupled and off-
resonance spectra are shown in Figs.[4] and
[5], respectively. Both were recorded in
deuterated chloroform on a Jeol-XL-100 MHz
NMR spectrometer using tetramethylsilane

as a reference standard. The spectral
assignments are listed below:-

10 9
ClCHQCH2 7
8 5 h 3 2 1
N CH2—CH2—CH2—COOH
ClCHECHE

7! 6|
lol 9'
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Figure 3 : Infrared Spectrum of Chlorambucil as KBr Disc.
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C-NMR Spectrum of Chlorambucil in CDCI3 {Noise Decoupled).
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C-NMR Spectrum of Chlorambucil in (:DC]3 (0ff-Resonance).
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Carbon Chemical shift

_No. (ppm) Multiplicity
1 180.3 8
2 33.8% t
3 33.L% t
L 26.4 t
> 130.2 s
6 and 6' 129.6 a
T and 7' 112.1 a
8 1kk.3 s
9 and 9' 53.5 t

10 and 10' 40,4 t

s = singlet d = doublet t = triplet

3.7.4 Proton Magnetic Resonance Spectra (lH-NMR)

The 60 Miz lH—NMR spectrum of chlorambucil
in deuterated chloroform is shown in Fig.
[ 6]. The spectrum was recorded on

Varian T60-A NMR spectrometer using
tetramethylsilane (TMS) as the internal
standard.

The following are the structural assignments:

Chemical shift (ppm) Assignments
Multiplet at 1.8-2.8 -(CH2)3-CO protons
Singlet at 3.60 -N-CH,CH, protons

Multiplet at 6.6-7.08 Aromatic protons

Singlet at 11.5 0H (acidic) exchange-
able with D0,
Fig. [7].
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Figure 6 : ]H-NMR Spectrum of Chlorambucil in Deuterated Chloroform.
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3.7.5 Mass Spectrum

The electron impact (EI) mass spectrum of
chlorambucil at 70 eV, recorded on Varian
Mat 311 mass spectrometer using ion

source pressure of 10-6 Torr, ion source
temperature of 180°C and an emission
current of 300 pyA. The spectrum is shown
in Fig. [8]. The spectrum is dominated by
m/e 254 ion (base peak) resulting from the
loss of CHECl and H. A proposed mechanism
of fragmentation and the m/e of the major
fragments is given in Scheme 1.

The chemical ionisation (CI) spectrum

(Fig. [9]) is obtained on a Finnigan L4000
mass spectrometer with ion electron energy
of 100 eV, ion source pressure of 0.13 Torr,
ion source temperature of 150°C and emission
current of 300 pA. The spectrum shows a
pronounced peak resulting from the loss of
HCl (MY - 36) constitute the base peak at
m/e 268 and a molecular ion peak at m/e 304.
A proposed fragmentation pathway for the
fragment in the EI spectrum is shown in
Schemes la and 1b. The mass spectral
assignments of the prominant ions under CI
conditions are given in the following

m/e Fragment
306 [M + 2H]+
305 M
30k M
303 [MH - H2]+
, +
268 M - HC1]"
270 M+ 28 - H20]+
+
254 [MH - (H2 + CHzCl]

232 M - zuc1]”
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Figure 8 : Mass Spectrum of Chlorambucil (EI).
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Figure 9 : Mass Spectrum of Chlorambucil (CI).
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Proposed mechanism of fragmentation of chlorambucil.
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Scheme 1b: Proposed mechanism of fragmentation of chlorambucil.
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L. Synthesis
Everett et al (1) have synthesized chlorambucil and

some other nitrogen mustard. The synthesis have been
reported (17,18) as follows:

Nitration
CH CH CH COOH

Esterification
CHZCHZCHZCOOH —

Reduction Pd/CaCO3
0N @ CH,CH, CH,COOCH —>
N :

Ethylene oxide

CHZCHZCHZCOOCH3 CHSCOOH
HOCH.CH
2 \2 POC1,
oo
}q@. CH,,CH,,CH,,COOCH
HOCH,,C
CICH, CH

2y 2 Hydrolysis
N — -
/ CHZCHZCHZCOOCH3

CI1CH_CH

22
CICH CH

@ CH,,CH, CH, COOH

CI1CH CH
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5. Pharmacokinetics

5~l

Absorption, Distribution, Metabolism and Excretion

Oral absorption of chlorambucil is adequate and
reliable. The drug has a half-1ife in plasma of
approximately 90 minutes, and it is almost
completely metabolized {19). Although the intra-
venous route produced higher concentrations, absorp-
tion from the gastro-intestinal tract was consis-
tently rapid and appeared to be complete; peak -
plasma concentrations were achieved in 40 to 70
minutes. An hour after administration by either
route the rate of metabolism was similar and
sufficient to make a contribution to the activity
of the drug (20).

There appears to be extensive metabolic degradation
of the drug and a major metabolite, an aminophenyl~
acetic acid derivative which has a half-life of
about 2.5 hr in man, has been identified. The
ultimate metabolite(s) of chlorambucil in man has
yet to be defined and further work is required to
confirm these initial pharmacockinetic observations
(21).

McLean et al (20) reported two metabolites one was
identified as the B-oxidation »roduct of chloram-
bucily 2[4-N,N-bis(2-chloroethyl)aminophenyl] acetic
acid, also called phenylacetic mustard. This
metabolite is known to have an alkylating action in
animals.

Dorr and William (21) extensively reviewed the
disposition of chlorambucil in human being and
experimental animals. In rats, radicactive drug
appear to be cleared from the blood rapidly, and

at one hr the highest tissue concentration is found
in the liver. However, fairly homogeneous tissue
distribution was noted. The drug has also been

shown to distribute well into ascitic fluid after
subcutaneous administration. Sixty percent of drug
radiocactivity was excreted into the urine by 24 hr,
with the majority of the remainder existing as
tissue as tissue~bound drug (22). Significant drug
binding to gamma globulin proteins has been observed.
Apparently no drug is excreted in the feces.

Because a portion of the drug molecule has lipophilic
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properties, some fat (depot) drug storage may occur.
This could explain the prolonged clinical effect
of chlorambucil occasionally observed in man.

Therapeutic Uses

Clinical trials of chlorambucil were instituted in 1954,
During the subsequent 5 years the substance was studied
in quite some detail. The therapeutic uses of
chlorambucil have been discussed by Larionov (23). The
drug is given orally in tablet form in doses from 0.1

to 0.4 mg/kg, i.e. 6 to 25 mg daily. The course of
treatment usually lasts 3-O weeks. The total dose on
average is about 400 mg per course but in individual
patients it varies greatly with the form of the disease,
the stage, the condition of the organism, previous
treatment, etec. The therapeutic effect does not come

at once; but usually in the 2nd to 3rd week after start-
ing the drug. At these doses side effects in the gastro-
intestinal tract are rarely observed. Towards the end
of the course, neutropenia and thrombocytopenia may
appear, thus necessitating withdrawal of the preparation.
The maintenance dose of the compound is from 0.03 to

0.1 mg/kg, i.e. 2-6 mg daily.

Chlorambucil gives the best effect in chronic lymphoid
leumaemia both in the leukaemic and aleukaemic form and,
in particular, in that variant known as follicular
lymphoma Galton and Till (24). Altman et al (25),
Israels et al (26) Doan et al (27). In chronic lymphoid
leukaemias, chlorambucil is given in doses of 0.1 -

0.2 mg/kg, i.e. 6-12 mg daily for L4-8 weeks. The effect
consists remission expressed, in particular, in reduction
of the lymph nodes, spleen and liver, increased
haemoglobin, fall in lymphocytosis and sometimes increase
in neutrophils in the blood. The remission lasts from

3 months to 1-3 years. After the onset of a relapse,
remission can again be obtained in some patients by the
same drug (23).

Moore et al (8) used a continuous daily dose of 0.1 -

0.2 mg/kg. The drug may also be administered on an
intermittent basis (0.4 mg/kg every four weeks (28).

Both regimens commonly include prednisone. On the inter-
mittent schedule, monthly pulse doses ag high as 1.5 -

2.0 mg/kg were well tolerated and did not produce undue
marrow toxicity. An effective biweekly dosing schedule
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with lessened hematologic toxicity is also reported:
0.4 mg/kg every 2 weeks, increasing by 0.1 mg/ke
increments to toxicity or remission (5).

Toxicity

According to Dorr and William (21) chlorambucil is one
of the best tolerated oral alkylating agents. Bone
marrow depression, including neutropenia, thrombocyto-
penia, and lymphopenia, occurs with prolonged use.
Irreversible bone marrow damage, however, may occur.
Thus myelosuppression is the common dose-limiting
toxicity with chlorambucil. Gastrointestinal distress
with larger doses occurs but is usually not serious.
Rare hepatitis and disturbances of liver function have
also been reported.

Central nervous system stimulation has occurred with
chlorambucil but is uncommon unless large doses are
used. TInadvertent toxic ingestions in children of

1.5 - 5 mg/kg have occurred without fatalities but with
moderate toxicity characterized by vomiting, agitation,
irritability, and hyperactivity followed by lethargy
and eventual mild pancytopenia (29,30). Chromosomal
damage is well documented for this agent although the
exact mechanism is not well known (31). Lerner (32) has
further associated chronic chlorambucil therapy with a
high incidence of secondary acute myelogenous leukemia.

Similar to some other alkylating agents, chlorambucil
can also cause alveolar dysplasia and pulmonary fibrosis
with long-term use (33). A good clinical response to
drug discontinuance and corticosteroids was noted in
this case. Spermatogenesis is alsc depressed while the
patient is on chlorambucil therapy (3L4). LDsg in rats
in a single administration is 21-23 mg/kg (35).

Methods of Analysis

8.1 Tdentification

British Pharmacopoeia 1980 (9) describes the
following identification tests:

1) Mix 0.4 g of chlorambucil with 10 ml of 2 M
hydrochloric acid and allow to stand for thirty
minutes, shaking occasionally. Filter, wash the
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residue with two quantities, each of 10 ml, of
water, and reserve the mixed filtrates and wash-
ings for test for identification 2. Melting
point of the residue, after drying over
phosphorous pentoxide at a pressure not exceed-
ing 0.7 KPa (about 5 torr) for three hours,
about 1L46°.

2} To 10 ml of the mixed filtrate and washings
reserved in test for identification, add 0.5 ml
of potassium mercuriiodide solution; a buff-
colored precipitate is produced. To a further
10 ml add 0.5 ml of potassium permanganate
solution the purple color is discharged.

3) Mix 0.6 g with 0.2 ml of phenylhydrazine, heat
in a water bath for ten minutes, stirring
occasionally, add 2 ml of absolute ethanol, heat
for twenty seconds, filter immediately, and
allow to stand for thirty minutes. Crystals of
phenylhydrazinium chloride are formed, which,
after washing with two quantities, each of 1 ml,
of absolute ethanol and drying at 105°, have
a melting point of about 245°, with decomposition.

U.S. Pharmacopeia XX (1L) describe the following
tests for the identification of chlorambucil:

1) The infrared absorption spectrum of a 1 in
125 solution in carbon disulfide, in a 1 mm cell,
exhibits maxima only at the same wavelength as
that of a similar solution of USP Chlorambucil
Reference Standard.

2) Dissolve 50 mg in 5 ml of acetone, and dilute
with water to 10 ml. Add 1 drop of 2 N sulfuric
acid, then add L drops of silver nitrate (test
solution): no opalescence is cbserved
immediately (absence of chloride ion). Warm
the solution on a steam bath: opalescence
develops (presecne of ionisable chlorine).

Titrimetric Methods

U.S. Pharmacopeia XX (14) describes the following
method:

Dissolve about 200 mg of chlorambucil, accurately
weighed, in 10 ml of acetone, add 10 ml of water,
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and titrate with 0.1 N sodium hydroxide VS, using
phenolphthalein TS as the indicator. Each ml

of 0.1 N sodium hydroxide is equivalent to 30.42 mg
of Cth19Cl2N02.

British Pharmacopoeia 1980 (9) describes the
following method:

To 0.5 g of chlorambucil, add 20 ml of M sodium
hydroxide and boil under a reflux condenser for
one hour. Cool, transfer the mixture to a 100-ml
graduated flask with the aid of water, add 50 ml
of 0.1 M silver nitrate VS and 5 ml of nitric acid,
mix, and add sufficient water to produce 100 ml.
Filter and titrate the excess of silver nitrate
in 50 ml1 of the filtrate with 0.1 M ammonium
thiocyanate VS, using 3 ml of ammonium iron (IIT)
sulfate solution as indicator. Each ml of 0.1 M
silver nitrate VS is equivalent to 0.01521 g of
CthlQClZNOE'

Spectrophotometric Methods

8.3.1 Colorimetric Method

Petering and Van Giessen (36) described a
colorimetric procedure for determination of
nitrogen mustards including Chlorambucil,
Dopan, Uracil Mustard and Mustargen in
plasma. Mix the drug (10 to T0 ug),
dissolved in a 5% solution of dimethyl-
acetamide in either ethanol or 0.9% NaCl
solution, with phthalate buffer solution
(pH 4.0) (1 m1), 5% h-(p-nitrobenzyl)-
pyridine solution in acetone (1 ml) and 0.9%
NaCl solution (1 ml), and dilute with
ethanol to 4 ml. Heat at 80° for 20 min.,
cool in ice, add N-KOH in 90% ethanol

(0.1 m1), dilute with ethanol at 600 myu
within 2 or 3 min. Carry out a blank
determination.

8.3.2 Infrared Spectrometric Method

Kozlov and Sbezhneva (37) reported an
infrared spectroscopic analysis of chloram-
bucil in pharmaceutical preparations.
Specially to determine the amount of active



CHLORAMBUCIL

8.3.3

8.3.4

109

ingredients in carcinostatic preparations

« containing chlorambucil. 0.1 g of sample of

the preparation is extracted in 100 ml of
acetone and the absorbance of aliguot is
measured at 770 em~l. The error does not
exceed + 19%.

Ultraviolet Spectrometric Method

El-Tarras et al (38) developed a simple
method for the determination of chlorambucil
in pharmaceutical preparations. The
powdered tablets are extracted into ethanol
(4L X 10 ml). The filtered extract was
diluted to 50 ml with ethanol. A portion of
this solution was further diluted as required
with ethanol and the absorbance measured

at 250 nm vs ethanol. The concentration of
the drug is calculated using a calibration
curve.

Mass Spectrometric Methods

Chang g&_g;_(39) developed a sensitive and
specific method for the determination of
chlorambucil and its metabolites in bio-
logical samples. The method is based on
selected ion monitoring deteetion following
simple extraction of the parent compound,
its metabolite and internal standard
(Chlorambucil-d8) from plasma and urine
samples. To determine chlorambucil and
h-[bis-(2 chloroethyl)amino]phenyl acetic
acid in 0.5 ml plasma or urine add 0.5 ml
of 4% HC10) (perchloric acid) and [2Hg]
chlorambucil as internal standard. The
mixture is extracted with ethyl acetate and
hexane {1:1). The organic layer was dried
with purified Np at room temperature and
several drops of methylene chloride were
added to dry residue to form trimethyl silyl
derivative. This is submitted to GLC
column (50 em X 2 mm) of 3% of OV-17 on gas
Chrom Q (100 to 120 mesh) after 40 seconds
at 190°C the column temperature is rapidly
raised to 310°C; 70 eV-m.s detection is
used. Trimethylsilylated chlorambucil is
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monitored at m/e 326 and 328, the derivative
of the metabolite of chlorambucil at m/e
298, and that of the internal standard at
m/e 383 and 385, The mean recovery and
standard deviation were 94.3 * 1.3%.

Jakhammer et al (40) described an analytical
procedure for simultaneous determination of
chlorambucil and prednimustine in plasma.
The method involves extraction and separa-
tion followed by derivatization to chloram-
bucil methyl ester and mass fragmentography.
The drugs are extracted into chloroform,
hexane (3:7) and separation is done by
partition after adding 0.1 M phosphate -

0.1 M borate buffer (pH 9.0). Chlorambucil
in the aqueous phase add predenimustine in
organic phase are each transesterified with
methanol-BF3 diethyletherate (L:1). The
compounds are determined using fragmentogra-
phy. A Varian MAT mass spectrometer in
combination with Varian Aerograph 1400 gas
chromatograph with a column of 0.5% of
Carbowax 20 M on Chromosorb W-HP, are used.
Analogues, prepared by introducing eight 2H
atoms into the bis-(2-chlorcethyl)aminoc group
of both compounds are used as internal
standards and carriers. The detection 1limit
is about 8 ng/ml for both determinations and
the relative standard deviation 3% for
chlorambucil and 5% prednimustine at 30-60
ng/ml level.

8.4 Chromatographic Methods

8.4.1 Thin Layer Chromatograph (TLC)

Norpoth et al (L1) described a TLC method
for the determination of alkylating cyto-
static agents on a thin layer plate with
isonicotinaldehyde benzothiazol-2-yl-
hydrazone. The drug samples are dissolved
in methanol. The spot is applied on a sheet
or precoated plates. After developing and
drying the chromatogram, it is sprayed with
3% solution of reagent in acetophenone -
dimethylformamide (T7:3) containing 0.01 ml
of concentration HCl per 100 ml. It is then
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placed over a bath of acetophenone and bath
and plate are heated at 200°C for 20
minutes; the cooled plate is then sprayed
with triethylamine. Chlorambucil produces
red spot. For quantitative determination
the color intensity of the spot is measured
using chromatogram spectrophotometer.

Gas Liquid Chromatography (GLC)

Ehrsson et al (42) described a GLC technique
for determination of chlorambucil in plasma
by gas-liquid chromatography with selected
ion-monitoring. 2 ml of plasma sample
containing 8 ug of chlorambucil per ml was
mixed with hydrochloric acid, phosphoric
acid, or phosphate buffer (0.2 ml). The
mixture was extracted with methylene
chloride (2 ml) for 30 minutes. An aliquot
of organic phase was separated and
evaporated to dryness with nitrogen gas.
The residue was dissolved in methanol-water
0.1 M, acetic acid (75:15:10) and analysed
on gas chromatography. Alternatively the
plasma samples were adjusted to pH 3 with

1 M phosphoric acid and extracted with
ethylene dichloride for 30 minutes. The
organic phase was separated and extracted
with 0.5 ml of 0.1 M sod. sulphide for 5
minutes. The agueous phasc was separated
and heated for 15 minutes at 80°C to convert
chlorambucil into tetrahydrothiazine
derivative, then concentrated phosphoric
acid (0.91 ml) was added, and HpoS removed
with Np for 5 minutes. To this 0.05 ml of
12 M NaOH, 0.2 ml of 0.5 M tetrabutyl
ammonium, 0.2 ml methylene chloride and
0.05 ml allylbromide were added and the
mixture was shaken for 30 min at 25°C. The
organic phase (1-2 mcg) was injected in GLC
{at 250°C) on a column of 5% of OV-17 on
gas-Chrome-Q operated with 70 eV.m.s.
detection. The internal standard used was
[2H8] chlorambucil. The peaks were monitored
at m/e 305 and 313 for chlorambucil and
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[2H8] chlorambucil respectively. The
coefficient of variation for 10 ng/ml of
chlorambucil was 5%.

High-Pressure Liquid Chromatography (HPLC)

Newell et al (43) developed a HPLC method
for estimation of chlorambucil, phenyl-
acetic mustard and predenimustine in human
plasma. One ml plasma was extracted with

2 ml of ethyl acetate, the emulsion formed
by vigorous agitation on a Whirlimixer was
frozen by immersing the tubes in a methanol
carbondioxide bath at - 68°C. The tubes
were centrifuged at 600 ug for 10 minutes
at 4°C until the thawed aqueous phase could
be separated. The procedure was repeated
with further 2 ml of ethylacetate, the
pooled ethyl acetate extracts were dried
over anhydrous sodium sulphate for 1 hour
at room temperature. 2 ml of dried ethyl
acetate extract was evaporated to dryness
in a stream of nitrogen at 45°C. The
residue was dissolved in 100 ml of ethyl
acetate for chromatographic analysis.

50 yl of the extract was injected on a

H Bondapak C 8 column. Linear gradient
or elution was done at 2 ml per minute with
aqueous 0.175 M - acetic acid (from 40 to
0%) in methanol during 10 minutes followed
by isocratic elution with methanol. This
method gave a good separation of chloram-
bueil in less than 12 minutes. The
absorbance of elute was monitored at 25&,
and 280 nm simultaneously. Detector res-
ponse was rectilinear over a range of 5 to
1000 ng of the compound. The recovery of
chlorambucil was constant over the range of
0.05 to 10 um.

Leff and Bardsley (44) have reported
pharmacokinetic of chlorambucil in ovarian
carcinoma using a new HPLC assay. The
apparatus consisted of a Waters Associates
M6000 pump, a 10 X 0.46 cm steel column
packed with S 5 0ODS, a Waters Associates
Model U6K injector, a Pye-Unicam LC3 variable
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wavelength UV detector operating at 254 nm.
The mobile phase was water: methanol 20:80
(v/v) with 0.1% ammonium acetate (w/v). The
flow rate used was 1 ml min-1 (= 500 psi).

Zakaria and Brown (45) reported a rapid
assay for plasma chlorambucil and its
metabolite (phenylacetic mustard) using
reversed-phase liquid chromatography.
Plasma (20 or 30 upl) is injected directly
in the chromatographic system, which
incorporates a 5 em Co: Pell 0DS pre-column
for sample clean up. A partisil PXS-10/25
ODS column (25 cm X 4.6 mm) or, for faster
elution, a chromegabond MC-18 column

(15 ecm X 4.6 mm) is used for the analysis.
The mobile phase being methanol - 0.02 M -
KH,PO), (1:1 or 11:9, respectively) at 1.5
or 1.0 ml min'l, respectively. Calibration
graphs are rectilinear over the range of
interest. Simultaneous detection at 280
and 254 nm allows picomole amounts to be
determined.

Chatterji et al (46) have studied kinetics
of chlorambucil hydrolysis using high-
pressure liquid chromatography. The high-
pressure ligquid chromatograph was equipped
with a fixed-volume loop injector and a
fixed wavelength detector. A 250 X 4.6 mm
i.d. reversed-phase column was used.
Separation was performed on a reversed-phase
column (Zorbax C-8, 6 um average particle
size, Dupont Instruments, Willington, Del.)
and methanol-acetonitrile-0.01 M acetate
buffer, pH 4.5 (65:5:30), at a flow rate

of 1.6 ml/min was used as the mobile phase.
A 10 yl full loop volume was quantitatively
injected, and the recorder was set at 0.32
aufs (254 nm detector).

Ehrsson et al (47) described a reverse
phase HPLC method to study degradation of
chlorambucil in aqueous solution. Chloram-
bucil and its degradation products, h-(L4-(2-
chloroethyl-2-hydroxyethylamino)-phenyl)
butyric acid, are determined in aqueous
methanol. The chlorambucil solution is
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prepared by adding 10 mg of compound in

0.5 ml methanol and the volume is made

upto 100 ml with distilled water. At
different time intervals extraction is done
with ethyl acetate, the solvent is
evaporated to 0.2 ml under a nitrogen
atmosphere. Reversed-phase HPLC analysis
is done on a column (15 cm X L mm) of
Li-Chrosorb RP-18 (5 um). Methanol/water
containing 0.01 M phosphoric acid 1s used
as mobile phase. A UV detector adjusted

at 253.7 nm was used for determination of the
concentration.

Ahmed et al (48) described a quantitative
method for determination of chlorambucil

in plasma by reversed-phase high-performance
liquid chromatography. The plasma samples
are deproteinised by adding L4 volumes of
acetonitrile at pH 3. The tubes were centri-
fuged for 2 minutes and the supernatent was
rapidly frozen in solid carbondioxide-acetone
to complete deproteinisation. The tubes are
centrifuged for 2 minutes. The aliquot so
obtained was analysed on Water's Radial-PAK
C1g (10 um) cartridge, with acetonitrile-
0.2% acetic acid (13:7) as mobile phase.
Absorbance was monitored at 263 nm and
recorded on a Data Module. A standard curve
was developed using acetonitrile solution

of chlorambucil standard.

The authors would like to thank Mr. Syed Ali Jawad for
the technical assistance and Mr. Tanvir A. Butt for the
secretarial assistance in typing the manuscript.
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1. Foreword, History, Therapeutic Category
Chlorzoxazone 1s a centrally active muscle relaxant for
the treatment of painful muscle spasms associated with
muscloskeletal disorders, such as fibrositis, bursitis,
myositis, spondylitis, sprains, and muscle strains. The
skeletal muscle relaxant properties were first
discovered by Marsh at McNeil Laboratories in the late
1950s (1). Onset of therapeutic activity is observed
within one hour and the duration usually lasts up to 6
hours. The drug was reported to be useful in the
treatment of painful spasm of skeletal motor muscles by
acting at spinal levels of the central nervous system
(2). The drug exhibits minimal adverse effects and
almost no gastrointestinal irritation., Chlorzoxazone was
ranked among the top 100 most widely prescribed drugs
for many years (3).

2. Description

2.1 Names, formula, molecular weight
Generic name - Chlorzoxazone
Trade name — Marketed by McNeil Pharmaceutical
under the trade name, Paraflex.
Chemical names - 5 Chloro-2-(3H)-benzoxazolone,
5-Chloro-2~benzoxazolol, 5-Chloro-2-
hydroxybenzoxazole, 2-Hydroxy-5-Chlorobenzoxazole,
5-Chlorbenzoxazolin-2-one, 5-Chlorobenzoxazolidone.
Chemical Abstracts Registry No. 95-25-0

00 O~ OH
R — Nl
Cl N-H Cl N

C7H4C1N02 Mol. Wt. 169.58

2.2 Appearance, Color, Odor, Taste - Odorless colorless
crystals or a white to creamy white crystalline
powder with a bitter taste.
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3. Sznthesis

JAMES T. STEWART AND CASIMIR A, JANICKI

Chlorzoxazone is synthesized by either the acid hydroly-
sis of 2-amino-5~chlorobenzoxazole (4) or by treating
2-amino-4-chlorophenol with phosgene in ethyl acetate
(5). It can alsc be prepared from the reaction of
sodium ethoxide with 2-ethoxycarbonylamino-
4-chlorophenol in tetralin (6).

O~ NH,
T ot
HzO

Cl

Cl

Cl

OH

N

NHCO,CpHs

4. Physical Properties

Cl

()'\\r;()
NH
CICOCI

OH

NH

4.1 Infrared Spectrum - An FTIR spectrum of chlorzoxa-

zone is shown in Figure 1.

1

-1

1

cm % T cm % T cm %2 T
3470 72.6 1367 43.8 732 52.8
3155 36.3 1330 53.6 713 32.2
3117 39,7 1300 27.3 600 45,8
3087 37.3 1262 26.2 591 41.8
3057 35.2 1153 21.1 552 49.0
2978 46.4 1101 58.7 417 67.6
2282 69.1 1064 54,8 394 70.2
1924 67.4 964 16.4 382 79.1
1885 70.2 923 33.1 352 66.1
1772 3.2 867 46,1 234 8.8
1621 30.5 845 23,7 216 5.0
1482 13.5 805 19,2 210 6.7
1463 34.3
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Fig. 1 FTIR spectrum of chlorzoxazone
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Ultraviolet Absorption Spectrum - A solution of the
drug in absolute methanol shows a maximum at 282 %
2 nm and & minimum at 248 + 2 nm. There is an
inflection at about 228 wm (see Figure 2).

1
Nuclear Magnetic Rescnance Spectra - 3C and proton
nuclear magnetic resonance spectra are shown in
Figures 3 and 4.

b
e h
d O30
Cl NH
g f
C
13C NMR
Carbon § (ppm)
a 39.4 DMSO-d5
b 109.8
c 110.8
d 121.4
e 127.7
f 131.7
g 142.1
h 154.2
C
0 0
e
NH
o ¢
d
Proton NMR
Proton SZPPm)
a 2.49 DMSO—d5
b 3.36 HDO
c 7.10
d 7.13
e 7.28
f 11.8
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Mass Spectra — Electron impact (EI) and chemical
ionization (CI) mass spectra are shown in Figures 5
and 6.

X-Ray Diffraction - Figure 7 shows an X-ray
diffraction pattern for chlorzoxazone powder.

Thermal Analysis - A DSC thermogram of
chlorzoxazone is shown in Figure 8,

Melting Range - The melting point range is
189-194°C,

Solubility - Chlorzoxazone is very slightly soluble
in water (0.2 - 0.3 mg/ml), sparingly soluble in
ethanol and methanol, soluble in chloroform (1l g in
250 ml) and ether (1 g in 60 ml). It is freely
soluble in aqueous solutions of ammonia and alkali
hydroxides.

4.9 pKa - The pKa of chlorzoxazone in 8.3.

Methods of Analysis

5.

5

5.

5.

1

.2

3

4

Fluorescence Spectrophotometry - Stewart and Chan
have studied the reaction of chlorzoxazone with
dansyl chloride, fluorescamine, 2,4-dihydroxy-
benzaldehyde, and salicylaldehyde to form fluoro-
phores (7). Fluorescamine gave the highest inten-
sity product and was used to analyze chlorzoxazone
in the 0.27 - 3.4 ug/ml range. The same authors
also reported that chlorzoxazone exhibits native
fluorescence in chloroform using excitation and
emission wavelengths of 286 and 310 nm, respective-
ly (8).

Ultraviolet Spectrophotometry - Conney et al
utilized a back-extraction approach to quantitate
chlorzoxazone at 289 nm (9). The drug can alsoc be
directly determined at 282 nm in absolute methanol
(10).

Iodometric Titrimetry - Beral et al titrated
chlorzoxazone (after treatment with boiling 10%
sulfuric acid, potassium bromide and potassium
bromate) with 0.1 N sodium thiosulfate after
potassium iodide was added to a cooled solution

(11).

Gas Chromatography — Kaempe has chromatographed
chlorzoxazone on a packed 157 Dexsil 300 on HP
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0fT1

%1

i00

80

60

40

20

+

MH

B (o]
~
-
© M+29
@®
o
r m 1 . U - Y A L Jus \
50 90 130 170 210 250

m/e

Fig. 6 Chemical ionization (CI) mass spectrum of chlorzoxazone



IEl

90’—

80+

70t

50+

aof

30t

20}

U JUL

35°

330

3l

29° 270 250 23 pp 9°  i7e 50 130 (e

Fig. 7 X-Ray diffraction pattern of chlorzoxazone

7'0

50



<ENDD

MCAL./SEC

5.00

CHLORZOXAZONE, LOT 2933

WT: 1.00 mg

SCAN RATE: 5. 00 deg/min

+ r—————————————
2.50 t+
0.00 — — Ja—
360, 08 388. 08 400. 00 420.00 440.00 450,00 480. 90 500. 00
psc

Fig. 8 DSC

TEMPERATURE (KD

thermogram of chlorzoxazomne



CHLORZOXAZONE 133

Chromosorb W 80/100 mesh glass column (6 ft x 6.4
mm i.d.). The retention time was 0.62 relative to
caffeine using a column temperature of 220°C (12).
Parker et al attempted to chromatograph the drug on
SE~30 (0.05% on glass microbeads 60/80 mesh) at 150
and 165°C column temperatures with no success (13).
Desiraju et al chromatographed chlorzoxazone on a 6
ft x 4 mm 1.d. glass column packed with 3% OV-1 on
60/80 mesh Gas Chrom Q (l4). Column temperature
was 130°C and retention time was 3.25 minutes using
a column flow rate of 30 ml/minute.

Beckett et al reported that chlorzoxazone can be
chromatographed on a 2.5% SE-30 on 80/100 mesh
Chromosorb W acid-washed HMDS treated 5 ft x 4 mm
i.d. glass column at a column temperature of 225°C
(15). Retention time was 0.69 relative to
diphenhydramine. Nitrogen was used as carrier gas
at 50 ml/min and FID detection was utilized.
Ardrey and Moffat also reported that a 2 m x 4 mm
i.d. glass column containing 2.5% SE-30 on 80/100
mesh Chromosorb G acid-washed HMDS treated will
separate chlorzoxazone using a column temperature
of 173°C (16). Retention time is given relative to
n-alkanes.

Pedroso and Moraes have chromatographed chlorzoxa-
zone on 2.5% SE-30 and 3% OV-17 at 200 and 220°C
column temperatures, respectively (17). They used
the retention data to perform qualitative analysis
of the drug based on Kovat's Retention Indices.

5.5 Thin-Layer Chromatography

Stationary Phase Mobile Phase Ei

Silica Gel HF254 Chloroform-methanol 19:1 0.3218
Chloroform-methanol 9:1 0.58
Chloroform-methanol 4:l 0.87
Chloroform-methanol 7:3 1.00
Chloroform-methanol 3:2 1.00

Kieselgel 60F 0.69%°

254

Toluene -
ethylacetate -

85% formic acid (50:45:5)
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19

Kieselgel 6OF2 0.68

>4 Toluene -

Isopropanol -
concd. ammonium
hydroxide (70:29:1)

19

Kieselgel 60F2 0.55

>4 Toluene-dioxane -
methanol -
ammonium hydroxide
(20:50:20:10)

Silica Gel 60F 20

Toluene - 0.83
Acetone -
2N Acetic Acid -

(30:65:5) -

254

Silica Gel 60F254 Toluene ~- 0.9520

Isopropanol -
Ethyl Acetate -
2N Acetic Acid
(10:35:35:20)
Bonded C18F Methanol - 0.32%0
0.5% Phosphoric Acid
3% Sodium Chloride
(60:10:30)
20
Bonded C18F Isopropanol - 0.35
0.5% Phosphoric Acid -
3% Sodium Chloride
(40:10:50)

20
Bonded C18F Isopropanol - 0.33
Methanol -

0.5% Phosphoric Acid -
3% Sodium Chloride
(23:23:10:44)
Bonded C18F Tetrahydrofuran - 0.3220
Methanol -
0.5% Phosphoric Acid -
3% Sodium Chloride
(28:28:10:34)
Bonded Cl8F Methanol - 0.6020
2N Ammonia -
3% Sodium Chloride
(60:10:30)
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Bonded C18F

Bonded Cl8F

Bonded C18F

Bonded C18F

Bonded C18F

Bonded C18F

Bonded C18F

Bonded C18F

Bonded C18F

Isopropanol -

2N Ammonia

3% Sodium Chloride
(40:10:50)

Isopropanol -
Methanol -

2N Ammonia -

3% Sodium Chloride
(23:23:10:44)

Tetrahydrofuran -
Methanol -

2N Ammonia -

3% Sodium Chloride
(28:28:10:34)

Acetonitrile -
3% Sodium Chloride
(50:50)

Methanol -
3% Sodium Chloride
(60:40)

Acetone
3% Sodium Chloride
(50:50)

Tetrahydrofuran -
3% Sodium Chloride
(43:57)

Isopropanol -
3% Sodium Chloride
(40:60)

Methanol -
Isopropanol -
Tetrahydrofuran -
3% Sodium Chloride
(17:17:17:49)

135

0.47%0

0.43%0

0.5520

0.46%0

0.32%0

0.25%0

0.18%°

0.35%0

0.362°

5.6 Paper Chromatography - Clarke reported that chlor-

zoxazone gave an R
87:13 n-butanol-wa
(21).

fe

of 0.93 using a mobile phase of
r containing 0,48% citric acid
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High Performance Liquid Chromatography - Stewart et
al have chromatographed chlorzoxazone on an octa-
decylsilane column using varying proportions of
absolute methanol-distilled water (22). Chlorzoxa-
zone was effectively separated from acetaminophen
in a mixture with 50:50 methanol-water at a

2.0 ml/min flow rate using refractive index de-
tection. The drug has also been chromatographed on
an octadecylsilane column using 60:40 water-
methanol (23), and a 1l:1 acetonitrile-water mixture
(10). These methods utilized ultraviolet detection
at 280 nm.

Non-Aqueous Titrimetry - Chlorzoxazone is titrated
with 0.1 N sodium methoxide in dimethylformamide
using thymol blue as indicator (24). The drug can
also be titrated in dimethylsulfoxide using 0.1N
propanolic potassium hydroxide as titrant and
metanil yellow as visual indicator (25).

Colorimetry - Sanghoil reported a colorimetric
procedure for chlorzoxazone based on base hydroly-
sls of the drug followed by diazotization of the
product with nitrous acid formed in situ (26). The
color measured at 405 nm is stable for 60 minutes
and obeys Beer's Law in the 4-32 ug/ml range.

Color Test - The Koppanyi-Zwikker test gives a
violet color (27).

Polarizing Microscopy - Watanabe et al., reported
that polarizing microscopy can be used as a quali-
tative identification tool for chlorzoxazone (28).

Potentiometry ~ A potentiometric method for the
determination of chlorzoxazone, based on the use of
a carbon dioxide gas-sensing electrode, is de-
scribed by Tagami and Muramoto (29). Upon reflux-
ing the drug with 3N sodium hydroxide, aminophenol
and sodium carbonate are formed.

Acidification of the reaction mixture yields

carbon dioxide which is sensed by the gas-permeable
membrane electrode. A linggr calibratign plot was
obtained within the 3 x 10 to 5 x 10 ™ M range of
chlorzoxazone. -

Stability

Chlorzoxazone is stable in the solid state for up to 5

years at room temperature. Storage at temperatures for
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up to 80°C and in artificial sunlight conditions (1000
foot candles) for up to 4 weeks did not cause
significant degradation.

Tablets of chlorzoxazone have also been found to be
stable for up to 5 years at room temperature. Tempera-
tures for up to 60°C, humidity conditions of 40°C/807%
relative humidity and artificial sunlight (1000 foot
candles) for up to 4 weeks have not caused degradation
of the product.

An aqueous suspension of the drug in distilled water or
acidic media is generally stable but in solutions with a
PH greater than 7, the solution is generally not stable.
Chlorzoxazone yields 2-amino-4-chlorophenol as its major
degradation product.

7. Drug Metabolic Products, Pharmacokinetics, and Bioavail-
ability
7.1 Drug Metabolic Products
7.11 Urine metabolism - The metabolic product of

chlorzoxazone was isolated from urine of human
subjects administered an oral dose of the
drug. Ether extraction of urine yielded a
residue which was identified as 6-hydroxy-
chlorzoxazone (9). Studies showed that the
metabolite is eliminated as the glucuronide
conjugate to the extent of 747 of the dose.
6~Hydroxychlorzoxazone had little or no muscle
relaxant activity when tested in mice and
rats. In 1982, Twele and Spiteller identified
two additional chlorzoxazone metabolites from
human urine, a 5-chloro-2,4-dihydroxy-
acetanilid produced from 6-hydroxychlorzoxa-
zone by ring cleavage and acetylation of the
amino moiety, and 6-hydroxybenzoxazolone,
produced by substitution of hydrogen for
chlorine and hydroxylation of a neighbor
ring-carbon atom (30).

7.12 In-vitro metabolism - Chlorzoxazone was
incubated with fortified homogenates of mouse
and rat liver. The reaction was stopped by
addition of 3N hydrochloric acid. Spectro-
photometric assay of a sample preparation
identified 6-hydroxy-chlorzoxazone as the
major metabolite (31). It has been estab-
lished that the liver is the principal site of
metabolism.
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Pharmacokinetics and Bioavailability - The
following pharmacokinetic data were obtained
following a 750 mg oral dose of chlorzoxazone to
human subjects (l4):

Peak plasma concentration 36.3 * 2.3 ug/ml
Peak time 38 * 3.3 minutes
AUC (0-10 hr) 4084 + 284 yg min/ml
Apparent Volume of 13.70 = 5.07 liters

Distribution (V/F)

Elimination Rate Comstant (K) 0.73 £ 0.29 hr ]
Absorption Rate Constant (k_) 2.28 * 2,08 hr
Elimination Half Life (tl)a 1.12 + 0.48 hr
Apparent Clearance (RV/F)? 148.0 £ 39.9 ml/min

There is rapid absorption and elimination of
chlorzoxazone. Chlorzoxazone is widely distributed
in plasma and tissues. Less than 17 of the drug is
excreted unchanged in urine. The drug concen-
tration in fat is twice the plasma concentration,
while liver, muscle, brain and kidney concen-
trations are one-half or less that found in plasma.
The apparent volume of distribution of approximate-
ly 14 liters suggests that the drug is not widely
distributed and that it would be confined to the
circulatory system and possibly the extracellular
fluid.

8. Identification and Determination in Body Fluids and

Tissues

8.1

Ultraviolet Spectrophotometry - Conney et al
reported the extraction and estimation of
chlorzoxazone in urine (9). Petroleum ether
containing 1.5% isoamyl alcohol was shaken with the
urine sample for 60 minutes. The organic phase was
separated and the drug was back extracted into 0.5
N sodium hydroxide. Absorbance read at 289 nm
followed Beers Law. Recovery of drug from urine
was 93 * 2%,

Fluorescence Spectrophotometry - Stewart and Chan
reported the quantitation of chlorzoxazone from
plasma and/or urine samples (8). Chlorzoxazone was
extracted from the biological sample at pH 2.5 with
petroleum ether containing 1.5% isocamyl alcohol.
The organic phase was re-extracted with strong
base, the pH adjusted to pH 6.8 with hydrochloric
acid, and the drug extracted into chloroform for
the measurement step. Excitation and emission
wavelengths were 286 and 310 nm, respectively,
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8.3

Drug concentration and fluorescence were linear
from 0.06 - 3.2 ug/ml and 0.13 - 3.0 ug/ml for
plasma and urine, respectively. Limits of
detection were 60 and 130 ng/ml for plasma and
urine, respectively. Percent recoveries of
chlorzoxazone from plasma and urine were 86.63 2
1.66 and 95.37 + 2,427, respectively.

Stewart and Chan also reported a procedure for the
analysis of chlorzoxazone based upon solvent
extraction of the drug from human plasma or urine
followed by chemical derivatization with fluoresca-
mine (7). Linear detection range was 2-10 ug/ml
using excitation and emission wavelengths of 370
and 505 nm, respectively.

High Performance Liquid Chromatography - Honigberg,
Stewart, and Coldren reported an HPLC assay for
chlorzoxazone and 6-hydroxy-chlorzoxazone in plasma
based on ether extraction of the compounds from
acidic plasma (22). The separation was achieved on
an octadecylsilane column (30 cm x 3.9 mm, 1.d.) at
a flow rate of 2 ml/min with UV detection at 280 nm
and a mobile phase of 40:60 absolute methanol-
distilled water. Retention times for the hydroxy
compound and drug were approximately 4 and 8
minutes, respectively. The limit of detection for
each compound was calculated to be 80 ng at
signal/nolse = 2.

Another HPLC assay for chlorzoxazone in plasma
reported by Ng at McNeil Pharmaceutical (32) used
at 1:1 acetonitrile-distilled water mobile phase,
an octadecylsilane column (25 c¢m x 4.6 mm, i.d.), a
2.0 ml/min flow rate, and UV detection at 280 nm.
Retention time for the drug is 2.9 minutes. Ethyl
5-chloro-2-hydroxycarbanilate was used as internal
standard (retention time of 4.5 minutes)., A plasma
sample was made acidic with hydrochloric acid and
extracted once with ethyl acetate. The ethyl
acetate was evaporated to dryness and the residue
dissolved in methanol prior to injection into the
HPLC.

Stewart and Carter reported modifications in the
above mentioned HPLC assay by Honigberg, Stewart
and Coldren in which an octadecylsilane solid-phase
extraction column was used to separate chlorzoxa-
zone and 6-hydroxychlorzoxazone from human serum
(33). Percent recoveries were 90.24 * 4.28 and
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86.06 + 3.58% for drug and metabolite, respec-
tively. The separation was achieved on an octa-
decylsilane column using a mobile phase of 50:50
acetonitrile-aqueous 0.05 M sodium dihydrogen
phosphate, pH 4.5 with phenacetin as internal
standard. The two compounds were detected at the
glassy carbon electrode using a cell potential of +
1300 mV. These modifications halved the original
HPLC analysis time and increased detection for each
compound to 2.5 ng, 30 times the previous limit of
detection using 280 nm.

Gas Chromatography - Desiraju et al reported a
packed column method for the quantitation of
chlorzoxazone in plasma samples (14). The drug is
extracted from acidified plasma with ethyl acetate
containing the internal standard, n-hexadecane.
The ethyl acetate is separated and evaporated to
dryness. Pyridine and acetic anhydride are added
to the residue, the tube is capped, and the
reaction allowed to proceed at 42°C for 20 minutes.
An aliquot of the mixture is injected into the gas
chromatograph.

The GC parameters were flame ionization detection
(30 and 300 ml/min flow rates for hydrogen and air,
respectively), carrier gas (nitrogen at 30 ml/min),
6 ft x 4 mm i.d. glass column packed with 3% 0OV-1
on 60/80 mesh Gas Chrom Q, and column temperature
of 130°C. The retention times of chlorzoxazone and
internal standard were 3.25 and 4.5 minutes,
respectively., The limit of detection was 0.5 ug/ml
using 1 ml of plasma. The calibration curve was
linear in the 0.5 - 25 ug/ml range. Extraction
efficiency for chlorzoxazone was 88 * 8% (n = 6).

Identification and Determination in Pharmaceuticals

9.1

Colorimetry - Twenty tablets were weighed and
powdered in a dry mortar and pestle. An aliquot of
the powder equivalent to 40-60 mg of chlorzoxazone
was hydrolyzed with 20% sodium hydroxide solutionm,
cooled, and reacted with nitrous acid to yield the
diazonium salt, whose absorbance measured at 405 nm
obeyed Beer's Law in the 4-32 ug/ml range (26).
Acetaminophen and indomethacin were shown to
interfere with the method. Recovery of chlorzoxa-
zone in bulk powder and tablet samples was in the
98.3 - 99.9% range utilizing the assay procedure.
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9.2

9.3

9.4

Ultraviolet Spectrophotometry - Kirschner of McNeil
Pharmaceutical reported an assay for the drug in
tablets as follows (10):

Standard Preparation: Dissolve a suitable quantity
of USP Chlorzoxazone RS, accurately weighed, in
methanol, and dilute quantitatively and stepwise
with methanol to obtain a solution having a known
concentration of about 20 ug/mL.

Assay Preparation: Weigh and finely powder not
less than 20 Chlorzoxazone tablets. Transfer an
accurately weighed portion of the powder,
equivalent to about 100 mg of chlorzoxazone, to a
100-m1 volumetric flask. Add about 80 ml of warm
methanol, and shake by mechanical means for about
15 minutes. Dilute with methanol to volume, and
mix. Filter, discarding the first 20 mL of the
filtrate, and pipet 2 ml of the filtrate into a
100-ml volumetric flask. Dilute with methanol to
volume, and mix.

Procedure: Concomitantly determine the absorbances
of the Assay and Standard Preparations at 282 nm,
with a suitable spectrophotometer, using methanol
as the blank. Calculate the quantity, in mg, of
chlorzoxazone in the portion of tablets taken by
the formula 5C (Au/As), in which C is the
concentration, in ug per ml, of USP chlorzoxazone
RS in the Standard Preparation and Au and As are
the absorbances of the Assay and Standard Prepa-
rations, respectively.

Fluorescence Spectrophotometry - Stewart and Chan
used the intrinsic fluorescence of chlorzoxazone to
assay for the drug in commercial tablets containing
acetaminophen (8). Recovery of drug was in the
98-1017% range. These same authors also
demonstrated that chlorzoxazone could be
successfully analyzed in a tablet dosage form via
chemical derivatization with fluorescamine to form
a fluorophore (7).

Potentiometry - Tagami and Muramoto described a
method based on the use of a carbon dioxide
gas-sensing electrode (29). Twenty tablets were
powdered and a portion equivalent to about 424 mg
of drug was weighed and extracted with 20 ml of
acetone. After stirring and centrifugation, the
supernatant acetone solution was removed and
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diluted with additional acetone. This extraction
procedure was performed four times. The collected
acetone fractions were evaporated to dryness. The
residue was refluxed for 2 hr with 50 ml of 3N
sodium hydroxide and after acidification, the
carbon dioxide was determined using a gas permeable
electrode. Mean recovery of chlorzoxazone was
99.6% with a standard deviation of 0.24.

9.5 High Performance Liquid Chromatography - The USP
XXI method for Chlorzoxazone with Acetaminophen
tablets is a gradient HPLC method (34). 1In the
method, m-chloroaniline, p-aminophenol (a degrada-
tion product of acetaminophen), p-chlorophenol and
2-amino-4-chlorophenol are separated from
chlorzoxazone, acetaminophen and the internal
standard phenacetin.

An example of the separation is as follows:

Component Retention time, minutes
Acetaminophen 2.3
2-Amino-4-chlorophencl 6.0
p-Aminophenol 7.1
m-Chloroaniline 7.5
Internal Standard (phenacetin) 8.3
p-Chlorophenol 9.2
Chlorzoxazone 10.1
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Cyclosporine

History and Therapeutic Category

It was from Hardanger Vidda, a bleak treeless plateau
in the South of Norway, that a soil sample was obtained
in the early seventies. The fungus isolated from this
sample was called Tolypocladium inflatum Gams (1),
formerly (2) designated as Trichoderma polysporum

(Link ex Pers.) Rifai or Cylindrocarpon luciderm Booth
(3). Several metabolites of this fungus have been
isolated of which cyclosporins A, C and G to have so far
been shown to possess strong immunosuppressive activity.
The main component in normal fermentation broths was
named cyclosporin A (L4), now known as cyclosporine.

As reported by Borel et al (5-9), cyclosporine is a
selective immunosuppressive drug with antifungal and
antiinflammatory properties.

Today cyclosporine can be regarded as the most
important recent innovation in the field of organ trans-
plantation.

Description

2.1 Nomenclature

2.1.1 Chemical Names

Cyclosporin A; Cyclosporine.
2.1.2 Generic Names

Cyclosporine (USAN) and is adopted for the
basic structure, meanwhile the following
names has been accepted in other countries.
England, cyclosporin (BAN name); France,
cicylosporine; Switzerland and others,
ciclosporin (INN name, WHO).

2.1.3 Trade Names

Sandimmune, Sandimmun
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2.2 Formulae

2.2.1

2.2.2

2.2.3

Empirical

C62H111N11012

Structural

Cyclosporine {Fig. 1) is a neutral, hydro-
phobic cyclic peptide composed of 11 amino
acid residues, all having the S-configura-
tion of the natural L-amino acids, except

for the D-Ala in position 8, which has the Re
configuration, and Sar in position 3. Seven
aclids are N-methylated. Ten are known acids,
they are o-Abu in position 2, Sar-in position
3, N-MeLeu in position 4,6,9 and 10, Val in
position 5, Ala in position 7, D-Ala in posi-
tion 8, N-MeVal in position 11 and MeBmt in
position 1.

Degradation and Structural Elucidation

The structure of cyclosporine [1] (Fig. 1)
was determined by chemical degradation (L)
and x-ray crystallographic analysis (10,11).
Also with an x-ray crystalographic analysis
of the iodo derivative[la]. It has the
molecular formula CgoHq11N1707o as deduced
by NMR and mass spectra. Hydrolytic

cleavage of cyclosporine furnished 11 amino
acids as fragments, among them an artifact

of a new Cg-amino acid. The amino acid
sequence was determined by Edman degradation
of disocyclosporin, a basic rearrangement
product formed from cyclosporine by N,O0-

acyl migration. On the basis of the
chemical, spectroscopic and crystallographic
evidence, the structure of cyclosporine was
elucidated as the neutral cyclic oligopeptide
It is composed of eleven amino acid residues,
all having the L-configuration of the natural
amino acids, except for the D-alanine in
position 8 and the non-chiral sarcosine
(N-methylglycine) in position 3. Seven

amino acids - in positions 1, 3, 4, 6, 9,

10 and 11- are N-methylated. Ten of the



H,C

R T o}

10 1 1 2 3
MelLeu MeVal MeBmi - Abu Sar
] 1 [
s Meleu i : : 1
{ : i :
D-Ala Ala MelLeu Val— Mel.eu
[ 7 6 5 4

Fig. 1. Structure of cyclosporine 1 (schematic). MeBmt = (4R)-4-[(E)-2-bute-
nyl}-4, N-dimethyl-L-threonine (see text).
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cyclic derivative of the
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eleven ring members are derivatives of
known aliphatic amino acids:
o-aminobutyric acid (Abu) in position 2,
Sarcosine {Sar) in position 3,
N-methylleucine (MeLeu) in positions L4, 6,
9 and 10,

Valine (Val) in position 5,

Alanine (Ala) in position T,

D-Alanine (D-Ala) in position 8, and
N-methylvaline (Me Val) in position 11.
The amino acids were readily characterised
following acid hydrolysis of cyclosporine.

The novel amino acid was found to have the
composition (25, 3R, 4R, 6E)-3-hydroxy-k-
methyl-2-(methylamino)-6-octenoic acid, and
in accord with amino acid nomenclature, is
now designated as (LR)-L-[( E )-2-butenyl]-
4-N-dimethyl-L-threonine and abbreviated
MeBmt . Thus the novel amino acid has the
polar features of an N-methyl-L-threonine
which is substituted at the end of the
carbon chain by butenyl and methyl groups.
This amino acid was hitherto not known in
the free form, since only antifacts and
derivatives were obtained from degradation
experiments on cyclosporine(h).

Hydrolysis of cyclosporine followed by ion
exchange chromatography afforded a cyclic
derivative [1b]of the MeBmt  aminoacid.
Acidic treatment of cyclosporin [1] in the
absence of water effects an N, O-acyl-
migration of the methylvalyl moiety and
furnishes isocyclosporine [1c]. A modified
Edman degradation of isocyclosporine [1]
using methyl isothiocyanate produced an
anhydrothichydantoin-derivative [1] and thus
established MeBmt as the first amino acid
in the peptide sequence. The complete
sequence was established by repetitive
Edman degradation.

Conformation of Cyclosporine

The conformation of cyclosporine in the crys-
tal and in solution was reported (11). The
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conformational analysis was based on X-ray
crystallography in the crystal and on NMR
spectroscopy in solution using different
lipophilic solvents. Cyclosporine molecule
is highly lipophilic, therefore the solid
state conformation and that deduced from
NMR studies in apolar solvents are closely
similar. Tt assumes a rather rigid confor-
mation, both in the crystalline state and
in solution (Fig. 2). The only differences
are the side-chain conformation of MeBmt

(a major change between the chain folded

in upon the molecule in the solid state,
and pointing out into solvent in the NMR
study), the side-chain conformation of
MeLeu-10, and the detailed backbone confor-
mation in the region of D- Ala-8 (Fig. 3).
Here the X-ray structure clearly shows one
H-bond from D-Ala-8 (NH) to MeLeu-6 (CO),
whereas in solution a bifurcated H-bond to
both the carbonyl O-atom of MeLeu-6 and

to the carbonyl O-atom of D-Ala-8 itself.
The conformation change needed to convert
the X-ray backbone into the NMR backbone

is small, and can be brought about by
relatively small rotation in the backbone
torsion angles in the region MeLeu-6 to
MeLeu-9, principally around the 7- and 8-
residues.

The side-chain conformations of MeVal and
Val and three of the four Mel.eu-residues
(MeLeu -l, -6 and -9) are identical in
crystal and in solution. Only that of
MeLeu-10 is rotated by 120°. The side-chain
conformation of MeBmt in solution can be
derived from the X-ray conformation simply
by means of 120° rotation about the o,R-bond.
This rotation which is energetically
allowed, could be the result from the
formation of an intramolecular H-bond
between the B-OH and the carbonyl O-atom

of MeBmt replacing the intermolecular H-
bond found in the crystal. A large portion
of the backbone (residues 1-6) adopts an
antiparallel B-pleated sheet conformation
which contains three transannular H-bonds
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Stereoview of cyclosporine. a) Solid-state confor-
mation, b) Computer-generated conformation in
apolar solvents (in solution the distal atoms of
Abu-2 and MeBmt-1 have a high flexibility).



Fig. 3. Superposition of the solid-state conformation (thin lines) and the
computer-generated conformation of cyclosporine in apolar solvent
(thick lines).



CYCLOSPORINE

2.2.5

155

and is markedly twisted. The sarcosine

in position 3 and N-methylleucine in
position 4 participate in a type 11B8-turn
(12-14). This means that, in the orienta-
tions chosen in Figures 1 and 2, the CQ
group of Abu-2 and the N-CH: group of
MeLeu-4 are up and the CO group of Sar-3
and NH group of Val-5 are down - pro =S
proton of the methylene group of Sar 3 is
axial, and the side-chain of MeLeu-b4 is
requatorial. The remaining residues T-11
form an open loop. This loop contains the
only cis- amide linkgage in the molecule
between the two adjacent N-methylleucine
residues 9 and 10. The remaining H-bond
of a y-type and serves to hold the back-
bone in a folded L-shaped.

As a consequence of this rather rigid con-
formation of the cyclosporine skeleton,

six amino acids have their side-chains
directed quasi-perpendicular to the plane

of the peptide ring; in Abu-2, Val-5 and
MeLeu-6 they are pointing upwards, in
MeBmt-1 and MeLeu-6 they are pointing
downwards. The side-chains of the remaining
aminoacids 1lie more or less in the plane

of the peptide ring.

The resulting overall molecular shape in
apolar solution is that of the previously
postulated "butterfly" (10), in which the
MeBmt side-chain, known to be important
for immunosuppressive activity, stands out,
probiscis - like, in a manner suggestive of
special function (Fig. 4).

CAS Registery Number

Cyclosporine [79217-60-0]
Cyclosporine A [59865-13-3]

Clinical Code

CyA,OL 27-L00
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Fig. 4. Two roughly orthogonal views of a model of native
cyclosporine in the conformation suggested as
probable. The backbone conformation corresponds
to that of iodocyclosporine.
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2.3 Molecular Weight

1202.64

2.4 Appearance, Color, Taste, Odor

White prismatic crystals.

3. Physical Properties

3.1 Crystal Properties

157

X-ray crystal structures of cyclosporine
and its iododerivative [Ia] were determined

A summary of the crystal data and

refractometry for cyclosporine is given

3.1.1 X-ray Diffraction
Crystal Data
(10,11).
in Table 1 (11)

Table 1.

Crystal and Diffraction Data

Molecular for-
mula

Molecular
welght

Crystallisa-
tion

Crystal form

Crystal size

Space group

Cell dimen--
sions

Crystal den-
sity (calc.)

N..O

Cooll111M11%10

1202.5

from acetone

colourless,
prismatic
ca. 0.2 x 0.2
x 0.3 mm
Phl (No 76)
a=b=13.837
(2) )
¢ = h1.2h2(3)
A; V = 789643
4 =1.0L2 g.
¢ -3
cm

Molecules
per cell

Diffracto-
meter

Radiation

Intensity
scans

Sphere of
reflexion

Intensities
measured

Intensities
significant

CADL (Enraf-
Nonius)

CuK_(Graphite

o

monochromator)

w/26 = 1.0

Aw = 1.0°+0.3

tan 6

0.02
120s)

o(I)/1 =
(th=

sinf/X £ 0.51
(36508 reflexione)

5057 (unique)

L272(I 2 2.50(1);

(I)={Zin+o.021}1/2
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The crystal data for iodocyclosporine (10),

+ =
C62HllON11012 * , M 1327, colorless

prisms from n-heptene, 2.5:1 monoclinic,

a (10.L475(5), b = 19.60(1), c = 21.05(1)A°,
B = 99.35 (2°), U = Lo6k 4°3, De = 1.03,

Z = 2, space group P2, (Cé, No. k). CuKa
radiation, A = 1.54187 A°, graphite
monochromator. A crystal of approximate
dimensions 0.3 x 0.7 x 0.4 mm was used on

an Enraf-Nonius CADL-F automatic diffracto-
nmeter.

A stereoview of iodocyclosporine molecule
is shown in Fig. 5a, and that of cyclosporine
in Fig. 5b.

The iodocyclosporine showed the antiparellel
B-pleated sheet conformation of residues
1-6, the cpen lcop of residues T-11, and

the rather large thermal vibrations of some
of the side-chain atoms, particularly

those of MeLeu-9 are apparent. The absolute
configuration was not determined as part of
the structure analysis, since sufficient

of the hydrolysis products could reliably

be identified as L-amino-acids. It became
apparent during the analysis, however, that
Ala-8 has the D-configuration (15).

The conformation of cyclosporine observed

in the crystal (Fig. 5b) with 50% probability
vibrational ellipsoids of the atomic

thermal motion (16) which display the
relatively small, isotopic vibrations of

the backbone atoms - indicating conforma-
tional rigidity - in contrast to the more
flexible side-chain atoms whose vibrational
amplitudes increase with the distance from

(a).

Fig. &a shows the backbone of the cyclic
peptide with the ¢-, ¢-, and w- angles

and some structural features. Three H-bonds
bridge the two short B- strands adding to
the stability of g-fragment.



A stereoscopic view of the iodocyclosporine molecule showing 50% probability
ellipsoids of thermal vibration. The Cg amino acid is at centre left on the
forward side of the molecule and the conventional sequence then extends upwards
at the front through a-aminobutyric acid, glycine etc. One of the hydrogen bonds
of the B-pleated sheet is indicated (dotted) in the centre and the interesting

hydrogen bond Ala-8 — MeLeu-6 appears at centre right.

Fig. 5a.
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Fig. 5b. ORTEP drawing of the crystal structure of cyclosporine. Anisotropic
atomic vibrations are represented by 50% - probability ellipsoids.
The numbers shown are residue numbers.
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Fig. ga. Backbone conformation of crystalline cyclosporine with indication of the loop
and B-fragment. The torsion angles ¢, ¢, and w and in brackets the computer-
modeled values for the NMR conformation are given. The dashed lines indicate
H-bonds, the dotted lines close contacts from CH3N of MeVal to different atoms
(0 11:3.04 AC9; C 7:3.36 A®; 0 7:3.26 A9; C 8:3.41 A9; N 9:3.54 AO; N 10:3.12 AO).
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3.2

3.3

3.4

3'5

The side chains of the Abu, Val, and Meleu
residues are in the staggered conformation,
the MeLeu side chains being extended.

Rather unexpected is the conformation of
the CB-alkylene side chain of MeBmt-1; it is
neatly folded into the ply of the B-pleated
sheet which allows the molecule to adopt

a globular compact shape (Fig. 6b).

Melting Range

White prismatic needles from acetone at - 15°,
m.p. 148-151° (17). The synthetic cyclosporine
m.p. 149-150° (18).

Solubility

The compound is neutral, rich in hydrophobic amino
acids, insoluble in water and n-hexane, but very
soluble in all other organic solvents. It is
very soluble in methanol, ethanol, acetone, ether
and chloroform.

Optical Rotation (17)

(0120 - 2uho (c

b 0.6 in chloroform).
[a]

20

D 189° (c

0.5 in methanol).

Spectral Properties

3.5.1 Ultraviolet Spectrum

The UV spectrum of cyclosporine in methanol
was recorded on a Beckmann-DK2 spectrophoto-
meter shows only an end absorption at

200 nm (k)

3.5.2 Infrared Spectrum

The infrared characteristics in methylene-
chloride (CH2012) and in carbontetrachloride
(ccly,) were reported (4,11). The IR
spectrum in methylene chloride recorded on

a Perkin Elmer 21.IR spectrophotometer is
shown in Fig. 7. It should be noted that
solution studies, indicated the NH groups
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are involved in H-bonding. Their absorption
bonds (3330, 3290 em=} in CCl), solution

and 3400-3330 cm~! in CHoCls solution) are
independent of the concentration in the
range of 4.1072 to k.10-% M in cC1y,
solution. The spectrum shows also an
intensive amidecarbonyl bond at

1630-1670 cm™2.

Nuclear Magnetic Resonance Spectra

tp-mR, 13c-mR ana ‘H-NMR-NOE-difference
spectra of cyclosporine in deuterochloro-
form and deuterobenzene were reported (4,18,
11). However, the complete assignment of
lg-NMR, 13C-NMR and 1°N-NMR spectra in
deuterochloroform and deuterobenzene by a
combination of homonuclear and hetero-
nuclear two dimentional techniques were
described by Kessler et al (19).

3.5.3.1 lH-NMR Spectra

The lH—NMR spectrum of cyclosporine
(Fig. 8) in CDCly and TMS was
recorded on Bruker HX-90-E,

90 MHz instrument (4). A part of
lH-NMR spectrum of cyclosporine

in CgDg (Fig. 9) was recorded on
Bruker HX-360, 360 MHz instrument.
This has proved the E-configura-
tion of the double bond in
cyclosporine by using the double
resonance technique (Je, ¢ = 16 Hz)
(4). From these spectra, identi-
fication of spin systems were
obtained. It is evident from the
spectra that one conformation
strongly dominates. §Some minor
peaks specially in the N-methyl
region (2.5-3.5 ppm) are visible
indicating the presence of another
conformation in slow exchange. A
completely different situation is
observed in DMSO dg solution,
where a mixture of at least seven
conformations leads to a spectrum
of high complexity. Roughly
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Fig. 8. IH-NMR-spectrum of cyclosporine by 90 MHz in CDCl,, TMS = O ppm.
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speaking, five more or less
separated spectral regions are
distinguishable:

NH protons 7 - 8.3 ppm

g-protons as well as 4.5 = 6  ppm
the vinylic protons

N-methyl groups 2.6 - 3.8 ppm
C-methyl groups 0.6 - 1.8 ppm
Aliphatic B-, Y- 1.1 - 2.7 ppm

and § protons

The proton chemical shifts for
cyclosporine in CDCl3 and CgDg
are listed in Table 2.

[ 4%

1
‘jJWM

H-Cc ¢

N

$0 Hz
P——
" f
: U
1 E ppm

Fig. 9. Part of the lll-N.‘ll’t—s!)ectrum of cyclosporine by 360 MHz in C6D6‘
a) Undecoupled spectrum.
b) Decoupled snectrum keeping lock on H-C(n) of Cg As
¢) Decoupled spectrum keeping lock on H-C(§) of Cg As
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Table 2. lH— and lBC-—NMR chemical shifts of cyclosporine [1] in CDCl3 and C6D6a)
Resi- Amir.lo—acid Group lH—NMR l?’C—NMR
Nil.le residue CDCl3 06D6 CDCl3 C6D6
2K 32K 2K 32K
1 MeBmt CHN 3.52 3.51 3.73 33.97 q 34.33
co - - - - 169.65 s 170.73
H-C(a) 5.45 5.47 5.7 5.72 58.75 4 59.96
H-C(B) 3.82 4,21 L.20 Th.7h A Th.95
OH 3.87 3.5 - -
H-C(v) 1.63 2.07 35.99 d 36.30
Hl—C(G) 2.41 2.65 35.63 t 36.0k
HZ-C(S) 1.73 2.13
CHB(G) 0.72 0.71 1.15 16.76 q 18.30
H-C(e) 5.36 5.6k 129.68 4 131.38
H-C(z) 5.35 5.52 126.32 4 126.76
CH3(n) 1.62 1.75 17.96 g 18.69
2 Abu NH 7.93 7.96 8.26 - -
co - - - - 173.04 s 174.29
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Table 2. (Continued)
Resi- Amino-acid Group 1H—NMR J'SC—NMR
N?’le residue CDCl3 C6D6 CDCl3 C6D6
2K 32K 2K 32K
H-C(a) 5.03 5.12 5.12 48.86 a4 Lo.54
H-C(R) 1.6-1.74 1.79 25.06 t 26.11
H-C(Y) .87 0.89 9.93 q 10.73
3 Sar CH3N 3.40 3.08 39.40 q 39.58
co - - - - 170.50 s 171.80
H-C(a) 4,76 Iy en L.ol 50.37 t 50.10
L MeLeu CH3N 3.11 2.59 31.32 g 31.39
co 169.35 s 170.21
H-C(a) 5.3k 5.60 55.51 4 56.20
5-c(8) 2.00 2.27 35.99 t 37.01
Ho-c(B) 1.6h 1.58
H-C(Y) 1.LY 1.h2 2h.90 4 25.79
CH3(61) 0.95 0.98 23.49 g 24.28
CH3(62) 0.88 0.91 21.18 q 22.70b)
5 Val NH 7.47 7.48 T.46 -
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Table 2. (Continued)

Resi~  Amino-acid Group 1H—NMR 13C-I\IMR
Ng?e residue cDCl, CcDg cpel, C¢Dg
2K 32K 2K 32K
co - - - - 173.07 s 17h.76
H~C{a) L.67 4.66 4.89 55.39 d 56.05
H-C(B) 2.4 2.61 31.17 4 32.19
CH3(Y1) 1.06 1.15 19.81 q 20.59
CH3(Y2) 0.90 0.93 18.48 g 19.06
6 Meleu CH3N 3.25 3.23 31.53 q 32.13

co - - - - 170.87 s 172.28
H-C(a) 5.02 5.39 5.39 55.31 4 56.05
Hl—C(B) 2.06 2.27 37.41 t 38.33
H2—C(8) 1.4 1.45
H-C(Y) 1.76 2.12 25.50 a4 26.11
CH3(Y1) 0.94 1.13 23.87 a 2h.16b)
CH3(Y2) 0.85 1.05 21.93 q 21.93

7 Ala NH T7-75 7.68 8.00 - -
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Table 2. (Continued)
Resi- Amino-acid Group lH—NMR 13C—NMR
Ng?e residue CDC1 C6D6 CDCZL3 C6D6
2K 32K 2K 32K
co - - - - 170.L44 s 171.8L
H-C(a L.52 L.52 4.81 L8.69 a Lo.sh
H-C(B) 1.36 1.36 1.68 16.07 q 16.61
8 D-Ala NH 7.18 7.17 7.63 - -
co - - - - 172.87 s 174.80
H-C(a 4.84 4.83 4.8L 45.20 4 45.83
H-C(B) 1.26 1.26 1.06 18.19 q 18.46
9 MeLeu CH_N 3.12 2.93 29.65 q 29.95
Co - - - - 169.75 171.0k
H-Cla) 5.70 5.70 5.88 5.87 48.30 g 48.95
7t-c(g) 2.13 2.19 39.04 t 40.25
H2-C(B ) 1.25 1.26
H-C(y) 1.32 1.28 24.70 4 25.48
CH3(61) 0.97 0.91 23.7Th g 25.07b)
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Table 2. (Continued)

Resi- Amino-acia Group TR e

l\Igue residue CDhC1 C6D6 CDCl3 C6D6

: 2K 32K 2K 32K

CH3(62) 0.89 0.84 21.86 ¢q 24,81

10 MeLeu CH3N 2.70 2.85 29.83 g 30.47
co - - - - 169.41 s 170.98
H-C(a) 5.10 5.35 57.54 4 58.36
Hl—C(B) 2.13 2.42 2.h42 ho.73 t L2.06
H2—C(B) 1.24 1.29
H-C(v) 1.49 1.79 24,55 @ 25.62
CH3(61) 0.98 1.17 23.85 g ol 3
cH,(8,) 0.98 1.16 23.38 q 22.64°)

11 MeVal CH3N 2.71 2.98 29.81 q 30.96
Co - - - - 172.85 s 17kh.61
H-C{a) 5.15 5.1k 5.27 57.93 d 58.8)
H-C(B) 2.17 2.27 29.05 t 29.99
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Table 2. (Continued)

Resi-  Amino-acid Group Lromm 3o mm
Ngue residue CDC1, CeD¢ CDC1, CeDg
’ 2K 32K 2K 32K
CH3(Y1) 1.01 0.96 18.75 g 19.38
CHB(YQ) 0.86 0.66 20.26 g 20.59

At 296 K in ppm from internal TMS. The 1H—NMR data were obtained from a conventional
32K spectrum or from the cross-sections of a lH,lH—COSY with 2K data points in f,. at

2
300 MHz

The signals of MeLeu—h(ée) and MeLeu-Q(Gl) as well as those of MeLeu—6(6l) and MeLeu-10(8 .)

2
in C6D6 may be exchanged).
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3.5.3.2 13C—NMB Spectra

In the broadband-decoupled 13
spectra in CDCl3 or CgDg were
reported (19). Almost all 62 C-
signals are resolved and only few
signals overlap, but these split
when the solvent is changed. All
carbonyl C-atoms resonate in the
range between 169 and 175 ppm.

Part of the 13C-NMR spectrum (the
carbonyl region) of cyclosporine in
CDCl3 measured on a Bruker-WH-360,
360 MHz instrument is shown in

Fig. 10 (11). The two olefinic
C-atoms of MeBmt are also in a
typical range 126-132 ppm, whereas
L9 C-signals are in the aliphatic
region. The number of attached
protons were obtained via the

usual DEPT technique (20,21). A
heteronuclear 2D-J,d spectrum
(22-26) was also performed in CDCl3.
The chemical shift for all carbons
and mutliplicities in CDC and

in C6D6 are given in Table 2.

15

C-NMR

3.5.3.3 N-NMR Spectra

AH-decoupled 15N-NMR spectrum shows
eleven N-signals (Table 3).

15 5

Table 3. . N-NMR chemical §hifts of 1. ¢ ppm from Nth NO3
in an external capillary.
in CDC1, in C.Dg in CDCL, in CgDg
- 248.8 AT ~ 248.1 AT - 259.2 - 260.4 Val
- 255.5 Abu - 255.1 Abu - 260.1 - 261.8
- 256.9 - 256.7 - 261.8 - 263.1
- 257.3 A8 - 256.9 A8 - 26L.2 - 263.9
- 258.0 - 258.3 - 265.2 - 265.1

258.6 Val

259.2
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3.6 Mass Spectrum

3.6.1

3.6.2

EI Spectrum

The electron impact spectrum of cyclosporine
was measured on a CEC-mass spectrometer
21-110B (L). The electron energy was T0 eV,
the acceleration rate 4.6-8 KV, the tempera-
ture of the source 280-300°C and a pressure
of 109 - 10-6 Torr. The molecules was
unstable giving a molecular ion peak at

m/e 1201 which vanishes quickly. As the M
vanishes a peak at m/e 1183 increases in
intensity and the spectrum remains stable.
The peak at m/e 1183 is formed by elimina-
tion of a molecule of water. The exact mass
measurement were made at 1183.831 + 0.003
and 1201.842 + 0.003. The molecular for-
mula obtained by this measurement was
CgoH1711M71101o (physical molecular mass

1201.8L1). This was in agreement with that
deduced from NMR and other findings. Other
mass spectral data will be presented under
metabolism.

FD Spectrum

The field desorption mass spectrum was
measured on a MAT 711 mass spectrometer (L),
The acceleration energy rate 6 KV, the
temperature of the ion source 90° and the
powver factor for multiplier 100. A mole-
cular ion peak vt or m/e 1201.8 was obtained
and m/e 1203.6 for the dihydrocyclosporine.
Another FD spectrum was reported (18). A
molecular ion peak M' at m/e 1202, NH' at
m/e 1203 and (M + Na‘t) at m/e 1225.

Isolation of Cyclosporine

Dreyfuss et al (2) and others (4, 27-30) have reported
the isolation of cyclosporine from other fungal meta-
bolites of the fungi Tolypocladium inflatum Gams. This
fungus was previously known as Trichoderma polysporum
(Link ex Pres. Rifai (2).
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The strain used is Tolypocladium inflatum designated
No. N RRL 80LL. This was grown in an aercbic submerged
culture.

A reported method of isolation of cyclosporine from
fermentation media was as follows (L4):

The fermentation medium was extracted with n-butylacetate.
Then after the separation of the organic layer it was
concentrated under vacuum. The crude residue obtained
was defatted with 90% methanol and petroleum ether. The
product obtained was dissolved in chloroform and applied
to a column chromatography of silica gel. The polarity
of the eluting solvent was gradually increased by adding
methanol to chloroform. The fractions obtained by
chloroform-methanol (98:5:1.5) contained cyclosporin A.
Fractions contained cyclosporin -C was obtained with
chloroform-methanol (97:3). The fractions containing
cyclosporin A were subjected to gel filtration with
Sephadex LH-20 with methanol. The top fractions were
dissolved in toluene and applied to column chromato-
graphy of aluminium oxide using toluene-ethylacetate as
the eluent. The fractions obtained were evaporated and
dissolved in alcohcl, then treated with charcoal. The
filtrate was evaporated to give cyclosporin A as an
amorphous powder.

Another reported procedure (27) was as follows:

The fermentation broth was separated into the mycelial
cake and the culture filtrate. The former was homoge-
nized three times with methanol-water (9:1) and the
combined filtrates were concentrated under vacuum to
remove the methanol. The water solution was extracted
three times with 1,2-dichloroethane and the organic
layers were evaporated to dryness. Working—-up of the
culture filtrate by extraction with 1,2-dichloroethane
resulted in an additional portion of crude material.
The combined extracted were submitted to gel filtration
on Sephadex LH-20 with methanol. Those fractions which
contain the cyclosporine (as a mixture) were pooled
and then separated into the components by silica gel
column chromatography (Merck, 0.063-0.2 mm) with ethyl
acetate saturated with water. In accordance to their
polarity, the cyclosporines were eluted in the following
order: D, G, A, B and C. The crude cyclosporines were
further purified by crystallization (cyclosporine G
from ether/petroleum ether at room temperature;
cyclosporines A, C and D from acetone at - 15°C). The
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resulting pure cyclosporines A, B, C, D and G were
characterized by analytical methods (thin layer chromato-
graphy, melting point, optical rotation) and spectral
data (U, IR, 1H- and 13C-NMR, mass spectrum). They

were found to be identical in all respects with

authentic samples isolated from fermentation in complex
nutrient media as published by Dreyfuss et al (2),
Ruegger et al (L) and Traber et al (28,30).

Biosynthesis of Cyclosporine

Kobel et al (31) and others (27,32,33) have reported the
biosynthesis of cyclosporine and other fungal meta-
bolites. In the initial biosynthetic studies of Kobel
et al {31), 3H- and 13C-labeled precursors were fed to
the culture and the position of incorporation of the
label in cyclosporine was determined by NMR spectroscopy.
It was demonstrated that the N-methyl groups of the mole-
cule and the methyl group in the y-position of the
unsaturated amino acid MeBmt are introduced as intact
methyl groups from methionine and that the remaining
carbons of the MeBmt moiety are derived from the head-
to-tail condensation of four acetate units. The 13C-NMR
spectrum of the enriched cyclosporine derived from
[l—l3C]acetate showed four enhanced signals corresponding
to the carbon atoms 1, 3, 5 and 7 of the MeBmt unit and
no 13¢ incorporation into any other amino acid.

In enniatin, an analogous example of non-riboscmal
eyclic peptide synthesis by fungi, Zocher and

Kleinkauf (32) demonstrated that a multifunctional
enzyme carries out the N-methylation of constituent amino
acids following an activation step when the acids are
bound to the enzyme as thioesters. Supporting evidence
for a similar mechanism in cyclosporine biosynthesis was
provided by the observation of Zocher et al (33) that

[l C] sarcosine was not ﬁncorporated and that the
radioactivity from [Me-1*C]methionine incorporated

into each N-methylated amino acid was directly propor-
tional to the number of the corresponding amin acid
residues in cyclosporine, thus indicating that N-
methylation of the amino acids occurred simultaneously.

From the results of Kobel et al (31) the site of
biosynthesis of the Bmt unit remains unclear. However,
the results obtained by the Zocher group (33) with
short-term feeding experiments using labeled acetate
and methionine, in which probably only incorporation of
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label in the N-methyl group occurred, suggest that the
amino acid Bmt is not bilosynthesized on the enzyme
matrix but at some other site before incorporation
into cyclosporine.

Synthesis

6.1 Cyclosporine

Winger (18, 34-38) has reported the total synthesis
of cyclosporine and analogues.

The strategy of the total synthesis of cyclosporine
has involved the following steps:-

I.

IT.

ITT.

Iv.

VI.

VIT.

VIII.

The synthesis of the N-methyl-C-9-amino
acid (Scheme 1) (36, 39-LkL).

Building of the tetrapeptide BOC-D-Ala-MeLeu-
MeLeu-MeVal-benzylester (37).

Preparation of the dipeptide BOC-Abu-Sar-
benzylester (18,37,46).

Building of the tetrapeptide BOC-MeLeu-Val-
MeLeu~-Ala-benzylester (18).

The synthesis of the hexapeptide BOC-Abu-~
Sar-MeLeu-Val-MelLeu-Ala-benzylester (18).

Synthesis of the heptapeptide H-Me-~-C9-Abu-
Sar-MeLeu-Val-Meleu-Ala-benzylester (18,47).

Formation of the undecapeptide BOC-Ala-MeLeu~
MeLeu-MeVal—Me—CQ—Abu—Sar-MeLeu—Val—MELeu—
Ala-benzylester (18,48).

Cyclization of the undecapeptide with a free
amino group and free carboxyl group to
produce cyclosporine (48,50,51).
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COOEt CH,OH
oH 7 Steps > ol
HO— —Me

(2R, 3R)-3-methyl-1,2,4,-butane-

triol
on oH
o 6 Steps - —OH
._c”) Ll '-C"J
(o171 |
CH,
(2R, 3R,SE) - 3-methyl-5-heptene-
1,2-diol
O“ CH:O
oH 5 Steps oM
— Ciiy v CHy
CH, ! CH,

(2R, 3R, 5E)-2-hydroxy-3-methyl-
S-heptenal

6 Steps

(25, 3R, 4R, 6E) -3-hydroxy-4-
methyl-2-(methylamino)-6-octenoic
acid (MeBmt)

Scheme 1. Synthesis of MeBmt
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VITI. Total Synthesis of Cyclosporine (18, 34, 35,
37)

Strategy Used for the Synthesis of
Cyclosporine

For the synthesis of cyclosporine[l1](Fig. 1)
the peptide bond between the L-alanine in
position 7 and the D-alanine in position

8 was chosen for the cyclization step.

There were two main reasons for choosing
this strategy: 1. The intramolecular
hydrogen bonds between the amide groups of
this linear peptide could operate so as to
stabilize the open chain in folded confor-
mations approximating the cyeclic structure
of cyclosporine and thus assist cyclization.
2. The bond formation between N-methylated
amino acids is more difficult than between
non-methylated amino acids (37,45); there-
fore, bond formation between the only
consecutive pair of non-methylated amino
acids in cyclosporine appeared the logical
choice for the cyclization step.

For the synthesis of the undecapeptide, a
fragment-condensation technique introducing
the amino acid MeBmt at the end of the
synthesis was used. In this way, the
number of steps after the introduction of
this amino acid was minimized. Scheme 5
shows the step sequence used for joining
the (protected) peptide fragments. The
carboxy groups were generally activated
using a variation of the mixed pivalic
anhydride method reported by Zaoral (L6)
and adapted for the N-methylamino acid
derivatives (37). This strategy allowed
slow anhydride formation in chloroform at
~ 20°C with pivaloyl chloride in the
presence of 2 equivalents of a tertiary base
such as N-methylmorpholine before adding
the amino acid or peptide esters to be
coupled in the form of their free bases.
The free bases were obtained by removal of
the Boc-protecting groups with trifluoro-
acetic acid at - 20°C and subsequent
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neutralization with NaHCO3; the benzyloxy-
protecting groups of the peptide inter-
mediates were removed hydrogenolytically
with palladium/carbon in ethanol.

The tetrapeptide Boc-D-Ala-Meleu-MeLeu-
MeVal-0Bzl was synthesized from the left

to the right by forming bonds 1, 2 and

3 (Scheme 2). Bond 4 was formed on syn-
thesis of the dipeptide Boc-Abu-Sar-0Bzl.
The tetrapeptide Boc-MeLeu-Val-MeLeu-Ala-
OBzl was synthesized from the right to the
left by forming bonds 5, 6 and 7 in that
order. Subsequent coupling (bond 8) with
the previously synthesized dipeptide then
furnished the hexapeptide Boc-Abu-Sar-
MeLeu-Val-MeLeu-Ala-0Bzl. During incorpora-
tion of the amino acid MeBmt, the hydroxy-
and N-methylamino functions were protected
in the form of a dimethyloxazolidine deriva-
tive. This isopropylidene-protecting group
was readily introduced by refluxing the
amino acid in acetone and has the advantage
of avoiding epimerization of the amino acid
MeBmt during peptide-bond formation. This
means that the oxazolidine ring retains

the thermodynamically more stable trans-
configuration of substituents during carboxy
activation and peptide formation. On
preparation, but before activation, the
protected MeBmt amino acid was stabilized
by addition of N-methylmorpholine (1 equiv.).
To prepare the protected heptapeptide from
the protected MeBmt amino acid and the
hexapeptide, the dicyclohexylcarbodiimide
(DCCI) coupling method was used in presence
of NW-hydroxybenzotriazole (L7). After
removal of the isopropylidene-protecting
group (1 equiv. of 1 N HC1/MeOH), the

final amide linkage 10 was made by coupling
Boc-D-Ala-MeLeu-MeLeu-MeVal-OH with the
heptapeptide in presence of N-methylmorpho-
line in CH,Cl, at room temperature using the
reagent (1H-1,2,3-benzotriazol-l-yloxy)tris
(dimethylamino)-phosphonium hexafluoro-
phosphate (BtOP(NMe2)3+ PFg) developed by
Castro et al (h8). After hydrolysis of the
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step sequence for the peptide bond formation

D-Aloc Meleu Meleu MeVol MeBmt Abuy Sor Meteu Vol MelLeu Alg

OH ...... B [ P [P e O T 81
U DU oy - BocH

......... IRRIPIIY Y CEEIET I ..A.Boc . 87
>o" Boc PR 98

PN - 100, Yol:F1]
0Bzl 91
OBzt 88
o8zt 97
0Bzl 94
0Bzl 98
0Bz21 88
0Bzt 83
oBz! 86
Boc 0Bz 90
Box: 0Bzt 80
Boc: OH 87
H OH 87

>-\

H
chy, HQ cm
M oy Ad QNXCHO ..-H H o, n wH
HaN con” co CON cou co co~ coon
65 % l

MelLeu~MeVal--MeBmt—+Abu-+Sar

t
Meleu i
D-Alo<+Alg +— Meleu<Vgle—Meleu

Scheme 2, Synthesis of cyclosporine 1. Bold arrows: stralegy for the synthesis of the peptides. For details see text. Boc =rert-
butoxycarbonyl, Bzl =benzyl, >~OH =isopropylidenc-protecied MeBmi.
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ester group {NaCH at 0°C) and removal of
the Boc group (CF3COOH at - 20°C), the
unprotected undecapeptide was cyclized at
room temperature to cyclosporine 1
(0.0002 M CH,Cl,, 1 equiv. BtOP(NMe)g PFg

(48), N-methylmorpholine). The yield of
cerystalline cyclosporine was 62%. By using
the mixed phosphonic anhydride method
described by Wissmann and Kleiner (49) or
the pentafluorophenol-DCCI complex of
Kovacs (50) to effect cyclization of the
unprotected undecapeptide, the yield of
cyclosporine could be increased to 65%.
Using the fragment-condensation technique
described here it is now possible to
synthesize cyclosporine very efficiently in
27.5% yield with respect to the amino acid
MeBmt. Thus, 1.6 g of cyclosporine can be
produced starting from 1 g of the amino
acid MeBmt.

Metabolism of Cyclosporine

Maurer et al {52) have reported the disposition of
cyclosporine in man and several animal species and also
structural elucidation of its metabolites. The metabo-
lites were isolated from dog and human urine and from
rat bile and faeces. The structures of the identified
metabolites were used to establish the biotransformation
processes. 3g-labeled cyclosporine with specific
activities ranging from 25 to 80 uCi/mg was prepared
biosynthetically by feeding submerged cultures of a
selected strain of the fungus T. inflatum Gams with
[methyl-H3] methionine as labeled precursor (31).

The radiochemical purity of the labeled substance was
better than 95%. 3H-NMR analysis revealed the
incorporated tritium to be located in the seven N-
methyl groups and in the methyl group at position L
(06) of amino acid (Fig. 11).

The separation of metabolites was performed by HPLC.
Nine ether-extractables of cyclosporine were isclated
from urine of dog and man and from rat bile and faeces
(Fig. 12).
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Structure of cyclosporine and its metabolites.

Fig. 12.
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Despite the complex structure of cyclosporine, the
reactions involved in the biodegradation of the molecule
are limited and produce only a relatively small number
of metabolites. The resulting products are lipophilic
as indicated by their occurrence in the ether phase

of the liquid-liquid extraction.

Site and type of biotransformation in cyclosporine are
summarized in Fig. 11. The cyclic oligopeptide structure
of cyclosporine is preserved in all identified meta-
bolites. Metabolism mainly consists of oxidative
processes (phase I reactions). Typical phase II
reactions like conjugation with sulfuric acid or glu-
curonic acid could not be detected. Only a limited
number of the cyclosporine subunits, namely four of

11 amino acids, undergo regiospecific oxidative modi-
fications. Hydroxylation reactions appear to be
restricted to the n-position of amino acid 1 (Cg-amino
acid) and the y-position of the N-methylleucines L4, 6,
and 9. Oxidative N-demethylation, so far, seems to
occur only on the N-methylleucine 4. The N-methylleu-
cines 6 and 9 are subject of a single reaction
(hydroxylation) whereas amino acid 1 and the N-methyl-
leucine L are substrates for two types of transforma-
tion: hydroxylation and intramolecular ether formation
or hydroxylation and N-demethylation.

The proposed pathways for the biotransformation of
cyclosporine (Fig. 13) are based on the structure of
the isolated metabolites. The regioisomeric mono-
hydroxylated cyclosporines 1 and 17 and the N-demethy-
lated cyclosporine 21 are primary metabolites.
Metabolites 1 and 17 result from hydroxylation of
either the N-methylleucine 9 at the yY-position or the
amino acid 1 at the n-position. Metabolite 21
represents the product of N-demethylation

on the N-methylleucine 4. PFurther oxidation of meta-
bolite 1 on either ome of the N-methylleucines 4 and 6
or on the Cg-amino acid 1, and of metabolite 17 on the
N-methylleucine 9 generates dihydroxylated derivatives
of cyclosporine {metabolites 8, 10, and 16). The
identification of a dihydroxylated and N-demethylated
derivative of cyclosporine (metabolite 9) indicates
further oxidation to occur on either the dihydroxylated
metabolite 16 by N-demethylation of the N-methylleucine
4 or the primary N-demethylecyclosporine 21 by hydroxy-
lation of both N-methylleucines 6 and 9.
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Metabolite 18, containing a cyclic ether moiety (tetra-
hydrofuran), may be derived from 17 (monohydroxycyclo-
sporine) by intramclecular addition of the B-hydroxyl
group to the double bond of the C9-amino acid 1. This
cyclization is suggested to proceed by a nonenzymatic
mechanism. An artifact with a similar ecyelic ether
structure has previsouly been observed among the acid
hydrolysis products of cyclosporine.

Three other metabolites possessed the basic cyclic
structure of the parent drug. The spectroscopic data
of two of them were compatible with hydroxylated and
N-demethylated derivatives of cyclosporine, whereas
those of the third indicated a dihydroxylated deriva-
tive. Their structures remain incompletely determined.

It should be noted that metabolites 10 and 16 were not
found in man (53).

8. Pharmacokinetics of cyclosporine

The absorption, distribution, metabolism and elimination
of cyclosporine have been investigated by many authors

(52-57).

The pharmacokinetic data on cyclosporine in man as
follows:

Absorption

Absolute oral biocavailability 20-50% (mean 3u4%)
Plasma peak concentration time 1-6 hours
Distribution

Binding to plasma proteins 90% (20°C)

Apparent volume of distribution 3.5 1/Kg

Metabolism
Extent of metabolism Ca. 99%
Number of components 10-12 (9 of which have

been characterised
as metabolites).
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Elimination
Terminal elimination half-life 14-26 hours
Total body clearance 0.27-0.47 1/n/Keg

because of its very low water-solubility, the oral dose
form of cyclosporine in an olive-oil-based solution.
The absolute oral bicavailability from this solution
(in steady state) is 20-50% (mean 3L4%).

In whole blood, about 50% of cyclosporine is taken up
by erythrocytes and 10-20% by leucocytes. OFf the total
amount of drug in the plasma, approximately 90% is
protein-bound, mostly to lipoproteins.

In animal experiments using3H—cyclosporine, the highest
tissue concentrations of radicactivity were found in
liver, kidney, adrenals, pancreas, thymus, thyroid and
renal fat. From blood concentration-time data following
intravenous administration in man, the drug was found

to be distributed according to a three-compartment
distribution model. The total apparent volume of
distribution was 3.51/Kem.

Cyclosporine is slowly but extensively metabolised by
liver. 1In addition to the parent drug, 10-12 meta-
bolites have been detected in human plasma. Nine meta-
bolites have been isolated and identified; all contained
the intact cyclic oligopeptide structure of the parent
molecule., Structural modifications consisted of mono-~
and di-hydroxylation and N-demethylation at various
positions on the cyclosporine.

Terminal elimination half-lives from blood or plasma
of 14-26 hours have been reported.

The drug and its metabolites are excreted mainly via
the liver and only to a slight extent via the kidneys.
In man the total urinary excretion of radioactivity in
the period up to 96 hours following a single dose of
3H-cyclosporine was 6% of the dose; unchanged cyclo-
sporine accounted for only 0.1% of the oral dose.
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9.
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11.

Pharmacological Activity and Clinical Application

As reported by Borel et al (5-9), cyclosporine is a
selective immunosuppressive drug with antifungal and
antiinflammatory properties. It has been shown to
strongly suppress the production of haemagglutinating
antibodies against sheep erythrocytes in mice and to
be effective in inhibiting both humoral and cell-
mediated immune responses. Its effect is reversible,
and specific for T-lymphocytes. The hemopoietic
tissues in immunosuppressed animals are not affected.
Bueding et al (58) demonstrated an antishistosomal
activity and Thommen-Scott {59} an antimalarial effect
of cyclosporine, both antiparasitic activities being
independent of immunosuppression. The first trans-
plantation in humans with the aid of cyclosporine were
reported in 1978 by Calne et al (60) for kidney and by
Powles et al (6l) for bone marrow. Today eyclosporine
is used successfully to prevent graft rejection following
bone marrow and organ transplantations.

Other possible applications, such as in the treatment
of autoimune and other diseases, are currently under

investigations.

Pharmaceutical Forms

Cyclosporine (Sandimmun) is available as:

a) Drinking Solution: 100 mg/ml cyclesporine dissolved
in olive o1l and labrafil.

b) Intravenous Preparation: Ampoules of 5 ml (250 mg
eyelosporine) and 1 ml (50 mg cyclosporine).

Methods of Analysis

11.1 Elemental Composition

62H111N11012)’

C H N 0

Cyclosporine (C

61.90 9.30 12.80 16.00
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Introduction to Analysis

Several methods have been developed for the
analysis of cyclosporine in plasma and or blood.
The first method reported was the radioimmuno-
assay (RIA) of Donatsch (62) which is now avail-
able as a kit and has been used extensively
during the clinical development for cyclosporine.
The method was initially developed for plasma,
and as shown later, is also applicable to blood
samples. The main criticism of the RIA method
has been the cross-reactivity of the antisera
with some of the circulating metabolites of
cyclosporine. Other RIA procedures were
reported (5k,55, 63-67).

Subsequent to the introduction of the RIA
method, Niederberger et al (68) developed a high
pressure liquid chromatogresphy (HPLC) method
based on gradient elution. The technical com-
plexity of this method encouraged several
investigators, (69-75) to reinvestigate the
method. The results of these activities are
shown in Table k4.

Radioimmunoassay (RIA)

Several radicimmunoassay procedures have been
developed for both the analysis and immunopharma-
cological monitoring of cyclosporine (54,55,

63-67) .

One method described recently by Randall et al
(64) is as follows:

Sample Preparation: Venous blood was collected
in heparinized tubes from 38 post-transplant
patients receiving cyclosporine, Just before
thelr next dose and 12 h after their last.

Non-temperature-standardized protocol: About
0.5 to 3 h after collection, an aliquot of each
semple for whole-blood analysis was set aside
and centrifuged the remaining specimen at room
temperature to remove cells. The plasma and
whole-blood specimens were both then stored at
- 20°c.
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Temperature-standardized protocol: After collec-
tion, samples were refrigerated for no longer

than 4 h, re-equilibrated to 37°C by incubation

in a water bath for 30 min, then centrifuged
without delay (1100 X g, 10 min, room temperature).
The resulting plasma was stored frozen at -20°C
until analysis.

Time and temperature experiments: Aliquots of
whole blood from patients receiving cyclosporine
were incubated for 0.25, 0.5, 1, 2, k4, 6, and
24 h at L°C, room temperature (about 22°C), and
37°C. At these specified times, samples stored
at room temperature or 4°C were centrifuged at

room temperature; those stored at 37°C were
centrifuged at 37°C and the plasma was decanted
and frozen.

In addition, the treated aliquots of samples
stored at room temperature and L°C for the
above times by re-equilibrating to 37°C by
incubating for 15 min in a 37°C water bath,
followed by centrifugation at 37°C and prompt
removal of the plasma.

Equilibration time experiment: Aliquots of
whole blood from patients receiving cyclosporine
were maintained at L°C for L h after collec-
tion, then equilibrated in a 37°C water bath for

0, 10, 15, 30, 60, 120, and 180 min. All
specimens were centrifuged at 37°C, and the
plasma was immediately decanted and stored at
-20°C until analysis.

Measurement of cyclosporine: Cyclosporine was
measured by radioimmuncassay, using tritiated
cyclosporine as tracer and an antibody in a kit
supplied by Sandoz Ltd., Basle, Switzerland.
Duplicate 5 uyl. patient's samples were mixed
with 100 puL of tracer, TO0 UL of Tris
buffer (0.5 mol/L, pH 8.5), and 100 yL of sheep
antiserum to cyclosporine, then incubating for
2 h at room temperature. Free and bound fractions
were separated by extraction with charcoal for
min at 4°C. The radiocactivity was measured in
each specimen with a liquid scintillation
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counter, using a quench-corrected counting pro-
gram. The analytical recovery of cyclosporine
in plasma and whole blood supplemented with
the drug was about T75%.

Correction for hematocrit : Hematocrits of
samples for cyclosporine analysis were measured
as part of the routine blood count on a

Coulter S Plus (Coulter Instruments, Hialeah,
FL). The plasma cyclosporine results were
corrected for hematocrit by multiplying the
uncorrected plasma cyclosporine results by the
patient's hematocrit/0.39, the normal value for
the hematocrit.

High Performance Liguid Chromatography

Several HPLC procedures were reported for the
estimation of cyclosporine in blood and or
plasma as well as immunopharmacological moni-
toring of cyclosporine (53,54, 67, 69-75).
These methods were developed to overcome the
drawbacks of the RIA methods particularly the
overestimation of cyclosporine in biological
fluids. This is because, the antibodies cross
react with the metabolites. The HPLC conditions
used for the analysis of cyclosporine are
listed in Table 5. A recent HPLC method was
reported by Kates and Latini (75) and is as
follows:

Chemicals and reagents: Cyclosporine and the
internal standard, cyclosporin D (Fig. 1k),
are obtained from Sandoz (Basle, Switzerland).
Glass-distilled diethyl ether, acetonitrile,
n-hexane, and methanol are obtained from
Burdick and Jackson Labs. (Muskegon, MI,
U.S.A.). Tris{hydroxymethyl)aminomethane is
purhcased from Aldrich (Milwaukee, WI, U.S.A.)

Instrumentation and chromatogravhic conditions:

A Waters Instrument (Milford, MA, U.S.A.)

Model 6000A HPLC pump, Model 480 variable-
wavelength UV detector, Model T1l0B sample
injector and Model 730 data module are employed.
The column used is a Brown-Lee Labs. (Santa
Clara, CA, U.S.A.) RP-8 MLPC analytical cartridge
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(10 cm X 4.6 mm I.D.; particle size 10 um). A
3-cm RP-8 guard cartridge is positioned at the
head of the column. The column is maintained
at 70°C with an Eldex (Menlo Park, CA, U.S.A.)
column heater. The heater is left on at all
times and a constant flow is maintained
through the column. The flow-rate of the
mobile phase is 0.6 ml/min which produces a
precolumn pressure of about 34 bars (500 p.s.i.).
The effluent from the column is monitored at a
wavelength of 215 nm.

Mobile phase: The mobile phase consists of a
simple mixture of acetonitrile-water (72:28).
This mixture is filtered and degassed by
vacuum and sonication. The mobile phase is
continuously recyclsed and replaced about
every two weeks.

Preparation of extraction columns: The extrac-
tion of cyclosporine involves the use of a
Baker-10 SPE extraction system (J.T. Baker,
Phillipsburg, NJ, U.S.A.). The columns used
are the 3 ml cyano disposable extraction
colums. These columns are prepared by washing
with 6 ml of methancl and then 6 ml of water
under vacuum. They are left approximately one
half to three quarters full of water until the
sample is added.

Extraction procedure: One ml of whole blood

or serum is added to PTFE-lined, screw-capped
tubes. To the blood or serum is added 450 ng
of internal standard, 3 ml of 0.1 M Tris buffer
(pH 9.8) and 10 ml of diethyl ether. They are
rocked for 20 min on a labgquake rocker (Lab.
Industries, Berkeley, CA, U.S,A.) and centri-
fuged for 20 min to separate the ether and
aqueous layers. The diethyl ether is pipetted
into a clean tube and the blood or serum resi-
due is discarded. To the diethyl ether is
added 200 yl of 75% methanocl in water. The
diethyl ether is then evaporated at room tempera-
ture with a gentle stream of nitrogen. Only
the diethyl ether is evaporated, leaving 150-
200 yl of the methanol-water remaining. To
this are added another 100 1l of methanol. The
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methanol-water is then transferred to a 3 ml
Baker extraction column. The residue is

eluted onto the column with water. The column
is then washed with 3 ml of 25% acetonitrile

in water and 6 ml of n-hexane. The columns are
then dried by drawing through air for b min.
Cyclosporine and cyclosporin D are then

dluted off the column with three washings of
200 pl of methanol. The methanol is collected
into disposable tubes and evaporated to dryness
with a stream of nitrogen at 50°C. The
resulting residue is dissolved in 200 pl of the
mobile phase. An aliquot of 100 pl is then
injected onto the column (Fig. 1h).

Preparation of calibration standards: Stock
solutions of cyclosporine and cyclosporin D

are prepared in methanol and stored in amber
bottles at room temperature. A stock solution
of cyclosporin D is prepared in a concentration
of 30 ng/ul. The stock solution of cyclosporine
is prepared in a concentration of 10 ng/ul.

This solution 1is used to prepare standards for
the calibration curve. The calibration curve
samples are prepared by adding amounts of cyclo-
sporine (50-800 ng) to whole blood or serum

from a normal volunteer. These are then

treated as described in the extraction procedure.
This procedure has a lower limit of sensitivity
below 50 ng/ml.
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Table 4. Comparison of published methods of analysis of cyclosporine

Typle of Sample* Detection Chromato-
analysis Sample type| preparation limit Specificity Standar- graphy Ref.
(ug/litre) dization!| Time(min)
RIA#*% Blood/plasma - 1-20 Metabolite Ext. - 54,55,
x~reactivity 63-6T
HPLC-Crad. Plasma Long 20 High Int. 30 68
HPLC-Isocr. {Serum Long 100 - Ext. 5 69
HPLC-Isocr. |Blood/plasma| Very long 25 High Int. 10 70
HPLC-Col.SwitJdBlood/plasma Short 20 High Int. 30 71
HPLC-Isocr. {Plasma Long 100 High Int. 20 T2
HPLC-Iscer. |Blood/plasma Long 100 High Int. 45 63
HPLC-Grad. Serum Long 30-50 High Int. 15 T3
HPLC-Isocr. |Plasma Long 31 High Int. 30 Th
HPLC-Col.SwitBlood/plasma |Short 8 High Ext. 15 67
( semiautoma-
ted)
HPIL.C-Isocr. Blood/plasma Long < 50 High Int. 19 T5
#Short: protein precipitation and injection; Long: extraction & evaporation; Very Long:
additional sample manipulation.
*¥RTA: Radioimmuncassay. Ext. = External; Int. = Internal; Grad. = Gradient; Isocr. = Isocratic;

Col-Swit. = Column switching.
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Table 5. HPLC conditions used for the analysis of cyclosporine
Flow |Retention
Sample Instrument Column Mobile phase rate time Detection [Ref.
ml/min)} (mins)
Blood/serum| Waters Model|RP-8 MIPC analyti- |[Acetonitrile/ 0.6 9.2 UV at 75
6000A cal cartridge, water 72:28 215 nm
10 ecm X 4.6 mm
I.D. 3-cm RP-8
guard cartridge,
at T70°C.
Blood/ Technicon LC-8 Supelcosil, Acetonitrile/ 3.0 - uv at 67
plasma | HPLC system |5 um, supelco, Inc.,|water 55:45 v/v 202 nm
Bellefonte, PA..
at T75°C.
'Blood/ Altex pumps | Column I; Altex Consists of 6 sol- 1.7 - UV at 71
plasma | AX-110. perisorb RP-8, vents. 210 nm
UV detector | L0 X 4.6 mm I.D., 1. Acetonitrile/
LCD 725 Uvi-| 30-k0 um. methanol /water
kon. Column II; Lichro- 35:20:L45 v/v/v
Recorder sorb RP-18, 150 X 2. Acetonitrile/
Tarkan 600 | 4.6 mm I.D., 5 um, water 55:45 v/v
WH+W. Altex |at 70°C. 3. Acetonitrile/
microproces—| Alternative column; water T72:28 v/v
sor L420. Beckman Ultrasphere | 4. Tetrahydrofu~
Water injec-{ ODS, 150 X 4.6 mm ran
tor W1SPT10B| I.D., Guard column; | 5. Acetonitrile/
and Rheodyne| Altex perisorb RP-2, water 90/10 v/v
7125 40 X 3.2 m I.D., 6. Methanol

30-L0 um.




Table 5. (Continued)
Flow |[Retention
Sample Instrument Column Mobile phase rate time Detection |Ref.
(ml/min){ (mins)

Serum Varian Vis~ |Beckman ultrasphere |Starting with 1 k.2 UV at 73
ta HPLC ODS, 25 X 0.46 em, |trifluorocacetic 215 nm
system. 5 um. acid/acetonitrile

Precolumn Vydac 018’ 35:65 and increas-—
Y X 0.4 cm. ing proportions
Both columns at until 5:95 at
T0°C. 15 mins.

Serum Waters sys~ |Beckman ultrasphere-]Acetonitrile/ 1.5 20.46 UV at Th
tem con- octyl, 25 cm X 4.6 |methanol/water and 210 nm
trolled with mm, |L47:20:33 by Vol. 20.53
M—660 sol- |5 um.
vent pro- Maintained at T72°C.

grammer.
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ENALAPRIL MALEATE

2.

History and Therapeutic Properties

Enalapril is the ethyl ester of a long-acting angio-
tensin converting enzyme inhibitor, enalaprilat. Enala-
pril maleate, discovered and developed by the Merck
Sharp and Dohme Research Laboratories (1), is indicated
for the treatment of essential and renovascular hyper-
tension. Enalapril is a pro-drug; following oral admin-
istration, it is bicactivated by hydrolysis of the

ethyl ester to enalaprilat, which is the active angio-
tensin converting enzyme inhibitor.

CH,

@— CH,CH,CHNHCH — CO — Q\
I

COOCH,CH,

COOH

Enalapril

T
@— CH,CH;CHNHCH — CO — NQ\
I

COCH

COOH

Enalaprilat

Since the oral absorption of enalapril is superior to
that of enalaprilat, it is the compound that is used in
oral dosage forms. Enalaprilat, the deesterified par-
ent diacid of enalapril is the form of the drug that is
administered intravenously. Several review articles
give a detailed account of the history, design, chemis-
try and pharmacology of the drug. (2-6).

Description
2.1 Nomenclature
2.1.1 Chemical Name
(S)=1-[N~[1-(ethoxycarbonyl)=-3-

phenylpropyl] ~L~alanyl]-L-proline, (2)-2-
butenedioate(l:1)salt
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2.1.2 Generic Name
Enalapril Maleate

2.1.3 Laboratory Codes

1~154,739-001D, MK-0421
2.1.4 Trade Names
Vasotec, Renitec, Tnnovace, Pres, Xanef

2.1.5 CAS Registry Number

76095~16-4

2.2 Formula and Molecular Weight

CoHaaN,05-CH,0, molwt 492.53

CH, ﬁHCOOH
D U
@—CHZCHZC{HNHCH-—CO—N CHCOOH

COOH
COOCH,CH,

2.3 Appearance, Color, Odor

Enalapril maleate is a white to off-white,
crystalline, odorless powder

Synthesis

Enalapril maleate has been prepared by the scheme out-
lined in Figure 1 (7). Ethyl 2-oxo-4-phenylbutanoate
(1) is condensed with L-alanyl-L-proline (2) to give
Schiff base 3, as a mixture of syn and anti isomers.
Reduction of the imine bond in 3 results in formation
of the diastereomeric mixture 4 (SSS and RSS). The
more biologically active diastereomer (SSS) is isolated



i CHy
J— AN N \
PhCH,CH,C CO,Et + H, N N~
EtO,C

002 O H
1 2 3
H]
Ph Ph l
E (1) maleic acid N
/\ -
Et0,C (2) Fractional EtO,C N
CO,H crystallization H 0 CO,H
5 , maleate salt 4

Figure 1. Synthesis of Enalapril Maleate
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by fractional crystallization of the maleate salts to
yield enalapril maleate (5) of greater than 99% purity
in 32 - 34% overall yield. In addition to this synthe-
tic route, others have also been described in the liter-
ature (1, 8, 9).

Physical Properties

4.1 Infrared Spectrum

The infrared spectrum is shown in Figure 2 (10).
The spectrum was obtained as a potassium bromide
pellet using a Perkin-Elmer Model 281B spectro-
photometer. Assignments for the characteristic
bands in the spectrum are listed in Table I.

Table I
Wavenumber, cm™1 Assignment
3100-3010 Aromatic C-H Stretch
2970 and 2920 Methyl and methylene C-H
asymmetric stretch
2800-2200 )NH} Stretch
(Broad, structured)
1750 Acid carbonyl stretch
1727 Ester carbonyl stretch
1645 Amide carbonyl stretch
1570 Monohydrogen maleate
carboxyl stretch
1500~1390 Mainly methylene bending
1375 Methyl symmetric bending
1355 Methylene bending
1187 Ester C-0 stretch
750 In-phase, out~of-plane
hydrogen bending (5-
adjacent aromatic
hydrogens)
695 Phenyl out-of-plane ring
bending

4.2 lH—Nuclear Magnetic Resonance Spectrum

The proton magnetic resonance spectrum is shown in
Figure 3 (11). The spectrum was obtained using a
Varian Associates Model SC300 spectrometer at a
concentration of 0.55% w/v in deuterium oxide
(DZO)' Active protons exchange with D20 in
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Figure 2. Infrared Absorption Spectrum of Enalapril Maleate
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Figure 3. The Proton Magnetic Resonance Spectrum of Enalapril Maleate
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solution and appear in the HOD signal at
approximately 4.8-4.9 ppm. Figure 4 shows an
expanded scale spectrum which more clearly illu-
strates the signals pattern.

For several protons in the molecule, slow rotation
about the proline amide C-N bond gives rise to
paired signals. The phenomena has been attributed
to the existence of rotational conformers as in
the case of captopril in agueous solution (12). A
tabulation of the chemical shifts and assignments
for the numbered structure below is shown in Table
II. The notations 'major' and 'minor' denote the
relative abundance of the two rotamers relative to
each other in the spectrum.

m o H H
| TR Hw_._~COOH
P CHg—CHg”"C mNnnCuuC —N{° ° ﬁ
"ol é1 (‘:H3 Hug= " coom
o” Noc,Hg | COOH
Table II
hemical Shift
H, 5 (ppm) Multiplicity Assignment

1.30 t CH4CH,O-

1.54 d Alany
(minor)

1.59 d Alanyl CH;
(major)

1.75 m Proline C-4 proton
(minor)

2.02 m Proline C-4 proton
(major)

2.02 m Proline C-3 protons
(minor)

2.33 m Proline C-3 protons
(major)

2.33 m C-3' protons

2.80 m C-4' protons

3.60 t Proline C-5 protons

3.95 t C-2' proton (minor)

3.97 t C-2' proton (major)

4.09 q C

o proton (minor)
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Figure 4. The Proton Magnetic Resonance Expanded Spectrum of Enalapril Maleate
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hemical Shift

H, § (ppm) Multiplicity Assignment
4.33 q Ca proton (major)
H { . COH
6.33 s Y
E - \CozH
7.37 m Aryl protons - m
7.41 m Aryl protons - 0 & p

4.3 13C Nuclear Magnetic Resonance Spectrum

The 13¢c magnetic resonance spectrum shown in

Figure 5 was run using a Varian Associate Model XL~
200 spectrometer at a concentration of 8.4% w/v in
deuterated methanol (13). The internal standard
was tetramethylsilane. The pulse width was 4 us,
acquisition time was 0.9 s.

The assignments for the numbered structure below
are shown in Table III. As discussed above, the
two rotamers are designated 'major' and 'minor' in
order of their relative abundances.

2 H H
» . 'z, H kﬁ . H e _~COOH
4" U CHg—CHz“"C”“N"“C""C—N1 P 2
e éf éH3H” 22 H~" " " COOH
o7\ COOH

0CaHs
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Figure 5.

The Carbon-13 Magnetic Resonance Spectrum of Enalapril Maleate
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Table TII
13 Chemical
C, S (ppm) Assignment

16.2 -OCH,CH

17.4 Alanyl CH, (major)

18.1 Alanyl §H3 (minor)

24.9 The signals at 24.9-35.2 ppm
27.7 arise from the four carbons -
31.8 c-3', C-4' and C-4, C-3

33.7 proline including signals

35.0 corresponding to rotamers. An
35.2 exact assignment of the signals

in this region was not made.

49.8 Proline Cg

57.9 The signals at 57.9-65.7 ppm
58.4 arise from the four carbons -
61.7 Proline C-2', Alanyl C-o, C-2'
61.8 and -0CH,CHy including

62.3 signals attributable to

62.4 rotamers. An exact assignment
65.6 of the signals in this region
65.7 was not made.

129.3 Phenyl C-4"
131.2 Phenyl C-2", C-6", and phenyl
131.4 c-3", Cc-5"

138.0 Maleate -HC=CH-

142.9 Phenyl C-1"

170.5 The signals at 170.5-176.7
171.2 arise from alanyl, proline,
171.6 ester and maleate carbonyl
172.0 carbons. However, defini-
172.4 tive assignments were not
176.5 made for the carbonyl

176.7 carbons.

Carbon-13 NMR may also distinguish enalapril mal-
eate and its RSS diastereomer. Major differences
between 1 C spectra of the two compounds occur
between 31.8 and 34.0 ppm, between 54.7 and 60.8
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ppm and between 168.6 and 170.7 ppm. However,
this technique is not preferred for accurate
measurement of small quantities of either compound
in the other.

Ultraviolet Spectrum

Enalapril maleate is characterized by inflections
or "shoulders" at about 251 and 263 nT%and barely
discernible maxima at about 2?% nm (A} o

about 15) and about 267 nm (Ay om’ about

8.6). Figure 6 shows the ultraviolet absorption
spectra of enalapril maleate in N/10 methanoclic
hydrochloric acid at concentrations of 0.991 mg/ml
and 0.0991 mg/ml.

The low intensity and lack of well-defined maxima
in the ultraviolet absorption spectrum of enala-
pril maleate, typical of an unconjugated phenyl
moiety, does not make it useful for characteriza-
tion or quantitation of the compound.

Mass Spectrum

The direct probe electron impact (EI) mass spec-
trum of enalapril maleate as shown in Figure 7 was
obtained on the VG MM7035 mass spectrometer employ-
ing 70 eV electron energy and a probe temperature
of 160°C (14).

Under the condition of analysis the maleic acid
moiety is pumped off before the peptide derivative
is vaporized. Molecular ion information for
enalapril base is also absent in the spectrum
obtained by direct probe EI at 70 eV and 20 eV,
respectively. Such information is only possible
when a gross sample overload is employed. Under
field desorption (FD)/MS however, good molecular
ion and pseudomolecular ion [M+H]+ formation

{376, 377) is observed (Figure 8).

The low resolution EI 70 eV spectrum (Figure 7)
shows a base peak at m/e at 91 (benzylic ion), [M-
HZO]+ at m/e 358 and other major fragment

ions. Accurate mass measurements (high resolu-
tion, 70 ev, 160°C) of the diagnostic fragment
ions at m/e 358, 313, 285, 257, 254, 234, 208,
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Figure 6. The Ultraviolet Absorption Spectrum of

Enalapril Maleate in (a) N/10 Methanolic
Hydrochloric Acid; Concentration: 0.991 mg/ml
and (b) N/10 Methanolic Hydrochloric Acid;
Concentration: 0.0991 mg/ml
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169, 168, 160, 126, 91 and 70 facilitated a pro-
posed fragmention pattern as shown in Figure 9.

Optical Rotation

The optical rotation, [a]%s, of enalapril
maleate (three asymmetric centers) in methanol is,
-42.3° (c=1%).

Thermal Behavior

Enalapril maleate exhibits a single melting endo-
therm by differential thermal analysis (DTA) under
a stream of nitrogen. The peak temperature of the
endotherm varies with heating rate, indicating
accompanying decompostion during melting of the
compound (~ 140°C at 2°C/min. and ~ 149°C at 20°C/
min.) A DTA curve for enalapril maleate obtained
on a DuPont 1090 equipped with a DTA head is given
in Figure 10.

By capillary melting point determination (USP

Class Ia method) enalapril maleate melts at ~ 143~
144°C (15).

Solubility

The following approximate solubility data (Table
IV) have been obtained at ambient temperature.

Table IV

Solvent Solubility (mg/ml)

Water 25
Methanol 200
Ethanol 80
Isopropanol 1
Acetone 9
Acetonitrile 3
Dimethylformamide >400
Chloroform 0
Diethyl ether <0
Hexane <0
Polyethylene glycol 300 <0
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4.9

4.10

4.11

4.12

The solubility of enalapril maleate increases with
pH. A pH versus solubility profile constructed to
compare theoretical points to actual data is shown
in Figure 11 (16).

Crystal Properties

Enalapril maleate is a white to off-white crystal-
line compound. The compound is polymorphic. Two
nonsolvated polylmorphs have been detected and
characterized by high resolution specigoscopic
techniques (FTIR, Raman, solid state ~“C NMR)

and solution calorimetry (17). However, these
polymorphs, referred to as Form I and Form II are
very similar in energy, differing only by 0.6
Kcal/mol. The X-ray powder diffraction spectra
for Form I and Form II of enalapril maleate are
shown in Figures 12 and 13, respectively. The
spectra were obtained using a Philips Electronics
X-ray diffractometer using CuKo irradiation.

Dissociation Constants

Aqueous acidic/basic potentiometric titration
yielded pKa values of 2.97 and 5.35 at 25°C for
enalapril (18).

Partition Behavior

At room temperature, enalapril maleate does not
partition out of the the aquecus media listed
below into mineral oil or n-octanol (19).

Solvent Pairs
n-Octanol/pH 7 buffer
mineral oil/pH 3.5 buffer
mineral oil/pH 4.5 buffer
mineral oil/pH 5.5 buffer

Conformational Isomers

Proton NMR and carbon-13 NMR spectra of enalapril
maleate are characterized by several paired sig-
nals attributed to slow rotation about the proline
amide bond, resulting in a slow equilibrium be-
tween two rotational conformers (cis and trans).
The two rotamers are distinguishable on the NMR
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time scale. In addition, HPLC has provided firm
evidence for their existence by demonstrating the
chromatographic behavior of enalapril maleate at
various temperatures (20). Figure 14 shows chroma-
tograms obtained by reverse-phase HPLC at column
oven temperatures of 10°C and 80°C. At 10°C, in
addition to the early eluting maleic acid peak (~
1.2 minute), the enalapril base peak is resolved
into two distinct rotamer peaks. At 80°C, the rot-
amer peaks have coalesced to yield a single symme-
trical peak.

5. Methods of Analysis

5.1

5.2

Elemental Analysis

Analysis of Merck Sharp & Dohme reference lot,
[~154,739-001D22 for carbon, hydrogen and nitrogen
was reported as follows:

Element $ Calculated $ Found
C 58.53 58.53
H 6.55 6.75
N 5.68 5.82

Colorimetric/Spectrophotometric

Due to the lack of strong UV absorption maxima,
more sensitive ways for the analysis of enalapril
maleate are needed. One approach has been an auto-
analyzer colorimetric assay procedure (21). 1In
this approach enalapril maleate forms a yellow dye
complex with bromothymol blue in acidic aqueous,
pH 2/CHCl, mixture and is then assayed spectro-
photometrically at 415 nm after extraction with
chloroform. This method is suitable for content
uniformity and dissolution assays of enalapril
maleate capsules and tablets.

Analysis of enalapril in pharmaceutical dosage
forms via flow injection analysis has recently

been reported (22). Enalapril is determined by
extraction as an ion-pair with bromothymol blue in
an unsegmented flow system. The procedure is stab-
ility indicating; the degradation products of enal-
april and excipients in the dosage forms do not
interfere.
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5.3 Chromatographic

5.3.1 Thin-Layer Chromatography

Three solvent systems (23) for the thin-
layer chromatography of enalapril maleate
are given below. The systems separate
enalapril base from its salt forming acid
(maleic acid) and its hydrolysis product
(enalaprilat - see Section 6.1)

Solvent System Rf (Approximate)

A
(chloroform/methanol/ 0.6 (enalapril

acetic acid base)
90:10:1) 0.2 (maleic acid)
0 (enalaprilat)
B
{n-Butanol /water/ 0.7 (enalapril
acetic acid 3:1:1) base and maleic
acid)
0.35 (enalaprilat)
Solvent System Rf (Approximate)
C
(n-Butanol /toluene/ 0.55 (enalapril
water/acetone/acetic base)
acid 1:1:1:1:1) 0.45 (maleic acid

and enalaprilat)

These solvent systems use a silica gel
adsorbent containing an ultraviolet-fluores—
cence quench indicator (Analtech GF or What-
man K1F or E Merck Silica Gel G60 type
plates). Detection of components is accom-
plished by visualization of dried plates
under short wavelength (254 nm) ultraviolet
light. Todine vapor yields a more intense
spot for the enalapril base but does not
visualize the maleic acid.

In the systems reported above, the low
sensitivity of the method (detection limit
1 to 2%) renders it unsuitable for the
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detection and quantification of low levels
of impurities in enalapril maleate bulk
substance.

5.3.2 High Performance Liquid Chromatography
(HPLC)

Several HPLC methods have been developed
which are suitable for: (a) quantification
of enalapril maleate and process impurities
in the bulk substance (24), (b) analysis of
enalapril maleate and degradates in tablets
(25), (c) content uniformity assays of
enalapril maleate in tablets (26) and (d)
dissolution of enalapril maleate in tablets
(27). Reverse-phase HPLC conditions are
employed. Detection is by uv at 210 or 215
nm. Flow rate is normally 1.8 or 2.0
ml/min. A mobile phase of aqueous phos-
phate buffer and organic modifier (acetoni-
trile or a mixture of acetonitrile and
methanol) and an oven temperature of 70°C
or 80° provide the selectivity and sensi-
tivity required for satisfactory chromato-
graphy.

The significance of specifying a high
column temperature has been discussed in
section 4.12. A summary of these HPLC sys-
tems is given in Table V.

Identification Tests

Identification of enalapril maleate can be carried
out by infrared absorption (section 4.1), HPLC
(section 5.3.2) and thin-layer chromatography
(section 5.3.1).

Supportive evidence for identification can be
obtained by differential thermal analysis (section
4.7) and complexation with bromothymol blue
(section 5.2).

Titration
Enalapril maleate can be determined by potentio-

metric titration with aqueous sodium hydroxide and
perchloric acid. With respect to the sodium



Table V

HPLC Systems for Enalapril Maleate

Sample Column Mobile Phase Temperature
Bulk Drug Ultrasphere C8, 250 x 4.6 mm, Isocratic 70°C
5 n (Altex) 60% A, 40% B
A = 0.01M KH,PO,(pH 4.0)
B = 80% of 5 :56 CH3CN:CH3OH
+ 20% A
Gradient 70°C

70:30 A:B to 30:70 A:B in
40 min. (linear gradient)

Tablets Lichrosorb C8, 200 x 4.6 mm, 10p 68% A, 32% B 80°C
(Hewlett Packard) A = 0.001m KH2P04(pH 2.0)

Tablets Lichrosorb C8, 200 x 4.6 mm, 10p 70% A, 30% B 80°C
(Hewlett Packard) A =0.02M KH2P04(pH 4.0)

Tablets Endcapped C8 50 x 4.6 mm, 5p 80% A, 20% B 70°C
(IBM) A =0.02M KH2P04(pH 4.0)
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hydroxide titration, 0.1N sodium hydroxide is the
titrant and a combination pH electrode is employed
as the electrode system. The perchloric acid ti-
tration employs 0.1N perchloric acid in glacial
acetic acid as the titrant and an anhydrous elec-
trode system, e.g. Metrohm #EA 441/5 silver-

silver chloride electrode filled with 0.1N lithium
perchlorate in glacial acetic acid (or acetic anhy-
dride), versus a glass electrode is used.

6. Stability and Degradation

6.1 Solid State Stability

6.2

There are two major potential modes of degradation
for enalapril maleate: (a) hydrolysis of the
ethyl ester to II, enalaprilat, the free acid and
{b) cyclization to a diketopiperazine derivative
IIT. The structure of these compounds are shown
in Figure 15.

Crystalline enalapril maleate is a very stable
solid. The compound stored at room temperature
(amber glass) for four years shows no evidence of
degradation by HPLC analysis. Less than 2% of
degradation can be induced by storage at 80°C for

3 weeks (in screw-cap vials) and < 1% of decomposi-
tion at 40°C and 75% RH (open vial) for 16 weeks.

Enalapril maleate tablets are stable when pro-
tected from elevated temperatures and high humid-
ity. Degradation can be induced, however, if tab-
lets are stored at 40°C and 75% RH in open contain-
ers, resulting in enalapril maleate loss of about
10% or greater for three months. The major degrad-
ation product is II. The mass balance between

loss of enalapril maleate and formation of II and
III has been demonstrated.

Solution Stability

The stability of enalapril maleate in aqueous buf-
fer solutions has been studied as a function of pH
in the range of 2-7 (28). Maximum solution stabil-
ity occurred around pH 3. The rate of enalapril
loss and the mode of degradation are dependent

upon the solution pH. At room temperature, tgg
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(time required for 10% loss of starting material)
values are 262 days and 114 days for 0.5 mg/ml at
pH 2 and 5, respectively. For up to 20% loss at
pH 2, IIT was the major degradation product while
II represented only a minor fraction of the loss.
At pH 3, IIT was the major degradate but the frac-
tion of IT was increased. At pH 5 and above, II
accounted for the bulk of enalapril loss with III
present only in trace quantities.

Pharmacokinetics and Metabolism

The pharmacokinetics and metabolism of enalapril
maleate following oral administration have been the
subject of a number of investigations and reviews (4,
29-32).

Following oral administration of enalapril maleate to
man (33) peak serum concentrations of enalapril and
enalaprilat occur within 0.5 to 1.5 and 3 to 4 hours
respectively. Based on urinary recovery of the total
drug (enalapril plus its active metabolite, enalapri-
lat) absorption is at least 61%. The primary route of
excretion of the drug is renal. Approximately 94% of
the dose is recovered in the urine and feces as enala-
prilat or enalapril.

Enalapril, when administered orally, is rapidly
absorbed and bioactivated extensively to enalaprilat.
Bioactivation appears to be largely post-absorptive and
there is no evidence for metabolism of enalapril beyond
bicactivation to enalaprilat in man. The in vitro con-
version of enalapril to enalaprilat in human autopsy
tissues has been examined (34). Human cadaver liver
was the only tissue in which significant conversion was
demonstrated.

Enalapril absorption is not influenced by the presence
of food in the gastrointestinal tract (35). The drug
was administered to normal volunteers both in the fast-~
ing state and with a normal meal. The area under the
serum concentration-time curves for enalaprilat and uri-
nary recoveries for enalaprilat and the total drug did
not differ significantly between the fed and fasted
conditions.

The pharmacokinetics of enalapril maleate was deter-
mined in normal volunteers after repeated single daily
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doses for eight days (36). Serum profiles show little
accumulation of enalprilat over the course of the
study. An average effective half-life for accumula-
tion of approximately 11 hours was calculated from
urine data. An average steady state recovery of enala-
prilat is achieved by the third or fourth dose. The
serum concentration profile of enalaprilat is character-
ized by a prolonged terminal phase, apparently repre-
senting a small fraction of the administered dose that
has been bound to angiotensin converting enzyme. The
amount bound does not increase with dose indicating a
saturable site of binding.

8. Determination in Biological Fluids

A number of procedures have been developed for the
analysis of enalapril and enalaprilat in biclogical
fluids. Those of primary utility include radiometric,
enzyme inhibition and radioimmuno-methods.

The physiological disposition and metabolism of enala-
pril maleate in laboratory animals has been studied
with both radiolabeled drug and an enzyme-inhibition
assay (37). Following administration of the radioac-
tive drug; urine, feces or plasma samples may be
counted by liguid scintillation technigues for total
radiocactivity. Urinary radioactivity may be separated
into enalapril and enalaprilat by thin-layer chromato-

graphy.

Enalaprilat can also be determined by its in vitro
inhibition of angiotensin converting enzyme (37).
Plasma, urine and homogenates of feces are placed on
XAD-4 columns, washed and then eluted with methanol to
yield enalapril and enalaprilat. The enalaprilat
component of the mixture is determined by the enzyme
assay which uses as a substrate, the tripeptide carbo-
benzoxycarbonyl-phenylalanyl-histidyl leucine and con-
verting enzyme isolated from porcine plasma. The pro-
duct, histidyl-leucine is then quantified by fluore-
scence after reaction with o-phthalaldehyde (38). For
the determination of the total drug (enalapril plus
enalaprilat) samples are hydrolyzed at high pH and then
reassayed for enalaprilat. Enalapril levels may then
be calculated as the difference between the total drug
and enalaprilat prior to hydrolysis. An enzyme inhibi-
tion assay for enalaprilat has also been developed
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which uses radiolabeled substrate (39) thereby elimi-
nating derivatization with o-phthalaldehyde and fluore-
scence detection of the enzyme 8roducts. The radio-
labeled substrate employed_is [“H] hippuryl-L-glycyl-
L~glycine. The product, [“H] hippuric acid is ex-
tracted into a water-~immiscible scintillation cocktail
and then guantified by counting in a liquid scintilla-
tion gpectrometer.

Enalaprilat has also been determined in serum and urine
samples by radioimmunassay procedures. (40, 41). 1In
one such procedure (40) antibodies for the radioimmuno-
assay are raised in rabbits using an immunogen prepared
by coupling the lysine analog of enalaprilat (lisino-
pril) to albumin with difluoro-dinitrobenzene. The
radiolabeled component is obtained by iodination of the

H H O

! H ! ” Vamm
CH,CH,—C —N —C —C —N

i |

COOH  (CHy),  H”

|
NH,

COOH

Lisinopril

amidine derived from the reaction of lisinopril and
methyl p-hydroxybenzimidate. The total drug is
measured as enalaprilat after sample hydrolysis by rat
liver homogenate. Enalapril can then be calculated as
the difference between enalaprilat before and after
hydrolysis.
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1. Description

1.1

1.2

Nomenclature

1.1.1 Chemical Names

- o- Hydroxybenzene acetic acid 8-methyl-8-
azabicyclo [3.2.1] ocet-3-yl ester, hydro-
bromide.

- 1l oaH, 5aH~tropane-3a -0l mandelate (ester)
hydrobromide.

- Benzeneacetic acid, a-hydroxy-, 8-methyl-8-
azabicyclo [3.2.1] oct-3 y1 ester hydrobro-
mide, endo-(%)-.

1.1.2 Generic Names
Homatropine Hydrobromide, DL-Homatropine
Hydrobromide, The hydrobromide of tropine
mandelate, Tropine mandelate Hydrobromide,
Mandelyltropine Hydrobromide.

1.1.3 Trade Names
Homatrisol, Bufopto, Homatrocel.

Formulae

1.2.1 Empirical

Cl6H2103N' HBr

1.2.2 Structural

_CHy

O OH
In

O—C—CH
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1.2.3 CAS Registry No.

1

1.

.2.4

2.5

[51-56-9] C; H, 0.N. H Br

Wiswesser Line Notation

T56 A ANTJ A GOVYGR & EH (1

Stereochemistry

Examination of the NMR spectra of some tropane
deuterohalides has shown that the N-substitu-
ent in tropanes is predominantly equatorial (2).
X-ray snalysis of tropine hydrobromide has
shown the presence of chair conformation (3).
Study of the dipole-moment and Kerr-constant
measurements of a number of tropane derivati-
ves has shown that the piperidine ring is in
the chair form with the N-methyl equatorial
(4). Another study of the dipole-moments and
NMR spectra of some tropane derivatives have
confirmed that the piperidine ring is in the
cheir conformetion with the N-methyl group
predominantly equatorial (5}. In tropine,
however, the predominant conformation is the
piperidine ring in a deformed chair form to-
gether with a minor amount in the boat form

(6).

OH

HO

Tropine

In atropine, the a-3-substituent is of grea-
ter bulk than the hydroxyl, and the boat form
may will be favored because of the increased

interactions involving the dimethylene bridge
in the chair conformation (7 ).

Homatropine would be the same as atropine,
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. 0 _OH
N-Chz 0-C-CH
~

Cetls

A detailed review is available for the boat or
chair conformation in tropines (8).

Other PMR study suggested a preference for the boat
conformation in several tropane derivatives. This
study showed strong cross-ring intramolecular inter-
actions of the type N---C+=-0 and N---H-O were indi-
cated by the broadening of the proton signal due to
the coupling between 1(5)-H and 2(4)-H protons in
the boat conformer compared with the chair. This
broadening arises as a consequence of eclipsing of
these protons in the boat conformer (9).

Application of 1H-NMR contact shifts using nickel
and cobalt diacetylacetonates, to tropines has
demonstrated that the six-membered ring of tropines
is in a nearly semiplaner form. It is suggested
that the piperidine ring of tropanes is somewhat
different in conformation from the normal chair
form (10).

Carbon-13 magnetic resonance study has also sugges-
ted a non-chair conformations in tropane deriva-

tives (11). c:()
\K.g Y
MeN

OR

1.3 Molecular Weight

275.33 (Homatropine)
356.3 (Homatropine HBr)
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1.4 Elemental Composition

C, 69.79%; H, 7.69%; N, 5.09%; 0, 17.43%
(Homatropine).

C, 53.94%; H, 6.22%; Br, 22.44%; N, 3.93%; 0, 13.47%
(Homatropine HBr).

1.5 Appearance, Color, Odor and Taste

Colorless crystals or a white crystalline powder,
odorless, with a bitter taste (12).

Orthorhombic, bipyramidal prisms (from water),
odorless (13).

1.6 Dissociation Constant

pKa 9.9(20%) (14)
1.7 pH Range
A 2% solution in water has a pH 5.5 to 7 (12 )},
a 5.67% solution in water is iso-osmotic with serum.

pH (1% aqueous solution) : 5.4 (13).

2. Physical Properties

2.1 Melting Point

214 - 217° (with decomposition) (12)
Other melting points were also reported:
215 (with decomposition) (15)
217-218 (with decomposition) (1)

2.2 Solubility
One gram dissolves in 6 ml water, 40 ml alcohol,
12 ml alcohol at 60°, 420 ml chloroform. Insoluble
in ether. The solubility increases rapidly as the

temperature rises (12 ).

2.3 Crystal Structure

The crystal structure of both homatropine and homa-
tropine hydrobromide were reported (16). Crystals of
homatropine were obtained by recrystallization from
ethanol, whereas the crystals of homatropine hydro-

bromide (C16H21N03. HBr) were obtained by recrystal-
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lization from water,.

Oscillation and Weissenberg photographs were used

to determine the space group (Table 1).

In both homatropine and homatropine hydrobromide the
nitrogen atom may be optically active, since the
space groups are centrosymmetric, the unit cells
must be assumed to contain equal numbers of L-and
D-molecules (16).

Table 1. The Crystal Structure of Homatro-
pine and of Homatropine HBr.

Compound

a(A®) b(A®) ¢(A°) Density (g.cm—s) Z Space
observed calculated group

Homatropine 14.5 15.1 6.97 1.21 1.22 4 P21/c

Homatropine 10.3 16.4 19.25 1.48 1.46 8 Pecab

HBr

2.4

X-ray Powder Diffraction

The X-ray diffraction pattern of homatropine hydro-
bromide was determined with a Philips X-ray diffrac-
tion spectrogoniometer equipped with PW 1730 gene-
rator.

X-ray radiation was provided by a copper target (Cu-
anode 2000 W). High intensity X-ray tube operated
at 40 KV and 20 mA. The monochromator was a single
curved crystal (y=1.5918A°). The unit was equipped
with Philips PM 8210 printing recorded digital prin-
ter. Divergance slit and the receiving slit were 1°.
The scanning speed of the goniometer used was 0.02
26/sec., recorder full scale was 10,000 counts at
recorder speed of 4 mm/26. The lower level and the
upper level of the signal control was 35 § 75 res-
pectively.

The unit was aligned and examined, using a Solicon
standard, to attain maximum operation conditions.
The X-ray pattern of homatropine hydrobromide is
presented in Fig. 1. Interplannar distance and
relative intensity are tabulated in table 2.
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Table 2 : X-Ray Powder Diffraction Pattern
of Homatropine Hydrobromide

d (A®) I/Io d (A®) I/1o
6.98 17.8% 2.87 11.7%
6.41 17.3% 2.83 24.1%
6.00 22.1% 2.72 19.5%
5.15 15.7% 2.64 10.7%
5.04 21.1% 2.61 14.2%
4.84 73.5% 2.58 20.0%
4.64 12.6% 2.52 22.9%
4.48 14.4% 2.50 12.1%
4.35 39,0% 2.42 22.0%
4,28 85.9% 2.35 13.5%
4.19 100.0% 2.32 25.9%
3.96 36.3% 2.29 13.7%
3.57 48.7% 2.26 13.1%
3.50 46.1% 2.15 11.9%
3.43 11.2% 2.07 11.3%
3.30 38.5% 2.03 16.4%
3.23 21.3% 1.98 10.7%
3.17 20.2% 1.93 O%
3.12 22.7% 1.87 2%
3.07 20.7% 1.80 O%
3.00 20.8% 1.77 3.5%
2.97 17.8%

d = interplanar distance, I/I, = rela-
tive intensity (based on the highest
intensity of 100).

Fig. 1 : X-RAY DIFFRACTION PATTERN OF HOMATROPINE HYDROBROMIDE .
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2.5 Spectral Properties

2.5.

2.5.

1

2

Ultraviolet Spectrum

The UV spectrum of homatropine hydrobromide
in methanol (Fig. 2) was scanned from 200
to 350 nm using DMS 90 Varian Spectrophoto-
meter. It exhibits the following UV data
(Table 3).

Table 3. UV Characteristics of Homatropine

Amax. at nm € (A 1%, lcm)
252 224,28 6.3
258 267 7.5
264.5 228.5 6.42
273 78.32 2.2

Other reported UV spectral data for homatro-
pine in 0.1 N sulfuric acid (17).

Amax. at 252 mu (E 1%, 1 cm 4.8), 258 mu
(E 1%, 1 cm 6.1) and 264 my (E 1%, 1 cm 5).

Amax. in 0.1 N hydrochloric acid at 254 nm
(E 1%, 1 cm = 3); at 259 nm (E 1%, 1 cm =5.2)
and 266 nm. (18).

Infrared Spectrum

The IR spectrum of homatropine hydrobromide
as KBr-disc was recorded on a Perkin Elmer
580 B Infrared Spectrometer to which infrared
data station is attached (Fig. 3).

The structural assignment have been correla-
ted with the following frequencies (Table 4).

Table 4. IR Characteristic of Homatropine

Frequency cm_l_ Assignment
Base HBr
3350 3270 OH (stretch)
2940,3050 2965 CH (stretch)
- 2800-2585 NH

1735

1755 -0-C~-(ester)
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A I A

200 250 300 350

Fig. 2 : THE UV SPECTRUM OF HOMATROPINE HYDROBROMIDE IN METHANOL
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Fig. 3 : THE IR SPECTRIM OF HOMATROPINE HYDROBROMIDE AS KBr DISC.
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Frequency e Assignment
Base HBr
1600 1600 C=C (aromatic)
1450,1500 1475 C=C (aromatic)
1100, 1065 1170,1070 C-0-C (ether)
755,700 735,700 5 H (monosubstituted
aromatic)

Other characteristic bands are 2750, 2710, 1450,
1420, 1395, 1378, 1328, 1288, 1265, 1195, 1105,
1025, 960, 885, 820 and 615 cm-1.

Other IR data for homatropine and the hydrobromide
salt have been reported (1,14,17).

2.5.3 Nuclear Magnetic Resonance

2.5.3.1 ‘H-NMR Spectra

The 1H—NMR spectra of homatropine

hydrobromide in DMSO—D6 and in DZO

were recorded on a Varian T-60A, 60
MHz NMR spectrometer using TMS (tet-
ramethylsilane) as an internal refe-
rence. These are shown in Fig. 4
and 5 respectively. The following
structural assignment have been made
]
z/CHS (Table 5).

1 2

7 5 I H, oH 121
i1
0—C—CH — 1
S v 15
Table 5. The 1H—NMR Characteristics of Homatropine

Group Chemical Shift (pmm)
DMSO-d6 D20

5 aromatic protons 7.33 (s) 7.4 (s)

(12,13,14,15,16 H)

10 H (OH) 6.03 (d)

10 H 5.13 (d) 5.33 (s)
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Fig. 4 : THE H-NMR SPECTRUM HOMATROPINE HYDROBROMIDE IN DMSO-D
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Fig. 5 : THE 1H-NMR SPECTRUM OF HOMATROPINE HYDROBROMIDE IN D,0.
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Group Chemical Shift (pmm)
DMSO—d6 DZO

3H 4,70 (t) 5.03 (t)

1 Hand 5 H 3.7% (bs) 3.66 (bs)

8-N-Me 2.63 (s) 2.67 (s)

2,4,6,7 H 2.4-1.27 (m) 2.4-1.8 (m)

s=singlet, d=doublet, t=triplet, bs=broad singlet

1

Other "H-NMR data for homatropine hydrobromide was

reported (1 ).

Ohashi et al (10 ) have reported

H nuclear magnetic resonance contact shifts of some
tropanes including homatropine in CDClz at 220 MHz.
The contact shifts used were nickel and cobalt dia-

cetylacetonates.

2.5.3.2

13

C-NMR

The 13C—NMR completely decoupled

and off resonance spectra of homa-
tropine hydrobromide are presented
in Fig.6 and Fig.7 respectively.
Both were recorded over 5000 Hz
range in a mixture of DMSO-Dg and
CDC1lz (conc. 100 mg/ml), on a Joel
FX-100-90 MHz spectrometer. A sam-
ple tube 10 mm and TMS as internal
standard at 20° were used. The
carbon chemical shifts are assigned
on the basis of the chemical shift
theory and the off-resonance split-
ting pattern (Table 6).

12 13
14

16 15



Fig. 6 : THE 1:()C-NMR COMPLETELY DECOUPLED SPECTRUM OF HOMATROPINE HYDROBROMIDE.



Fig.

+ THE ”C-?‘MK OFF-RESONANCE SPECTRUM OF HOMATROPINE HYDROBROMIDE.
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Table 6. Carbon Chemical Shifts of Homatropine
Carbon Chemical Shift Carbon Chemical Shift

No. [ppm] No. _[ppm]

C1 59.18 (d) C9 169.38 (s)
C2 32.11 (1) C10 62.76 (d)
c, 70.74 (d) Ciy 137.38 (s)
C4 32.11 (t) C12 126.34 (d)
C. 59.18 (d) €5 124.76 (d)
Ce 21.19 (t) Ciy 125.99 (d)
C7 21.19 (t) C15 124.76 (d)
Cq 40.21 (q) Cie 126.34 (d)

263

s = singlet, d = doublet, t = triplet, q = quartet.

2.5.4

Table 7.

m/e
275
234
193
165
142
140
125

Mass Spectrum

The mass spectrum of homatropine obtained by

electron impact ionization at 70 eV, was

recorded on a Finigan-Mat 5100 Mass Spectro-

meter.

is at m/e 124.
The most prominent fragments, their relative
intensities and some proposed ion fragments
are shown in table 7.

Mass Fragements of Homatropine

Relative Intensity %

B OO = = = N
[S2 < S - I ST SR

10.

Ions

+

The spectrum (Fig. 8) shows a mole-

cular ion peak M at m/e 275. The base peak
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Fig, 8 :

THE MASS SPECTRUM OF HOMATROPINE.
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m/e Relative Intensity % Ions
124 100 125-H
122 1.6 -
107 7.5 -
106 3.8 -
105 6.1 - +
[ ]
926 14 H3%§i;;;;>
95 9.3 96-H
94 21.5 §5-H
_ -+
.
+
83 20.3 NCH,
i
82 29.2 NCH
79 14.3 -
77 19.2 -
68 5.9 -
67 19.1 68-H
+
55 6.7 [CH,=N=CH-CH,] e

Other mass spectral data  of homatropine have been
reported (19,20).
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3. Preparation of Homatropine Hydrobromide

Atropine is hydrolyzed with barium hydroxide solution to
give tropine and tropic acid.

The tropine is heated with mandelic acid in the presence
of hydrogen chloride. Ammonia is added, and the libera-
ted homatropine is extracted with chloroform. The chlo-
roform solution is evaporated to dryness. The residue
is treated with hydrobromic acid and the homatropine
hydrobromide obtained is purified by recrystallization
(21, 22). The preparation is outlined in Scheme I.

Scheme I.
H 9 //_CHZOH
N-CHz 0-C-CcH
~C_.H
6
N
Hydrolysis
H HOOC-CH-CHZOH
N-CH3 OH

CH
o~ \\\\N
H oo
N-CH o-C-cli
~
CeHg

Homatropine
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An alternative method of hydrolyzing atropine was achieved
microbically by the action of Arthrobacter atropini (23).

4. Total Synthesis

Since Homatropine is the tropine ester of mandelic acid,
schemes for the total synthesis of tropine and of mandelic
acid were reported.

4.1 Total Synthesis of Tropine

Four schemes for the total synthesis of tropine are
known. Scheme II was also modified to give a much
better yield.

Scheme II: Willstatter's total synthesis of tropine
(24).

Suberone (cycloheptanone) [1] is reduced to suberol
which is treated with hydrogen iodide to give suberyl
iodide [2]. This is treated with potassium hydroxide
in ethanol to give cycloheptene [3]. Cycloheptene

is brominated to give 1,2-dibromocycloheptane [4]
which is treated with dimethylamine to yield dimethy-
laminocyclohept-2-ene [5]. The latter is converted
to cyclohepta-1,3-diene [6] by exhaustive methylation.
[6] is brominated at 1,4-positions to give 1,4-dibro-
mocyclohept-2-ene [7]. Elimination of two moles of
the hydrogen bromide of [7] is effected by quinaline
to give cycloheptatriene [8].

Substance [8] is treated with hydrogen bromide to
give bromocyclohepta-3,5-diene [9] which is reacted
with dimethylamine to give dimethyl aminocyclohepta-
2,4-diene [10]. The latter is treated with sodium in
ethanol followed by bromination to give 1,2-dibromo-
S5-dimethylamino-cycloheptane [11]. This is warmed in
ether when intramolecular alkylation occurs to give
2-bromotropane methobromide [12]. Hydrogen bromide
is eliminated from [12] by the action of alkali to
yield tropidine methobromide [13]. This is trans-
formed to tropidine methochloride [14] by the action
of potassium iodide followed by the action of silver
chloride. Substance [14] is pyrolized to give trop-
idine [15].

Hydrogen bromide is added to an acetic acid solution
of tropidine [15] to yield 3-bromotropane [16] which
is hydrolysed with 10% sulfuric acid at 200-210° to
give pseudotropine [17]. ¢-tropine [17} is oxidized
with chromium trioxide to give tropinone [18]. This
ketone is reduced with zinc and hydriodic acid to
tropine [19].
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Scheme T1: Willstatter's total synthesis of atropine

O (1)[H]
____—-p
I

KOH
EtOH

JQ
Qi

[2] [3]

“?
"

exhaust MegNH - Br
4t
methyln
N(CH )
2 Br
[5 (&)
o
£
m
Br
quinoline HBr
150°C
(8] o (9]
=
N
gl
N(CH
(CH3), N(CH3),
}Br warm (i)Ma/EtOH
- P S—
in Et,0 (11)Br, /HBr
Br
[12] Br [10]
Br
(11]

l
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}Br'(i )KI }Cl heat /
—_— —_—>
(ii)AgCl
[13] (14] ,_‘F[lﬂ
MmO
i<
OH
0 Cros N.CH3 ) HpSOy Br
i +—50c
(18] {17} [16)
2
PN
H
OH
(19]

Scheme [11:Robinson's total synthesis of atropine

CHO
qs-on g
+ CH3NH2 cond. > N—CH3 + \C=O
(2] / /
CHO CH-OH CH3
(1] [3] (4]
H
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Scheme I11: Robinson's synthesis (25)

Succindialdehyde [1] is condensed with methy-
lamine [2) to give the condensate biscarbin-
olemine [3]. This in turn condensed with ace-
tone {4] to give tropinone [5] (This mixture
is allowed to stand in water at ordinary tem-
perature for half an hour).

Tropinone [5) is reduced with zinc and hydr-~
iodic acid to tropine [6].

The yield can be improved by substitution
of the more reactive acetone dicarboxylate or
its ester for acetone.

Succindialdehyde [1] is condensed with methyla-
mine [2] to give biscarbinolamine [3]. [3]

is condensed with calcium acetonedicarboxy-
late [I] to afford the condensate [5]. This
is warmed with hydrochloric acid to give tro-
pinone [6]. Tropinone [6] is reduced with
zinc and hydriodic acid to tropine [T].

Scheme IV : Willstatter's second synthesis(26)

Succinyldiacetic ester [1] is condensed with
methylamine [2] to give diethyl-N-methylpyr-
rolediacetate [3]. This is reduced (Ho+Pt)

to afford diethyl-N-methylpyrrolidinediace-
tate [4]. The cis form of [4] is cyelized in
the presence of Na and p-cymene to give ethyl-
tropinone-2-carboxylate [5]). Hydrolysis of
[5) with 10% sulfuric acid gives ethyltropi-
none-2-carboxylic acid [6). The latter is
heated to yield tropinone [7] which is redu-
ced with zinc and hydriodic acid to tropine [8].

Scheme V:

Tropinone can also be synthesized (27 ) using
methylamine hydrochloride acetondicarboxylic
acid and generating succindialdehyde in situ
by the action of acid on 2,5-dimethoxy tetra-
hydrofuran as follows:

CHO
" CH3NHoHCL 3
——-———)- ———-———-» -
Hp0 CO(CH,COOH )5

CHO
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Scheme I11: Robinson's synthesis (yield improvement)

CHO CH-OH CH2COOCa

\
+ NHCHg cond. N-CHy - \c=o
[2) / /

cHo CH-01 CH,CO0Ca
[1] (3] \\ (U]
~
CO0Ca
7
H
NCH 0 0
3 Zn
OH ~—— <
_ 00Ca
(7] (61 (5]
Scheme IV:  Willstatter's second synthesis

CH== CH— CHE—COOCQH CH=C— CH,~-CO0C 1

5 , 27 v2"s
* HNCH, 5 N— CH,
|
CH== CH— CH - =— C— CH_-
{ I— CH,~C0OC g [2] CH= C— CH,,~CO0C,H,
[1] (3]
“ *.*
I
CHp~ C— (|3H2—COOC2H5 Cliy— C— CH,-C00C, I
, HcN  ¢=0 - fl— Cliy
— C— CH_- CH,— C— CH,_-C00
CHy— C— CH,=C00C, lig p— C— CH,-CO0C K
H H
(5] H [u]
|
\ CH,_~ C— CH-COOH
2 i I
A ‘ H.CN  C=0
3 | >
Cily- C— Ci
H

(6]
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CH, —CH —CH CH, —CH —CH

2 \ | 2 2 | 2
Zn —H
Me-N C=0 S Me -N C
/] = /1 on
CH2 —CH —-CH2 CH2 - CH —-CH2
(7] (8]

4.2 Total Synthesis of Mandelic Acid

Several schemes for the total synthesis are known
(28-30).

Scheme 1

Benzaldehyde [1] is treated with a mixture of a
saturated solution of sodium hydrogen sulfite and
aqueous sodium cyanide to give mandelonitrile [2].
[2] is hydrolyzed with cold concentrated hydro-
chloric acid to yield mandelic acid {3] (28).

Scheme I1I

Acetophenone [1] is converted into dichloroaceto-
phenone [2] by the action of chlorine in acetic acid.
[2] is treated with sodium hydroxide to afford the
sodium salt of mandelic acid, which is treated with
hydrochloric acid to give mandelic acid [3] (29).

Scheme III

Amygdalin [1] is treated with fuming hydrochloric
acid to produce mandelonitrile [2] which is then
hydrolyzed with hydrochloric acid to give mandelic
acid [3] (30).

4.3 Total Synthesis of Homatropine

Tropine is then esterified with (¢)-mandelic acid
in the presence of hydrogen chloride (Fischer-
Speier esterfication) to give (¢)-homatropine.
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Total Synthesis of Mandelic Acid

Scheme 1
H i
1
C=0  Nacn C-CN
NaHSO , OH
[1] [2]
H20, HC1
i
C-COOH
I
OH
[3]
Scheme I1I
CHs CHC1,
C=0 C=0
Cl2
CH_COOH
[1] 3 [2]
i) NaOH
ii) HCl
t
?-COOH
OH
[3]
Scheme III
HO HZOH
0
0
HO \ /' \
HO CH, [2]

PO\ VARN T

(1) [3]
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Therapeutic Uses and Pharmacological Effects

Homatropine is used as a mydriatic and cycloplegic drug
in ophthalmology. It is preferred to atropine for diag-
nostic purposes because its action is more rapid, less
prolonged and is more readily controlled by physostig-
mine (12). The effect of homatropine is exerted in 15 to
30 minutes and passes off in 12 to 24 hours. It is some-
times used with cocaine which enhances its mydriatic
action (12).

Homatropine has also less tendency than atropine to incr-
ease the intra-ocular pressure (18), but it produces a
less satisfactory mydriasis in children (18). It is
seldom used internally (12).

Homatropine is an anticholinergic drug with effects simi-
lar to but much weaker (about one-tenth) than those of
atropine (12,31), generally the belladonna alkaloids are
absorbed rapidly from the gastrointestinal tract. They
also enter the circulation when applied locally to the
mucosal surfaces of the body (31). Some of these com-
pounds (atropine and homatropine) when applied locally

to the eye can cause mydriasis and cycloplegia (31).
Homatropine is used as a 2% solution in castor oil, but
more often in form of 2 to 5% homatropine hydrobromide
ophthalmic solutions (12,31).

It has been reported (32) that homatropine in doses of
0.5 to 4.0 mg, induces bradycardia in man, when it is
administered subcutaneously

Drug Stability

Homatropine hydrobromide in the dry state,in air tight
container at room temperature and protected from light,
showed no decomposition after five years when examined
according to the B.P. (15).

In aqueous solution, homatropine hydrolyses to tropine
and mandelic acid. Hydrolysis is catalyzed by hydrogen
ions and hydroxide ions (18). At 25°, the rate of hydro-
lysis is a minimum at pH 3.7.

A solution containing homatropine hydrobromide 1% and
boric acid 1.55%, lost 2% of its homatropine content after
autoclaving for 20 minutes at 120° (12).

The pH of this solution fell from 4.5 to 3.8 (33,34).
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7. Methods of Analysis

7.

1

Identification Tests

The following identification tests are mentioned in
the B.P. (15).

Dissolve 10 mg of homatropine hydrobromide in 1 ml

of water, add a slight excess of 10M ammonia and
shake with 5 ml of chloroform. Evaporate the chloro-
form layer to dryness on a water bath and add 1.5 ml
of a 2 per cent w/v solution of mercury (II) chloride
in ethanol (60%); a yellow color develops which turn
to red on warming.

A 2 percent w/v solution yields the reaction charac-
teristic of alkaloids and the reactions characteris-
tic of bromides.

The following test is mentioned in the U.S.P. (35).
The infrared absorption spectrum of a potassium
bromide dispersion of it, exhibits maxima only at
the same wavelengths as that of a similar prepara-
tion of USP Homatropine Hydrobromide Reference
Standard.

A simple, rapid and sensitive test for the detection
of homatropine and other alkaloids in physiological
fluids such as saliva and urine is reported (36)

To the solution of alkaloids, a methanolic bromo-
phenol blue is added to give blue stable color.

Another color test was reported as follows (37):
Homatropine is evaporated to dryness with a mixture
of fuming nitric acid-acetic anhydride (4:3) and

% methanolic tetramethylammonium hydroxide solution
is added to a solution of the residue in acetone,
the color develops and remains constant for 6 to 8
minutes. Itis possible to determine the alkaloid

quantitatively by measuring the color at 570 nn.

Other identification tests have been also mentioned
(38).

Microcrystal Tests

Homatropine hydrobromide was dissolved in water

(10 mg in 10 ml), 1 to 2 drops of this solution was
treated with the reagent on a microscopical glass
slide. After specific time, the crystals were
microscopically examined (39).
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Wagner's reagent was added to the test solu-
tion, minute irregular brown blades were
formed after 2-3 minutes (Fig. 9).

Picric acid was added to the test solution,
radiating rods and irregular blades were
formed after 10 minutes (Fig. 10).

Dragendroff's reagent was added to the test
solution, minute irregular orange crystals
were formed after 1-32 minutes (Fig. 11).

Other microcrystal tests have also been
reported (17,40,41).

Titrimetric Determinations

7.3.1

Aqueous

The following assay is mentioned in U.S.P (35)
Dissolve about 400 of Homatropine Hydrobro-
mide, accurately weighed, in water to make

50 ml and mix.

Transfer 10 ml of this solution to a beaker,
add 5 ml of sodium hydroxide TS, and heat the
solution just to boiling. Add 10 ml of dilute
nitric acid (1 in 15), add water to make 50 ml,
and cool in an ice bath. Concomitantly add

5 ml of dilute nitric acid (1 in 15) to a
second 10 ml portion of the solution of Homa-
tropine Hydrobromide, add water to make 50 ml,
and cool in an ice bath. Add 1 drop of nitro-
phenanthroline TS to each solution and while
keeping the solutions cold, titrate with 0.05N
ceric ammonium nitrate until the pink color is
discharged.

Each ml of the difference in volumes of 0.05N
ceric ammonium nitrate required is equivalent
to 8.907 mg of C16H21N03.HBr.

Homatropine was determined by titration with
aqueous 0.01 M-tetraphenylborate, with tetra-
bromophenolphthalein ethyl ester as an indica-
tor in 1,2-dichloroethane (42).

A potentriometric titration of homatropine
hydrobromide in galenical preparations with
sodium tetraphenylboron was described (43).
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Fig. 11 Homatropine HBr with Dragendorff’s reagent
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- Homatropine hydrobromide was titrated in
dimethyl sulphoxide medium with 0.1 M AgNOS.
End-point was determined by conductometric)
potentiometric and polarimetric techniques,
and the results were satisfactory by all
three techniques. Amounts of 0.1.mmol (44)
could not be determined.

7.3.2 Non-aqueous

- The following assay is mentioned in the B.P.
(15).

Dissolve 0.3 gm in 20 ml of anhydrous glacial
acetic acid, add 10 ml of mercury (I1) acetate
solution and carry out Method I for non-aqueous
titration, Appendix VIII A, determining the
end-point potentiometrically. Each ml of

0.1 M perchloric acid VS is equivalent to
0.03563 gm of C16H21N03.HBr.

- An alternative method involves direct titra-
tion of homatropine hydrobromide with perchlo-
ric acid in acetic anhydride medium using
naphtholbenzein or Sudan red 8 as indicator
(45).

- Other non-aqueous titration has been also
reported (46).

Complexometry

Precipitation of homatropine as a thalium complex
using one part 0.1 N thallium sulfate and 3 parts
0.1 N iodine in 0.15 M potassium iodide solution.
The precipitation in a neutral medium is most sensi-
tive. The use of this precipitation reagent for an
indirect determination of small amounts of homatro-
pine is based on the determination of thallium in
the precipitate (47).

Another method utilizing merceuric-potassium iodide
reagent in 0.3 sodium hydroxide solution was repor-
ted (48). The determination is based on the extrac-
tion of the precipitate formed with chloroform. The
combined extracts are evaporated and water and 0.1M-
silver nitrate are added. Methylthymolblue is used
as indicator and sufficient 20% hexamethylenetetra-
mine solution is added to give a blue color. The
mercury in the solution is then titrated with 0.05M
EDTA to a yellow end point.
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7.5 Polarographic

- The oscillopolarographic behaviour of homatropine
and other alkaloids was reported (49).
A dropping mercury electrode served as a polarizable
electrode, and a graphite one as a reference.
The depolarizing potentials were referred to the
potentials of Tl ions. Semiquantitative determina-
tion from the depth of the characteristic Cuts-in
on the curve is possible in alkaline solutions.

- Another oscillopolarographic method for identifica-
tion of homatropine hydrobromide in alkaloidal
mixtures was also described (50).

7.6 Spectrophotometric methods

7.6.1 Colorimetry

- A colorimetric method for the determination
of homatropine and other related alkaloids
was reported (51). The method is based on
the nitration of the drug with a solution of
20% potassium nitrate in concentrated sulfuric
acid at 50-60° for 30 minutes. The product
is made alkaline with hot 20% sodium hydroxide
and the color which develops is measured.

- A stability indicating assay for the determina-
tion of homatropine hydrobromide and methobro-
mide and their degradation products in galeni-
cal preparations was reported (52). The method
is as follows:-

To 5 ml of prepared solution (= =3 mg of
alkaloid) in a 50 ml flask placed in an ice-
water bath, add saturated aqueous hydroxyl-
ammonium chloride solution (1 ml) and 10.5 M
potasium hydroxide (1 ml), mix and set aside
for 1 hr. Add 4 M hydrochloric acid (2 ml)
to give pH 1.2 to 1.4, mix, add 0.37 M Ferric
chloride solution in 0.1 M hydrochloric acid
(1 ml1) and mix again. Remove the flask from
the bath, allow the evolution of gas to subside
and measure the extinction of the solution at
540 nm.

- Absorptiometric determination of homatropine
hydrobromide in eye drops (53).
NDilute 2.5 ml of sample to 25 ml and to 1 ml
of the resulting solution [0.25 to 2 mg of
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homatropine hydrobromide] add 2.5 ml of
water, 3 ml of 5% sodium hydroxide solu-
tion and after 5 minutes, 3.5 ml of Folin
reagent. After 10 minutes, measure the
extinction of the blue solution with use
of a red filter. The sensitivity of the
method is 0.25 mg in the final solution
the mean error is *3%.

Another colorimetric determination of
homatropine hydrobromide has been also
reported (54). The method is as follows:
Dissolve 1 mg of sample in 100 ml of water
and to 1 ml of the solution add 3 ml of
mM-bromocresol purple and 2 ml of buffer
solution (pH 4). Extract the colored 1:1
product into chloroform (2x5 ml); dilute
the combined extracts to 10 ml with chloro-
form and measure the absorbance at 405 to
410 nm. Hydrolysis products of the drug
does not interfere unless present in three
fold amounts. The relative error of the
method does not exceed * 1%.

Other colorimetric determination of homa-
tropine by cis-aconitic anhydride has been
described (55,56). It is as follows:

The sample (0.05 gm) was dissolved in 50 ml
toluene and from this solution, the stan-
dards at 20,50 and 100 y/ml were prepared.
Each standard (2 ml ) was diluted with 2 ml
toluene and 1 ml reagent prepared by dis-
solving 0.25 gm cis-aconitic anhydride in
100 ml redistilled acetic anhydride. The
solutions were heated for 45 minutes on a
steam bath and cooled for 15 minutes in

the dark. Then were diluted to 10 ml.

with 20:80 acetic anhydride-toluene mixture
and absorbancy measured at 535 nm. Aqueous
solutions of the salt was basified with
ammonia and extracted with toluene.

Homatropine was determined using tetra-
bromophenolphthalein ethyl ester at pH
8-10.5 and the addition compound formed
was extracted with 1,2-dichloroethane and
extinction is measured at 560 nm (57),

Colorimetric determination of the thalium
complex of homatropine hydrobromide using
crystal violet was also reported (58).



7.7 Chromatographic Methods

7.7.1 Paper chromatography

Homatropine can be detected by paper chromatography. Table 8 includes paper
chromatographic conditions used for homatropine.

Table 8. Paper Chromatography of Homatropine

Solvent system Conditions Detecting reagent Bf value Reference
5% aqueous ammonia Whatman No. 1 paper impreg- - (59)
saturated with octanol nated with 7% methanolic

octanol. Descending techni-

que. Drying the paper in

air for 5 to 10 minutes.

4.8 gm of citric acid Paper Whatman No.l dipped U.V. or Iodoplatinate 0.3 Clark

in a mixture of 130 in 5% solution of sodium (17)

water and 870 of dihydrogen citrate and dried

n-Butanol

acetate buffer Whatman No.l or No.3 impre- Location under U.V. 0.96 Clark

{pH 4.58) gnated by dipping in 10% Light (254 my) or (17)
solution of Tributyrin in Todoplatinate spray

acetone and drying in air.
BuOH-AcOH-H,,0

(40:10:50) °

BdOH—HCOzH—HZO Descending technique 0.2% Iodine solu- (60)
(10:1:10) tion spray

BuOH—C2H§ZOZH-H20

(10:1:10)

Other paper chromatography has also been reported (61).



7.7.2 Thin layer chromatography (TLC)

Homatropine can be detected by thin layer chromatography. Table 9 includes
thin layer chromatographic conditions used for homatropine.
Table 9., Thin layer chromatography of Fomatropine
Solvent system Conditions Detecting reagent Rf value Reference
Strong ammonia solution: silica gel G acidified iodoplatinate 0.15 Clark
methanol (1.5:100) or under U.V. (254 nm) (17)
Ethanol-pyridine-water alumina iodoplatinate spray 0.87 (62)
(1 : 6 :4)
Chloroform-acetone-diethylamine Kieselgel GF Dragendorff spray - (63
(5 4 1) 254
Acetone-water-25% ammonia Kieselgel G Dragendorff ethylacetate - (64)
solution reagent

( 90 : 4 : 6)
The upper phase of
Butanol-acetic acid-water Cellulose Dragendorff spray - (652
(10 1 : 5)

Other T.L.C. for homatropine has been also reported (66).
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7.7.3 Electrophoresis

7.

7.

7.4

7.5

- Electrophoresis of homatropine was performed

on Whatman No.l paper (18x46 cm) at 8 v./cm
for 3 hrs. in the presence of universal buf-
fer, The relative displacements at pH
2.3, 4.3, 6.4, 8.2, 10.5 and 11.4 were 63,84,
104,105,100,16 respectively (67,68).

Other electrophoresis for several alkaloids
have been reported (69).

Column chromatography

Chromatographic assay of homatropine hydro-
bromide and other related alkaloids are quan-
titatively eluted with 95% acetone from a
column packed with basic alumina (70).

The purity of homatropine hydrobromide can
be determined on alumina column as follows
(71).

Homatropine hydrobromide (0.1 gm) was eluted
over a column packed with basic alumina (5
gm) by using aqueous acetone as solvent.
After elution, the eluate was diluted with
water and homatropine hydrobromide is titra-
ted with 0.1 N hydrochloric acid using brom-
ophenol blue as an indicator.

Gas chromatography (GC)

The gas chromatography for homatropine are
listed in table (10).



Table 10.

Column condition

2.5% SE-30 on 80-100 mesh chromosorb
W (5 Ft x 4mm internal diameter).
Column temperature 225°.

3% XE-60 silicone nitrile polymer
on 100-120 mesh Chromosorb W.
Column temperature 225°.

5% SE-30 on 60-80 mesh Chromosorb W
AW (5 ft x 1/8 diameter)
Column temperature 230°.

3% JXR on silanised G Chrom P on
100-120 mesh (1.8m x 2mm)
Column temperature 250°.

5% SE-30 on 60-80 mesh acid washed
Chromosorb W at 190,210,230,
250-270°

15 % QF-1 on 60-80 mesh,
Gas Chrom(R)Q.,
(1.5m x 3.2 mm)
column temperature 160°.

The GC of Homatropine

(50 ml/min)

Carrier gas Detector Retention time Ref.
Nitrogen F.I.D. hydrogen 0.36 relative Clark
(50 ml/min.) (50 ml/min.) to codeine (17
air (300 ml/min.)
Nitrogen F.I.D. hydrogen 0.39 relative Clark
(50 ml/min.) (50 ml/min.) to codeine (17
air (300 ml/min.)
Nitrogen F.I.D. hydrogen 0.44 relative Clark
(30.7 ml/min.) (22 ml/min.) to codeine (17>
Nitrogen F.I.D. - (72)
(50 ml/min.)
- F.I.D. - (73)
Nitrogen F.I.D. 4.2 (min) 7

Other gas chromatographic analysis have been reported (75-78)
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7.7.6

High Pressure Liquid Chromatography (HPLC)

Fell et al. (79) have reported an analysis of
homatropine hydrobromide by reversed-phase
high-pressure liquid chromatography. Homatro-
pine hydrobromide was determined on a column
of Hypersil ODS (5 um) with 50 mM. Sodium
acetate in 10 mM-tetrabutylammonium sulfate
(pH 5.5) -~ acetonitrile (3:1) as the mobile
phase and detection at 254 nm. The internal
standard was p-toluic acid. Rectilinear
calibration graph was obtained for homatropine
hydrobromide (in eye drops) in the range 0 to
4 mg ml-1,

Stutz and Sass (80) have described a high-speed,
high pressure liquid chromatography of tropane
alkaloids including homatropine. The compound
was separated on a stainless-steel column (1
meter x 4.6 mm) packed with sil-X absorbent
with 28% aqueous ammonia tetrahydrofuran (1:
100) as the solvent and with a column inlet
pressure of 500 1b per sq. inch. A differential
refractive index detector and a UV detector
operating at 254 nm were used to monitor the
eluate.
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1, Foreword, History

Mebendazole is a broad spectrum anthelmintic agent
synthesized and developed by Janssen Pharmaceutica,
Research Laboratody, Beerse, Belgium. After its
introduction there in 1972, the drug became available in
numerous countries around the world, including the
United States and Canada (1). It produces high cure
rates in infestations by Ascaris, threadworms
(Enterobius), hookworms (Ancylostoma and Necator Spp.),
and Whipworms (Trichuris). It is also active in some
(about 40%) Dwarf tapeworm (Hymenolepis) infestations
(2-5).

2. DescriEtion
2.1 Nomenclature

2.1.1 Chemical Names

(5-Benzoyl-1H-benzimidazol-2-yl)-carbamic
acid methyl ester.
5-Benzoyl-2-benzimidazolecarbamic acid methyl
ester.

Methyl 5-benzoyl-2-benzimidozolecarbamate.
Methyl-5-benzoylbenzimidazol-2-ylcarbamate.
Methyl- (5-benzoyl-1H-benzimidazol-2-yl)
carbamate.

Carbamic acid, 5-benzoyl-1H-benzimidzol-2-yl,
methyl ester. (6)

CAS Registry Number

[31431-29-7] (6)
2.1.2 Generic Name
Mebendazole; R 17,635 (7).

2.1.3 Trade Names

Propretary Names

Bendrax, Besantin, Esadirase, Equivuarm

plus Forverm, Gendal, Granverm, Lomper,
Mebendacin, Mebendozol MK, Mebendazole,
Mebenix, Mebutar, Nemasole, Oxiben, Pantelmin,
Parelmin, Sirben, Telmin, Trotil, Vermirax,
Vermox, and Zakor (1,6, 8-11).
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2.2 Formulae

2.2.1 EmEirical

€y 6Hy3N305

2.2.2 Structural

H
0]

|
N I
0 NH = C~— 0 —— CHj

2.3 Molecular Weight

295.30 and 295 (7 & 9).

2.4 Elemental Composition

C, 65.08%, H, 4.44%, N, 14.23%; 0, 16.25%

2.5 Appearance, Color and Taste

Off-white to slightly yellow amorphous powder and
not unpleasant to taste. (10-12)

Physical Properties

3.1 Melting Point

Melts at about 290°, 288.5°, above 280° with
decomposition (6-8 & 10).

3.2 Solubility
Almost insoluble in water, ethanol, ether, chloro-
form, and dilute mineral acids; readily soluble in

formic acid (9 § 11).

3.3 Hygroscopicity

Mebendazole is not hygroscopic and it is stable in
air.
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3.4 Extraction

Mebendazole is extracted by chloroform from aqueous
alkaline solutions (11).

4. Spectral Properties

4.1 Ultraviolet Spectrum

4,

2

The ultraviolet absorption spectrum of mebendazole
obtained from a solution in neutral methanol in the
region of 200 to 400 nm using DMS 90 spectrophoto-
meter is shown in Figure 1. Three absorption
maxima at about 210, 247 and 310 nm and two minima
at 228 and 273 nm were observed.

Clarke (11) reported the following:

Mebendazole in 0.05% formic acid in isopropanol;
maxima at 248 nm (E1%, 1 cm 1005) and 313 nm
(E1%, 1 cm 518), minima at 230 nm and 275 nm.

Mebendazole in 0.01 N sodium hydroxide in isopropa-
nol, maxima at 270 nm (E1%, 1 cm 802) and 355 nm
(E1%, 1 cm 653), minima at 245 nm and 302 nm.
Mebendazole in 0.1 N hydrochloric acid in isopro-
panol, maxima at 234 nm (E1%, 1 cm 1000) and

288 nm (E1%, 1 cm 524), minima at 215 nm and 266 nm.

Infrared Spectrum

The infrared spectrum of mebendazole is presented;
in Figure 2. The spectrum was obtained from KBr
disc using a Pye Unicam SP 1025 infrared
spectrophotometer. The spectral assignments are
presented in the following table.
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FIGURE 17 ULTRAVIOLET SPECTRUM OF MEBENDAZOLE IN METHANOL
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Frequency em™ L Assignment

3415 NH stretch

2500-2950 CH stretch

1720 C = 0 (amide) stretch

1650 C = 0 stretch

1600 C = C stretch

1530 ]

1410-1460 CHS-O (C-0) stretch
700-765 Monosubstituted benzene
878) ' .

) 1,2,4 Trisubstituted benzene
900

Clarke (11) reported the principal peaks (KBr disc)
are 705, 1260, 1590, 1635 and 1730 cm-1,

1H Nuclear Magnetic Resonance (lH NMR) Spectrum

The lH NMR spectrum of mebendazole is shown in
Figure 3. The drug is dissolved in Trifluoro-
acetic acid (TFA) and its spectrum determined on a
Varian T60 A NMR spectrometer using TMS (tetra-
methylsilane) as the internal standard. Assignment
of the chemical shifts to the different protons is
shown below:

Chemical Shift  Multiplicity Proton Assignment
PPM (8)

7.5 - 8.3 multiplet Aromatic
4.08 singlet methyl
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13C Nuclear Magnetic Resonance (13C NMR) Spectrum

The 13C NMR spectra of mebendazole in formic acid
using TMS (tetramethylsilane) as an internal
standard are obtained using a Joel FX 100 MH:
spectrometer at an ambient temperature. Figures 4
and 5 represent the lH-decoupled and off-resonance
spectra respectively.

r\{ 0
i
14 11!;' : 4 N:
10
15 16 8 9

The carbon assignments are based on chemical shift
values and by comparison with model compounds and
are shown below:

Chemical Shift Multiplicity Carbon Assignment
PPM (8)

57. quartet

5 ¢y
155.8 singlet C2
148.4 singlet C3
139.2 singlet C4
134.4 singlet C5
118.2 doublet C6
130.5 singlet C7
130.9 .doublet C8
115.8 doublet C9
200.5 singlet C10
136.7 singlet C11
132.9 doublet C12 and C16
131.3 doublet C13 and C15
136.3 doublet c

pury
E=N
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FIGURE 4. PROTON DECOUPLED CARBON-13 NMR SPECTRUM OF MEBENDAZOLE IN FORMIC ACID.
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FIGURE 5. OF -RESONANCE CARBON-13 NMR SPECTRUM OF MEBENDAZOLE IN FORMIC ACID
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4.5 Mass Spectrum and Fragmentometry

Figure 6 shows the 70 eV electron impact (EI} mass
spectrum obtained on Varian MAT 311 mass spectro-
meter using ion source pressure of 10-6 Torr, ion
source temperature of 180°C and an emission current
of 300 pA. The spectrum is dominated by m/e 186
ion (base peak) resulting from the loss of CH:OH
and C¢Hg fragments. A proposed mechanism of
fragmentation and the mass/charge ratios of the
major fragments is given in Scheme 1 (a and b).

Chemical ionisation (CI) spectrum is presented in
Figure 7 and is obtained on a Finnigan 4000 mass
spectrometer with ion electron energy of 100 eV,

ion source pressure of 0.3 Torr, ion source
temperature of 150°C and emission current of 300 pA.

The mass spectral assignment of the prominent ions
under CI conditions is given below:

m/e Species
296 MY 41
295 M

218 M" - c.H
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Scheme la: Proposed mechanism of fragmentation of mebendazole.
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5. Synthesis
1- Mebendazole was prepared (13) from 3,4-

(NH) 5CgH3COCgHs and NHp(CH3S)C = N - COOCHz
according to the following scheme.

0
; i AICI
O Ot
0
(QC _(\O . Nitration -
N

o NO,
f—\_u NH,
{ , C F o
v
o NO,
“ ; Hz/Pd -C
@ c O NH, >
HN 0
N 1]
. NH,, S/c-NH-c-o-CH3
] T CHs
C NH, “ —
H)N,
~C = N-C-0-CH,
1]
s. a

CHs
0

H

N NH e— C — 0 =— CH

A
o

o

@
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Mebendazole was also prepared in 52% yield by
decomposition of methyl 7-benzoyl-1H-2,1,4-
benzothiadiazine-3-yl carbamate in methanol with
2 N HCl1. The latter compound is prepared in two
stages from 4-benzoyl-2-nitroaniline (14).

NO2

307

0
I Two steps

—_ 0

0 " CHSOH
O =t o= e
C N

0

H
N "
0 ar— NH—C—0-—CH
3
C

6. Pharmacokinetics

6.1

Absorption, Distribution, Metbolism and Extraction

Mebendazole is poorly absorbed by gastrointestinal
tract after oral administration (10). Only

5-10% of the orally administered frug is found

in the blood (1). The poor intestinal absorption
of mebendazole is of therapeutic advantage in the
treatment of intestinal helminthis. However,

for tissue dwelling organism high oral doses are
required (15).

The absorption of drug in man is markedly enhanced
when the drug is used together with the meals, as
concomitent fat ingestion ehances its intestinal
absorption. Following oral administration peak
plasma level reach in 2-4 hours (16-18}.

Munst et al (19) reported a significant variation
in plasma mebendazole level in human subjects
following oral ingestion. According to this study
the plasma half-life was ranging between 1.5 and
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5.5 hours. The peak concentration following oral
administration were detected at 30 minutes to 2
hours of the dose. Mebendazole is metabolized
primarily in liver by decarboxylation (20), the
major metabolite was 2-amino-5(6-benzimidazolyl
phenylketone. Braithwaite et al (21) reported that
mebendazole is more lipophilic than any of its
metabolites. The distribution study by same author
showed that 63.3% of mebendazole was distributed

in plasma and 36.7% in cellular fraction. Most

of the drug in plasma (95%) was present in the
protein bound form. The concentration of mebendazole
in liver was considerably higher as compared to the
fatty tissue. Gilbaldi and Perrier (22) reported
that steady state AUC of mebendazole is independent
of absorption rate in human subjects. Approximately
90% of the orally administered dose of mebendazole
is eliminated primarily as unchanged drug in
faeces. About 5-10% of the administered drug may
be recovered in the form of its conjugates, and
metabolites in the urine (11).

In rats about 85% of an I.V. dose was eliminated
with the bile and remainder with the urine. The
majority of the dose was recovered as conjugated
metabolites (23-24). In another study (25), three
metabolites of mebendazole were isolated from the
bile of rats and identified as : methyl-5-
(a-hydroxybenzyl)-2-benzimidazole carbamate; 2-
amino-5- (a-hydroxybenzyl)benzimidazole and 2-amino-
5-benzoylbenzimidazole.

7. Toxicity

Gastrointestinal symptoms including constipation have
been reported infrequently following use of mebendazole
(26). High doses may on occasiomnsbe associated with
mild colic pain or diarrhoea as reported by
Chavarria (27) using doses of upto 300 mg BID in the
treatment of taeniasis.

Acute and chronic toxicity studies in animals

indicate a wide range between therapeutic and toxic

doses. The LDgg (mg/kg orally) was more than 640 mg/kg in
rabbits and dogs and more than 1280 mg/kg in mice and rats
(11). Significant haematologic, biochemical, or patho-
logic abnormalities were not found in animals given

40 mg/kg daily for 13 weeks but were noted in rats
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given a daily dosage of 130 mg/kg. Mebendazole is
contraindicated in pregnant women because it

has shown embryotoxic and teratogenic activity in

single per oral dose as low as 10 mg/kg (18, 28, 29).
Rare cases of leukopenia in human subjects following

the administration of mebendazole was also reported (30},
In high doses 40-50 mg/kg/day, the drug has been
associated with severe irreversible neutropenia. No
significant CNS effects in the patients taking mebendazole
therapy has been reported except slight headache and
dizziness (31).

8. Methods of Analysis

8.1 Identification

a) Infrared Spectrum

The infrared absorption spectrum of a
potassium bromide dispersion of it, previously
dried, exhibit maxima only at the same
wavelength as that of a similar preparation of
USP mebendazole RS (32).

b} X-ray Diffraction

The X-ray powder diffraction data for identi-
fying mebendazole and other anthelmintics have
been obtained by diffractometer and Debye -
Scherrer camera techniques (33). The data were
tabulated in terms of the lattice spacings and
the relative intensities of the lines.

Patterns using three different X-ray wavelengths
with the camera method are compared with each
other and with the diffractometer pattern.

8.2 Titrimetric Method

USP XX (1980) (32) described the following
titrimetric method for the assay of mebendazole:

Dissolve about 225 mg of mebendazole, accurately
weighed, in 30 ml of glacial acetic acid. Titrate
with 0.1 N perchloric acid VS, determining the
end-point potentiometrically, using a calomel-
glass electrode system. Perform a blank determina-
tion, and make any necessary correction. Each ml
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of 0.1 N perchloric acid is equivalent to 29.53 mg
of C. H ,N.O

16713°373°

Wahbi and Onsy, (34) developed the two titrimetric
methods to determine the mebendazole in pharma-
ceutical preparations. Direct titration and back
titration methods are mentioned as follows:

a)

b)

Direct Titration Method

200 Mg of mebendazole was taken in dry conical
flask and dissolved in 2 ml of 99% formic acid
followed by the addition of 60 ml of glacial
acetic acid. This solution was titrated with
0.1 N perchloric acid in glacial acetic acid
using crystal violet as indicator, development
of a persistent green color was designated as
end point. Blank determination was performed
and the necessary corrections were made. The
calculation was done by using the equivalence
factor which is 1 ml of 0.1 N perchloric acid
is equal to 29.53 mg of mebendazole.

Back-Titration Method

200 Mg of mebendazole was taken in dry conical
flask, the powder was dissolvedin 20 ml of 1 M
perchloric acid in glacial acetic acid. This
solution was titrated with 0.1 N sodium
acetate in glacial acetic acid, crystal violet
was used as indicator, development of bluish
green as indicator. These methods are
reproducible with standard deviation of 0.3%.

Mebendazole (in amounts upto 250 mg) in anhydrous
acetic acid medium can be titrated with 0.1 M -
perchloric acid (also in acetic acid) using 0.5%
crystal violet solution as indicator. Results
agree with those obtained by spectrophotometry at
313 nm (35).

Spectrophotometric Methods

8.3.1 Ultraviolet Spectrometric Methods

Patel et al (36) reported two spectrophoto-
metric methods for the estimation of
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mebendazole in raw material. A solution of
the sample in formic acid was diluted with
a mixture of chloroform : methanol (17:3).
Thin-layer chromatography was run on

silica gel in chloroform : ethyl acetate;
acetone : formic acid (70:80:9.5:0.5),
developed for 15 cm and dried for 30 minutes
at 1156, The drug is then extracted into
chloroform and measured at 313 nm.

In another methods, a solution of the drug
in formic acid is diluted with isopropanol
and treated with MeOH and 30% potassium
hydroxide. After 30 min. the absorbance was
measured at 420 nm.

Wahbi and Osny (34) reported a spectrophoto-
metric method of analysis of mebendazole

in tablets with a standard deviation of
1.4%. Powdered tablets equivalent to 50 mg
of mebendazole were taken into 50 ml
standard flask followed by 10 ml of 70%
perchloric acid. The mixture was shaken for
10 minutes and filtered through a dry

filter paper. 1 Ml of filtrate taken to a
100 ml1 flask and diluted to volume with
distilled water. The absorbance of this
solution was measured in a 1 cm cell at

288 nm wavelength using a spectrophotometer.
0.2 M1 of 70% perchloric acid diluted with
100 ml of distilled water was used as blank.
Calculation of concentration was done by
taking 566 as the (E 1%, 1 cm) value at

288 nm or by using a suitable calibration
curve.

Phosphorescence Method

Mebendazole has been reported to show good
phosphorescence at room temperature when
determined on Whatman 42 filter paper using
Pb(IV) and T1(I) as phosphorescence
enhancing agents. In tablets, this method
gave a recovery of 97.6% of mebendazole
(37).
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8.3.3 Fluorimetric Method

Abdel Fattah et al (38) have reported a
fluorimetric determination method of
mebendazole in pharmaceutical dosage forms
after alkaline hydrolysis. 1In this method

2 to 5 mg of mebendazole is dissolved in

10 m1 of 1 M sodium hydroxide and heated

for 1 hr on a boiling water bath. After
dilution with methanol, 1 M sodium hydroxide
(49:1), the solution was spotted on to o
Whatman 42 filter paper and dried at 65  for
5 to 10 minutes. The fluorescence was
measured at 460 nm (excitation at 365 nm).
The 1imit of detection was 0.1 for
mebendazole with rectilinear calibration
graphs upto 10 and 50 ppm (in the final
solution). For 8 ng of mebendazole per
spot, the coefficient of variation was

9.5% (n = 19). For pharmaceutical
formulations, recovery of mebendazole ranged
from 99.04 to 100.56%, with coefficient of
variation of 2.27 to 2.97%.

8.3.4 Colorimetric Method

Rana et al (39) have described a method for
colorimetric determination of mebendazole

in tablets and suspension by adding hydroxyl
amine hydrochloride, dicyclohexylcarbodiimide
and ferric chloride to a solution of

tablets (or a dilution of a suspension) in
isopropanol and formic acid and measuring
the absorbance at 520 nm. The calibration
graph was linear for 0.4 to 2.0 yg/ml of
mebendazole .

8.4 Chromatographic Methods

8.4.1 Thin-Layer Chromatography (TLC)

Clarke (11) has described the following TLC
system for the identification of mebendazole.

Solvent system: Chloroform : methanol
formic acid (90:5:5).

Absorbent: Silica gel HF 254 (Merck).
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Visualizing agent: Iodine vapour;
dragendorff spray (Location under ultraviolet
light). R, : 0.53.

United States Pharmacopeia 'USPXX 1980 (32)
have used TLC to determine the purity of
mebendazole. The method is described as
follows:

Dissolve 50 mg in 1.0 ml of 98 percent
formic acid in a 10-ml volumetric flask, add
chloroform to volume, and mix. Similarly
prepare a solution of USP Mebendazole RS

in the same medium having a concentration of
5 mg per ml. Transfer 1.0 ml of this
Standard solution to a 200-ml volumetric
flask, add a mixture of chloroform and 98
percent formic acid (9:1) to volume, and
mix (diluted Standard solution). On a
suitable thin-layer chromatographic plate,
coated with a 0.25-mm layer of chromato-
graphic silica gel mixture, spot 10-ul
portions of the test solution, the Standard
solution, and the diluted Standard solution.
Allow the spots to dry, and develop the
chromatogram in a solvent system consisting
of chloroform, methanol, and 98 percent
formic acid (90:5:5) until the solvent front
has moved about three-fourths of the length
of the plate. Remove the plate from the
developing chamber, mark the solvent front,
allow the solvent to evaporate, and examine
the plate under short-wavelength ultraviolet
light. The Rg¢ value of the main spot
obtained from the test solution corresponds
to that obtained from the Standard solution,
and no spot, other than the main spot, in
the chromatogram of the test solution is
larger or more intense than the main spot
obtained from the diluted Standard solution.

High-Pressure Liquid Chromatography (HPLC)

A sensitive method for separation and
simultaneocus determination of mebendazole
and hydroxymebendazole in human plasma or
cyst liquid sample using flubendazole as
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internal standard by high-performance
liquid chromatography with electrochemical
detector is described (40).

The chromatographic conditions: The
column (4.6 mm X 5 cm) was packed with
Spherisorb 5 um ODS (Phase Sep. Queensferry
Clwyd, U.K.). The mobile phase consisted
of 20% 2-propanol in a pH 7.0 phosphate
buffer. The eluent was delivered by Kipp
9208 high-pressure liquid chromatography
pump, at a flow rate of 2.5 ml/min. The
electrochemical detector equipped with a
rotating disc working electrode was used.
The 1imit of detection for mebendazole and
hydroxymebendazole was ~ 5 and 2.5 ng/ml
respectively.

Allan et al (41) reported two high-
performance liquid chromatographic methods
for determination of mebendazole and its
metabolites in human plasma using a rapid
Sep Pak C18 extraction. The methods elimi-
nate the need for solvent extraction as

such. One method includes isocratic elution
and other, gradient elution. The gradient
elution system provides superior resolutions.

Plasma samples (5 ml) was spike with major
metabolites of mebendazole, methyl 5-
{o-hydroxybenzyl)-2-benzimidazole carbamate,
2-amino-5-benzoyl-benzimidazole and 2-
amino-5- (a.-hydroxybenzyl)-benzimidazole

and with 5.0 pg of ethyl-5-benzoylbenzimi-
dazole carbamate as internal standard in
the range of 10 ng - 30 pg. Samples were
adjusted to pH 6 with dilute hydrochloric
acid or sodium carbonate solution and
extracted by passing through a Sep Pak C18
cartridge fitted to a luer lock glass
syringe. After the spikedplasma was passed
through the cartridge, it was washed with

20 ml of distilled water, 0.5 ml of 40%
methanol in water and 0.4 ml of methanol.
The next 1.6 ml of methanol eluted the five
compounds from cartridge, this 1.6 ml of
methanol was evaporated to dryness in
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pointed and the residue was dissolved in

100 pl DMSO. Aliquotes of 20 ul were
injected into HPLC system. The instrument
used was Altex Model 322 MP HPLC (Altex
Scientific, Berkeley, CA, USA) equipped with
fixed wavelength detector (254 nm, 8-ul flow
cell), a Rheodyne (Berkeley, CA, USA) Model
7120 injector and Hewlett-Packard (Avondale,
PA. USA) Model 3380 A integrator recorder.
For mebendazole the determination limits

are 20 ng/ml (isocratic system) and 10 ng/ml
(gradient system).

Chromatographic Conditions:

Column : (250 x 4.6 mm I.D.)
LiChrosorb, RP-8 10-um
reversed-phase packing. A
precolumn (35 x 3.2 mm I.D.)
dry packed with Corasil C18
was also used.

Mobile phase : Methanol-water (55:45 pump A)
and methanol-aqueous
ammonium phosphate 0.05 M
pH 5.5 (55:45 pump B).

Flow rate : 1.7 ml/min.
Pressure : 1200-1300 p.s.i.

Karlaganis et al (42) developed an HPLC
method for the determination of mebendazole
in biological samples. 2 M1 plasma of the
patients was alkalinized with 8 ml of
sodium carbonate buffer (0.05 M, pH 11.3)
and was extracted with 10 ml of chloroform
by shaking in a glass tube for 15 minutes.
The contents were centrifuged and aqueous
phase was aspirated and the chloroform
layer was evaporated under reduced pressure.
The residue was dissolved in 200 ul mobile
phase, 150 pul were injected. Analysis using
Waters Model M6000A High-Pressure Liquid
Chromatograph equipped with Wisp Model 710
injector and a Perkin-Elmer UV detector
Model LC55S.
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Chromatographic Conditions:

Column : 25 cm x 3mm (i.d.)
LiChrosorb S1 60 5 m.

Mobile phase : Acetonitrile/water-saturated
chloroform/25% (weight/
volume) ammonia in water
(75/92.5/0.1, by volume),

pH 6.5.
Flow rate : 0.8 ml/min
Pressure : 400 psi
Column
temperature : Ambient
Detector
wavelength : 307 nm
Recorder : 5 mV (0.02 absorption units

full scale).

Calibration curve was prepared using 40, 80,
200 and 400 ng of mebendazole. 1 Mg of
ciclobendazole was used as a internal
standard, detection rate in the range of
6.117 ng/ml.

Alton et al (43) developed a simple, rapid
and specific HPLC method for quantitative
determination of mebendazole in plasma.

2 M1 of plasma was diluted with 2 ml of
0.05 M potassium hydrogen phosphate buffer
(pH 7.0) and extracted with 7 ml of ethyl
acetate. The organic layer was removed
and dried, the residue was dissolved in
0.001 N HC1 and re-extracted with 6 ml of
petroleum ether and centrifuged, supernatent
was discarded the aqueous fraction was
alkalinized with 2 ml 0.01 N NaOH and
extracted twice with ethyl acetate. The
solvent was dried and dissolved in 60 ul
of ethyl acetate and 20 ul was injected in
chromatograph (Model ALC 202/204 Waters
Associates) for analysis.
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Chromatographic Conditions:

Column : U Bondapak C-18 300 x 3.0 mm
(i.d.) reversed-phase.

Mobile phase : 0.05 M KH,PO,-NaOH buffer
(pH 6.0)-acetonitrile

(73:27 v/v).
Flow rate : 2.5 ml/min
Pressure ¢ 2500 psi
Column
temperature : Ambient
Detector
wavelength : UV (313 nm).

Flubendazole was used as internal standard .
in the quantity of 0.15 ug/ml for each

sample. This method can be used to measure
plasma mebendazole level as low as 10 ng/ml.

A simple and rapid method to detect the presence
of different benzimidazole compounds in drug
preparations have been reported (44). The
procedure involves two different chromato-
graphy systems:

i- Reversed-phase gradient.

ii- Normal partition chromatography with
isocratic elution.

Three different mixtures A, B, and C were
used. The benzimidazoles were dissolved in
pure formic acid (5 ml) then in concentrated
hydrochloric acid (5 ml) and in 50% (%)
aqueous ethanol (90 ml). Mixtures A and C
contain mebendazole. The solutions A and B
were separated by reversed-phase gradient
elution with the solvent containing aceto-
nitrile - aqueous 1% H,SO, with the
programme: 10% acetonitrile for 2 minutes
then from 10% acetonitrile to 30% at a rate
of 5% per minute. Mixture C was eluted
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isocratically on a amino phase chemically
bonded to silica gel (Type NHZ) with the
solvent: methylene chloride + isopropyl
alcohol (90 + 10) - acetonitrile (50:50).
Initially for determination of retention

time each of the benzimidazoleswas separately
chromatographed.

Chromatographic Conditions:

Chromatograph: Varian LC 8500 HPLC with
UV detector.

Column : LiChrosorb RP 8 - micro-
particulate (15 cm 4.7 mm
i.d.) LiChrosorb NH, (Merck)
(15 cm x 4.7 mm i.d.)

Mobile phase : Methylene chloride + iso-
propyl alcohol (90 + 10) -
acetonitrile (50:50).

Flow rate . 80 ml h™l
Detector

sensitivity : 0.5 AUFS
Column

pressure : 500 psi
Detector

wavelength : (UV) 254 nm

This method would be useful in the quality
control of raw materials in the quantifica-
tion of benzimidazoles in foodstuffs of
animal origin, and in the detection of
residues.

A simple, accurate and reproducible HPLC
method has been described (45) for determina-
tion of mebendazole in tablets. 20 Tablets
were taken and ground in fine powder,
equivalent to about 10 - 20 mg of mebendazole
was accurately measured out for each
determination. The powder was extracted

with 5 ml of formic acid. 5 M1 of salicyla-
mide solution (8.5 mg/ml) was added to each
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extract as internal standard. The mixture
was centrifuged and the supernatent was
used for HPLC determination.
Chromatographic Conditions:

Chromatograph: Waters Associates Model 440

Column : 1 Bondapak C-18

Mobile phase : Tetrahydrofuran-0.5% formic
acid (30:60).

Flow rate : 1.9 ml/min.
Temperature : 25-28°C.
Pressure : 1500 psi.
Detector

wavelength : (UV) 254 nm

The recovery was between 99.58 - 100.15%.

An HPLC method for the estimation mebendazole,
its prodrug, 4-amino-3-(3'-methoxycarbonyl
2'-thioureido)benzophenone, and their known
or expected metabolites and degradation
products in aqueous media and rat blood

was developed (46). After oral administra-
tion of the prodrug, the prodrug was rapidly
converted to mebendazole and the area under
the blood level vs time curve of mebendazole,
in rats dosed with prodrug, was more than
twice that obtained after giving rats an
equimolar amount of mebendazole. Only the
prodrug, mebendazole and known metabolites
of mebendazole were detected in rats given
the prodrug.

Behm et al (47) have measured the concentra-
tion of mebendazole and its major metabolites
by HPLC in sheep plasma at 12.5, 25, 50 or
100 mg/kg. At 12.5 mg/kg the peak plasma
concentrations occured between nine and 24
hours for all dose rates and decline rapidly.
Two major metabolites were detected; their
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concentrations exceeded that of mebendazole
at all dose rates.

Polarographic Method

Pinzauti et al (48) described a direct-current
polarographic reduction method of mebendazole at
the dropping-mercury electrode, and established the
optimum conditions for the determination of this
drug in dosage form. Six tablets of mebendazole
(about 0.3 g) were ground. A quantity of the powder
equivalent to 50 mg of mebendazole was transferred
to 100 ml volumetric flask. To this powder 8.6 ml
of 70% perchloric acid was added and the mixture
stirred for 10 minutes and diluted to volume with
water. The suspension was filtered under suction
through a fine porsity glass crucible. 2 Ml
portion of the filtrate was transferred to a 50 ml
volumetric flask, 3 ml of 1 M perchloric acid was
added and the solution diluted to volume with the
McIlvaine buffer pH 2.6 (2.18 vol. 0.2 M sodium
phosphate with 17.82 vol. 0.1 M citric acid).

A 20 ml of this solution (corresponding to 0.4 mg
of mebendazole) was transferred into polarographic
cell (Metrohm E506 recording polarograph equipped
with polarography stand).

Deaeration and polarography were performed on using
Metrohm EA 290 hanging mercury drop system. The
number of electrons involved in the reduction was
calculated at a mebendazole concentration of

1 x 10-4 M using a solid state control potential
coulometric apparatus. A calibration curve was
prepared using 5 to 50 ug/ml mebendazole solution
prepared in McIlvaine buffer, using this method
mebendazole analysis could be performed with a limit
of detection 100 ng/ml (48).

Radioimmunoassay Method

Michiels et al (49) developed an extremely

highly specific radioimmunoassay procedure for the
determination of mebendazole in plasma. Mebendazole
was converted to methyl [5-[4-(2-aminoethyl)
benzoyl]-1H-benzimidazol-2-yl]carbamate. This
hapten was coupled to bovine serum albumin using a
water soluble carbodiimide as follows:
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0
NH- c 0-CH
CH, c NH-CH,CH _@_ __@_
HC1, 1 N
" V_NH c 0-CH,
1. DMF/MeOH
carbodiimide/HC1

2. Bovine Serum
Albumin (BSA).

0

o+ /N NH 'é 0-CH
0 r YT

1] “
BSA-C-HN-CH,-CH, C N

Synthesis of the hapten and the mebendazole-protein
conjugate used for the immunization of the
rabbits (49).
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The resulting conjugate was used to immunize rabbits
according to conventional procedures. The anti-
serum elicited in this way was tested for its
ability to bind specifically mebendazole. Blood
was collected on EDTA and plasma was obtained

after centrifugation of the blood at 2200 g for

15 minutes. Unmetabolized mebendazole was measured
by direct radioimmunoassay using anti-bodies.

Under the standardized assay condition, the rabbit
serum bound specifically nearly 50% of added 0.2 ng
H3-Mebendazole at 1/100 serum dilution. Unspecific
adsorption to plasma constituents did not exceed
2%. The method is quite sensitive to assay
mebendazole in plasma at concentration as low as
100 picogram/ml. Metabolites did not interfere
with the binding of parent drug to antibodies.
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1.

1.1

1.2

1.3

Description

Nomenclature

Chemical Names

Benzamide, 4-amino-5-chloro-N-/2-(diethylamino)

ethyl _/-2-methoxy,

monohydrochloride, monohydrate CAS 54143-57-6
anhydrous CAS 7831-21-5

4-Amino-5-chloro-N-/2-(diethylamino)ethyl/o-anisa-

samide

Generic Names

Metoclopramide Hydrochloride USAN-BP 1980-F.U,IX
Metoclopramidhydrochloride DAC 1979
Metoclopramidum hydrochloricum 2.AB-DDR

Trade Names

Cerucal (Arzneimittelwerk-Dresden)
Elieten (Nippon Kayaku, Tokyo-Japan)
Emperal (Neofarma-Helsinki)

Maxeran (Delagrange-Paris)

Plasil (Lepetit-Milan)

Peraprin (Taiyo, Gifuken-Japan)
Primperan (Delagrange-Paris)

Reglan (Robins, Richmond, USA)
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1.5 Formula and Molecular Weight
/}:2}i5
CONH— CHE— CH2——N\
OCH
3 CHs
-HCI-H20
Cl
NH2
CMH2201N302.H01.H20 Mol.Wt., = 354.3
1.6 Appearance, Color, Odor, Taste

A white or almost white crystalline powder, odor-
less (1)
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2. Physical Properties

2.1 Infrared Spectrum

331

The infrared spectrum of metoclopramide hydrochlo-
ride, is presented in Fig. 1. The spectrum was recorded with
a solid sample disc composed of 1 mg of compound/200 mg KBr

on a Perkin Elmer Model 1310.

The following bands (cm ) were assigned and are reported in

Table 1.
Table 1

Wave Number Assignments
3200, 3300, 3340, 3400, 3460 VNH , VOH
2860, 2950, 2980 vC H

sp3
3030 vC H
sp2
2100, 2500, 2660, 2710 viiH
1600 vC=0
1540 SNH (Amide)
1270 VC-0-C (Asymmetric)
700 vC-Cl
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Fig. 1 - Infrared Spectrum of Metoclopramide Hydrochloride



METOCLOPRAMIDE HYDROCHLORIDE

2.2

Nuclear Magnetic Resonance Spectra

1
2.2.1

H-NMR

333

1H—NMR spectrum of metoclopramide hydrochloride,
shown in Fig. 2, was obtained in DMSO-d_ with a Varian spec-
trometer EM-390 operating at 90 MHz. The chemical shifts are
listed in the Table 2.

Table 2
H (ppm, TMS) | Moltepli [ Number of | Assignments
city protons
1.33 t 6 N-(CH_-CH
( 2 -‘3)2
3.0-3.2 CH ~N-{CH -CH
n 6 CH,-N-(CH,~CH, ),
3.72 q 2 NH-CH,
3.95 s 3 OCH
3
6.03 broad s 2,exch. NH2
6.60 s 1 H3 (arom.)
7.72 s 1 H6 (arom. )
8.44 t 1,exch. CONH
10.85 broad s 1,exch. | NH




STARY OF Sy.:5P PRI ELD OOF sviid

1
Fig. 2 - H-NMR (90 MHz) Spectrum of Metoclopramide
hydrochloride in DMSO—d‘5
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13
2.2.2 C-NMR

The 13C—NMR spectrum of metoclopramide hydrochlo-
ride is shown in Fig. 3. The spectrum was recorded in D_O
with Varian XL.200 spectrometer operating at 50.391 MHz. The
chemical shifts are listed in Table 3.

Table 3
Line (p.p.m) Multiplicity Assignments
N.
1 8.38 N{CH_.CH
q { > __3)2
2 35.15 t CH -N(C _H
—2 ( 2 5)2
3 48.27 t N(CH _-CH
(—‘2 3)2
4 51.40 t NH.CH_
5 55.89 q OCH3
6 398.00 d 03 {aromatic)
7 109.18 s C. or C
1 5
8 110.61 s C.orC
5 1
9 131.43 d C
6
10 148.57 s C
4
11 158.07 s C2
12 167.46 s C=0
2.3 Ultraviolet Spectrum

The ultraviolet spectrum_of metoclopramide hydro-
chloride in water (¢ = 5.763 10 m/1l) was obtained (60)
with a Beckman Mod. 24 spectrophotometer and it is shown in
Fig. 4
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'Fig. 3 =  H-NMR (90 MHz) Spectrum of Metoclopramide

hydrochloride in DMSO—d6
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Fig. 4 - Ultraviolet Spectrum of Metoclopramide

hydrochloride in Water
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2.4 Mass Spectrum

The mass spectrum of metoclopramide hydrochloride
was recorded (Fig.5) on Finnigan 1020 spectrometer by
conventional electron impact ionisation at 70 eV. Prominent
fragments and their relative intensity are shown in Table 4.

Table 4
m/e Intensity Attribution
+.
229 0.23 _[M]
+
227 0.90 [M - N(C2H5)2]
+
CONH,
OCH3
201 7.60
, CI
o NH,,
OCH,
181 6.43
Cl R
NH,, ¢
0
169 0.66
CY
+ 0 NHZ
141 1.78
Cl
NH2 o ..
—cnn? 25
99 27.96 CH,=CH- \C.H
25
ol 2
86 100 2 \\CZHS
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Fig. 5 - Electron impart Mass Spectrum of Mono-
clopramide hydrochloride
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2.5 Fluorescence Spectrum

A solution of metoclopramide hydrochloride in
water exhibits fluorescence when excited with ultraviolet
light, When excited at 353 nm, it shows a sharp peak at 353
nm and a second peak at about 273-276 nm.

The emission spectrum of the compound consists of a single
peak at 355 nm. The spectra obtained in water (5 mcg/ml), on
a spectrophotometer Perkin-Elmer MPE 44A,are given in Fig.6.

2.6 X-Ray Powder Diffraction

The X-ray powder diffraction data of metoclopra-
mide hydrochloride was determined (2) by a Philips Powder
Diffractometer PW 1710 with nichel-filtered copper radiation
(1.54051 A) with the following instrumental conditions:

TUBE: BF type, CU/Ni, 40 KV, 40 mA; SLITS: 1°-0.1 mm-1°;
DETESTOR:PWl?ll proportional counter + discriminator; SCALE:
2x10 cps; TIME CONSTANT: 1"; SCANNING SPEED: 0.008°x1';
PAPER SPEED 1 cmxl1°; SPECIMEN HOLDER: Niskanen.
The X-ray diffraction data are given in Table 5.
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Table 5

N. d(A}* I/Io** N. d{A)* I/Io**
1 9.23 5 27 3.15 12
2 8.46 25 28 3.07 8
3 7.64 20 29 3.04 6
4 6.98 22 30 2.99 11
5 6.64 13 31 2.95 12
6 6.28 65 32 2.92 10
7 6.02 8 33 2.86 20
8 5.26 20 34 2.82 13
9 5.18 10 35 2.78 8
10 4.87 38 36 2.74 21
11 4.71 45 37 2.69 11
12 4.60 30 38 2.59 10
13 4,48 31 39 2.53 g
14 4.27 10 40 2.51 13
15 4.23 20 41 2.43 18
16 4.03 20 42 2.33 10
17 3.95 6 43 2.31 8
18 3.82 47 44 2.29 10
19 3.78 35 45 2.26 11
20 3.71 17 46 2.16 11
21 362 10 47 2.14 10
22 3.50 58 48 2.05 8
23 3.47 30 49 2.01 9
24 3.41 75 50 1.81 8
25 3.36 100 50 1.81 8
26 3.32 11 51 1.71 7
52 1.63 9

PLUS OTHER LINES <5
® Interplanar distances = 1.54051/2sin diam.

** Relative intensities are based on highest intensity of
100
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2.7 Crystal Structure

The metoclopramide hydrochloride monchydrate is

monoclinic, space group P2 /n with a = 12.138(3), b =
8.553(2), ¢ = 17.120(4) A and B= 98.06(7) Z = 4. The struct-
ure was solved by direct methods and refined to R = 0.055
(3).
The metoclopramide free base (CAS 364-62-5) is triclinic,
space group Pl with a = 13.310 b = 8,728, <¢=7.477 A, Q =
114.20, f=81.13 and Y = 101.23°, Z = 2. A study of struc-
ture-activity relations shows an analogy between metoclopra-
mide and apomorphine(4).

2.8 Melting Range

Employing the USP method the metoclopramide mono-
hydrochloride monohydrate melts at 182-185°(5) and with ter-
mal microscopy the melting begins at 181° and completes at
183°{(6). The dihydrochloride monohydrate melts in the range
of 148° with decomposition. The melting points for metoclo-
pramide free base are about 148°(7) or m.p. 146-148°(8). For
dihydrochloride is also reported an eutectic melting point
of 160° with phenacetin and of 117° with benzanilide(7).

2.9 Solubility

At 25° metoclopramide monohydrochloride is solu-
ble in 0.7 g of water, 3 g of ethanol (96 per cent) and 55 g
of chloroform, whereas it is practically insoluble in ether
(10). Solubility of the base and of dihydrochloride are
reported in Table (6). (11).

Table
Sclubility of metoclopramide g/100 ml at 25°

Solvent Base Dihydrochloride
Water 0.02 48

Ethanol 95 2.90 9

Ethanol 1.90 6

Benzene 0.10 0.10
Chloroform 6.60 0.10
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2.10 pKa

Metoclopramide hydrochloride shows two ionisation
costants; pK_ = 9.71 and pK_ = 0.42. The determination was
carried out spectrometrically in aqueous solution and the
values are a mean of 16 determinations with a standard de-
viation of 0.03 and 0.02 (12).

2.11 pH_Range

The pH of a 10% water solution must be between
4.6 and 6.5 according to BP 1980.

2.12 Partition Coefficient

The partition coefficient in octancl/water has
been determined(13) by reversed-phase HPLC at 20°. The
hydrochloride gives

Experimental LogP = 2,667
Calculated from R.A. Deckker (14) LogP 2.76
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3. Manufacturing Procedures
3.2 Synthesis

Among the synthetic methods leading to metoclo-
pramide (I) it seems suitable to report only the ones of
greatest interest that are those using p-aminosalicilic acid
(II), as starting product, a compound whose properties are
economically excellent. The two main processes are listed in
Fig 7.

In Scheme A, referring to the first invention(15), the acid
(IT)is acetylated to (III) and then treated with methyl sul-
fate to give the ether-ester (IV). This compound is reacted
with (CZHS) N-CH CH -NH_ to the corresponding amide. The
subseqguent &%sacetylation leads to metoclopramide(l).

In scheme B the first step in the synthesis is the ether-
ester (VI). The protection of the amino aromatic group was
not considered necessary (16). The direct chlorination {18)
of (VI) with sodium ipochloride gives (VII) which is
transformed in excellent yields into (I).

4, Stability
Aqueous solution

The maximum stability of metoclopramide, investi-
gated at different pH values, was found at pH = 7.6 while
the maximum degradation was found at pH = 2. One of the de-
gradation products was identified as N,N-diethylethylen-
diamine{17).



Scheme A

COOH COOCH, COOCH,
OCH OCH
94 % OH 3 3
/ (TH,CD),0 1EHy0 1,50,
COOH NHCOCH, NHCOCH, NHCOCH,
OH ) (V)
60 %
NH, COOCH, COOCH 4
OCH OCH,
(“) \ B9 % 3 B0 % BE %
(CHallleD‘ NallD MZN—ICHZI?— NIIZINSI2
cl
NH, NH,,
(4"2)) i
Scheme B

Fig. 7 - Synthesis of Metoclopramide
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5. Metabolism and Pharmacokinetics

5.1 Metabolism

The metabolites identified in the in vitro and in
vivo studies are listed in Table 7, in which metoclopramide
is indicated as (I).

Table 7
Non conjugated metabolites found
COR1
OR
2
Ci
N
I"'2
N. R R REFERENCES
1 2
-NHCH _CH_N —CH 1
I NHC 2c s (02H5)2 C 3 {18) (19)
II | -NHCH_CH _NHC H - 18) (20 1
20 HNHC H CH3 (18) (20) (21)
III | -NHCH_CH NH - 18) (19
o 20 SNH, CH3 (18) (19)
IV | -CH —CH3 (19) (20) (21)
V | -NHCH_CH_N(C_H -H 19) (20
CH, ( ’ 5)2 (19) (20)
VI | -NHCH CH_N -H 19
2c 5 (02H5)2 (19)
VII | -NH -CH 20
5 3 (20)
VIII —NHCHchOH -CH3 (20)
IX | -NHCH = CH ~-CH 20
5 3 (20)
X | -=NHCH_CH_NHCOCH -CH
22 oc 3 3 (20)
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By studies of the in vitro metabolism of (I) using hepatic
fractions from several animal species (1) (2) five metaboli-
tes (II) (IITI) (IV) (V) (VI) were detected.

Identification studies of the metabolites in urinary ex-
cretes of rat and dog (20) after enzimatic hydrolysis evi-
denced some compounds already known from the in vitro stud-
ies and some new ones corresponding to (VII} (VIII) IX) (X).
In particular in rat urine, were found metabolites (II) (IV)
(v) (VII) (VIII), while in dog urine were present metaboli-
tes (V) (VI) (VIII) (IX) (X). In human urine the excretion
was found to be 60% in the first 24 hours. After enzimatic
hydrolisis was identified metabolite (VIII)(CAS 52702.04.2),
but the main metabolite was found to be unchanged metoclo-
pramide originated from the sulfate and glucuronide. Meta~
bolic products were quantified in rabbit urines (21) (II)
and (IV) but also unchanged (I),as N -glucoronide and N -
sulfonate were identified. Another product of N-oxidation of
(I) was also found. Metoclopramide N -sulfonate (CAS 27260-
42.0) is the main metabolite in human urine.

5.2 Pharmacokinetic

The studies of pharmacokinetics of 14C—metoclopra—
mide in rats, dogs and humans show that the drug is distri-
buted within a few minutes after oral administration and it
is eliminated mainly in the urine of the first 24 hrs. (20).

14 Table 8
Excretion of C-metoclopramide in rats, dogs, and humans

Dosage
p.o. 100 20 10
mg/kg
Rats Dogs humans

hours

U F U F U F
0-24 71.9 5.7 65.3 —_— 77.8 20
24-48 8.5 4.4 6.9 18.3 8.7 1.0
48-72 1.0 1.7 1.0 0.8 0.8 1.6
U = urinary excr. F = fecal excr. % of the administered

dose
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The pharmacokinetic of metoclopramide HCl was studied in
normal male volunteers after i.v. dosage of 10 mg. The
shape of the plasma level curve in these subjects fits a
two-compartment model with a distribution of T1 a= 4.6
min. and an elimination of Tl/ B = 165.7 min.” The body
plasma clearance was 10.9 ml/min}% (22) (23). G. Berner and
co-workers (24) reported the study of biocavailability of
commercial formulations of metoclopramide in male healthy
volunteers. The following results were obtained: for tablets
57.6-80.3%, for solutions 49.7-76.7% and for capsules 54,8%.

5.3 Acute Toxicity

The acute toxicity i.v. (LD__) of the metoclopra-
mide dihydrochloride is 85.7 mg/kg for the rat and 71 mg/kg
for the mice (25).

6. Methods of Analysis

6.1 Elemental Composition

c, 47.4; H, 7.12; Cl1, 20.0; N, 11.9; HQO, 5.1 for the
monohydrate

¢, 50.01; H, 6.89; Cl1, 21.08; N, 12,5; 0, 9.50 for the
anhydrous form

c, 56.9; H, 7.40; C1, 11.83; N, 14.02; 0, 10.67 for the
base.

6.2 Identification Tests

a) Infrared Spectroscopic Test

BP 1980 (10) cites the use of the infrared ab-
sorption spectrum of a potassium chloride dispers-
ion of the metoclopramide hydrochloride in accor-
dance with the reference spectrum reproduced in
the appendix.
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b) Ultraviolet Spectroscopic Test

The light absorption, in the range 230 to 350 nm
of a 2-cm layer of a 0.001 per cent w/v solution
in 0.01M hydrochloric acid exhibits two maxima, at
273 nm and 303 nm; absorbance at 273 nm about 0.79
and at 309 nm about 0.69. This 1is another
identification test recommended by B.P.198C (10).

c) Color Tests

With a solution of A4-dimethylaminobenzaldehyde -
yellow-orange(l); ammonium vanadate test - light
brown (sensitivity : 1.0 ug), (7).

Vitali's test: pale-yellow/light brown (sensitivi-
ty : 1.0/ug) (7).

d) Crystal Tests
Gold Cyanide solution -~ needles, sometimes in
rosettes (sensitivity: 1 in 1000).

Lead iodide solution - feathery rosettes (sensiti-
vity: 1 in 1000) (7).

6.3 Nonaqueous Titration

The metocloropramide hydrochloride may be titrated
(10) potentiometrically in glacial acetic acid containing
mercuric acetate with perchloric acid in glacial acetic acid
as titrant.

6.4 Complessometric Analysis

The method is based on the use of a column of
amberlite IR 120 in the Zn * form. The released quantity,
corresponding to the absorbed metoclopramide, is titrated
with EDTA using Eriochromo Black T as indicator (26).
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6.5

Colorimetric Analyses

351

The colorimetric assays have been the most widely
used especially to determine metoclopramide in pharmaceu-
tical preparations. They are listed in the following table

9.
Table 9
Colorimetric assays of Metoclopramide
N. max (Bear's law [Ref.
/ug/ml
1 Citric acid in Ac20 600 2-14 27
2 NHASCN + Co (NO3)2 620 -- 28
3 Z a, B-dinitrostilbene 390 -- 29
4  Diazotization+N(1-naphthyl)| 525 0.4-4 30-11
ethylendiamine
5 HNO2 to form the nitrous 375 10-60 31
derivative
6 Diazotization + a-Naphthyl-| 510 0.1-11 32
amine
7 Diazotization + R-Salt 500 1-14 33
8 Dragendorff's 475 20-120 34
9 Diazotization + 495 1-11 35
NH4 Sulfamate
10 Diazotization + 440 0.8 36

2,4-dihydroxybenzoic acid
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6.6 Ultraviolet Spectrophotometric Analysis

B.P 1980 (10) has described a spectrophotometric
assay for the quantitative determination of metoclopramide
tablets. After the extraction of the base in chloroform, the
metoclopramide can be determined by measurement of absor-
bance at 305 nm. E(1%, lcm) = 265,

6.7 Fluorimetric Analysis

Fluorimetric measurements are carried out in pH=2
buffer solution on the basis of intense emission at 360 nm
that occurs when the sample is excised at QEP nm. The me-
thod, with detection limit of 3x10 ug ml , was success-
fully applied to analyses of pharmaceutical formulations
with a recovery of 100.8-101.8% and a coefficient of varia-
tion of 0.9-1.9% (37).

Chromatography

6.8 Paper Chromatography

Several chromatographic assays are summarized in
the following table 10.

Table 10
Solvent system Paper Detection Rfx100 | Ref.
4.6 g of citric acid A u.v. 45 (7)
in 130 ml1 H O and Iodoplatinate
870 ml BuOH spray
Acetate buffer
pH = 4.58 B " 77 (7)
Phosphate buffer A " 39 (7)
pH = 7.4
Toluene: Methanol: c 1% of chlora-
conc. NHAOH nyl in Bz - (38)
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Paper:

A - Whatman N 1, sheet 11 x 6 cm buffered by dipping in a 5%
solution of sodium citrate, blotting and drying at 25°
for 1 hour.

B - Whatman N 1 N 3, sheet 17x 19 cm impregnated by dipping
in a 10% solution of tributyrin in acetone and drying in
air.

C - Whatman N 1

6.9 Thin-Layer Chromatography

The methods for separation and detection of meto-
clopramide are summirized in table 11.

Table 11

Solvent system Plate Rf x 100 Reference
1 A,B 40 (7)(38)
11 c 10 (39)
111 c 46 (39)
v c 16 (39)
v C 54 (39)
V1 c 29 (40)(41)
VII C 55 (41)
VIII F - (11)
IX c a8 (21)
X c 68 (21)
XI F 47 (42)
XII F 13 (42)
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Solvent Sytem

I Strong ammonia solution: methanol (1,5:100)
II Methanol-chloroform (1:4)
III 1,2-Dichloroethane-ethanol-ammonia solution
(sp.gr.0.88) (70: 15:2)
IV n-Butanol-acetic acid-water (4:1:1)
V Isopropanol-ammonia solution (sp.gr. 0.88)
(80:4:5)

VI Butanol-acetic acid-water (4:1:1)
VII 1Isopropanol-NH OH-water (80:4:5)
VIII Dioxan—NHAOH—benzene (8:1:1)
IX <Chloroform-methanol-28% ammonia (10:4:1)
X Chloroform-methanol-dioxane-28% ammonia
(90:14:10:3)
XI Methanol-ammonia (100:1.5)
XII Acetone

Detection

Acidified iodoplatinate spray

Spray solution: 1% solution sodium nitrite in HC1l N and
then with 0.4% of N-{(l-naphthyl)-ethylaminediammonium di-
chloride as coupling agent in methanol.

Spray solution: 0.2% solution of chloranil in acetoni-
trile followed by heating the plate at 100-105° for 2 min.
Spray solution: 2 g of iodic acid dissolved in 10 ml H_O
and made up to volume of 100 ml with 90% (w/v) sulfuric
acid (5).

Ultraviolet light (250 nm).

Plate

A. Glassplate, 20 x 20 cm coated with silica gel
B. Pre-coated silica gel G {Merck)

C. Silical gel 60 F (Merck)

D.. GF Plate. Analtech (6)

E. Kodak Silice Fluorescente K301

F. Silica dipped in 0.1N KOH and dried
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6.10 High Performance Thin-Layer Chromatography

HPTLC was performed on metoclopramide base using
HPTLC Fertiplatten Kiegelgel 60F(Merck)and MeOH:CHC1 _: NH40H
25% (80:85:0.2) as solvent. The compound may be quantified
by means of excitation fluorimetry at 312 nm and emission at
365 nm integrating the peak area with a videointegrator. The
results are linear from 160 ,ug to 20,ug with a standard
deviation of 2-5% (43). / /

6.11 Gas Liquid Chromatography

T. Daldrup and co-workers (44) described a GLC
assay method on a glass-column (6 ft x 2 inc.) packed with
3% 0V-1 on Chromosorb W-HP (100 to 120 mesh) and operated_?t
150°-250° (10°C/min), with N_ as carrier gas (50 ml min )
and a flame ionization detector. 1Internal standard: 2-ami-
no-5-chlorobenzophenone. Detector and injection temperature
were 350° and 250°C. Retention time: 1.87.

GLC has been used as the method for the determination of the
drug and its 15 metabolites in biological fluids (45) (46)
(47) (48) and Y.K. Tamond, J.E. Axelson (49) have been de-
termined _the mectoclopramide in picogram quantities in plasma
with a Ni-electron capture detector. The procedure involv-
ed the extraction of the drug from an alkalinized agqueous
solution in benzene and derivatization with heptaflucrobu-
tirric anhydride.

The determination of the derivative was done using diazepam
as internal standard. Working conditions: glass column (1.2
m x 2 inc. packed 3% 0V-17, coated with 80-160 mesh, chro-
mosorb W. Injection 258°; oven 250 and detection 350.

A mixture of argon-methane (95:5) was employed with a flow
rate of 40 ml/min— . The retention times were 3.76 min for
the metoclopramide and 9.1 min for diazepam.
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6.12 High-pressure Liquid Chromatography

Teng et al.(l) used a column 15 cm x 0.5 mm pack-~

ed with silica gel M 171; flow rate 2.0 ml/min  and CH_OH-
-CHC1_-NH OH conc. (30:70:0.5) at room temperature. Detéct~
ion 280 nﬁ. The retention times of metoclopramide is 2.8 min
and 4.5 min for the internal standard (4-amino-5-chloro-N-
/2-(propylamino )ethyl/-2-methoxybenzamide ).
W. Block et al (50) determined metoclopramide using reverse-
-phase HPLC with an RP-18 column under isocratic condition
(CH30H:H 0:NH40H conc.,75:24.9:0.1). Flow rate 1.2 ml/min
Detection at 308 nm. Elution after 5 min.

7. Determination of metoclopramide in Body Fluids and
Tissues

The determination of metoclopramide in biological
fluids of man and of various animal species is the object of
many communications as reported below:

Blood (Plasma, Serum)

Colorimetry: (11)

TLC : {3) (41) (40) (52) HPLC: (24)
GC : (45) (46) (47) (53) (48)
HPLC : (54) (55) (20) (50) (53) (56) (57)

GC-Mass Spectrometry: (15)

Urine
Colorimetry : (21) (52)
TLC : (21) (40) (39)
HPCL : (20) (56)
GC : (54) (19)

GLC-Mass Spectrometry: (58)

Saliva
HPLC : (59)
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Bile
Colorimetry : (21)

Feces 14
Radioactivity with =~ C-metoclopramide : (20)

Microsomal fraction of liver homogenate
HPLC : (39)
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1. HISTORY

In 1956 Hata and coworkers (1) first reported about the
isolation of a new group of antitumour antibiotics which they
named mitomycins. These pigmented compounds were obtained by
extraction and chromatographic purification of the fermenta-
tion broth filtrate of Streptomyces caespitosus. In 1958 an-
other Japanese group, led by Wakakl, succeeded in the isola-
tion of a mitomycin derivative, called mitomycin C, from the
same actinomyces strain (2). Several mitomycin derivatives
have since been isolated from Streptomyces species (3-8). Ex-
tensive chemical degradation studies, X-ray diffraction crys-
tallography, chromatographic and spectroscopic analysis and
biosynthesis studies have contributed to the elucidation of
the structure and absolute stereochemistry of mitomycin C and
related mitomycins (9-23a). Mitomycin C was selected for fur-
ther development after it had been established that mitomycin
C possessed profound antineoplastic activity and that the
therapeutic index was more favourable than that of related
mitomycin congeners. The drug has activity against an array
of solid tumours such as adenocarcinomas of the gastrointes-
tinal tract. Unfortunately, clinical experience with mitomy-
cin C has shown that it causes severe toxicity in particular
a delayed, cumulative bone marrow suppression, Mitomycin C is
rarely used as a single agent except for the treatment of su-
perficial cancer of the urinary bladder, intravesically ad-
ministered. This administration mode has been shown to be very
effective and devoid of serious haematological toxicities. For
more specific information about the clinical usefulness of
mitomycin C combinations in lung, breast and stomach cancer
the reader is referred to review articles and books (24-31}.

2. DESCRIPTION

2.1 Name, Formula, Mclecular Weight

The generic name is mitomycin C (50-07-7). The drug is
marketed under the trade names of Mutamycin® , Mitomycin-C
Kyowa® and Ametycine® . The molecular formula for mitomy-

cin C is 015H18N405' The molecular weight is 334.13,
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2.2 Appearance, Colour, Odour
Blue-violet crystalline powder which is odourless.

3. BIOSYNTHESIS, CHEMICAL SYNTHESIS

By using 13C, 14C, 3H and 15N—labeled precursors in fee-
ding experiments, investigators have studied the biosynthetic
pathways of mitomycins (20, 21, 32-35). Although considerable
progress has been made in elucidating the biosynthesis routes
the exact pathway remains to be established. Feeding studies
have revealed that D-glucosamine, L-methionine, L-citrulline,
L-arginine, pyruvate and D-erythrose are candidates as bio-
synthetic precursors of the mitomycines (21). The total che-
mical synthesis of mitomyecin C has been accomplished from
2,6-dimethoxytoluene as starting material by Kishi and colla-
borators (36). The synthesis route is lengthy (47 steps) and
complex.

4, PHYSICAL PROPERTIES

4.1 Ultraviolet-Visible Spectrum -5

The wultraviolet spectrum of mitomycin C (3x10 “M) in
water is depicted in Figure 1. The spectrum was recorded by
using a Shimadzu UV-200 double beam spectrophotometer in 1 cm
quartz cell. In the visible region a broad band of low inten-
sity is present. At pH values over 10 the absorption maxi-
mum at 360 nm shifts to 295 nm due to keto-enol tautomeriza-
tion and deprotonation of the 7-amino quinone part of the
mitom¥9in C molecule (Figure 2)(37). Molar absorptivities (g)
and Al"cm values are reported in Table I (9).

Table I  UV-VIS Spectral Data for Mitomycin C in Methanol(9)

17 - -
Amax (nm) A1 om £(l.mol l.cm 1)
217 736 24,600
360 689 23,000

555 6.3 209
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Figure 1.
UV spectrum of mitomycin C

400 350 300 250 200
wavelength {nm)

0 0 o
HeN HN HN
A —_ + HY
H,C A T oue
o OH o-
MMC MMC™

Figure 2.
Keto-enol tautomerization and deprotonation of mitomycin C
(¥MC)
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4,2 Infrared Spectrum

The infrared spectrum of mitomycin C in a potassium bro-
mide pellet is presented in Figure 3. The spectrum was recor-
ded with a Jouan-Jasco IRA-grating infrared spectrophotome-
ter. Assignments of a number of prominent bands is listed in
Table II.

Table II Infrared Assignments for Mitomycin C
wavenumber (cm—l) assignment
3460°, 3310%, 3260° V(NH) and v (NH,) of aziridine,
carbamate and 7C-NH2
1735° V(C=0) of carbamate function
1600°, 1558° V(C=0) of quinone
100+
80
60
20
20
0 T T T T T T T i T T T T T T 1 T i T T L}
4000 3000 2000 1500 1000 650

wavenumber (cm™1)

Figure 3.
Infrared spectrum of mitomycin C
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4.3 Nuclear Magnetic Resonance (NMR) Spectrum

The proton NMR spectrum was recorded in pyridine-d. con-
taining tetramethylsilane as internal reference and wiéh the
use of a Bruker WM-300 spectrometer at frequency 300,13 MHz
(37a). The spectrum (detail) is presented in Figure 4 and re-
fers to the situation after proton exchange. The spectral
assignments are presented in Table III (in pyridine-~d_) and
are derived from Lown and Begleiter (38). Irrigularities in
intensity comparison of the signals make the assignments
tentative. Proton exchange with deuterium oxide results in
disappearance of NH, NH_  and H~1 signals, while the H-3, H-9,
H-10 and H-10' signals shift 0.10 to 0,20 to lower ppm
values (spectrum Fig. 4).

Table III lH NMR Assignments for Mitomycin C in pyri-
dine—d5
Chemical shift Multiplicity Number of Assignment
§ (ppm) atoms

2.00 singlet 3 CH3(C—6)

2,10 triplet 1 NH (C1-C2)

2.72 quartet 1 H-2

3.13 1 H-1

3.19 singlet 3 OCH3(C-9)

3.57 doublet 1 H-3'

4,02 quartet 1 H-9

4,53 doublet 1 H-3

5.11 triplet 1 H~10

5.43 quartet 1 H-10'

7.6 broad 4 NHZ(C—7)
and CONH2

The natural abundance carbon 13 NMR spectrum was recor-
ded under the same experimental conditions except that the
frequency was 75.46 MHz (37a). The proton-noise decoupled
spectrum 1is presented in Figure 5 and the spectral assign-
ments are summarized In Table IV. The assignments of Keller
and Hornemann are followed (39).
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Figure 4.
Proton NMR spectrum of mitomycin C (detail)
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Figure 5.

13C NMR spectrum of mitomycin C
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Table IV 13C NMR Assignments for Mitomycin C in pyridine—d5
Chemical shift S(ppm) Assignment
8.8 CHB(C-6)

32.6 Cc-2
36.7 c-1
44,2 c-9
49.5 OCH3(C—9a)
50.6 c-3
62.5 c-10
104.3 C-6
106.8 C-9a
110.7 C-8a
149.6° c-7
156.1 C-5a
158.1 C-10a
176.7 Cc-8
178.3 C-5

obscured by solvent

4.4 Mass Spectrum

Electron impact (EI) mass spectroscopy of mitomycins,
including mitomycin C, has been investigated in detail by
Van Lear (40). His observations were confirmed in later stu-
dies (41, 42). For this analytical profile electron impact
(EI), chemical ionization (CI), field desorption (FD) and
fast atom bombardment (FAB) in the positive and negative ion
mode, spectra of mitomycin C (lot nr. 010783) were recorded.
EI mass spectrometry was performed by direct probe analysis
on a Kratos MS-80 mass spectrometer. Source conditions were:
200 °C source temperature, 70 eV electron energy and 100 pA
ionising current. Direct insertion probe CI mass spectra
were obtained by using a Finnigan 3200 quadrupole mass spec-
trometer combined with a Finnigan 6000 data system. Methane
was used as the ionising gas. The emission current was 0,20
mA and the multiplier voltage 1800 V. FD mass spectra were
obtained with a Varian MAT 711 double focussing mass spectro-
meter equipped with a MAT 100 data acquisition unit. 10 pm
tungsten wire FD emitters containing carbon microneedles
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Figure 6.
EI mass spectrum of mitomycin C
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with an average length of 30 um were used. The mitomycin C
sample was dissolved in methanol and then loaded onto the
emitters by the dipping technique. An emission current of
12 mA was used to desorb the sample. The ion source tempera-
ture was 70 °C. FAB mass spectrometry was carried out using
a V.G, micromass ZAB-2F mass spectrometer, an instrument with
reverse geometry and fitted with a high field magnet and
coupled to a V.G. 11-250 data system. The sample was loaded
in thioglycerol solution onto a stainless steel probe and
bombarded with Xenon atoms having a 8 keV energy. The recor-
ded spectra are depicted in Figures 6, 7, 8, 9 and 10 and
the major ion assignments are given in Table V.

A high resolution mass spectrum exhibited the molecular ion
at m/z 334.1280 with composition C15H18N405 (calculated mass
334.1277).

334

0Ilrr)]l|||||1|l]r|v|||ll!]rl11|1|14|||1||||||]“r‘l||'

190 1510 a2l 251 300 350 Yo 4510 50 5510 500

Figure 8.
FD mass spectrum of mitomycin C
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Table V Mass Spectral Data for Mitomycin C

m/z assignment
D 334 M

335 o) T

+

FAB(+) 358 (M+H+Na)

357 oNa)t

336 (M+2H)+

335 (u+m)”

274 (M) =0,CNH,) ¥

242 (((¥+H)~H ,COH) -0, CNH) *
m/z 57, 91 and 215 signals come from the thioglycerol matrix
FAB(-) 334 M

333 (M-H) "~

291 (M-CONH)

m/z 107, 215 and 321 signals come from the thioglycerol ma-

trix

m/z 139 and 265 signals cannot be assigned with certainty

CI

363
335
302
274
242

334
302
291
273
259
242

(M+C2H5)+
+
(M+H)
(M-H3COH)+
(M-0 CNH2)+

2 +
( (M~H,COH)~0,CNH,)

M+ .
(M-H3COH)+
ot-ocnmy t
(M-OZCNH3)+

+
((M—OZCNHZ)—CH3)

+
((M-HBCOH)—OZCNH

9)
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4,5 Circular Dichroism (CD) Spectrum

The chiral centers at Cl, C2, C9a and C9 in the mitomy-
cin C molecule are responsible for the CD Cotton effects at
355 nm and 395 nm. The CD spectrum of mitomycin C in a metha-
nolic solution (¢=0.0017), determined by using a Jobin Yvon
Dichrograph II1Y, is shown in Figure 11.

+A¢
11 1 1 | A
240 3oo 200 500 %00
wavelength (nm)
—-Ae€
Figure 11,

CD spectrum of mitomycin C
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4.6 Optical Rotation

The optical rotation (d);° of mitomycin C in methanol
(c=0.1%7) was determined to be +232°. This analysis was per-
formed with a Thorn NPL Automatic Polarimeter Type 243 at 589
nm. The optical rotatory dispersion (ORD) spectrum of mito-
mycin C has been reported by Hornemann et al, (43).

4,7 Melting Point

In the literature no melting point for mitomycin C is
mentioned except for the statement that it should be over
300 °Cc (11).

4.8 Differential Scanning Calorimetry

In nitrogen atmosphere no transitions were recorded up
to 330 °C in a closed (air tied) sample holder. In an open
sample holder an undefined large exothermic decomposition
takes place from 215 °C. The applied apparatus was a Feteram
111, the heating rate was 5 K/min and the sample size was 3
mg (44).

4.9 Solubility

Mitomycin C is readily soluble in methanol, acetonitrile
normale saline and water, but is nearly insoluble in hydro-
carbon solutions. The following solubility data have been
reported (45), determined by suspending an excess amount of
mitomycin C in a solvent, followed by filtration and HPLC
analysis.

Table VI Solubilities of Mitomycin C

solvent solubility (mM) temperature (°C)
watery 2.73 25

sesame oil 0.0180 25
isopropylmyristate 0.0193 3 37

hexane 0.0234x10" 25
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4,10 Partition Coefficient

The partition coefficient for mitomycin C has been mea-
sured in various organic phase/distilled water systems. The
results have been combined in Table VII.

Table VII Partition Coefficients for Mitomycin C
solvent partition coefficient reference
chloroform 0.26; 0.27 (453 46)
n-octanol 0.413 0.42% (453 47)
ethyl acetate 0.51 (46)
l-pentanol 2.32 (46)
chloroform/2-propanol (90+10) 0.50 (46)
chloroform/2-propanol (50+50) 1.52 (46)
chloroform/l-pentanol (90+10) 1.12 (46)
chloroform/l-pentanol (80+20) 1.85 (46)
dichloromethane/2~propanol (504+50) 1.04 (46)

2 the aqueous phase was 0.07M phosphate buffer pH = 7.4

The organic solvents chloroform (1,2) and ethyl acetate (7,
48) have been used with success for the isolation of mitomy-
cins from the aqueous fermentation broths of Streptomyces
species.

4,11 Dissociation Constants

The mitomycin C molecule contains several prototropic
functions. Basic groups are the 7-amino group, the N-4 nitro-
gen and the aziridine nitrogen. Due to rapid degradation the
pKa values of the conjugated acid concerning the 7-amino
group and N-4 nitrogen can not be deduced from titration ex~
periments with intact mitomycin C. Therefore the acid disso-
ciation constants for these functions were derived from ti-
trations with stable analogs (37). Results are 1listed in
Table VIII. The pKa of the aziridine nitrogen has been deter=~
mined titrimetrically (11) and kinetically from the pH-rate
relationships in degradation studies (49-51) although the
titrimetrical determination also has been influenced by de~
gradation. Mitomycin C also has acidic properties with an
(apparent) pKa 12.44 at room temperature. These acidie pro-
perties emerge after keto-enol tautomerization of the 7-amino
quinoid moiety which precedes deprotonation in alkaline medi~-
um (Figure 2)(37).
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Table VIII Prototropic Functions of Mitomycin C

function determination method pKa(25°C) reference

N-4 spectrophotometry -1.2 (37)

7-amino spectrophotometry -1.3 (37)

aziridine potentiometric titration 3.2 (11)
via pH-rate profile 2.8 (49)
via pH-rate profile 2 (50)
via pH-rate profile 2.74 (51)
via pH-rate profile 2.50(49.5°C) (49)

7-amino spectrophotometry 12,44 (37)

4,12 Electrochemistry
Due to the presence of the quinone ring of the mitomvcin

C molecule the compound can be reduced and transformed into

its hydroquinone form. This conversion triggers a complicated

pattern of chemical consecutive reactions. Although much pro-
gress has been made in the elucidation of the processes oc-

curring during and following electrochemical reduction of mi-

tomycin C the exact complicated mechanisms have not yet been

unravelled (50). This is due to:

- rapid degradation of mitomycin C at pH<3 and pH> 12

- the extremely high reactivity of the hydroquinone form
of mitomycin C;

- the fact that chemical degradation products as well as
electrochemically generated degradation products of mi-
tomycin C can be reduced within the region of reduction
potentials of mitomycin C itself (50).

Electrochemistry of mitomycin C has been studied in aqueous

solutions (50, 52-54) and aprotic solvents (55), by using

polarography (50, 52-54) and cyclic voltammetry (50, 52, 53,

55). Direct current polarographic curves for mitomycin C are

shown in Figure 12. Rapid degradation of mitomycin C within

the time scale of recording a direct current polarographic
curve at pH< 3 and pH > 12 strongly influences the shape and

heights of these curves (50).
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Figure 12. _4
Direct current polarographic curves of mitomycin C (10 M)
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5. METHODS OF ANALYSIS

5.1 Elemental Analysis
The elemental analysis of a purified mitomycin C sample
for C, H, N and O was reported to be as follows:

Table IX Elemental Analysis of Mitomycin C (11)
element % theory 7 found
C 53.83 53.55

H 5,43 5.57

N 16.76 16.86

0 23.98 24,13

5.2 Ultraviolet Spectrophotometry
Mitomycin C has been determined by using UV spectropho-
tometry at 360 nm in methan%} solution., This assay is linear

in the range 2x10°~ to 4x10 ° M, with a precision of * 1%,

5.3 Thin Layer and Paper Chromatography
A diverse array of thin layer chromatographic systems
have been described in the literature for analysing mitomycin
C and derivatives (55). Some representative systems have been
summarized in Table X.
The mitomycin C spot can be located by:
- irradiation with UV light of 254 nm;
- examination under daylight (mitomycin C has a blue-vio-
let colour);
- spraying with a 1 in 100 solution of ninhydrin in alco-
hol, followed by heating the plate at 110°C for 15 minu-
tes by which mitomycin C appears as a pink spot (56).

Table X Thin Layer and Paper Chromatography of Mitomyecin C

plate solvent (v/v) Rf reference
silica- butanol (sat. with water) 0.57 (12)
gel ethyl acetate (sat. with water) 0.56 (12)
methanol-benzene-water (10:5:5) 0.02 (12)
isopropylalcohol-lZNHAOH (2:1) 0.88 (57)
methanol 0.80 (57)
l-octanol-acetone-ligroin
(90-115°C) (2:5:5) 0.11 (58)
chloroform-methanol (9:1) 0.12 (59)
cellulose isobutyric acid-0.5M NH40H (10:6) 0.75 (57)
paper butanol-water (84:16) 0.57 (60)
methanol-benzene~-water (l:1:2) 0.02 (60)

ethyl acetate (sat. with water) 0.56 (60)
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5.4 Gel Filtration Chromatography

For the separation of mitomycin C from its degradation
products and alkylation adducts Tomasz et al (57, 61-64)
utilized gel filtration chromatography on Sephadex G-25 co-
lumns and 0,02 M NH HCO3 solution as eluent, By using a 1.5x
41.5 cm Sephadex G-25 (fine) column the elution volume of

mitomycin C is 96 ml (57).

5.5 High Performance Liquid Chromatography

HPLC procedures reported in the literature have been de-
veloped mainly for the analysis of mitomycin C and derivati-
ves in decomposition mixtures (51, 59, 65-71) in biological
matrices (plasma, urine, bile, tissues) (46, 72-86) and other
systems such as (enzyme containing) culture media (62, 69,
87-90). Detection by UV absorbance measurements at 365 nm is
usually preferred (55, 75, 76) because of the high specifi-
city and sensitivity, but detection at 254 nm, which is less
sensitive, is also reported (66, 91, 92). The polarographic
electrochemical detection mode is an elegant alternative for
the detection of mitomyecin C (50, 75, 93), but demands exten-
sive experimental precautions to be taken, such as removal of
oxvgen from the mobile phase and damping of pulsating flow of
the solvent delivery system (93). Important HPLC systems
have been enumerated in Table XI.



Table XI High Performance Liquid Chromatography for Mitomycin C

column mobile phase reference

Reversed Phase HPLC

p-Bondapak C18 (10 um) methanol-water (35:65) (77-80)
p-Bondapak C18 (10 pm) methanol-0.01 M phosphate buffer (pH 6.0) (30:70;w/w) (46)
Lichrosorb RP18 (10 um) methanol-water (30:70;w/w) + 0.57 (v/w) phosphate buffer pH 7.0 (67)
Lichrosorb RP8 (5 pm) methanol-water-phosphate buffer pH 7.0 (20:70:10) (82)
Ultrasphere ODX acetonitrile-0.03M potassium phosphate buffer (12.5:87.5) (91)
Hypersil-MOS (5 Pm) acetonitrile-0.05M phosphate buffer pH 7 (10:90) (75)
Hewlett-Packard C8 (10 pm) acetonitrile-water; gradient from 57 to 417 acetonitrile (94)
Radial Pak C18 (10 pm) methanol-0.01M phosphate buffer pH 7; gradient from 07 to 507 methanol (42)
Ton Pair HPLC
Lichrosorb RP18 (10 um) methanol-water (40:63;w/w) + 0.5% (v/w) glacial acetic acid (pH*=4.3)a (65)
Lichrosorb RP18 (10um) methanol-water (30:70;w/w) + 0.5% (v/w) phosphate buffer pH 7.0
! + 0.5%7 (v/w) tetrabutylammoniumbromide solution (20%, w/w) (59)
Hypersil ODS (5 pm) acetonitrile-water (25:75) + 0.27%7 sodium laurylsulphate + 0.025M
sodium acetate (66)
Hypersil ODS (5 um) acetonitrile-water (20:80) + 0.2%Z cetrimide + 0.0125M sodium acetate (66)
Resolve C18 (5 um) methanol-1 mM octanesulfonicacid sodium salt solution (30:70;v/v)
’ (pH* 4.5)2 (85)
Normal Phase HPLC
p Porasil P (10 um) tetrahydrofuran-methanol-isooctane-dichloromethane (3:7:15:75) (95)
P Porasil (10 um) chloroform-methanol (9:1) (92)
ethyl acetate-methanol (95:1) (92)
Silica Si-60 ethyl acetate-methanol-water-dichloromethane (97:2:1:1) (75)
a

pH values of organic modifier-water mixtures
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5.6 Identification and Purity Tests in Cfficial Com~
pendia

In the United States Pharmacopeia XXI (56) the mono-
graphs "Mitomycin" and "Mitomycin for Injection" have been
included. In these monographs the identification of mitomycin
C is based on IR and UV spectroscopy and chromatography by
which the sample should exhibit the same spectroscopic and
chromatographic properties as a similar preparation of a USP
Mitomycin Reference Standard. The pH of a solution containing
5 mg/ml should be between 6.0 and 8.0, The water content of
the raw material may not exceed 57. Furthermore Mitomycin and
Mitomycin for Injection (a dry mixture of mitomycin C and
mannitol) must meet the requirements of specific tests des~
cribed in the USP XXI such as: Safety Tests, Depressor Sub-~
stances Tests, Pyrogen Tests and Sterility Tests (56).

6. STABILITY, DEGRADATION

6.1 Stability in Aqueous Solutions

Mitomycin C and related mitomycins are not stable when
stored as aqueous solutions (l11-13, 51, 55, 57, 59, 65-68,
82, 96-108). Degradation is accelerated by acid, alkali,
(buffer) ions and high temperatures (108). At pH<7 mitomycin
C 1is converted into l-hydroxy-2,7-diaminomitosenes and at
pH > 7 it is hydrolysed into 7-hydroxymitosane. The overall
degradation scheme is given in Figure 13. In the mitosene
compounds the C9a methoxy group has been cleaved, a double
bond between C9 and C9a has been introduced and the aziridine
moiety has been opened. Aziridine ring opening occurs with
configurational retention at C2 and water attachment at Cl
with inversion as well as retention of the Cl stereochemistry
yielding 1,2~trans- and 1,2-cis-l-hydroxy-2,7-diaminomitose-
nes, respectively. Under drastic acidic conditions progres-
sive degradation reactions lead to hydrolysis of the 7-amino
group and the C10 carbamate side chain (9-11, 13). The mecha-
nism of the initial degradation step of mitomycin C in acid
is shown in Figure 14 (107, 108). In the cascade of reactions
an intermediate is proposed, having a positive charge at Cl
(49, 107-110). This electrophilic center serves as target for
attacking (nucleophilic) water molecules resulting in the
formation of l-hydroxy-2,7-diaminomitosenes. The degree of
protonation of the 2-amino function in the proposed interme-
diate species (pKa:2,8(65)) determines the Cl stereochemistry
of the resulting mitosenes. A protonated 2-amino function may
direct incoming water molecules to a cils configuration. When-
ever the amino function in the intermediate is not protonated
the directing electrostatic power 1s absent and a reacting
water molecule may approach the Cl carbonium ion from both
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sides with roughly equal chances. This explains the remark-
able influence of pH on the Cl stereochemistry of the resul-
ting mitosenes. At pH=1 the cis/trans ratio is about 4 while
at pH=6 the ratio approaches 1 (65). When mitomycin C degra-
des in acidic medium in the presence of nucleophiles such as
acetate, phosphate or even DNA parts, l-nucleophile-2,7-di-
aminomitosenes are generated (57, 103, 111-114). These are
important observations which lend credibility to the hypothe-
sis that acid activation may play a role in the in vivo mi-
tomycin C DNA alkylation.

In alkaline solution (pH 7 to 13) the 7-amino group of
the mitomycin C molecule is substituted by a hydroxy function
(59, 100-102)., Under prolonged severe alkaline treatment the
quinone chromophore is destroyed (59).

In buffered media the degradation kinetics of mitomycin
C can be described adequately by (pseudo) first order kine-
tics. Some kinetic data are summarized in Table XII. For fur-
ther detailed kinetic information is referred to the litera-
ture (49, 51, 55, 67, 107, 108).

trans-mitosene

mitomycin C

7- hydroxymitosane

Figure 13.
Overall degradation scheme of mitomyein C
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Figure 14.
Acid degradation mechanism of mitomycin C
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Table XII Degradation Kinetics for Mitomycin C
conditions/method kobs(s—l) reference

pH 0.87; perchloric acid solution; -3

20°C/ HPLC 1.1x10 (65)
pH 2.86; 0.001M acetate buffer; -3

20°C/ HPLC 4.0x10 (65)
pH 3.0; 1.0M phosphate buffer; -3

25°C/ HPLC 1.2x10 (114)
pH 4.64; 0.1M phosphate buffer; -4

40°C/ spectrophotometry 1.4x10 (107)
pH 7.4; 0.1M phosphate buffer; -7

37°C/ HPLC 4,1x10 (105)
pH 9.0; 0.1M phosphate buffer; -6

37°C/ spectrophotometry 1.8x10 (104)
pH 11.1; O0.1M phosphate buffer; _5

25°C/ HPLC 5.3x10 (67)

6.2 Stability in Pharmaceutical Formulations

Mitomycin € 1s commercially available in a lyophilized
form containing mannitol (Mutamycin® : 5 mg mitomyein C +
10 mg Mannitol) or sodium chloride (Mitomycin C~Kyowa ® :10 mg
mitomycin C + 240 mg sodium chloride; Ametycine 10® : 10 mg
mitomycin C + 240 mg sodium chloride) as excipients. In this
state the drug is stable for at least two years if kept dry
and in well closed containers at room temperature in the dark
(115). After reconstitution the drug has only limited stabi-
lity, depending strongly on the pH of the final solution (68).
An overview of stability data of mitomycin C in infusion
fluids is given in Table XIII. More specific and extended
data are described in the references concerned (68, 70, 71,
116-120).



Table XIII Stability of Mitomycin C in Infusion Fluids at Room Temperature and —-30°C

infusion fluid concentration stability reference
5% dextrose 50 Pg/ml t90 = 3.0 h; t50 = 78 h (68)
0.9%7 sodium chloride 50 pg/ml 937 remained after 5 days (68)
sterile water 2 mg/ml stable for 7 days (118)
5% dextrose 50 pg/ml 267 remained after 12 hours (70)
0.97 sodium chloride 50  pg/ml tog = 12 h (70)
phosphate buffer pH 7.75 50 pg/ml tyg = 15 days (70)
5% dextrose 0.4 mg/ml t90 = 1h (116)
0.97 sodium chloride 0.4 mg/ml t90 =24 h (116)
0.9% sodium chloride 0.6 mg/ml 997 remained after 4 weeks storage at -30°C (71)
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Further research is required to resolve the problem ot
conflicting stability data on mitomycin C in 0.97 sodium
chloride solution (68, 70, 116, 119, 120).

6.3 Stability in Biological Media

Chemical instability of mitomycin C in biological fluids
and tissues may be a complicating factor in the bioanalysis
of the drug. Ignorance of the chemical stability of the drug
during sampling and sample pre-treatment procedures may lead
the researcher to misinterpretations. Recently, den Hartigh
et al. (86) published an extensive study concerning the hand-
ling of mitomycin C biological samples. The following recom-

mendations and guidelines were given by these authors (86):

- whole blood samples should be placed in ice immediately
after sampling; separation of plasma and red blood cells
should take place within half an hour after collection
of the samples;

- mitomycin C samples should be protected from long-term
exposure to daylight in order to prevent analyte degra-
dation;

- the pH of urine samples should always be checked and, 1if
necessary, adjusted to neutral values, as a low pH will
induce mitomycin C decomposition and the formation of
precipitates upon which mitomycin C may be adsorbed;

- plasma and urine samples need not necessarily be placed
in the refrigerator or freezer immediately after prepa-
ration, provided analysis is carried out within a period
of 2 hj

- plasma and urine samples may be stored in a freezer at
~20°C; however, analysis should take place within 3 weeks
as longer storage at this temperature may induce consi-
derable reduction of the mitomycin C concentration;

- repeated freezing and thawing of plasma and urine samp-
les does not influence the analytical results of the mi-
tomycin C assay;

- extracts of biological samples may be kept for at least
24 h, in the dark, either dry or dissolved in methanol
at 4°C or 20°C prior to analysis.

The in vitro half life of mitomycin C was determined to be

> 14 days under conditions of the clonogenic assay (121). Mi-

tomycin C is fairly stable (70-807 of the drug remained) when

incubated for 5 days at 37°C in Medium E, RPMI, Fischer's or

MEM culture media, supplemented with serum (69). In Mark's

M-20 culture medium with fetal calf serum, Proctor and Gaul-

den (90) observed that the amount of mitomycin C was reduced

by 297 after 30 minutes incubation.
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7. PHARMACOLOGY

7.1 Mechanism of Action

Mitomycin C induced cytotoxicity 1s believed to be medi~
ated by DNA binding. The drug as such, in its oxidized form,
is not cytotoxic although some interaction with nucleic acids
may exist (122), Mitomycin C must be activated before it is
capable of alkylating DNA (123-128). The alkylating capacity
is unmasked by reductive or acidic activation. An outline of
the reductive activation pathway is given in Figure 15. Re-
duction can be mediated by enzyme systems (87-89, 129-132) or
by chemical reducing agents (58, 126). The conversion of mi~
tomycin C dinto its reduced form destabilizes the compound
drastically and almost instantaneously the C9a methoxy group
is lost (Figure 15). A subsequent rearrangement in species C
leads to the formation of the quinone methide D which acts as
target for nucleophilic nucleic acid attack, by which a mono~
fugctional alkylation adduct 1is formed, An intramolecular
SN"-displacement of the carbamate moiety leads to the bifunc-
tional cross-linked adduct F (Figure 15)(128). The interac-
tion of mitomycin C with DNA is more than 90Z of the mono-
functional type. Chemical structures of monofunctionally lin-
ked mitomycin C adducts with DNA, nucleotides and nucleosides
have been reported (62-64, 133-136). Reduction of mitomycin C
may follow either one or two electron reduction steps. The
semiquinone radical is also believed to be capable of pro-
ducing interstrand cross-links between complimentary strands
of DNA (87, 137). Under aerobic conditions, the semiquinone
radical formed after a one electron reduction can transfer
its electron to oxygen to generate superoxide anion under
regeneration of the oxidized quinone (138-142), Reactive oxy-
gen species can cause DNA strand scission and membrane 1ipid
peroxidation, leading to cell damage and can contribute in
this manner to mitomycin C induced cytotoxicity. In the ab-
sence of any reducing agent or enzymes mitomycin C is also
capable of coupling covalently with DNA or nucleic acid
parts, but then, activation by acid 1s a requisite (57, 103,
111-113, 143, 144). Acid catalyzed degradation of mitomycin C
(Figure 14) occurs through reaction intermediates possessing
an electrophilic Cl center which is the target for nucleo-
philic nucleic acid attack.

More studies are necessary in order to elucidate which
of the proposed mechanisms or combination is actually respon-
sible for mitomycin C induced cytotoxicity in vivo.
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Reductive activation mechanism of mitomycin C
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7.2 Clinical Antitumour Activity

Single agent activity of mitomycin C has been demonstra-
ted against various solid neoplasms in humans such as breast
cancer (29, 145), stomach cancer (146), pancreatic cancer
(147), colorectal cancer (29), non-small cell 1lung cancer
(148), squamous cell carcinoma of the uterine cervix (28)
and head and neck cancer (28). Encouraging results have been
obtained on the treatment of superficial transitional cell
carcinoma of the bladder when mitomycin C is administered
intravesically (28~30, 149)., Mitomycin C is usually used in
combination with other cytostatics (28-30).

7.3 Clinical Toxicity

Delayed cumulative myelosuppression is the most impor-
tant toxicity. Others include nausea, vomiting, anorexia,
diarrhea, stomatits, skin rashes and alopecia (24, 28, 150).
Extravasation of mitomycin C causes severe cellulitis accom-
panied with chronic pain and ulceration (151). Interstitial
pneumonitis, pulmonary fibrosis, hemolytic-uremic syndrome
and renal failure have occasionally alsc been documented as
due to the drug. Following topical intravesical mitomycin C
therapy for bladder cancer dermatological toxicity has been
encoutered in some cases (154).

7.4 Pharmacokinetics

Following intravenous bolus injection of mitomycin C the
plasma concentration-time curves show a bi-phasic, exponen-
tial decline (72, 155). Mitomycin C pharmacokinetics (at cli-
nically relevant doses) is not dose dependent (72, 155). Ma-
jor routes of elimination are liver metabolism and urinary
excretion. Metabolites have never been identified. Absorption
after oral administration is very irregular(156). After in-
travesical instillation, limited absorption of mitomycin C
into the systemic circulation occurs (30, 157). Pharmacoki-
netic data after intra-ar