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As part of systematic studics concerning the mammalian metabolism of apor-
phine alkaloids!~3, recent investigations in these laboratories have focused on the me-
tabolic fate of apomorphine analogs which are potential anti-parkinsonian prodrugs® .

(I) Apomorphimme. R =CH;; R"=R”"=H
13) Apccodeine: R = R’ == CH;, R” = H.
(iII) Isoapocodeine: R = R” = CH;, R" = H.
(I'V} Apomorphine dimethy! ether- R = R = R” = CH.
(VY 10,1i-D:hydroxy-6-7-propylnoraporphine R = {(CH.).CH;, R = R" = H.

©
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(VI} 1Q-Hydroxyaporphine: R = CH;; R" = H.
{vii} 10-Methoxyaporphine: R = R” = CH;.
(VL) 16-Hydroxy-6-n-propyinorzporphine: R = (CH,.)LCH;: R = F.

A

(EX} Apomorphine orthoguinons.
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The instability of compound I due to air oxidation of the catechol moiety®, and
the sensitivity toward oxidation of the Cg, and C. positions of aporphines®, are well
known. Accordingly, preliminary investigation indicated that significant decompaosition
of these materials occurs during typical microsomal metaholism studies. e.g., during
both microsomal incubation and drug metabolite isolation procedures. Because of
this labile nature, methods were developed to prevent air oxidation of these ma-
terials during each of the steps encountered in metabolic studies. Decomposition
agueous media or under microsomal incubation conditions can be effectively prevent-
ed by use of antioxidants (sodium bisulfite or dithiothreitol) while decomposition
during isolation procedures can be prevented by rigorous nitrogenation of the or-
ganic soivents used to extract and concentrate samples prior to analysis. Employing
these technigues. thin-layer chromatography (TLC) of I-VIII vields single. charac-
teristic spots for each of the compounds. TEC solvent systems have been developed
to separate the metabolic substrates II-VIEL from I and/or other probable metab-
olites. These systems and structural characterization of the major decomposition
product of I are described n this report

MATERIALS AND METHODS

XMaterials

Apomorphine hydrochloride hemihydrate was purchased from Penick. Apo-
codeine (II} was prepared as described previously’. Isoapocodeine (IIi) and 10,11-
dimethoxyaporphine (IV) were synthesized according to the procedure of Cannon
et al.>. Compounds V and VIII were obtained through the scheme of Neumeyer ez
al.*® while VI and VII were made using procedures described by Borgman'*. Compound
IX was prepared according to the method of Linde and Ragab®. When the melting point
of IX was determined 1n the usual way. it appeared to decompose without melting, con-
sistent with the reports of previous workers. However, IX rapidly melted when placed
in a pre-heated oil bath (200°). All solvents and reagents were reagent grade. Sodium
bisulfite SO, lot anatysis was 53.99%. :

Standard solutions

1-5-mg quantities of compounds I-VIII as their hydrohalide salts were dis-
solved in | mi of rigorously nitrogenated water. The aquecus media were neutralized
with I mi 1.0 3f Tris—HCI buffer (pH 7.2) and extracted with 2 mi nitrogenated ethyl
acetate. Ethyl acetate solutions were used immediately to spot thin-layer plates.

Thin-layer chrematagraphy

Silica gel GF,s, plates, 250 um thick (Analtech), were scored into f-cm channels
and spotted with -3 g of standard (ethyl acetate) or 6.25-0.50 ml of sample [con-
centrated microsomal extracts; chioroform— methanol (1 :1)] solutions. Spotted plates
were developed 10 cm ir the following solvent systems: A. benzene-methanol (4:1);
B. acetone-methanol (1:1}): C, benzene—ethyl acetate—diethylamine (6:3:1); D,
chloroform--acetone (8:2). Visualization was done by quenching of plate fluorescence
while irradiated with ultraviolet (UV) light (254 nm) and by use of diazotized sul-
fanilic acid (DSA) and 2.6-dichioroquinone-4-chloroimide (DCQ) spray reagents.
DSA spray reagent was generated immediately prior to use by combining equal
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volumes of 0.5 % aqueous suifanitic acid kydrochloride {5 g sulfanilic acid and 53 mi
conc. HCI in 1t of water) and 0.3 % aqueous sodium nitrite stock solutions. DCQ
spray reagent contained 29/ DCQ in methanol. After spraying plates with DCQ, a
15-min interval was allowed for color production at room temperature. The plates
were then warmed over a hot plate and colors again noted.

Simulared microsomal metabolism studies

2-pmole quantities of I-VIIE in 0.5 mi of 0.01 N HCI, were added to simulated
microsomal metabolic incubation media containing 300 umoles Tris—HC! buffer
{pH 7.4) and 0.5 g liver tissue (Sprague Dawley rat liver 10.000 g supernatant®?} in
3 ml warer. Media also contained Q.05 sodium bisulfite or 2 gmele dithiothreitol.
Mixtures were incubated under air at 37° for 30 min in a Dubnoff metabolic shaker.
Protein was removed from these mediz by acidification with 0.5 ml of 1 N HCI fol-
lowed by either filtration or centrifugation (2000 g for 5 min) and retentron of the su-
pernatant. Deproteinated aqueous media were neutralized® by adding 2mi of 1.0 M
Tris—HC! buffer (pH 7.2) and extracted five times with 6-ml portions of rigorously
nitrogenated ethyi acetate. Extracts were maintained under nitrogen and after com-
bination, evaporated to dryness under vacuum. The resuiting residues were taken up
in | mi nitrogenaied chloroform-methanol (1:1} and these solutions concentrated
to appropriate volumes for TLC application} by gentle warming under rigorous ni-

trogenation.

Nuclear magnetic resonarnce (NMR) studies

NMR spectra were obtained in deuterochioroform {(Stanor-C, Merck) as
saturated solutions with TMS as an internal standard. Proton spectra were recorded
with a Varian A-60 NMR spectrometer and *C spectra were recorded with 2 Brucker
WH-S0 FT spectrometer operaied at a frequency of 22.615 MHz.

RESULTS AND DISCUSSION

Fig. ia illustrates a2 thin-layer chromatogram of I obtamed from a simulated
microsomal metabolism study where no precautions were taken to prevent air oxi-
dation, The marked decomposition is apparent. The chromatogram in Fig. ib s
obtained from simulated metabolic studies in which rigorously nitrogenated organic
sclvents, used to extract and concentrate samples prior to their TLC analysis, were
empioved. The same chromatogram is obtained from aguesous solutions of [ which
undergo green discolorztion as decomposition progresses. The spot pattern is charac-
teristic for I in a variety of solvent systems and may be referred to as the “apomor-
phine fingerprint”’. The material with an value of Ry 0.45 is visibie under ordinary
light as a dark-green spot and is more intense for aqueous solutions of I which have
undergone extensive decomposition. The material with R .35 is imtially visible only
under UV irradiation. However, after exposure to the air, it gradually turns green
and can then he seen mn ordinary light. These data suggested that the spot with Ry
0.351s [ and that the spot with R 0.45 results from air oxidation of I. Two-dimensional
TLC confirmed that the spot with Rp 0.45 could be obtained from the materizl with
Ry 0.35 if 15-min exposurs to air were allowed between developments. It was also
suspected that the material with R 0.45 possessed structure IX.
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Fig. 1. Thin-layer chromatograms of apomorphine obtained after simulated microsomal metabolism

studies. Silica gel Gase TLC plates were developed in benzene-methanol (4:1). a, Without anfi-
oxidants or ngtrogenation: b. with nitrogenation of organic solvents; ¢. with antioxidants present
during mucrosomal mcubation and mitrogenation of organic solvents.

The preparation of IX from [ has been reported using either mercuric chloride®
or potassium dichromate!®. Repetition of the former procedure produced a dark-
green crystalline compound similar to that described by Linde and Ragab®. This
material possessed Ry values identical to the suspected spot in the apomorphine finger-
print in a variety of developing systems. However, the mass spectrum of this material
showed both an expected® peak at 263 mije (for Cy;H 3NO;) and an additional un-
reported peak at 265 m/e. The relative abundance of these peaks was found to vary
from sample to sample. Although M - 2 peaks are not unusual in the mass spectra
of quinones!:14, it was felt that this descrepancy required further study. Furthermore,
the reported® lack of a melting point below 350° seemed unusual for a structure such
as IX. Since the infrared spectrum and a negative ferric chioride test indicated that
phenolic hydroxyl groups were not present, it was suspected that a compound having
two additional mass units might then be structure IX where the Cy,.—C; double bord
is saturated. NMR studies were conducted to test this possibilitv. Both proton and
BC gpectra were obtained. The proton spectrum was identical tc that reported by Linde
and Ragab® and was appropriate for structure IX. The *C spectrum is iltustrated in
Fig. 2, and is also appropriate for structure IX. In this spectrum, the resonances at
183.2 and 176.5 8 may be assigned to C,; and C,; since these chemical shifts are pre-
dicted*® for a,f-unsaturated ketones and occur at too a low ficld for aromatic carbons.
Other characteristic features are the resonances at 50.4, 28.9 and 40.2 é which are in
the regions expected®® for C;, C, and N-CH; respectively. These studies suggest.
then, that the additional peak at 265 mfe is an M -+ 2 artifact which occurs for the
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Fig. 2. ¥C NMR spectrum of apomorphine orthoquinone obtained in CHC;.
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same material obtained by Linde and Fagab® and that the material with an Ry value
of $.45 1s indeed IX.

Fig. ic represents the thin-layer chromatogram of I obtained from simulated
microsomal metabolism studies in which antioxidants (either 0.05 % sodium bisulfite
or eguimolar dithiothreitol} were employved during microsomal incubation and rig-
orous nitrogenation of all organic solvents was employed during subseguent ex-
traction prior to TLC analysis. It is apparent thet when metabolic studies are perform-
ed in this fashion, even the characteristic spot resulting from air oxidation of I to IX
can be eliminated and & single-spot chromatogram of apomorphine can be obtained.
Furthermore, there'is no evidence of decomposition occurring during the TLC de-
valopment per se as evidenced by single spots on plates developed under conditicns
described under Thin-fayer chromatography. To minimize decomposition prior to TLC,
plates are rapidly spotted (using solutions prepared with nitrogenated solvents) and
immediately developed. Again, two dimensional TLC with [5-min air exposure be-
tween developments confirmed that the characteristic apomorphine fingerprint (Fig.
18} could be obtuined from the chrematogram in Fig. ic.

Sinice ¥ i one of the more Iabile compounds in the series I-VIIL. the procedures
used to prevent its decomposition provide a means for the utifization of TLC methads
in metabolism studies of IF-VIIE as weil.

The four solvent systems A-D were designed to accomplish specific goals based
upon anticipated results of metabolic studies of F-VIII, Systems A, C, and D separate
I, IEE, IV. VI, and VII from their potential metabolite I. System D separated VIIE
from V (a2 potential hydroxylated metabolite of VIII} while systems A, C, and B
separated IV from I-III {possible O-demethylated metzbolites of IV) and VII from
VI {(possible O demethylated metabohte of VII). Based on a previous report! it is
anticipated that sysiem B will be useful in distinguishing I-VI1I from their N-dealkyl-
ated metabolites. Ry values for I-VIII appear in Table [. In most cases. these values
were maintained wher anticipated metabolic mixtures of I-VIII were spotted, e.g.
a mixture of IV with IE and IIE. However, slightiy lower Ry values were obtained for
Y IE and for I when these marerials were co-chromatographed with their O-dealkyi-
ated analogs (VI and I, respectively). This lowering of the Ry value is thought to re-
sialt from an associative interaction between the two molecular species involved.

TABIEI

TEC OF APOMORPHINE AND ANALOGS
For composition of solvent systems A-D, see text. R, values are averages of 4-7 determinations.

Struciure Ry X ICO

Solvert A Soehent B Solvent C Sohent B
I 35 65 iIc 10
it 55 80 63 20
j113 25 45 40 jii]
12 &0 &5 65 25
v 50 60 40 20
VI 50 80 35 5
N4 &0 [ &5 23
VL 50 &0 40 30
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Ambiguity resulting from this phenomena is not anticipated during metabolic studies
since the use of spray reagents dramatically distinguishes between these compounds.

Although visualization by UV irradiation was effective, the spray reagents DSA
and DCQ were also found to be useful in characterizing and distinguishing certain
of the compounds [-VIIi. The behaviors of 1-VII toward DSA and DCQ are sum-
marized in Table II. Interestingly, the reactivity of the phenolic systems present in
certain of these aporphines is such that the spray reagents effectively couple without
requiring activation by subsequent spray with a basic reagent!?.

TABLE il

BEHAVIOR OF APOMORPHINE AND ANALOGS TOWARD DSA AND DCQ SPRAY RE-
AGENTS

Structure Color
DSA bcgT DCQ, kear™™

I gray gray darker
j13 orange blue darker
EIT pink none brown
iV pink none brown
v brown gray darker
VI brown none brown
Vit pink none brown
VIIE brown none brown

* When DCQ is used after development ir solvent system C. entire plates darken and no useful
information is obtained.
“* After spraying with DCQ, plates were gently warmed over a hot-plate.
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