
.I% part of systematic studies concerning the nammafian metabofrsrrr of apor- 
phine z;fkaloids’-3, recent mvestZgations m tiiese Iaboratoties have focused on the me- 
Eabolic fate ofapomorphine znalcgs whrch are potential anti-perkinsortian prodrrr&‘. 

R 

(r) Apomaphme. R = CWj; R’ = R” = H 
(!E) Apocodeine: R = R’ = Clij. R” = H. 

(III) Isoapocodeioe: R = R” = CH,, R’ = M. 
@‘?j Apomorphine dlmdht1 ether- R = R’ = R” = C&. 
(‘JJ IO,Ii-D~E,drcxy-G~r-propy~~~porp~~~ R = (CH2)zCH3, R’ = R” = H. 
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The instability of compound I due to air oxidation of the c&echo1 moie@, and 
the sensitivity toward oxidation of the CsZ and G positions of aporphinesq, are well 
knov+n. Accordingly, preIiMinary intesti@ion indicated that significant decomposition 
of these materials occurs during typic& microsomal Metabolism studies. e.g., during 
both microsomal incubation and drug metabolite isolation procedures. Because of 
thrs labile nature, methods were deveIoped to prevent air oxidation of these Ma- 
terials durmg each of the steps encountered in metabolic studies. Decomposition KIT 
aqueous media or under microsomal incubation conditions can be effectively prekent- 
ed by use of antioxidants (sodium bisulfite or dithiothreitol) u bile decomposition 
during isolation procedures can be prevented by rigorous nitrogen&ion of the or- 
ganic solvents used to extract and concentrate samples prior to anafysis. Employing 
these techniques_ thin-Iayer chromatography (TLC) of I-VIiE yields single. charac- 
teristic spots for each of the compounds. TLC solvent systems hake been developed 
to separate the metabolic substrates II-VfLE from 1 and/or other probable me&b- 
of&es. These systenzs and structura! characterization of t3e major decomposition 
product of 1 are descrrbed rn this report 

M.4TERIPLi.S AND METHODS 

Apomorphine hydrochloride hemihydrate was purchased from Penick. Apo- 
codeine (11) was prepared as described previoustyj. fsoapocodeine (Hi) and 10, I I- 
dimethoxyaporphine (EV) were synthesized accordiq to the procedure of Cannon 
et a(.‘. Compounds V and VIII were obtained through the scheme of Neumeyer ei 
a!.‘* while VI and Vlf were made using procedures described by Borgman”. Compound 
1X was prepared according to the method of Linde and Ragab’. When the meitmg point 
of IX was determined m the usual wa>, rt appeared to decompose without melting, ccn- 
sistent with the reports of previous workers. However, IX rapidly MeIted when placed 
in a pre-heated oif bath (ZOO”). All solvents and reagects were reagent grade. Sodium 
&sulfite SO2 lot anafysis was 59.9%. 

f-5mg quantities of compounds f-s/E11 as their hydrohalide salts were dis- 
solved in I ml of igoroudy nitrogenated water. The aqueous media were neutralized 
with E ml 1.0 _i Tris-HCI buffer (PH 7.2) and extracted wrth 2 ml nitrogenated ethyl 
acetate. Ethyl. acetate solutions were used immediately to spot thin-Iayer plates. 

Silica gel GF,, plates, 250 ,rrm thick (Analtech), were scored into I-CM channels 
and spotted with L-5 (rf of standard (ethyl acetate) or 0.25-0.50 ml of sample [con- 
centrated microsomal extracts; ctioroform- methanol (1 :I)] solutions. Spotted pEates 
were deveIoped 10 cm in the foIIowin, c solvent systems: A. benzene-methanol (4:t); 
B. acetone-methanol (I : I) : C, benzene-ethyl acetate+iiethylamine (6 : 3 : f ) ; D, 
ChlOrOfOFm-acetone (8:2). ~'isualization was done by quenching OfpIate fh.IO~SCenCe 

while irradiated with ultraviolet (by light (2% nm) and by use of diazotized SUI- 
fanilic acid (OS-41 and 2.6dichioroquinone&chIoroimide (DC?) spray reagents. 
DSA spray reagent was generated immediately prior to use by combining equal 
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volumes of 0.5 p/o aqueous suX2.&flc add EydrochIoride (5 g srrE&ilic acid ZICE 53 mf 

cone. HCI in 1 I of w2ter) 2nd 0.5% aqueous sodium r&rite stock so~u.tions. RCQ 

spr2y reagent contained 2”/, DCQ in methanol. ,4&r spraying p&es with DCQ, 2 

15-n& i&rval was 2Bowed for color productron at room temperatrrre. The plates 

were then warmed over 2 hot plats 2nd coiors again noted. 

2-pmole quentitks of I-VIII in 0.5 ml of O.Ot N KCI, were added to simulated 
mtcrosom2l met2boIic incubation media containing 300 plnofes Tris-HC1 bL&i 
(pH 7.4) 2nd 0.5 g !iver tissue (Sprrrgue D2Nfey it Ever 1O.CK30 .g superr;at2nP) in 
3 31 warer. Mediz 2lso conttined 0.05 72 so&urn bisi&te or 2 ymok dithiatltreitol. 
Mixtures were incubated under air at 37” for 30 min in 2 DubnoE Metabolic shaker. 

Protein was ren;oved frorrz these media by 2cidiEcation ~ifa 0.5 ml of 1 ?I HCI fol- 

lowed by either filtrstion or CentnfEgation (2000 .g for 5 mm) and retentron of t-he su- 
pemat2nt. Ceproteioated aqueo-xs IT;,e&a wefe nerrt_talized’ by adding 3 ml of 1.0 34 

T&-H@1 buffer (pM 7.2) and extracted five tiMes with ~-ME portio~zs of rigorously 

titrogen2ted ethyl acetate. Extracts were m&tzined under nitrogen and after com- 
bination, evapor&ed to dryness under vaxxm~. T&e resulting residues v.ere taken up 
in f ml nitrogenxed cfiloroFor_m-methanot (I :I) and these sofutions concentrzted 

(to appropriate volumes for TLC applicatiorr) bJ 7 DentIe warming under rigorous ni- S 

trogenation. 

NMR spectra were obtained in deuterochforoform (S~lanor--C, Merck) 2s 

saturated solutions xith TMS as an intern21 standard. Protorr spectra were recorded 
with 2 V2rian A-60 NMR spectroineter 2nd 13C spectra were recorded wzth 2 Trucker 
?VH-90 FT spectrometer opemte 3 at 2 frequency of 22.6 f 5 ELHz. 

Fg. la i1Iustntes 2 tEjn-b2y+r chro;;zatogr2m of i obt2med from 2 simulated 
microsom21 metabolism study where no precantions were t2ken to prevent air oti- 

dat~ox The mzrked decomposition IS apparent_ The chromatognm in Fig fb IS 

obtained from simutated metabolic studies in which rigorously nitrogeenated organic 
sc.lvents, used to extrzzct and concentrate sampfes prior to therr TLC 2x&ysis, were 
empioyed. The same chrom2fog3-2m is ob+&ned fro= aqueous sotntions of f which 

urdergo green discolorztion 2s decomposition progresses. The spot pattern is charac- 
tenstic for I m 2 variety of solvent systems 2nd may be referred to as the “apomor- 

pitine fingerprint”. The mater? a$ with an value of R, 0.45 is visible nrLder ordimxy 

light 2s 2 dark-greerr spot 2nd is more intense for aqueous solutions of I which have 

undergone extensive decompositioil. The materi with R, 0.35 is imtiaHy visible only 
rrilder W irndiation. Kawever, after exposure to the air, it gradualfy txrx~s green 

zrrd can then be seen ICI ordinary light. These da& suggested that the spot with RF 
0.35 IS I 2nd thzt the spot with RF 0.45 results from sir oxidation ofI. Two-dimension& 

TLC co&z-med that the spot with R, O&J could be obtained from the material with 

R, 0.35 -X fErnin exposure EO air nere &owed between developments. It was also 

suspected th2t the _mateti.zf witix R, 0.45 possessed structure IX. 
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Fxg. I _ Ihm-fz>er c’bromatograms of apomorphinz obtzined after smz&ted mkrosoma~ metzbolrsm 
studies. Sdrca gd Gs TLC plates uere dexefopeci &I kzzne-methznol (4:l). a, Without cmtx- 
oxidants or nttrogenatroa: b. wrth nitrogenation of cr_ganic solvents; c. with antioxidants present 
during rmcrosomzl mcrrbation ad mtrogenarion of orzaic solxnts. 

The pre&z%ion of EX from I has been reported using either mercmic chlorrdeS 
Of potass:um dichromate~‘. Repetition of the forLmer procedure produced a dark- 
green crJ?stzIline compound similar to that described by Linde and RagabE. This 
material possessed RF valrres identical to the suspected spot in the apomorphine Gngeer- 
print In a variety of developing systems. Kowever, the mass spectrum of tlus material 
showed both aa expected5 peak at 263 rir/e (for CL7H:3N02) and an additional UP 
reported peak at 265 m/e. The refative abundance of these peaks wzs found to vary 
from sample to sample. AM~ougfr M t 2 peaks are not unusual in the mass spectra 
of quinonesLS*L5z it was felt that this descrepancy required further study. Furthermore, 
the repoFtedE kLCkofame&ngpoint belOW 350'seemedEinilsuz! for a structrrre SIlCh 
zs IX. Since the infrared spectrum and a negative ferric chloride test indicated that 
phenol&z hydroxyf. groups were not present, it was suspected that a compound havq 
two additional mass units might then b-e structure IX where the &-CT double bond 
is saturated. NMR studies were conducted to test this posszbi!.+. Roth proton and 
ST spectra uere obtained_ The proton spectrum was identiical to that reported by L&de 
and Rag&” and was appropriate for s’sucture IX. The ‘%I spectrum is illustrated in 
Fig. 2, and is also appropriate for structrrre IX. fn this spectrum, the resonances at 
183.2 and 176.5 S may be assigned to Cl1 and Ci, since these chemical. shifts are pre- 
dicted= for a&unsaturated ketones and occur at too a tow ficfd for aromatic carbons. 
Other characteristic features are the resonances at 5Q.4, 28.9 and 43.2 d which are In 
the retions expectedf6 for C5: C, and N-C& respectively. These studies suggest. 
then, &at the additiooal peak at 265 in/e is an M f 2 artifact which occurs for tlx 

&C m pxii :ram TMS 

Fig. 2._=C NMR spectrum of agomorphme orthoqumone ob:ained in C%Kis. 
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same naterid ob~sined by Linde and Iragab% and thae the material with an RF vague 
of 0.45 1s indeed IX. 

Fig. Ic represents t&e thin-layer c’bkmatogam of E obfrtined from simoiated 
microsomai merzbolism studies in which antioxidants (either 0.05 T/o sodium bisuU%e 
or eqzimotar dithiothreitol) were empfoyed dting mkiosom& incubation and rig- 
CEOWG nitrogertadon of all orgaixic so~~eists was emp&ed during subseqrrent ex- 
traction prior to TLC analysis. ft is apparent that when metabolic swdies are perform- 
es in this hhhn, even the cb.r&cterktk spot resd&g from a& oxidation of 1 to E 
czn be eiimiinated and a slngfe-spot cbromatog-am of apomorpbine MB be obtained. 
Ftu-tbermore, *fiere‘is no evidence of decomposition occurring during the TLC de- 
vz!op_ment pet- ~2 as ewdeoced by single spot OIE plates developed render conditions 
described under E~~&&QT cfzrum~rogmp~~. To ~~G~~imize decomposition prior to TLC, 
plates zre rqidiy spotted (using soiutfons prepared with nitrogenated solvents) and 
irnmediatdy devefoped. Again, two dimensional TLC vc-ith 15min air exposure be- 
tween dzvz1opmenc.s coafkmed that the characEer&tic apomorphine fin_gerprint (Fig. 
lb) could be obtaineci from the ch~omatc~~m in Fig. Tc. 

Smce 1 is one of the more Iabife compounds in the series I-VIK the procedures 
used to p:evect its decomposidon provide a mens for the ufitiz~tion of TLC methods 
in metabdism strrdies of If-VIEI as well. 

The four s&en: systems A-D were designed to accomplish speclfc goals based 
uporr anricipated inzstlIts of metabohic studies of I-VTfE. Systems A, C, and D separate 
I!., III, IV. VI, and WL from their potentiaf mec;rboEte E. System D separated ‘JET 
from V (a potential hydroxylated metabolite of VIEI) white systems A, C, and D 
sqxz+ted IV frcm E-III (possible O-demetbylated metaboIites of IV) and VII from 
VI (possible O,&emethylated metabolrte of WI). Based on a previous report1 it is 
anticipated that system B will be useful III distinguishing f-VIII from their N-dealkyl- 
2ted metabolites. RF values for I-SEE1 appear in Table I. in most cases. these values 
were m&tained wheo anticipated metabolic mixtures of E-VEX were spotted, e-g. 
a mixture of PV with II and III. However, sIig&Iiy Iower RF values were obtained for 
1 ff and for If whet these materials Eere co-chromatographed with their O-dealkyf- 
ated analogs JVE and I, respectively). This lowering of the R, vafue is ~hongbt 'to re- 
silt from an associative interaction between the two mokctifar species involved. 
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Ambiguity resulting from this phenomena is not anticipated during metabolic studies 
since the use of spray reagents dramaticaliy distiq@shes between these compounds. 

_AMmu& visuahzation by ‘Iv irradiation was effective, the spray reagents DSA 
and DCQ were also found to be use.tW in characterizing and distiinguis’hing ceti&in 
of the cornpounds I-VIII. The behaviors of L-VIII toward DSA and DCQ are sum- 
marized in Table IL Interestingly, the reactivity of the phenofic systems present in 
ceArtain of these aporphines is such that the spray reagents effectivefy couple withotit 
requiring activation by subsequent spray with a basic reageutl’. 

TABLE 11 

BEHAVIOR OF APO;KORPHlXX AND ANALOGS TOWARD DSA AND DCQ SPRAY R!5 
AGENTS 

Color 

EEz 
none 

ROM 

iz=Y 
fione 
none 
none 

DCQ, heaf” 

cIarker 
darker 
brown 
brown 
dzrker 
brown 
brown 
brown 

* When DCQ is used after deveIopment ic solvent system C_ entire piztes darken and no useeful 
itiorm~tim is obtained_ 
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