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The nature of thie metabolites of the alkaloid acrouine ltas been studied in 5 species.
to hydroxylate acronine to 9-hydroxyacronine aud 11-hydroxyacronine.
and mouse, were also found to hydroxylate on the gem-dimethyl groups.
lized acronine in part by the O-demethylation route.

aiong the terminal metabolic products.

Acronine (1)'-3 ig an acridone alkaloid isolated from
the bark of Acronychia bauri Schott, a serub ash in-
digenous to Australia. It possesses broad-spectrum
antitumor activity against experimental neoplasms in
laboratory animals.®* The structure of acronine has
been deduced by chemieal studies’—? and has been re-
cently confirmed by synthesis. 1

The metabolism of this compound by mammalian
systems was of particular interest since it is an alkaloid.
Since alkaloids are metabolic end products of plants, it
was of theoretical interest to study their further metab-
olism by animals. In this investigation the identities
of the metabolites of acronine were determined by
radiocarbon labeling, chromatographic procedures,
mass spectroscopy, and nuclear magnetic resonance
studies.  No model compounds were available to faeili-
tate the study.

Experimental Section

Acronine-O-methyl-1*C.-—A mixture consisting of 153.5 g
(0.5 mniwle) of O-desmethylacronine (¢f. ref 10) and 25 mg of
509; NaH-mineral oil in 3 ml of DMF was heated at 50° in a
H,0 bath uutil complete solution was attained. MeI-14C (0.5
mmole, 1 niCi; Tracerlab, Inc.) was introduced wia vacenum
transfer and the resulting solution heated and stirred at 38° for
24 hr.  Aqueous 2 NV NaO1H (8 ml) was added to the cooled re-
action selution and the resulting mixture was extracted with 10
ml of Phif. The Phil solution was separated, washed with an
equal vohuue of 11,0, and dried (MgS0,). The PhH solution was
evaporated to dryness in wvacno.  The residnal acronine-O-
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All species were found
Four of these species, man, dog, rat
The guinea pig and the mouse metabo-

A number of dihydroxy metabolites were also found
The metabolites are excreted predominately in the form of conjugates.

methyl-*C was purified by tle using preparative silica gel GF
(Merek A.(i.) plates and a PhH-EtOAe (1:1) solvent system for
developument. 1t weighed 124.0 mg (779 ) and had a sp act. of
6.04 uCi/mg. The C-labeled product cochromatographed
identically with authentic material (R 0.4) and its radiochemical
purity was demonstrated by autoradiography.

Acronine-N-methyl-*C.—This compound was prepared in a
3-step synthesis as follows. (A) N-Methyl-1*C-O-desmethyldi-
hydroacronine. Mel-1C [249.6 mg, 1.76 mmoles, 5 mCi (Amer-
sham-Searle)] was added by vacuum transfer to a mixture of 500
mg (1.7 mmoles} of O,N-didesmethyldihydroacronine® and 1.5 g
of anhydrous K;COj; in 3.5 ml of Me,CO. The resulting mixture
was stirred at reflux temnperature for 24 hr. H.0O (5 ml) was
added to the cooled reaction mixture and after vigorous shaking
the phases were separated. The aqueous phase was extracted
with 2 equal voluines of CHCI; and the combined CHCI, soluttion
dried MgS04). The CHCI; solution was evaporated to dryuess
in vacuo and the residual produet was purified by development
on preparative thin-layer siliea gel (R; 0.37) plates using a PhH-
EtOAc (30:1) #olvent system. The pure produet (335 mg, 649%)
was show to be single spot material by tle and autoradiography.

(B) ¥N-Methyl-14C-O-desmethylacronine.—2,3-Dichloro-5,6-di-
cyanoquinone (309 mg, 1.635 muoles), was added portionwise over
a period of 1 Iir to a stirred solution of 335 mg (1.08 mmoles) of
N-methyl-4C-0-desmethyldihydroncronine in 15 ml of PhiMe at
reflux tenipernture. After complete addition the reaction mixture
was stirred at reflux temperature for 2 hr.  Upon cooling the re-
action mixtire was evaporated to dryness in vacuo and the residue
dissolved in 30 ml of EtOA¢. The EtOAe solution was washed
suceessively with three 13-ml portions of 0.5 N NaOIl aund two
15-ml portions of saturated aqueous NaCl. The EtOA¢ solution,
after drying (MgR0y), was evaporated to dryness in vacwo. The
produet was purified by PhH-EtOAe solition (3:1) for develop-
ment. The produet, 73 mg (22¢), was shown to be pure by tle
(12 0.5) and antoradiography.

(C) Acronine- \'-methyi-1*C.—\lel (6% mg, 0.476 nunole) was
allowed to react with 73 mg (0.23% mmole) of N-methyl-14C-0O-
desnmethylacronine in solution with 12 mg (0.250 mmole) of 50¢;.
NaH-mineral oil and 1.5 ml of PhMe tn a manner tdentical with
that described ubove for acrenine-O-methyl-**C. The product
A7 mg, 75070, sp act. 9.0 Cl/mg, was shown to be pure by tle
(f25 0.3) and antoradiography.

Methylation of Metabolites.—l'o prepare Me ethers of ring-
hydroxylated acronine metabolites, the metabolite was dizsolved
in 0.3 ml of MeOl and 2.0 ml of ethereal CHyN.!' was added.
The reaction flask was stoppered lightly and allowed to stand at
room temperaturefor 30 min. If the yellow color faded an additional
2.0 ml of CHuN: solution was added. The reaction solntion was
evaporated to dryness in vacwo and the residue was dissolved in
i appropriate solveut for tle or gle purification.

Chromatographic Methods.---Tlc was carried out on silica GF
(Merck A.G.) plates. Separation of original metaboli¢ mixtires
wis aceomplizhed using an EtOA-MeOH-Et{,NH solvent syzten:
85:10:3) for developnmient. The I: values for acronine and it=
metabolites are:  acronine (10.89), a (0.535), b (0.41), ¢ (0.713,
d (0.30), aud e (0). Purifiention of methylated derivatives,
prepared by tredment of the individual metabolites with CHoN.,

(11t AL ML Nacr, “Orgapie Syutliesis.” Coll, Vol 11, Wiley, New York,
N. Y., 1943, p 165,
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was accomplished using an EtOAc~PhH solvent system (1:1) for
development.

Gle was performed employing a 121.5-cm U-shaped glass
column packed with 3.89, W-98 methylvinyl silicone gum on
80-100 mesh Diatoport S, contained in an F and M Model 402
biomedical gas chromatograph fitted with an H, flame detector.
He at a flow rate of 60 ml/min was used as the carrier gas, the
oven temperature was 275°, Purification and collection of in-
dividual metabolites and derivatives for mass spectrographic
analysis was accomplished using the gas chromatograph modified
with a stream splitter adjusted to a rate of 20:1 in favor of the
collection side with He. Samples were collected in capillary tubes
10 em inlength. The retention times for the 11-methoxyacronine
(a) and 9-methoxyacronine (b) were 4.0 and 7.0 min, respectively.

Mass Spectra.—The mass spectra of the purified metabolites
were determined using a C.E.C. 21-110A double-focusing mass
spectrograph operating at 230-300° and 70 eV. Samples were
introduced directly into the ion source. Line spectra were
drawn from the mass spectra and in each instance the most
abundant ion was set at 100. Lines of relative abundance less
than 59, were ignored.

Nmr stundies were performed with a Varian Associates 60-Mec
spectrometer.

Demethylation in Vivo.—The rates of in vivo demethylation
were determined by following the rates of CO.-1*C expiration
after ip adminstration of the O-methyl-1“C- and N-methyl-1+C-
acronines. For these experiments, the test animals were ad-
ministered 25 mg/kg of the appropriately labeled acronine in
polyethylene giycol (5 mg/ml). The rate of expiration of COs-14C
was determined using a radiorespirometer similar to that de-
veloped by Tolbert.!? In our instrument the cage used for the
rat and guinea pig studies had a volume of 500 ml and the volume
of the ionization chamber was 500 ml. A male Purdue-Wistar
rat (150 g) a 200-g male guinea pig or four 23-g C;H mice were
used with this cage. A flow rate of 500 em?/min of air was
employed. In vivo demethylation studies in rabbits were effected
using a 9.0-l. cage and a 1-1. ionization chamber. The flow rate
of air in this sytem was 2.83 1./min.

In Vivo Elimination Studies.—The in vivo fate of O-methyl-
14C- and N-methyl-1*C-acronine was studied in the mouse, rat,
and guinea pig. After administration of 25 mg of “C-labeled
acronine/kg ip (5 mg/ml of PEGsy) or orally (suspension of 5
mg/ml of 19 aqueous methocel), the animals were kept in
stainless steel metabolism cages. Urine and feces samples were
collected for 24 hr and the *C content of each determined by
liquid scintillation counting. For the biliary elimination studies,
200-g male rats were anesthetized with Et,0 and a caunula was
placed into the common bile duct. When guinea pigs were
employed for biliary excretion studies, the animals were anesthe-
tized with Et:O and a cannula was placed into the bile duct pos-
terior to the gall bladder. Immediately following the placement
of the cannula, the #C-labeled acronine (25 mg/kg) in PEGa
was administered ip. The bile fluid was collected for a period of
24 hr and the C content determined subsequently by liquid
scintillation counting.

Isolation of Metabolites.—In order to investigate the nature of
the metabolites present in the urine, bile, and blood, samples of
these fluids were acidified to pH 5.5 with AcOH and were in-
cubated at 37° for 24 hr with 1.0 ml of Glusulase solution (mix-
ture of g-glucuronidase and suifatase, Endo Products, Inc.)/100
ml of sample. The liberated metabolites were extracted into
CH,Cl,. Separation and purification of individual metabolites
was accomplished by means of tle and gle.

In mice it was impractical to collect sufficient volumes of bile
and instead feces were used as a source of metabolites. Dried,
ground feces were extracted with several volumes of MeOH. The
MeOH extracts were then taken to dryness and the residue taken
up in pH 5.5 acetate buffer. Metabolites were then isolated as
described above.

Results

Demethylation Studies.—The major routes by which
acronine might be reasonably expected to be metabo-
lized include N-demethylation, O-demethylation, or
hydroxylation. Possible dealkylation was first in-

(12) B. M. Tolbert, M. Kirk, and F.. Baker, Amer. J. Physiol., 185, 269
(1956).
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vestigated. By following the rate of CO,-}C expira-
tion after administration of either O-methyl-14C-
labeled or N-methyl-1*C-labeled acronine it was possible
to estimate the extent of tn vivo O- or N-demethylation.
Four species of laboratory animals; rat, mouse, rabbit,
and guinea pig, were used in these experiments. The
results obtained are summarized in Table I.

TasLe T
In Vivo DEMETHYLATION OF RADIOACRONINE
—_— % demethylationd———ﬁ

Species® O-Demethylation N-Demethylation
Rat® 0 3
Mouse? 23 7
Guinea pig? 50 2
Rabbite 8 0

= Dose in all cases was 25 mg/kg 1ip. ? Results are the average
obtained from 3 animals. ©Results obtained from 1 animal,
¢ Results are expressed as per cent of radiocarbon dose appearing
as CO»-1C in 24 hr.

In vivo O-demethylation varies markedly with species
tested. Thus, O-demethylation was of little im-
portance in the metabolism of acronine by the rat or
rabbit. This metabolic pathway was, however, of
major importance in the guinea pig and to a lesser
degree in the mouse. N-Demethylation was a minor
pathway of metabolism of acronine in all species
studied.

Routes of Metabolite Elimination.—The routes and
extent of elimination of radioactive metabolites by rats
receiving acronine-O-methyl-*C was next studied.
Since O-demethylation of acronine does not occurin rats,
the O-methyl-1*C label was an ideal label for this study.
When acronine-O-methyl-*C was administered ip to
rats 12.39, of “C was recovered in urine in 24 hr. On
the other hand, recovery in feces in 48 hr amounted to
89.6% of the dose. In a separate experiment, 869 of
the administered 'C was excreted in the bile in 24 hr,
thus confirming the results found in the intact animals.
Excretion following oral administartion was also
studied. As in the case of parenteral administration,
excretion in the feces was the preponderant route of
elimination. However, when acronine-0-methyl-14C
was given orally to rats excretion in the bile in 24 hr
amounted to only 129, of the dose. These results sug-
gest that acronine is poorly absorbed from the gastro-
intestinal tract in the rat.

Elimination studies in the guinea pig were conducted
with acronine-N-methyl-1*C and acronine-O-methyl-
HC. Following the intraperitoneal administration of
acronine-N-methyl-1*C, 859, of C appeared in bile
while only 109, was found in urine. Unlike the rat,
the guinea pig metabolizes acronine extensively by O-
demethylation (see above). Consequently, following
ip administration of acronine-O-methyl-1*C to guinea
pigs about 459 of the radioactivity appeared in bile,
while urinary excretion was negligible.

Identification of Acromine Metabolites.—The pri-
mary source of metabolites for these studies was from
the bile of rats receiving acronine-O-methyl-4C.
Attempts to extract *C from bile at pH 7.0 with organic
solvents were unsuccessful. Incubation of the bile
with a mixture of B-glucuronidase and sulfatase, how-
ever, allowed over 859 of the biliary C to be extracted
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Figure 1.~-Representative mass spectra: (a) tl-hydroxyacronine (metabolite aj; (b) 9-methoxyacronine (methoxy derivative of
metabolite b); (e) 3-hydroxymethylacronine (metabolite ¢); (d) 11-hydroxy-3-hydroxymethylacronine (metabolite d): (e) acroniue.

into CHyCl. This result suggested that the metabo-
lites were hydroxylated acronine derivatives.

Comparison tle of the extracted radioactive metabo-
lites with acronine identified acronine-#C (39 of the
biliary radiocarbon) as a minor metabolite.  l'ive un-
known radioactive metabolites were separated by tle.
Since each of these unknown metabolites was bright
vellow, further work utilized bile from rats receiving
tinlabeled acronine,  In order to facilitate the strueture
wentification of these metabolites, 6 bile-cannulated
rats were administered unlabeled acronine ip and the
bile was collected. The combined bile was hvdrolyzed
and extracted as previously deseribed.  IMive unknown
metabolites were separated and isolated by tle.  After
additional purification by tle, the mass spectra of the 5
unknown metabolites were recorded. Some representa-
tive mass spectra are shown in Figure 1. From a con-
sideration of the mass spectra of the metabolites, it was
possible to subdivide the metabolites into 2 groups.

The first group consisted of 3 metabolites, M+ peak
m/e 337 (¢f. Figure 1a as an example). These metabo-
lites thus were isomeric and possessed a mol wt 16 units
greater than that of acronine (321). This suggested
that these metabolites were monohydroxylated deriva-
tives of acronine. The mass spectrum of acronine it-
self (Figure le) showed an initial fragmentation of m ¢

321 — ;e 300, which has been attributed to the loss of
one of the 3-Me groups, m/e 15. Compounds struc-
turally similar to acronine and contaming the yem-Ne.
group, 2,2-dimethylchromenes, are known to fragment
in this manner.'®  The mass speetra of 2 of these me-
tabolites (nand b) showed an initial m /e 337 = m /¢ 322
fragmentation attributed to the loss of one of the 3-Me
group=. This result indicated that the 2 metabolites
were acronine derivatives containing unaltered gein-
Mey groups.  Treatment of these monohvdroxylated
acronine derivatives with ethereal CHy Ny vesulted in an
inerease of 14 m ‘e units of the M peak to 351 in their
mass speetra (see Ifigure 1b).  This inerease veflected
the conversion of a phenolic OH to an aromatic OMe.
The mass spectrum of the third 337 metabolite (e)
however, showed an initial m/e 337 — m e 306 frag-
mentation (Figure 1¢). The presence of a strong M-31
peak was attributed to the lossof a CH,OH group.
The treatment of this metabolite with D,O and subse-
quent mass spectroscopic analysis of the deuterated
product showed a strong M peak of #2/e 338 units and a
strong M-32 peak resulting from the loss of the CH,OD
ion. These mass spectroscopic data showed, there-
fore. that this acronine metabolite contained an ali-

013, O, 8. Barnes, aud J. L. Occolowitz, dust. J. Chem., 17, 975 (186:1),



MFEraBoLic HYDROXYLATION OF ACRONINE

phatic OH and, because this OH was lost in the first
fragmentation, that one of the 3-Me groups of the
acronine molecule had been hydroxylated. The fact
that this metabolite did not react with CH.N, provided
additional evidence for the aliphatic nature of the OH
of this metabolite. The structure of metabolite ¢ is
shown in Chart I, c.

CHarr I
STRUCTTRES OF THE MuraBoLitrs oF AcroniNne WHICH
Have Buuy Isoratep AND IDENTIFIGD

The second group of acronine metabolites consisted
of 2 compounds having an M peak of m/e 353 in their
mass spectra (¢f. Figure 1d, as an example). This mol
wt was 32 m/e greater than that of acronine and sug-
gested that these isomers were dihyvdroxylated deriva-
tives of acronine. While these compounds were found
to be isomeric their mass spectra were found to possess
different fragmentation patterns. The mass spectrum
of one dihydroxylated metabolite (d) possessed a mod-
erate peak at M-17, attributed to the loss of an OH,
and a major fragment at M-31 (Figure 1d). The latter
fragment, m/e 322, resulted from the loss of a CH,OH
ion from the mass ion, m/e 353. This initial fragmen-
tation, loss of m/e 31, was identical with that observed
for the monohydroxylated metabolite ¢ containing the
aliphatic 3-CH,OH group and was therefore indicative
of the hydroxylation on a 3-Ae group of acronine.
When metabolite d was treated with CH,N, it was found
to react with 1 mole of the reagent. This result was
direct evidence for the presence of one aromatic OH
and also indirectly confirmed the presence of the ali-
phatic OH group.

The second dihydroxylated metabolite € had in its
mass spectrum an intense M-15 peak (m/e 353 — m/e
338). This fragmentation, identical with that found
in the spectrum of acronine and shown to be due to the
loss of one of the 3-Me groups, showed the gem-Me,
group to be intact in this metabolite. When treated
with CH.N,, this metabolite was found to react with
2 moles of reagent and consequently contained two
phenolic OH groups. High resolution mass speetro-
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scopic analysis of the dimethoxy derivative showed an
M ion at m/e 381 and an intial fragmentation of m/e
381~ m/e352. This strong M-29 peak was attributed
to the loss of the CHO4 ilon. Similar studies on di-
methoxybenzenes!* revealed that m-dimethoxybenzene
fragmented in an identical manner while o- and p-di-
methoxybenzene fragment by the successive loss of 2
Me groups, 30 m/e. This evidence therefore indicated
the positions of the two phenolic OH groups in this
acronine metabolite to be meta in respect to one another.
The suggested structure of metabolite e is thus the
structure shown in Chart I, e.

The availability of clinical urine samples from pa-
tients receiving orally administered acronine (100-mg
capsule daily) offered a possible source of sufficient
quantities of metabolites to complete the structural
studies. The acronine metabolites present in the
human urine were isolated by the procedures used for
rat bile, and were separated by tle, The results ob-
tained showed that 4 metabolites (a, b, d, €) were pres-
ent in human urine. Metabolite ¢, 3-hydroxymethyl-
acronine (Chart I, ¢) was not present.

The human urinary metabolites were derivatized by
reaction with CHsN,. The resulting Me ethers were
found by comparison gle and tle to be identical with the
Me ethers obtained in a similar manner from the cor-
responding rat biliary metabolites. Sufficient quanti-
ties of these metabolites and their Me ethers were ob-
tained in pure form to allow the completion of the struc-
ture elucidation studies using nmr.,

One phenolic monohydroxylated metabolite (a) was
identified directly from its nmr spectrum at 160 MHz in
19, CDCl; and in 19, CD;OD solution as 11-hydroxy-
acronine (Chart I, a). The most convincing evidence
for this assignment was the upfield shift of 0.52 ppm of

the broad signal for the 8 proton (Table IT). If the
TanLr 1T
NMR SPECTRA OF ACRONINE AND
MreTABOLITES* CHREMICAL SHIFTS (§)
Position of Acronine ——a b d
proton CDCl CDCL:. CD.OD CD:0D CD:0D
C-CH; (3) 1.52(s) 1.52 1.51 1.33 1.45
N-CH; (12) 3.76(s) 3.64 3.70 3.88 3.63
0O-CH; (6) 3.95(s) 3.92 3.90 3.88 3.88
1 6.50(d) 6.70 6.7 6.68 6.81
2 5.47(d) 5.57 5.68 5.60 5.66
b 6.30(s) 6.31 6.39 6.39 6.45
8 8.38 7.860  7.72% 7.72(d) 7.79
9 7.21 7.10 7.12 7.28
10 7.55 7.13 7.14 7.35(q) 7.28
11 7.31 7.54(d)

O-CH; (9 or 11) 3.92 3.99 3.92
3.62
-CH,0H (3) 3.72

« The following coupling constants were observed for acronine:
Ji2 = 9.7 cps, Jso = 8.0 cps3, Jop = 8.6 cps, Jun 1.3 cps.
For metabolite a and the Me ether of b and d, J,. 10 cps.
Jiar = 9.0 cpsand J, 1 = 2.7 cps for the Me ether of b. * Broad
complex signal; (s) singlet, (d) doublet, (q) quartet.

OH group had been at position 10, the signal for the 8
proton would have appeared at about 8.3 ppm as a
broad doublet with a eoupling constant, Js.s, of 8 cps.
If the position of hyvdroxylation had been at 9, the
signal for the 8 proton would have been near 7.9 ppm

(I4) €. 8. Barnes, and 1. L. Oceolowitz, Aust, J. Chem., 16, 219 (1963).
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in CDCI; (7.7 in CD;0D) but would have appeared as a
narrow doublet with a Js.10 of 2.5 eps.

The second phenolic monohydroxylated metabolite
b was converted into its Me ether in order to render it
soluble enough in CD;OD to obtain its nmr speetrun.
Tt was also necessary to emiploy a computer summation
of 36 scans of the range of 6.0 to 8.0 ppm in order to
obtain a significant nmr spectrun. From this spec-
trum it was possible to assign the stiucture of metnbolite
b as Y-hydroxyaeronine (Chart I, b). The confirming
feature of this speetrum was the signal for the proton nt
position 8. Tt appeared as @ narrow doublet with a
Jeqpof 2.5 epsat 7.7 ppm in CD;0OD,

The structure of metabolite d was uneguivocally
assigned as shown in Chart I, d based on nmr data.
Thus its spectrum showed the upfield shift of the broad
signal for the 8 proton which established the position of
the phenolic OH group at position 11. Alzo the ali-
phatic OH was assigned to a Me group at position 3
because of the observed intensity for only one Me group
at position 3 and of & two proton AB multiplet for
CH,OH which could be nonequivalent only at positions
3. Table II summarizes the chemienl shifts (8) for
acronine and its metabolites.

The determination of positions of hyvdroxylation as
11 and 9, respectively, for metabolties a and b was con-
firming evidence for the structure assignment for the
dihydroxylated metabolite e containing the two phe-
nolic OH groups (see Chart I, ¢). Likewise the elucida-
tion of the structure of metabolite d was confirmatory
evidence for the structure of metabolite ¢ found in rat
bile but absent in human urine.

In vive demethylation studies showed that in the
guinea pig, O-demethylation played an important role
in the metabolism of acronine. The strueture of the
biliary metabolites from the guinea pig was therefore
of particular interest. Bile fluid, collected from guinea
pigs administered acronine-N-methyl-1*C ip, was pro-
cessed in a manner identical with that deseribed for the
rat bile. Tle revealed the presence of 3 radioactive
nmetabolites in the extraction mixture. Two of these
metabolites were identified as 11- and 9-hydroxyuaero-
nines (metabilites a and b) by eomparison tle of the
metabolites with known samples and by comparison gle
of their Me ethers with those used for structure deter-
mination. The third radioaetive metabolite f was
shown by mass speetrographic analysis to have M-
323,  Analysis of the speetrum showed the gem-Mes
group nt position 3 to be intact (M-15 peak), Ix-
change with D,O followed by mass speetroscopic analy-
sis showed the compound to contain two OH groups.
Reaetion with CH, Ny, however, vielded a derivative that
was identified as 11-methoxyvaecronine, M+ 351, With
the knowledge that the guinea pig does O-demethylate
acronine and with the above data it was not unreason-
able to assign the structure as 11l-hvdroxydesmethyl
acronine (methabolite f, Chart I, f). Additional evi-
dence for this assignment was obtained from the reac-
tion of this metabolite with C.H,N,. Mass spectro-
seopic analysis of the reaction product showed an M
peak at 379, This was an increase of 58 m /e units over
the molecular weight of the metabolite itself (323) and
was indiecative of the addition of 2 moles of diazoethane.
Scheme I summuarizes the results of these reactions.

The nature of the urinary metabolites obtained fol-
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lowing oral administration of acronine to dogs was also
investigated. The urine was processed in a manner
already described and the metabolites were extracted
into CH:Cl;. Initial chromatographic separation
showed that 3 metabolites of acronine were present in
this mixture. These metabolites and their NMe ethers
were identified by comparison chromatographic tech-
niques as being 11-hydroxyacronine (metabolite a), 9-
hydroxyacronine (metabilite b), and 11-hydroxy-3-
hydroxymethylacronine (methabolite d). No wn-
changed drug was found in the urine of dogs.

Finally, the fate of acronine in mice was investigated.
Like the rat, this species excretes the metabolites of
acronine almost entirely via the bile duet. The conju-
gated metabolites were recovered from feces by MeOH
extraction. After hydrolysis of the counjugates the
liberated metabolites were isolated and identified as
before. The mouse was found to excrete all 5 of the
metabolites previously found in rats.  Although metab-
olite f, a result of O-demethylation, found in guinea
pig bile would have been expected, no detectable quan-
tity was present.

The species differences in the 2n vivo metabolism of
aeronine are summarized in Table 111

TanLe 111
ACrRONINE MeTABOLITES FOoUND 1IN
LABOrRATORY ANTMALS AND IN Max

Me- e | T LT
tab- Guinea
olite Name Man Rat Pir  Dog Movse
a 11-Hydroxyacroniue X X X X X
b 9-Hydroxyacronine X X X X X
¢ 3-Hydroxymethyvlacronine X X
d 11-Hydroxy-3-hydroxy-
methylacrouine X X X X
e 9,11-dihydroxyacroniue X X X
f 11-Hydroxy-O-desmethyl-
acronine X

The urine of cats adminstered acronine ip was found
to contain no detectable quantities of the parent drug
or its metabolites. The blood plasma obtained from
these cats, however, was found to contain 2 metubo-
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lites: 11-hydroxyacronine (a)} and 9-hydroxyacronine

(b).

Discussion

Although acronine contains both an O-Me and an
N-Me group, dealkylation does not appear to be an
important route of biotransformation. An exception to
this observation occurs in the guinea pig.  In this spe-
cies und to a lesser extent in mice, O-demethylation does
account for a portion of the metabolic conversion of
acronine. In general, however, hydroxylation appears
to be the major route of oxidation. Of the 5 species
studied, all hydroxylate acronine at C-9 and C-11, in-
dicating a similarity of the enzyme systems involved in
each animal. The major species difference observed
involved the ability to hydroxylate the methyl group at
the quaternary C. This route was observed in rat,
mouse, dog, and man, but not in guinea pig.
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The observation that the alkaloid acronine is readily
oxygenated by mammalian enzymes at a number of
different positions in the molecule is of some interest
since none of these metabolites have been reported as
metabolites of acronine in Acronychia bauri. It would
be of some interest to reinvestigate the alkaloids of this
plant to see if anv of the hydroxyacronines occur natu-
rally.

The work described emphasizes the value of con-
temporary chromatographic methods used in conjunc-
tion with mass spectroscopy for the determination of
the structure of natural products.
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Hiickel molecular orbital and Hansch calculations were performed on various styrylpyridine derivatives and

analogs, some of which are potent inhibitors of choline acetyltransferase (ChA).

The results are consistent

with the view that these compounds bind to ChA via hydrophobic and = donor contributions of the aryl moiety,
and 7 acceptor interactions, presumably by the pyridinium-like portion.

Previous reports’:? have described some derivatives
and analogs of styrylpyridine which include quite
potent inhibitors of choline acetyltransferase (EC 2.3.1.
6)(ChA). These papers delineated, in a qualitative
manner, steric and electronic features contributing to
optimal inhibitory activity. Some speculations were
made concerning the nature of possible interactions of
these inhibitors with the enzvme at a molecular level.
The present report describes some efforts to quantitate
certain structure-activity relationships (SAR) among
these types of compounds. Such exercises could serve
to more critically evaluate proposed? inhibitor-enzyme
interactions and also provide additional guidance to
directions of future molecular design.

The application of computer based techniques for
quantitative assessment of some S variables in SAR for
various classes of medicinals has met with moderate
success.® Of these methods, Hiickel molecular orbital
calculations* and the Hansch technique®® have now
been applied to the interpretation of the structural
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variables among styrylpyridine-like compounds with
ChA inhibitory activity.

Results and Discussion

Hiickel molecular orbital (HMO) calculations were
performed on 21 styrylpyridine derivatives and analogs.
The method and parameters utilized are discussed in
the Experimental Section. Compounds were divided
into three structural groups (A, B, and C) for initial
ease of comparison. These groups are presented in
Table I together with the in vitro activity data? (ex-
pressed for convenience as log 1/I;) and various
pertinent HMO derived quantities.

It has been suggested? that these compounds may
bind to ChA via a charge transfer acceptor contribution
by the pyridinium-like moiety and charge transfer
donor interactions involving the aryl group. Using
this as a working hypothesis, the data generated from
the HMO calculations were examined for possible
correlations. Disappointing correlations were obtained
using either Enomo and/or Evemo, the energies of the
highest occupied and lowest empty molecular orbitals,
respectively. These quantities are related to the
ability of the molecule as a whole to act as a charge
transfer donor or acceptor. This is not incompatible
with the working hypothesis since inhibitor activity
appears to require a separation of donor and acceptor
units as in styrylpyridine; ring fusion of components as
in phenanthridinium? results in loss of activity.



