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The fare of N,N-dintel hyl-12(-3,3,7-trimet hyladamant ave- l-carboxamide has heen studied in the rat. The

waint ronte of metabolism was found to be oxidative demeihylation.
by phenobarbital treatment and was inhibited by DPEA.

The rate of demethylation was enhanced
In 2itro and (n vive studies show this amide to be n

mmch more effective subsirate for the demethylase enzymte Lhan was the previonsly stndied amide, N,N-dimerh-

vidiphenylacetamide.

The resnltx suggest that the highly <ymunelrical rinethyladamantyl molety possesses

better trausporr aud binding properties than doex the folded aromutic diphenylmethy] svxtem.

Oxidative N-demethylation is one of the most com-
monly encountered pathwavs by which drugs are
metabolized.? The reaction is catalyzed by enzymes
loenlized in the endoplasmice reticulum of the hepatie
cell.  Both oxygen and TPNH are required as co-
factors.  Mechanistically the reaction can be viewed
as o speetal case of mierocomal hydroxylation.®

>NCHy ~—> [>NCHOH] — >N + HCHO

T'he intermediate methylolamine formed by the hyv-
droxylation reaction dissociates into the dealkylated
amine and formaldehyde. Sinee formaldehyde is
castly determined by colorimetric nmethods, numerous
tn vitro studies of N-demethylation have been reported.
Iurthermore, n 2ivo N-deniethylation eail be quanti-
tated by utilizing N-methyl-14C substrates.  In this
e appearatiee of #CO. in expired air serves to me:n-
sure the rate of demethylation.

In vitro and #n vive studies have established certain
hasic faets concerning thie mature of the microsomal
dealkylation process.  For example, it ix elear that i a
series of related tertiary wmnes there ix a positive cor-
relation between lipid solubility and demethylation
rate.™  Also it has been found that sterie hindrance
about the nitrogen atom has no effect on ratet? A
free base rather than the lonized amine serves ag sub-
strate.  The basteity of the amine does not appear to
have an effeet on rate.  Indeed uneutral compounds
such ax N-methylantides have been found to be guitable
substrates.?  Although the n vio demethyvlation of
amides was reported as early as 1939.9 1t was not until
1961 that the work of Hodgson and Casida’™ demon-
strated this to be a microsomal reaction.  Move re-
centtly reports front this Iaboratory have deseribed both
i eiten demethylation of o vartety off amides® and the
in vio demethylation of the herbicide, diphenanid (N.-
N-dimethyldiphenylacetamide, 1),

Studies on the demethylation of amides have now
been extended to compounds derived from the studies
of Gerzon and assoclates.’  These workers have re-
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ported the preparation and properties of some carbox-
amnides containing the symmetrically methylated block-
ing group, 3.5,7-trimethyladamantyl.’*  This particu-
lar group appears to possess unique lipid properties
and for that reason we were interested in investigating
its possible effect on the demethylation reaction. In
this paper N-demethylation studies on the amide,
N, N-dimethy1-3,5,7-trimethyladamantanecarboxamide
(ID), are deseribed and compared with the previous
studies on diphenamid. Radiocarbon labeling was
used to facilitate this investigation.

Materials and Methods

Labeled Compounds.-—N,N-Dimethyl-1*C-3,5,7-{rimethvl-
adamantanecarboxamide (IT) was =vnthesized by treating 167
mg (0.75 mmol) of 4,5,7-trimethyvladamantanecarboxylic acid
with 0.20 ml (1.16 unnol) of oxalyl chloride in 1 ml of dry benzene
containing 1 drop of a very dilure =olutiun of pyridine in benzene.
The reaction mixture was allowed 1o stand at room temperatire
for 2 hr. The =olvent was removed /7 vacuo and the residnal otl,
3,5, 7-trinterhyladamantanecarbonyl chloride, was added to 4.6
mg (0.60 mmol, V.1 mCi) of #*C-dimethylamine hydrochloride.
A solution of 2.0 mil of 2.5 ¥ NaOH was added innmediately and
the flask was stoppered aund shaken vigorously.  Colorless
erystals separated within 10 min and after cooling i an ice
batli for 1 br were collected by filtration. The produet, after
washing witlt 10 1wl of cold H.O and drying in vacuo, amonnted
Lo 142 mg (15970, mp 99-100°; specific acrivity, 0.71 xCi/mg.

N-Methyl-1C-3,5,7-trimethyladamantanecarboxantide (I11)
was svuthesized by the general procedure described above,
employing 417 mg (1.8% mumol) of 3,5,7-trimethyladamantane-
carboxylic acid, 0.50 ml (5.80 mmol) of oxalyl chloride, and 108.5
mg (1.77 mmol, 0.5 mCi) of 1*C-methylamine hydrochloride.
The producr amonvted lo 390 mg {949.), mp 159-160°; specific
activity, 1.20 uCi/ing.

Chromatographic Methods.——Paper chromatography wus
carried ont on Wharman No. 1 paper. A 5 N NH,OH saturated
7n-BuOH solution was employed for developnient of ernde urine
samples. An n-BuOH-AcOH-IL0 (4:1:5) system was employed
tor the separation of 1*C-urea from urine hydrolysates, Urea was
identified by spraying tlie developed paper strip with a 5%
solution of phenol in 935 EAOH, drying the tape at 90° for 10
win, anid spraving the tape with 57 aqueons NaOCL  The nrea

(11) K. Gerzon, 12,4, Tobios, R. L 1lehmes, R K Rathbin, and R\,
Karttan, ihid., 10, BIEG (14967,
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spot appeared light green in color, Thin layer chromatography
was carried out on silica GF (Merck A. G.) plates employing one
of five solvent systems for development: (1) CeHe~EtsNH
(19:1 v/v), (2) EtOAc, (3) EtOH-EtOAc (1:1 v/v), (4) MeOH-
EtOAc (7:3 v/v), and (5) CeHe~AcOH (9:1 v/v).

Demethylation n Viiro—Livers were removed from 300-g
male rats that had been sacrificed by decapitation. The livers
were immediately homogenized in 4 vol of 0.1 M phosphate
buffer (pH 7.4) 1 a Potter-Elvehjem homogenizer at 0° usiug
a Teflon pestle. Abont 1.5 min of grinding time was required
to produce a preparation of maximum activity. The homogenate
was then centrifnged at 15,000¢ for 30 min and the supernatant
fraction contaiuing the soluble plus microsomal fraction was
removed by decantation.

Livers were removed from 300-g male rats pretreated with
phenobarbital (40 mg/kg) daily for the 4 days immediately prior
to the day of sacrificing and processed to the 13,000g supernatamnt
fraction as above,

For the in vitro demethylation experiments a mixture of 1 ml
of supernatant fraction (200 mg of liver) together with 300 pmol
of phosphate buffer (pH 7.4), 0.5 umol of TPN T, 11 gmol of
glucose 6-phosphate, 45 umol of semicarbazide, 50 umol of
MgCly, and 50 pmol of nicotinamide in HyO (2 ml) was added
to 5 umol of substrate. The cofactor concentrations were chosen
as those that gave maximum formaldehyde production from
bntynamine.i? The reaction mixtures were then incubated in
air with shaking at 87° for 1 hr, The reactions were terminated
by the addition of 4 ml of 109, ZuCl, and the formaldehyde
formed was determined by the method of Cochin and Axelrod.!?

Inhibition experiments were carried ont in a manner similar
to that described above except that various guantities of DPEA
ranging from 5 X 107% M were added to the reaction mixture.
The substrate employed i1 these experintents was N, N-dimethyl-
3,5,7-trimethyladamantanecarboxamide (1I).

Demethylation ¢n Vivo.—The rates of in vivo demethylation
were determined by following the rates of 1*CQ, expiration after
mtraperitoneal administration of the 1*C-labeled dimethyl- and
monomethylamides of 3,3,7-trimethyladamantanecarboxylic acid.
For these experiments, 150-g male rats were used at & dose of
40 mg/kg it polyethylene glycol solution. In order to determine
the rate of expiration of CO,, a radiorespirometer similar to
that developed and described by Tolbert!% was employed.
In our instrument the rat cage and the ionization chamber had a
volume of 500 ml. A flow rate of 300 ml/min of air was employed.

In the inhibition studies DPEA (2,4-dichloro-6-phenylphenoxy-
ethylamine hydrochloride) was given intraperitoneally (50
uniol/kg) 10 min before administration of the amide. In the
induetion studies, male rats (150 g) were given a single dose of
phenobarbital (40 mg/kg) daily for 4 days immediately prior to
the administration of the amide.

Urinary Excretion Studies.—The in vivo fate of I1 and its N-
methyl-1*C analog (II1) was stndied in 200-g niale Purdie-
Wistar rats. After dosing with 40 mg of radiolabeled amide /kg
ip, the animals were kept m stainless steel metabolism cages.
TUrine samples were colleeted for 24 hr and the radicactive content
was determined by liqnid scintillation connting.

In order to investigate the nature of the nrinarv metabolites,
the 24-hr urine samples were first extracted with CH,Cl,, acidified
to pH 3.5 with AcOH, and incubated for 18 hr with 1.0 ml of
Glnsnlase solution (mixtunre of g-glunenronidase and snlfatase,
Endo Produets, Inc.)/100 ml of urine. The liberated metabolites
pre=senr were then extracted with CH,Cl; and stndied by chro-
matographic methods.

Results

As an initial step in the investigation, a comparative
study of the demethylation of I and II and then mono-
methyl analogs was carried out in the # vivo rat liver
microsomal system. The demethylation of a typical
lipid-soluble tertiary amide, d-propoxyphene, which is
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(1956).

(15) B. M. Tolbert and M. Kirk, University of California Radiation
Laboratory, No. UCRL-3503, 1956.

DEMETHYLATION STUDIES. V 251

TasLe I
In Vitro DEMETHYLATION RATES

Demethylation rate
~—HCHO formed, mpmol/liré——

Phenobarbital
Substrates Control induced
TMACON(CH;s), (IT) 420 3210
Diphenamid (I) 110 360
TMACONHCH; (I11) 0 0
Nordiphenamid 0 0
d-Propoxyphene 730 2040

e Each inciibation flask contained 1 ml of the supernatant frac-
tionr (13,000¢) from 200 mg of liver (either from coutrol rats or
phenobarbital-indnced rats), 300 umol of phosphate butfer (pH
7.4), 50 umol of nicotinamide, 50 umol of MgCly, 45 umol of semi-
carbazide, 0.5 umol of TPN*, 11 umol of glicose 6-phosphate,
a umol of xubstrate, and enongh H-O to make 3 ml. After inenba-
tion in air at 37° for 1 hr the formaldehyde formed was determined
by the method of Cochin and Axelrod. 13

TaBLE 11
Tae Errect or DPEA ox THE RAve oF DEMETHYLATION OF
N,N-DIMETHYL-3,),7-TRIMETHYLAD AMANTANECARBOXAMIDE®
mpmot of HCHO

Concn of DPEA, M formed/hr % inhib
53 X 107 0 100
1 X 10—¢ 60 81
5 X 1078 90 72
1 X 107 190 41
5 X 10-¢ 300 6
0 360

e Incubation conditions: substrate (5 uymol) and inhibitor in
H;0 (1 ml) were placed in the incubation flask and to this was
added 2 ml of a mixture containing 1 ml of the supernatant frac-
tion (15,000¢) from 200 mg of rat liver, 300 umol of phosphate
buffer (pH 7.4), 50 umol of micotinamide, 50 umol of MgCl,, 45
umol of semicarbazide, 0.5 umol of TPN ¥, and 11 umol of glicose
6-phosphate. The flasks were incubated at 37° for 1 hr in air.
The formaldehyde formed was determined by the method of Co-
chin and Axelrod.1?

readily demethvlated n vitro'® was also used for com-
parison. The results of this study which are sum-
marized in Table I show II to be a much more active
substrate than is the previously studied I. As would
be expected, microsomes from phenobarbital-pretreated
rats showed substantially increased activity. Sur-
prisingly, however, while the diphenamid and pro-
poxyphene demethylation rates increased about three-
fold, the rate of demethylation of II increased almost
eight times. Thus with phenobarbital-induced micro-
somes, II was an event more active substrate than the
tertiary amine, d-propoxyphene. The corresponding
secondary amides were inactive as substrates using
either the control or induced microsomes.

2,4-Dichloro-6-phenylphenoxyethylamine (DPEA) is
a potent inhibitor of N- and O-dealkylation.® The
data in Table IT demonstrate that DPEA is indeed an
effective n eitro inhibitor of the demethylation of II.
Iror example, the substrate present at 1.7 X 1073 i/
and a concentration of DPEA of 1 X 10-% A{ leads to
419 inhibition.

The in vivo demethylation of IT and its monomethyl
analog, III, wag investigated next. By following the
rate of MCO, expiration after intraperitoneal ad-
ministration of the N-methyvl-"C-labeled amides it was

(16) R. E. McMahon, J. Med. Pharm. Chem., 4, 67 (1961).
(17) R. E. McMahon and J. Mills, ibid., 4, 211 (1961).
(18) R. E. McMalon, J. Pharmacol. Exptl. Therap., 188, 382 (1962).
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HOURS

Figiure 1.-—Relative extent of demelhylation ol various N-
methyl-labeled amides: (1) compound II, (2) compound I, (3)
compound ITT, and (4) nordiphenamid.  The per cent demethyla-
tion shown for the tertiary amides ix rwice the per cent 1#CQ.,
recovery. The data shown represeut average values from three
rats,

-
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Figure 2.-=Specific activity of respired VCO: following ad-
ministration  of N, N-dimethyl-4C-3,5,7-trimethyladaimant ane-
I-carboxammde  (11) to  control, phenobarbital-induced, and
DPEA-treated rats. Each carve represents average values for
<IX rats,

30 400

possible to determine the rate and amount of N-de-
nmethylation oecwrring during a period of ¢ hr. The
rates of demethylation of these amides compared to
the rates obtamed for diplenumid and nordiphenamid
are shown in Figure 1. As might be expeeted from the
i vitro results eited above, the adamantane amide IT
i+ constderably mntore readily demethylated than is
diphenamid I. - Demethylation is elearly the main route
by which II is metabolized in the intact rat. Unlike
the 7n vitro experience, the secondary amides do undergo
in vive demethylation although the observed rates are
rather slow.

Pretreatment of rats with DPEA (16 mg/kg ip)
mmediately prior to adwministration of labeled IT
caused a decrease in the rate of demethylation as mea-
sured by the speeific activity of the respired “4CO,
{Figure 2).  This effect of DPEA is also reflected in
decreased total amount of demethylation oceurring
during the first 6 hr following adininistration of the
drag (Table III). Pretreatment of rats for 4 davs with
40 mg/kg of phenobarbital, prior to the administration
of the MC-laubeled dimethylaniide substantially  in-
ereased the mitial rate of demethylation (Figure 2).

Tapre 111
Lrreer or DPEA A~ Punexoparbiran ox 1ares or
Denernyryrios aF T aso T iy tiae Itaer B

“drmerhylation in 300 min

with anbsiraiet - -

Treatmens, 11 111
None 712 20
DPIcA 4N 0.
PB PN 2008

“ Data for II were collected from seven rats, for 111 from foinr
rat=, * This figitre ix Lwice the per cent of the radioaerivity fornd
ax OOy, =ince only one of 1the N-methy] groups is removed.

However, the total amowitt of dentethylation occurring
i the first 6 hr was 1ot greatly effected (Table 1),

Pretreatment of rats with DPEA prior to administra-
tion of the secondary amide, N-methyl-14C-3,3,7-tri-
methylidamantanecarboxamide (ITI), also lowered both
the mitial rate of the N-demethvlation (Iigure 3) and
the extent of demethylation over the G-hr test period.
Phenobarbital pretreatiment caused a significant in-
ercase in the mitial rate of demethylation of IIT but did
not appreetably affect the over-all extent of demethyla-
tion (Table I1I).

Sinee the amides 1T and I possess rather unique
struetures, these studies were extended to include an
nrvestigation of the nature of the urinary metabolites.
The main route of metabolisit of 1T is of course N-
demethylation, but this removes only one methyl grouy.
Thus, most of the metabolites should still retain the
second methyl group and are still radioactive.  Urine
from rats recetving I contained an average of 3890 of
the adniinistered dose.  One-fourth of this (i.e., 9.3¢;
of the administered dose) could be recovered divectly
by solvent extraction (CHoCly).  This extract was found
to eontain no unchanged I1 and only a trace of the de-
nrethylated anmide III. - Rather, the radioactivity was
present as an unkunown amide more polar than IT or
I An additional amount of this unknown amide,
equivalent to 49¢ of the dose, was obtained by treat-
ment of the extracted uriie with g-glhueuronidase and
then extracted again.

This unknown amide was then purified by prepara-
tive thin laver chromatography (solvent svstems 2 and

>

S Msdr spectrum was conststent with that of a

80 % puenosrBiTaL ot
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Fignre S.-—Specific activity of respired COy following ad-
mimstration of N-methyl-1#C-3,5,7-trimethyladamai une-1-car-
Inxamide (IIT) to comtrnl, phenobarbital-induced, and DPEA-
treated rab=.  Iach orve represents average values for six rats.
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ScHEME |
SUMMARY OF Paraways BY WHICH N, N-DiMETHYL-14C-3,3,7-TRIMETHYLAD AMANTANECARBOXAMIDE 13 METABOLIZED 1N THE Rat

CH,

CH,

CH3

microsomal

CH
Pagi
CON,
ANY CH,

hydrolysis CH,

CH, oxidation
CH,
CH; COOH + HN
14
CH; CH;
CH;, CON/ CH,
Nu CH,0H \Y
CH,
Vi
CH3
CH3
————>  CH, CON<“ COOH
CH,
CH, HO
OH
| OH
CH3
HQ
CH;, ONH'‘CH, —— CH; ONH"‘CH,
CH, CH,
Jits

(free and as glucuronide)

monomethyl amide of an aliphatic hydroxycarboxylie
acid. These data and those obtained from nmr studies
suggested that this unknown metabolite was indeed
hydroxylated  N-methyl-3,5,7-trimethyladamantane-
carboxamide (IV, Scheme I). Further work with
model compounds will be necessary to establish whether
hydroxylation has occurred on the CH; or CH, carbon,

Three additional radioactive metabolites were identi-
tied in urine after removal of IV. These were dimethyl-
amine (7.69%), formic acid (1.99;), and urea (1.19).
The dimethylamine was recovered from urine and iden-
tified as its N-benzoyl derivative formed directly in urine
by the Schotten-Bauman procedure. Formic acid
was identified by chromatography and by conversion
to MCO by treatment of the sodium salt with concen-
trated He804  Urea-'*C was identified and quantitated
by paper chromatography (see Experimental Section),

The appearance of dimethylamine among the
metabolites implies that one route of metabolism of IT
is hvdrolysis and that 3,5,7-trimethyladamantanecar-
boxylic acid (V) should also be formed. This implica-

tion was confirmed by the isolation and identification
of this acid from urine. Since it was nonradioactive
no attempt was made to quantitate it.

Finally, evidence for the presence of one further minor
(19%) metabolite VII was obtained. VII is the
glucuronide of the supposed hydroxymethy! demethyla-
tion intermediate VI. It was identified using the pro-
cedure described earlier.? The results of the metabolite
studies on II are summarized in Figure 4.

The i vivo metabolism of N-methyl-14C-3,5,7-tri-
methyladamantanecarboxamide (III) in the rat was
also investigated. Twenty-four hours after mtraperi-
toneal administration of this labeled amide, 559 of the
injected radioactivity was found in the urine. Using
the methods described above for the tertiary amide
metabolism study, the major urinary metabolite was
hydroxylated amide (IV), accounting for 27.5% of the
administered dose and present again in the urine both
in the free and conjugated forms. The remainder of
the radioactivity in the urine consisted of a mixture of
formie acid, urea, and an unidentified metabolite.
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Discussion

The nature of the bloeking groups present in the
two amides, N, N-dintethyldiphenylacetamide (diphen-
amid. 1) and N, N-dimethyl-3.57-trimethyladaman-
tane-I-carboxamide (1), contrast sharply with onr
another.  While both the diphenyimethyl group and
the 3.5 7-trimethyladamantylt groups are  considered
“Iipid-soluble’” blocking groups. they differ markedly
from each other both sterteally and eleetronically,
Sterteally the diphenyvimethyl group presents two
planar beuzene rings, presumably uclined toward one
another at the tetrahedral angle in the fashion of hutter-
v wings (¢of. Figure 4). Eleetronically the rings repre-
sert two arontatie svstems capable of binding through
m-cleetron mteraetion, with a variety of structural comn-
poneits i ait enzyvme or reeeptor site surface.  In
the 3.5 7-trimethyviadantantyl group s n
bulky, =syvnmetrical, rigid, evelie group representing
atunt of a diamond Iattice.  Eleetronieally this group
preseits oulv methyl and methyvlene groups to the
receptor surface.

With these considerations m niuud, the results of the
preseut study took on added interest.  In order to be
acted upon by the endoplasniie reticulum (ER) bound
enzvimes  (the so-called microsomal oxvgenases).,
substrate must itself be taken up and bound by the
KR, The tinding that the adamantane amide (IT) ix
a niueh better substrate than diphenamid (I) probably
means that IT produces a better fit to the catalyvtie site
tha does 1,

Although nothing s kuown about the uature ot this
substrate binding pocket, these results allow certain
speculations. It seewns apparent that a geometrie fit
ix of greater importance than iz the ecapability of elec-
tronte binding through the = electrous of the planar
arontatie rings.  This eonelusion ix i1 harnmony with
our carlier work on the dealkyvlation of aliplatie amines;*

contrast,

Molveyre, ano 1. Beek
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Figure 4. —Three-dimensional representation of struetires of the
diphenvlmethyl gronp and the 3,3,7-trimethyladamantyl gronp.

which demonstrated that totallv aliphatie stimetures
could be exeellent substrates and that sterte hindrance
per s did not interfere.  In considering the uature of
the binding pocket it may well be profitable to adopt o
view =innlar to the diamond-lattice concept which Pre-
log! hax used =o =uceessfully to define substrate require-
ments for the keto reductase tfrom Curcularia falcala.
The present =tudies also suggest that the receptor site
m the NS at which the adamantane anndes act!'' may
share certain of the characteristies of the mierosomal
enzyvme binding site.  Indeed the CNS receptor site
may well be similarly axsociated with a membrane struc-
ture.

These suggestions arve, of course, only speculative but
are recorded in the hope that they may stimulate further
investigations both into the nature of substrate binding
to the mierosonml oxvgenases as well as into the <peetul
properties of the rigid adamantane nucleus.
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The Preparation of Vinblastine-4-acetyl-t and Its Distribulion in the Blood of Rats
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High specific activiiy vinblastine-l has been prepared Dby wcerylaling deacetylvinblustine with acelic anhy-

dride-t.

It was isoluted and purified by absorption and ion-exchange chromatography.
reached a peak 1-2 hr after giving rats small intraperitoneal doses of the lubeled alkuloid.

The blood radioactiviry
Whent the blood

collected i this period was centrifuged, abont three-quarters of rhe tritinm was foand i the “buffy coat’” region.
The radioactiviry was almost entirely present as nnchanged vinblastine.

The dimeric Vinca alkaloids viublastiite and vineris-
tine are nsed in the treatment of malignaney, particu-
larly: Hodgkin's disease and acute lymphoeytic leu-
kemia.!  Only small doses of these drugs are tolerated,
e.y.. bone marrow depression aud leucopenia may de-
velop if the weekly dose of viublastine exceeds 0.3
mg/kg.* Therefore, informution on the metabolism
and fate of the alkaloids has been limited and consists
muadnly of astudy of the exeretion and tissue distribution

Lo sodnhnsgn, Jo G Armsoong, AL Gorman, and J0 P Do,
Crenrer Rex., 28, 300 {1063).
2y Lo Yrei 111, Lloydia, 2%, 365 (PG40,

of tritiated vinblastine prepared by the Wilzbach
nmethod.*  Vinblastine tritiated by this method is difhi-
cult to purify®? and, in view of the small doses which
are tolerated, of inconveniently low specifie activity.
This article describes an alternative method for pre-
paring tritiated vinblastine with a specific activity 150
times greater than we have obtained by the Wilzbach
procedure. It ix being used for nretabolie studies in
rats. The niethod i based on a reaction sequence de-
(43t O Peers AL Lo Witsan, andd Jo Paedl, Coor S Plogeiol, Vliarmanol

42, 1 <1961); (g CUT Deer and J. F. Richards, Llogdic, 2T, 340 (1061¢
C1y RIS ADeMabun, Erpecicatin, 19, 434 (1963).
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