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N-Isapropylmethoxanine has been shown ta be O-dealkylated and N-dealkylated when given to rats and dogs.

Methoxmmine is O-dealkylated when given to dogs.

The praperties of methoxamine as a pressor amine
have been well investigated in man and animals. Re-
cent studies indicate that methoxamine and itz N-
isopropyl derivative (IN[A) are able to lower plasmn
free fatty acids (FIPA) and to block the epinephrine-
induced rise of plasma TI'A and blood ghicose in
couscious dogs.b? In view of the pharmacalagical
interest in these compounds as n new type of adrenergic
blocking agent, we studied warious aspects of the
metabolie fate of these drugs i dogs and rats. The
results presented here show the conversion of INA to
methoxamine aud the lack of canversionof the N-f-butyl
analog (TMA ar butoxamine) to methoxanune.  Data
are also given on O-methvlated wmetabolites of INA
and methoxamine.  The metabalie transformations of
methoxamine and IMA are shawn in Schewe 1
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Experimental Section

Chemicals.-~IN4, 2-hvdroxy-I1MA, S-hydroxy-INMA, 2-hy-
droxymethaxamine, and TAMA were syunthesized in these labara-
tries by Baltzly and Mehta? and were nsed as their hydrochlo-
rides.  In some experiments IN[A was given ax the lactale be-
enxe af itz greater solubility in thix form,  Methaxamine hydro-
¢hloride (Burraughs Wellcome & Co., Tuckahoe, N. Y.) was used.

Animal Experiments.---IMA (40 mg/ml) was administered nx
the lnctate arally in o divided dosage of 400 mg/kg daily over a
period af 4 days to 1S male, Sprague-Dawley rats which varied
in weight fram 205 to 265 g, (‘The total dose wax 6.4 g.)  Urine
collected for the 24-hr period before dmg administration to the
rats was combined and wsed as controlurine,  The experimentnl
nrine callected for the 4 dayvs of drg administration was com-
bined.

[MA ns the hydrochloride was administered arally to two dogs
(L7 and 12.0 kg at a level of 10 mg/kg in divided doses for 3
and 2 days, respectively.  Methoxamine hydrachloride was
administered ta two dogs (10.2 and 11.6 kg) at a dosage of 5
mg/kg for 1 day far che first dog and 10 mgskg in divided doses
for 2 days for the second dog.  TMA ax the hydrochloride was
administered to two dogs (1.0 and 15.2 kgl at a dosage of 20
mg/kg in divided doses for 3 and 2 days, respectively. The
dosages of all drogs were given to dogs orally in gelatin capsnles.

(L oy 1oL Poyrns, WL 1L Colville, L. AL Lindsay, and R, A Salvador, J.
Pharmavol, Eepil, Therp., 144, 163 (1064): (I R. A, Salvador, KX, I, Coi-
ville, S0 AL April, and 000 Borns, ibid., 144, 172 (1964).

(2) 11. M., Maling, M. A Williaans, B, Highman, 1. Garbas, ol 1 Thiniec
Acvk. Keptl, Pathol. harmakol., 248, 51 {14541,

1) IR, Balizly and N. WL 3Mebo, 1o Lie poldishel,

Collections of urine were made for 24-h periods during od-
inistration of the drmg to dogs and a contral arine swos coliected
forthe day pricr to dimg administration,

Initial Studies with Rat Urine.- To 1.00 ml of 1at wrine, 0.1 i
of concentrnted T80, was added, snd the <olution was henied for
115 hr on a bailing-water bath.  Afrer allowing the solutien to
coalin anice bath, Tmlof 3.5 NV NaOH and =ufficient 1.0V Na(111
Cabout 0.4 mly aod .08 NalTCO, (abowt 12 ml) was added to
hring the plT of the <olnticn (o JLEL After adjusting 1the volhune
of 1he =olsrion to 4.0 ml with 1.0, 3 ml of the butfered mixire
wias extiesed with 50 ml of CILCL and a 20-ml aliqual of the
organie plinse was evaporated t¢ dryness.  ‘The residue wos
dizsalved in 1.0 ml of methanol and a 2041 porticn was applied
to u paper chiromatograni.

Isclation of 5-Hydroxy-IMA.--1"or 1he isolation of d-hyvdroxy-
INLAL 22¢ 1l of vat nringe was mixed with 22 ml of concentrated
11.80); and heated on a boiling-water bath for 35 min.  ‘The urine
wils allowed ta cool to reon 1emperntire and the pll was ad-
n=ted to I hy 1he addition of 65 ml of a4 NaGll, 20,0 1m] of
1.V NaOIL snd s ml of 1V NallCU, o After the volume was
braughi to 40 ml with water, the urine wos extineled iwice with
4 1 of ClLCL. The organie lavers were combined and evap-
arated.  The residie was dizzolved in an ether-ethanol mixtine
and trented with ether soturored winth dey HICL The resulting
precipitate wax callected, washed with ether, and reervsiallized
several rimes {rom ethanol-henzeve. The avsials obiained
melted at 2:32.5 235°, alove or in mixture with an authentic
sample of 3-hydroxy-IMA hydrochloride. 'The ixalared hydro-
chloride wos ehronmrographed en paper and when the ehro-
matogram was spraved with the Paoly reagent, a =pot with the
sunie mobility ox Scbivdrexy-INMA (L5 12250 wax obtoined. The
nleraviolet specimm of 1he wetabalite, messared with o Cary
Model 15 recording spesirophaccimseter, was identieal with the
speetrnnm of wghentie S-hvdroxy-1MA in veid solation (1.5 N
HCT), Neaw 200 and 224 1, and in fasie sehion £0.5 .V NaOI11,
Ao S06 and 255,75 . The infrared spectra of the vetabolite
hydrachloride and S-hydroxy-IMA hyvdroclloride measared with
a Beekman Model T4 were identiesl,

Chromatographic Methods. A. Paper Chromatography.
Paper clirommtography wiss enied ont i evlindrieal glass jars
fdimmeter 28 em} with Whatnan Nyt paper using the ascending
technique with the ~olvent systens ehloroform-methaol waoler
acetie aeid, 20t (v/vye The paper chrematogrms were
allowed to cqniblnaie overnight with the upper phase sud then
developed with the Iower phase.  After removing the orgnnic
plinges by wioming, the chiromaiewians weve spraved with the
Pauly reagent.’

B. Preparation of Thin Layer Ckromatcgrams. ‘T luyer
plates (200 X 200 ) were prenared fron alominnm oxide €
according ta =tahl ¢ Brinkman Insirsmceni= Co., Westhury, 1.1,
N.Y.) by minine 7 g of the dey powder with (ml of distilled waoler
i aanortar and applying the shory to the ghitss plates held hy
mas=king tape using the techniqee of Lees and fredMovias Afler
airdryving. the plates were activated inan oven Tor 30 win ot 867,
Smaller plates were prepared Ly taping two 2200 X 160 et or
fonr (2000 X 20 mm plates together and caating them all o1 the
sinie time,

All thin layer chromatograms were developed by the axeending
method at roam temperatire in o solvent-sativated atmosphere.
The relerence componmds, stardard =ehitions, or nrinsry extrets
were spotted 1 e front the edge of the adsorbent with nsualls
1en spots on 1he lorger plates (214 >0 200 mm). The adsort ens
Inver wis sihmerged i ~olvent 1o o depth of 15 e, and the

S0 BSmbh, U Chyoncooers plios ool Mlectcopharerie Teehnipes.” V.
UoInlerseience I'blabers, Ini, New York, No Y., 19634, ) 206, 297,
ST Lees wodd 1010 D NDyyin, L CThromatoy., 8, TAR (14652)
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solvent was allowed to run a distance of 15 e, After alr drying,
the finished chromatogram was heated in an oven at 80° for ap-
proximately 5 min to remove most of the acetic acid.

C. Spray Reagents.—For the detection of compounds, the
following reagents were used to spray the developed thin layer
chromatograms: (i) lodiue reagent,® iodine-14; in CCly; (ii)
Pauly reagent,® used to detect possible phenolic metabolites
which yield strong reddish to brown colors when sprayed with
this reagent; (iil)} diazotized o-dianisidine reagent, similar to the
Pauly reagent except that sulfanilic acid is replaced by o-di-
anisidine dihydrochloride (12 g) in reagent (a); used to detect
possible phenolic metabolites; methoxamine yields a moderate
brown color and IMA a faint yellow color when sprayed with this
reagent; phenolic compounds yield stronger reddish to brown
colors; (iv) diazotized benzidine reagent, similar to the Pauly
reagent except that sulfanilic acid is replaced by benzidine di-
hydrochloride (9 g); used to locate methoxamine which yields
a strong yellow color when sprayed with diazotized beuzidine;
phenolic compounds yield reddish to brown colors when sprayed
with this reagent.

The R values of all reference compounds in the ten thin layer
solvent systems used in this investigation are shown in Table 1.

Analysis of Drugs by Thin Layer Chromatography. A.
Analysis of Phenolic Metabolites in Urine.-—Chromatography of
the phenolic metabolites in the urine of drug-treated animals was
done after acid hydrolysis of conjugates in the urine. For each
1.0 ml of rat urine or standard solution 0.3 ml of concentrated
T1Cl was added, and the solution was heated for 1 hr on a boiling-
water bath. After allowing the zolution to cool in an ice bath,
the pH was adjusted to 10 by the addition of 1.2 ml of concen-
trated NIi; and 1 ml of pH 10 1 3] ammonia buffer.t A 3-ml
portion of aqueous phase was extracted with 30 ml of CH.Cls,
and a 20-ml aliquot of the organic phase was evaporated to dry-
ness. The residue was dissolved in 1 ml of methanol and a 15-ul
portion of the solution was applied to a thin layer plate.

Urine obtained from a dog was treated similarly except that the
urinary residue was dissolved in a few drops of methanol. and the
eutire extract was applied to the thin layer plate. The conditions
nsed for the confirmation and estimation of the O-dealkylated
nmetabolites of IMA and methoxamine in dog are shown in Table
11.

B. Analysis of Methoxamine in Urine of Drug-Treated
Dogs.—To each milliliter of standard solution, control urine, or
urine obtained from a methoxamine or INM A-treated animal, 2 ml
of 0.5 N NaOH was added and the alkaline solution was extracted
with 30 ml of a 1:1 mixture of CCl;- CHCl,. A 20-ml portion of
the organic phase was washed with 0.1 vol. of 0.5 & NaOH; a
15-1nl portion of the washed solvent was evaporated. The resi-
due was chromatographed with system 3 (see Table 1) and the
thin Luyer plate was sprayed with diazotized benzidine #

To 5 ml of urine obtained from a TMA-treated dog 1 ml of 2
N NaOH was added and the alkaline urine was extracted with 60
nl of the CCL-CHCl: mixture. A 50-ml portion of the organic
phase was washed with 0.1 vol. of 0.5 & NaOH and a 40-ml por-
tion of the washed solvent was treated as deseribed above.

Spectrophotometric Analysis of Metabolites of IMA. A.
The Isolation of 2-Hydroxy-IMA for Spectrophotometric Analy-
sis.—The CH,Cl; extract of 2 ml of hydrolyzed rat urine was
applied along with reference 2-hydroxy-INMA to three doubly
layered thin layer plates® prepared as deseribed in the chromato-
graphic seetion. After the chromatograms were developed with
solvent system 3, the reference 2-hydroxy-INA on each plate
was located by spraying with the iodine reagent. The adjacent
aren ai the chromatographed urine extract was then eluted. The
adsorbent was removed from the plate, packed in a thistle tube
(6.5-mmm diameter, supplied by Emil Greiuer), and washed with
30 ml of distilled methanol. The solvent was removed by evapo-
ration and the residue was dissolved in 3.0 ml of 0.1 & HCl. A
1:2-m! portion of the acidic solution was diluted with 3.8 ml of

(8) Reference 4, p 217.

(7) "Biochemists Handbook," Van Nostrand Co., Inc., Princeton, N. J.,
1961, p 35.

(8) The phenolic compounds present in the urine from drug-treated ani-
mals toat react with the benzidine spray are not extracted by the above
procedure. Ip fact, 5-hydroxy-IM A (200 ge,'ml added to control irine) was
not delerted on the tle plates that were processed as described for methox-
winine,

)N derble s0dp of masking tupe and twice (he amount of absorbent
wis need Lo prepare a plate,
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Tasrk I
AvVERAGE R: X 100

System” -
Compound 1 2 3 4 5 6 T 8 1 10
Methoxamine 71 17 28 53 0 156 12 10 47 38

2-Hydroxy-~
methoxamiue 33 0 6 17 0 0 0 0 20 34
IMA 89 52 73 85 29 47 34 30 70 77
2-Hydroxy-IMA 84 38 31 77 19 37 22 16 70 70
5-Hydroxy-IMA 76 23 28 57 7 17 12 9 51 63

a1: CHCL-EtOH-H,0-AcOH (20:10:15:1), lower phase;
2: CHCL-EtOH-H.0-AcOH (20:10:35:1), lower phase: 3:
CHCL-EtOH-H,0-AcOH (20:10:35:2), lower phase; 4:
CHCl;-EtOH-H0-AcOH (20:10:35:4), lower phase; 5: CHCly—
MeOH-H,0-AcOH (20:10:25:1), lower phase, 6: CHCl;—
MeOH-H:0-AcOH (20:10:25:2), lower phase; 7: ethylene
dichloride-MeOH-H;0-AcOH (20:15:10:1), lower phase; 3:
benzene-litOH-H,0-AcOH (20:10:10:1), upper phuse; 9:
benzene-PrOH-H,0-AcOH (20:10:20:1), upper phase; 10:
benzene-PrOH-H,0-Ac¢OH (20:10:10:1), upper phase.

TasLgE II

Vol. of Chroma-
urine tographic

Drog for solvent Soray
given Clompd estd anal, system* reagent
Methox-  2-Hydroxy 1ml 1 Diazotized o-
amine methoxamine dianisidine
INA 2-Hydroxy- 2 ml 3 Diazotized o-
INA dianisidine
IMA o-Hydroxy- 1ml 2 Pauly reagent?
IMA
IMA 2-Hydroxy- 3 ml 1 Diazotized o-
methoxamine dianisidine

e 8ee Table I. ® Methoxamine, with mobility similar to thau
of 5-hydroxy-IMA, does not react with the Pauly reagent.

1.0 N HC], another 0.2-ml portion of the acidic solution was made
alkaline with 3.8 ml of 1.0 N NaOH, and a 0.1-ml portion of the
acidic solution was made alkaiine with 3.9 ml of 1.0 N NaOH.
The acidic and alkaline solutions were measured spectrophoto-
metrically in a Cary Model 15 recording spectrophotometer.
The absarbance was determined from 340 to 220 my against the
appropriate reference solutions. 1he xpectrnm of the metabolite
which had Amax 200 and 224 mg in acid and Amax 306 and 236.5
my in base was identical with that of reference 2-hydroxy-IMA.
B. Measurement of O-Dealkylated Metabolites in Rat
Urine.—The amount of phenolic metubolitex in rate uriite was
determined spectrophotometrically. A 3-ul portion of the
hydrolyzed, buffered (pH 10) urine was extineted with 30 ml of
ethylene dichloride and a 20-ml portion «f the organic phase was
reextracted with 10 ml of 0.5 ¥ NaOH. The acsorbance of the
alkaline solution at 306 mu was measured in a Beckman Model
DU spectrophotometer and the total phenolic metabolites were
caleulated using the extinetion coefficient of 5-hydroxy-IMA.
Analysis of Methoxamine in Dgg Urine.--To 5 ml of urine
froni a dog dosed with IMA, 1 ml of 2 N NaOH was added, and
the alkaline urine was extracted with 60 mj of the CCL—CHCl;
mixture (1:1). The aqueous layer was dixearded, and the organic
layer was washed with 6 nil of 0.5 .V NuOH., The alkaline waxh
was discarded and the organic laver was eviaporated. The resi-
due was dissolved in a small volume of methanol and applied
to a doubly layered thin layer plate? and chiomatographed alang
with a sample of anthentic methoxaniine with system 3. Au-
thentic methoxamine was located on the thin layer plate with
the iodine reagent and the adjacent metabolite area was elnted
as deseribed for the elution of 2-hydroxy-INA except that 20 ml
of methanol was used to elnte the nrinary extract. After the
solvent wuas removed by evaporation, the residie was dissalved
in 1.5 ml of 0.1 .V IICL. A 0.5-anl portion of the acidie solntion
was diluted with 1 ml of 1 ¥ I and anather 0.5-ml portian of
the acidie solntion was made alkaline with 1 ml of 1 N NaOH.
The acidie and alkaline salutions were nmieasired spectrophoto-
metrieally in a Cary JModel 11 recording spectrophotometer.
The absorbance was determined Tyom 340 to 250 mg agninst the
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appropriate reference solutions.  The reference methoxamine
campound and the metabalite had Apux 290 mg when the nltra-
violet spectinim was measured in acid or baxe.

Results and Discussion

Urines for drug-treated animals were acid hydrolyzed
and chromatographed along with hydrolyzed contral
urines and standards (which consisted of the appropri-
ate reference compound dissolved in a control urine
sample). The standards in the coutrol urine were
similar concentration to that of the urinary metabolite
so that after the thin layer chromatogram was sprayed
with a dye reagent, the phenolic metabolite in urine
could be estimated by a visual comparison with the
standards.  The identity of several metabolites was
established by chromatography af these substances in
the wrine along with the knowi or reference compound
i1 several thin layer solvent svstems. !

Metabolism of IMA in Rats. The rat was selected
for the imtial studies because this species had been
shown to metabolize IMA at a much mare rapid rate
than the dog.'d  Analvsis of the rat urine by the
methyl orange procedure of Burns, ¢f al..'! showed that
only about 2.097 of the dose was excreted unchanged.

I‘or the initial chromatographic studies, the
urine was hydrolyvzed with H.SO,.  Methylene dichla-
ride extracts of the hydrolvzed urines were chro-
matographed an paper. Two spots were located (R
0.25, 0.75) when the develaped chromatogram was
sprayed with the Pauly reagent. These results sug-
gested the presence af two phenolic metabolites of
[MA. The intensity of the color of the spot with

Ry 0.25 was much stronger than the other spot (R
0.75).  Authentic S-hydroxy-INA had RBr 0.25 and

reference 2-hyvdroxv-INA had B; 0.75 when chromatao-
graphed with the paper chromatographic svstem. L
order to nceumulate sufficient material so that the
identity of the chramatagraphically slower moving
metabolite (with £2; 0.25) could be definitely established.
4 large volume of urine fram a drug-treated rat was
hydrolyzed with acid. A crystalline metabolite was
1solated from the hydrolyzed urine and conclusively
identified ax H-hydroxy-IMA s deseribed in the Ex-
perimental Section.

Identification of 2-Hydroxy-IMA as a Metabolite of
IMA.—During the more recent studies it was de-
termined by the gpectrophotometric methods deseribed
earlier that conjugates present in the rat urine were
hydrolyzed more completely with HCL  The hy-
drolyzed urine extracts were chromatographed on thin
layer plates with solvent system 3, and two spots were
located (R 0.28, 0.51) after spraying the plates with
the Pauly reagent or dinzotized o-dianisidine. The
metabalite with ¢ 0.28 carrespanded ta S-hydroxy-
T1MA whose isolation was deseribed, and the metabolite
with 2;0.51 correspouded to the 2-hydroxyv-IMA.  The
metabolite and the reference 2-hydroxy-IMA also had
similar mobilities when chromatographed in three other
solvent systems (2, 5, and 6). Ta measure the ultra-

(101 Internal stamlards were also ehromatograpbed in order to eliminate
doubt caused hy variation in Rt values of a partiecular substance chromato-
grapbed not anly at litfferent times, Lot even when e¢hromatograpbed ac
different locations on the same plate. Thix involvel the chromatograpby of
an extract »f drmyg urine to which reference rompouimi bad been added.

(11) J.J. Barns, B. L. Berger, . AL Lief, V. Wallack, 150 ML Papper, wond
L BB, Lirodie, J. Pharnecol, Eoptl, Thevgpn,, 114, 280 (14507
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violet spectrum of this metabolite, sutlicient material
was 1solated by thin layer chromatography (tle) from
extraets af the rat urine.  The metabalite carresHaud-
ing to 2-hydroxy-IAN[A wns cluted from the tle plate
with mefhanol; and the ultraviolet spectruin was
measured.  The ultraviolet spectra of 2-hydraxy-1MA
and the metabalite were similar i acid (N, 290 and
224 my) and in base (A\yuy 306 and 236.5 mu).

The total O-dealkylated metabolites of INTA exereted
by the rat was estimated by the spectrophatonetrie
method described in the Experimental Seetion.  These
results ndicated that 6097 of the dose of IMA was
excreted 11 the urine as conjugates af O-dealkylated
metabolites,' and 59 af the dose could be aceounted
far as the uncanjugated O-dealkylated metabalites.

IMA Metabolism in Dogs. Urine obtained from
dags given IMA was hydrolyzed as deseribed i the
Experimental Section. When  the  extraet of  hy-
drolyzed urine was chromatographed, the two phenalic
compaunds already described in hydrolyzed raf urine
were located.  The amounts of 2-hydroxy-INMA and
S-hydraxy-1NA in dog urine were extimated using tle.
The presence of 2-hydroxy-INMA fu the urine of dags
dased with 1MA was coufirmed by chromatagraphice
means as described above for TN A-treated ratx.

Excretion of Methoxamine in Urine of IMA-Treated
Animals. --The early experiments revealed O-demethyl-
ation as o major metabolie pathway of TNLAL but exam-
imatian of arine from IN[A-treated animals showed that
N-dealkylation was also a metabolie ronte for trans-
formation of INFA. The presence of methoxamine in
the urine af an animal treated with T NA was coufirmed
by chromatography of wrine extracts in four thin kyyer
salvent svstems (1, 3, 40 and 9). T each svstenn,
spot with the snme Ry and ycllow calor as methaxamine
wis detected by the benzidine =pray,

Wherens there are bathachromice shifts in the speetra
af the phenalie ananlags af TNA when the speetra are
mensnred in acid and then in alkabine salatian, there
is na shift in the spectrum of methoxmmine e going
from aecid ta alkaline salution.'™  Ta obtamn sufficient
material ta campare the ultraviolet spectrum of the
metabolite with that of methaxamine. dog nrine was
extrncted with n CCL-CHCL mixture. and the extract
was separated on thin layver plates. The methaxamine
metabolite was cluted from the chromatographic ad-
sorbent with methaunol and the ultravialet spectrinm
was measured.  The reference methoxamine campauned
and the chromatographically isalated metahalite has
stmilar spectra ntacidic and in hasie <olution.

The amount of methoxamine in the urine was esti-
mated chramatagraphically with the method deseribed
in the Experimental Section.  When the extract of
hydralyzed urine. abtained fram an animal givere [ATAL
is chromntagraphed with solvent system 1. a third spof
of n slow-maving campound can be located with the
d-dianisidine reagent.

(125 Since borl 2-hydmxy-IMNMA and F-hydroxy-13A have adsorption
maxima at 306 mg, this protedure coubl he uvszed to quantify aecnralely
total plenoli¢ metabolites. The above figures inclnde a correctinn factor,
because the recovery of reference 5-lydroxy-1MA through this procedure is
669,. When a koown amount of IMA was subjecteri n aeid bydrolysis, &
was (etermined by the above procedure that only 19 of reference INA j=
cleaved by the hvdrelytie procednre.  Tle =tudies indicated that the 144 of
drgrwled TMA was rougbly half 2-hydroxy-10MA ond balf 5-lagoleoxy-1310.

(13) Thesisulsoroe of 1M AL
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TasLe 111
Tar Esrivarep MeTaBoLic Probuces oF IMA
1N Doa URINE

Dog 1 Dog 2
% of % of
Conen, dose Cornen, dose
Conpound ug/ml recovered ug/ml recovered
Methoxamine 30 8 25 5
2-Hydroxy-IMA 20 5 15 3
5-Hydroxy-IMA 100 26 110 22
2-Hydroxy-

methoxamine 8 2 14 3

The mobility of this metabolite and 2-hydroxy-
methoxamine in system 1 was similar. The presence of
this metabolite in the urine of IMA-treated dogs was
confirmed by chromatographic means with 1, 4, and 10;
the mobility of the unknown and reference compound
was the same in all systems. The identity of this
metabolite could not be definitely established because
the 5-O-demethylated methoxamine was not available
and could not be compared with the possible metab-
olite, but the chromatographic evidence definitely
showed the presence of an O-demethylated methox-
amine derivative in the urine. The results of the
estimation, in urine, of the metabolites of IMA are
shown in Table III.

Methoxamine Metabolism in Dogs.—\ethoxamine
and the O-dealkylated metabolite of methoxamine
were detected and estimated in urine samples from dogs
treated with methoxamine by the technique described
above for IMA-treated animals. The estimation of
methoxamine and the O-demethylated methoxamine
in the urine of two dogs treated with methoxamine is
shown in Table IV.

Studies on the Possible N-Dealkylation of N-;-Butyl-
methoxamine.—The possible dealkylation of TMA
to methoxamine was investigated. The urine from two
TMA-treated dogs was analyzed for the presence of
methoxamine. M ethoxamine in the urine of these
animals could not be detected by chromatographic
means even though the method was sensitive to less
than 0.29, of the dose. These results for the &butyl
derivative of methoxamine are in contrast to the results
obtained for the isopropyl derivative,

LocaL ANESTHETICS 863

TasLe IV
TaE Iés1iMarep METABOLIC PRODUCTS OF METHOXAMINE
N Dog URINE

Dog 1 Dog 2
%o of % of
Concn, dose Conen, dose
Compound ug/ml recovered ug/ml recovered
Methoxamine 30 38 50 32
2-Hydroxy-
methoxamine 10 12 15 10

Whether the presence of a hydrogen on the « carbon
atom of the substituted alkyl group is a requirement for
N-dealkylation was not investigated further. How-
ever, a wide variety of compounds have been demon-
strated to undergo N-dealkylation in the intact animal
as well as 4n vitro. For an excellent review of this
subject, see the recent report of MeMahon.'*

Pharmacological Effects of Metabolites.—\Iethox-
amine and IMA were rapidly converted to O-dealkylated
metabolites in the animals studied. The 2-O-demethyl-
ated and 5-O-demethylated IMA both have activity in
blocking the epinephrine-induced lipolysis in the rat
epididymal fat pad.'™® However, the compounds are
not active 7n vivo presumably because they are rapidly
conjugated and excreted.

N-isopropylmethoxamine undergoes cleavage of the
N-alkyl group. This reaction is of considerable
interest, since it can furnish an explanation of some of
the side effects exhibited by animals that have been
dosed with IMA. Animals that have received the
N-t-butyl derivative of methoxamine, which is not
dealkylated to methoxamine, do not exhibit these side
effects.’® Therefore, substitution of a ¢-butyl group
for the isopropyl group blocked N-dealkylation as a
metabolic pathway in this compound and eliminated
the toxicity attributed to methoxamine.

Acknowledgment.—The authors gratefully acknowl-
edge the aid, advice, and encouragement of Dr. John
J. Burns of Hoffman-La Roche, Ine., Nutley, N. J.,
during the development of this work.

(14) R. E. McMalon, J. Pharm, Sct., 85, 457 (1966).
(15) J.J. Burns, 8. A. April, and R. A. Salvador, Progr. Biochem. Pharma-
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2-Dialkylaminonceto-2’,6'-xylides bearing groups with some affinity for protein, such ns CILSH, CH.Cli==
CH,, CH.C=CH, CH.OH, COOC:H;, CH,O0CCH;, and CONHo, in the 2 position have been synthesized and

evaluated as local anesthetics.

Many local anesthetics, e.g., lidocaine (1), have in
common the molecular feature, R.N:: CO, in which
the basic nitrogen atom is separated from the carbonyl
group by a chain of 1-4 atoms,! but we are aware of no
specific attempt to increase the affinity of the molecule

(1) A. Burger in **Medjcinal Chemistry," A, Burger, Ed., 2nd ed, Inter-
science Publishers, Inc., New York, N. Y., 1960, p 441.

for tissue protein by attaching thereto potential binding
groups such as SH (to form a disulfide bond), CH=CH,
or C=CH (sulfide bond), OH (hydrogen bond), or di-
poles like COOC,H;, OOCCH;, and CONH, (van der
Waals forces). Such groups, we conceived, by helping
to retain the drug at the injection site, might both pro-
long its duration of action and reduce side effects on the
central nervous system. We report here upon the



