286 R. B. Bruce, L. TurNsuLy, J. NewMax, avu J. PrrTs

Because of its simplicity the method is well suited for
determining the inhibition of aromatic amino acid de-
carboxylase in vivo. It has the additional advantage of
meaguring the effect of decarboxyluse inhibitors 2n situ
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rather than in homogenates prepared from a single
organ. The method in its present form does not assay
the inhibition of decarboxylase in the central nervons
systen.

Metabolism of Metaxalone

RoBERT B. Bruck, LENN0oX TURNBULL, JACK NEWMAN, AND JEFFERSON PITTs

Research Laboratories, A. H. Robins Company, I'nc., Richmond, Virginia

Recetved August 10, 1965

The metabolism of metaxalone (I) has been studied in the dog and man.
oxidation of one of the methyl groups to yield 5-(3-methyl-5-carboxyphenoxymethyl)-2-oxazolidinone.
The ether linkage is also cleaved to give 3,5-xylenol and 5-hydroxy-

occurs in the urine as the glucuronide.
methyloxazolidinone.

The oxazolidinone ring appears to be stable.

The najor product is formed by
Thizs also

In order to identify these metabolites the

above acid and its triacetyl g-glucuronide methyl ester were synthesized.

Metaxalone, which is  5-(3,5-dimethylphenoxy-
methyl)-2-oxazolidinone (I), was first synthesized by
Lunsford, et al.! Thix drug has been shown to be an
effective muscle relaxant with low toxicity.? In an
earlier attempt to study absorption and excretion of
this compound inn animals and man using the colori-
metric method of Titus, et al..®* only extremely low
concentrations in blood and urine could be found, in
spite of the fact that recoveries of added amouuts to
biological fluids were satisfactory. The method de-
=cribed by Titus is based on the extraction of the drug
from alkaline solution, and it was thus apparent that
nietaxalone was extensively metabolized and probably
to an acidic compound. The following studies were
carried out to investigate the metabolism of metaxalone
in man and animals,

Experimental Section

Synthesis of Related Compounds.—A general review of
the literature of the metabolism of structurally related com-
pounds and the chemistry of metaxalone suggested a number
of possible metabolites, The synthesis of these are described
below.

5-(3-Methyl-5-carboxyphenoxymethy!)-2-oxazolidinone.—
Three grams of metaxalone was suspended in 100 ml of water
and stirred continuously at 75-80° for 3 hr while 2.14 g (0.5
equiv) of KMnOs in 25 ml of water was added. Removal
of the MnQO; and excess metaxalone by filtration and ether
extraction of the filtrate gave a clear aqueous solution of pH
8-0. After conceutrating to 25 ml, the solution was acidified;
a gum (480 mg) separated. Thin layer chromatography (ben-
zene-methanol-formic acid, 25:8:2) of this gum showed a major
substance ahd a minor amount of a more polar acidic material,
probably the phthalic acid derivative. Crystallization was
induced, and, after several recrystallizations, the melting point
was 157-192° (the material was poorly recrystallizable and the
melting point did not improve; however, it was chromatographi-
eully pure).

Anal. Caled for C.H;NO;: C, 57.38; H, 5.22; N, 5.38.
Found: C, 57.15; H, 5.16; N, 5.73.

5-(3-Methyl-5-carboxyphenoxymethyl)-2-oxazolidinone Tri-
acetyl S-Glucuronide Methyl Ester.——A mixture of 1.5 g of

{1) C. D. Lunsford, R. P. Mays, J. A. Richman, Jr., and R. 8. Murphey,
J. Am. Chem. Soc., 82, 1166 (1960).

(2) M. N. Carrol, Jr., W. R. Luten, and R. W. Southward, Arch. Intern.
Pharmacodyn., 180, 280 (1961); C. H. Carter, Diseases Nervous System, 23,
98 (1962): J. F. Kurtzke and J. Gylfe, Neurology, 12, 343 (1962); 1. W.
Morey and A. R. Crosby, J. Am. Osteopath. Assoc., 62, 517 (1963).

(3) E. Titus, 8. Ulick, and A. P. Richardson, J. Pharmacol. Exptl. Therap..

93, 129 (1948).

5-(3-methyl-5-carboxyphenoxymethyl)-2-oxazolidinone, 2.4 g of
methyl bromacetylglucuronate, and 3.0 g of fresh silver oxide
was stirred in 30 ml of pyridine with cooling in an ice bath for
15 min. The dark solution was filtered through Celite, and the
filtrate was pumped to dryness. The residue was taken into
CHCL and the solution wasx extracted with 1 A" IICL dilute
bicarbonate, and finally with water. Removal of the CICl,
gave 980 mg of dark gum, B¢ 0.65 (tle, benzene—ucetone, 1:1).
Florisil chromatography produced 391 mg of 2 clear glass,
[a]®¥Dp —30.6° (¢ 3, methanol). The material was chromato-
graphically homogeneous.

Anal. Caled for CpHaeNOw: C, 54.44; H, 530: N, 2.53.
Found: €, 54.17; H, 5.31; N, 2.68,

3-Aminopropanediol was gsynthesized by the procedure of
Bergmann, et al.

Isolation of Metabolites. 5-(3-Methyl-5-carboxyphenoxy-
methyl)-2-oxazolidinone from Dog Urine.—A 14.5-kg, male,
mongrel dog was given a daily oral dose of 3.73 g of metaxalone
(395 mg/kg) for a 7-day period. The urine was collected during
this period and preserved by the addition of NaF to the daily
collection beaker. A 1.8-1. aliquot of the total collection (4.8 1.}
was boiled aud filtered through Celite to remove a flocculent.
precipitate. Saturation of the urine with (NH,),SO, (about 1 kg
produced a gummy precipitate which was separated by decanta-
tion of the urine and which was extracted from excess (NH;).80,
by treatment with warmm ethanol. Removal aof the ethanol
produced 4.4 g of a glassy brown gun. A 500-mg sample of
this gum was induced to eryvstallize from hot water and after
three recrystallizations had a melting point of 145-170°; two
further recrystallizations produced 120 mg, mp 153-173°.

Anal. Caled for CL,HNO;: C, 57.38; H, 5.22; N, 5.0%.
Found: C, 57.56; H, 5.27; N, 5.62.

This material cochromatographed on thin layer chromatog-
raphy with the synthesized materinl. Their infrared and ultra-
violet spectra were identical. The [«12D of the metabolite was
—15° (¢ 3, methanol).

In order to confirm the structure of the metabolite, it was
cleaved with HI. Treatment of 400 mg of the urinary acid with
10 ml of refluxing 57¢; HI for 4 hr followed by ether extraction
gave 182 mg of extracted material. This was taken into bi-
carbonate solution which was extracted twice with ether to
remove neutral material.  Acidification of the aqueous bicarbo-
nate solution and ether extraction gave 65 mg of crude m-
hydroxytoluic acid. Recryetallization from methanol-water
gave a pure sample, mp 208.5-210°, The material did not
depress the melting point of authentic m-hydroxytoluic acid and
the infrared curves were identical.

Anal.  Caled for CsHgO;: C, 63.13; H, 5.30.
63.4%; H, 5.36.

5-(3-Methyl-5-carboxyphenoxymethyl }-2-oxazolidinone Tri-
acetyl B-Glucuronide Methyl Esters.—A 75-kg male subject
(J. E. P.) ingested orally 12.8 g of metaxalone (85 ing/kg per day)
aver a 2-day period, and the urine (1.93 1) was collected

Found: C,

{47 M. Bergmanun, 13, Brwin, and T. Dreyer, Chem. Ber., 54B, 036 {[021),
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for 2.5 days. Saturation of a 1-1, aliquot of the urine with
(NHy):S804 produced 9.96 g of a gummy precipitate, Contin-
uous ether extraction of a concentrated aqueous solution of this
precipitate removed free 5-(3-methyl-5-carboxyphenoxymethyl)-
2-oxazolidinone leaving 5.3 g of unextractable material. The
unextractable material (1.1 g) was allowed to stand in 30 ml of
1:1 acetic anhydride—pyridine for 45 min. The reagents were
removed i vacuo, and the crude product was esterified by
treatment with 40 ml of 1.39; ethereal diazomethane., Thin
layer chromatography (benzene-acetone, 1:1) of this acetylated,
esterified fraction indicated (iodine vapor) at least seven com-
ponents, the major component having R¢ 0.65. This material
was chromatographed on a Florisil column with elution by
acetone-benzene mixtures. In the series of fractions obtained,
109, acetone-benzene produced a fraction containing 416 mg
which was principally E; 0.65 material. Hydrolysis of a small
sample of this fraction with 1 A" HCl produced free 5-(3-methyl-
5-carboxyphenoxymethyl)-2-oxazolidinone. Rechromatography
of the fraction gave 280 mg of a clear glass which was chroma-
tographically homogeneous; [a]?D —42.7° (¢ 3, methanol).
Infrared spectra of the isolated and synthesized materials were
identical.

Anal. Calcd for C25H29NO]4Z C, 5444, :E[, 530, N, 2.53.
Found: C, 53.97; H, 5.46; N, 2.68.

In order to make an estimation of the quantities of these
materials that were excreted by humans, the following studies
were performed.

A male subject (F. P.) ingested 12.8 g of metaxalone over a 2-
day period, and his urine was collected for a 2.5-day period giving
a total volume of 2.51. A 100-ml! aliquot of this was continuously
extracted with ether for 24 hr, and the extract was esterified
with ethereal diazomethane. Chromatography of this fraction
on Florisil gave 324 mg of material which was eluted with 1:1
acetone-benzene. Rechromatography of this fraction gave
163 mg of pure ester of the urinary acid, This corresponds to
279 of the ingested dose of metaxalone.

Another 100-ml aliquot of the same urine was brought to 1 N
by the addition of HoSQ,, and refluxed for 1 hr. Formation and
isolation of the methyl ester of the fraction was achieved just as
in the preceding experiment. By this procedure, 267 mg of pure
methyl ester was isolated which corresponds to 449, of the in-
gested dose of metaxalone, This value represents both free
and conjugated acid.

3-Aminopropanediol.—A 500-m! aliquot of human metaxalone
urine (F. P.) was brought to 4 N by addition of solid NaOH
and refluxed for 3 hr, after which time the cooled urine was
extracted with three 500-ml! portions of ether. The pH was
adjusted to 2 with Ho80,, and the ether extraction was repeated.
The urine was brought to pH 6 and concentrated to dryness,
and the residual solids were extracted with boiling methanol.
An aqueous solution of the methanol extract was passed onto a
small Dowex-50(H *) resin column, which, after a water wash,
was eluted with 2 ¥ NH,OH. This eluate was then passed
through a Dowex-21K(OH~) column, and the column effluent
was concentrated in vacuo to 90 mg of gum. Thin layer chroma-
tography of this fraction (silica gel, methanol) gave a very polar
minor spot (Rt 0.1) which was ninhydrin positive and which did
not appear in control human urine, The material was treated
with benzoyl chloride in pyridine and, after removal of the
reagents, the product was chromatographed on Florisil. Elution
with 59, acetone-benzene produced 65 mg of pure, crystalline
N-(2,3-dibenzoyloxypropyl)benzamide, [a]®D +3.0° (¢ 2,
methanol), Recrystallization from absolute ethanol gave an
analytical sample, mp 113-119.5°, which had an infrared spectrum
identical with that of an authentic sample.t The melting point
of the authentic sample was 113-114.5°, mmp 113-116.5°.
The positive rotation of the metabolic sample may account for
the melting point difference.

Anal. (metabolic sample) Caled for CoHuaNO;: C, 71.45;
H, 5.25; N, 3.47. Found: C, 71.53; H, 5.28; N, 3.73.

The 65 mg of isolated material accounts for 1.49%, of the dose.
However, it is likely that some aminopropanediol was not ex-
tracted during the methanol extraction of the urine solids.

Metaxalone and Acidic Metabolite in Feces.—A 2-day feces
collection was taken from a 13.3-kg, male, mongre! dog following
a single oral dose of 4.0 g of metaxalone. Vacuum-oven drying
at 70° followed by blender treatment gave 36.4 g of dry powder.
A 10-g portion was extracted with boiling absolute ethanol,
2 N in HySOs. The filtered extract was neutralized with alkali
and again filtered to remove Na,SO;. The solution was con-
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centrated to dryness, and extraction of the solids with 280 ml of
509 aqueous methanol removed further insoluble material,
This solution (50 ml) was passed through a small Dowex-50(H +)
column and the effluent was put onto a column of Dowex-21K-
(OH-). The effluent from this column was concentrated to a
residue of 41 mg of a clear gum. Thin layer chromatography
showed that it consisted of a major substance, which cochroma-
tographed with the administered drug, metaxalone. The spot
was located by the hypochlorite—starch iodide reagent.

The Dowex-21K(OH ™) column above was eluted with 2 A
acetic acid to give after concentration, 49 mg. A major spot
in this fraction cochromatographed (tle, benzene-methanol-
formic acid, 25:8:2) with 5-(3-methyl-5-carboxyphenoxymethyl)-
2-oxazolidinone, the urinary metabolite, The spot was located
by the nypochlorite-starch iodide method,

Based on these isolated fractions, the amount of metaxalone
and its acidic metabolite in feces amounted to approximately
15-309. of the administered dose.

Discussion

The procedure described above for the isolation of
3-aminopropanediol would result in opening of the
oxazolidinone ring if the latter were present in the
urine, since alkali readily hydrolyzes oxazolidinone
compounds to the amino alcohols.! That the un-
changed oxazolidinone was the compound present in
urine was shown by paper chromatography. Paper
chromatography (butanol-acetic acid~-H,O, 50:11:25)
of an amine extract of urine that had not been hy-
drolyzed did not show a spot corresponding to amino-
propanediol; after alkaline hydrolysis this spot ap-
peared. These results might indicate that a conju-
gated compound was present, but following acidic
hydroysis to which the ring is stable, no such spot was
found. The stability of the oxazolidinone ring to
metabolism was further confirmed by results obtained
by Huf in which he showed that only traces of 1*CO,
were obtained from rats receiving metaxalone-14C
labeled on the carbony! carbon.

Since the oxazolidinone ring was found, it was ap-
parent that the other product of the cleavage of the
ether linkage should also be present. This could have
been either 3,5-dimethylphenol or 3-methyl-5-carboxy-

(5) E. G. Huf, personal communication,
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phenol. The investigation for the presence of the
xylenol in urine was carried out using gas chronu-
tography. TPhenols were scparated from the urine of
a dog that had rcceived 18.7 g of metaxalone by con-
tinuous ether extraction of acidified urine.  The acids
were removed from the extract with NaHCO;  Io-
jection of an aliquot onto a 107 Apiezon on Chromo-
orb W columu at 183° using a thermoconductivity
detector showed the presence of 3.5-xylenol which was
not present in control urine.  Peak-height comparizon
with known sunounts of the xylenol imdicated that 0.6
of the dose was present in the urine.  linzymatie hy-
drolysis of a sample of the urine with glucuronidase
and  sulfatase did not erease the amount found.
The urine was also investigated for the presence of 3-
methyl-H-carboxyphenol by thin layer chromatography.
The presence of this acid could not be definitely con-
firmed, although a spot corresponding to the known
acld was found using toluene-cthyl formate—formic
acid (5:4:1) and benzene-dioxane-acetie aciel (18:5:

Vol a

0.8) on silica gel, from nu extract of cuzvmatically by-
drolyzed urine.

Sinee nrinary exeretion of metaxalone accomnted far
the major portion of the dose and only <mall amonnts
of unchanged drug appearcd 1 the feces, the dimg
must he well absorbed in these species. These resnlts
idieate that in man and dog the metabolite ehanges
shown in Scheme T take place,

The exeretion of metaxalone-"C was <tdied in the
rat, rabbit. al dog. The rabbit appeared 1o exerete
the mujor portion of the radioactivity in the nrine
very rapidly: 969 appeared within the fivst 18 hr.
Within the =mue period, 1160 appeared o the urine
of the dog. The pattern of metabolites, by chroma-
tography, appeaved (o be <imilar in these two speeies.
The rat exereted 7100 In the wrine daring a correspond-
mg thne. The pattern of metabolites i the v, haw-
ever, was different. Ac east five =epaente, radio-
active spots conld he distinguished on chromatogranhy
of thewrine.  These were not identificd.
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The design, preparation, and properties of thiolesters as substrates for the cytochemical demonstration of
esterolytic enzymes is described. The relative reactivity with osmiumn tetroxide of several diazo thioethers
formed by S coupling with diazonium salts of the thiophenols resulting from enzymatic hvdrolysis of the thiol-
esters was studied. This information has resulted in the development of a new technique for the demonstration
of esterases and lipase by the selective deposition at the enzyme sites of osmium black, an ideal end product for

light and electron microscopy.

This investigation was prompted by the need for de-
veloping methods for esterase and lipase in election
microscopy that, in addition to utilizing well-estab-
lished histochiemical reactions, would yield electron-
opaque end products.?*™?  Thiolesters appeared to be
worthy of synthesic as substrates to fulfill this need for
several reasons. TFatty acid esterases have been known
for some time to hydrolyze thiolesters.**=® The thio-
phenols and thionaphthols produced on hydrolysis of
ary! thiolesters are unable to undergo nuclear coupling
with diazonium salts' but do couple very readily on the
sulfur (Figure 1) at both acid and alkaline pH to form

(1) This investigation was supported by a research grant (CA-02478)
from the National Cancer Institute, U. S. Public Health Service, Washington,
n.C.

(2) (a)J.®. Hanker, A. R. Seaman, L. I’. Weiss, H. Ueno, R. A. Bergman,
aud A, M. Seligman, Science, 146, 1039 (1964): (b) A. M. Seligman in Pro-
ceedings of the Second International Congress of Histo- and Cytochemistry,
Springer-Verlag, 1964, 1 9: (c) J. Hanker, A, Seaman, L. Weiss, H. Ueno,
1. Dmochawski, T.. Katzoff, and A. M. Religman, J. Histochem. Cytochem.,
13, 3 (1965); (d) L. A. fternberger, 1I. 1. Donati, J. 8. Hanker, and A. M,
Seligman, Exptl. Mol. Fathol., in nress.

(3) (a) J. Suzuoki and T. Sazuoki, J. Biockem. (Tokyo), 40, 599 (19331
ib) J. Suzuoki and T. Suzuoki, Nature, 178, 83 (1954): (c) G. B. Koelle and
J. 8. Friedenwald, Proc. Soc. Exptl. Biol. Med., 70, 617 (1949).

(4) (al A. Hantzsch and H. Freese, Ber., 28, 8237 (1895); (b) P. I'ried-
laender and A. Chwala, Monatsh, 28, 247 (1907): (¢) J. 8. Hanker, 1.
Katzoff, L. D. Aronson, M. L. Seligruan, . R. Rasen, and A. M. Seligman,
J. Org. Chem., 30, 1779 (1965].

Examples of results with light and electron microscopy are included.

isoluble vellow diazo thioethers (3-azo compounds ™),

This would perinit a rapid capture reaction, upon cin-
zynmatic hydrolysis of the thiolester, which would
greatly unprove localization. Moreover, aryl diazo
thioethers are quite unstable and are readily decom-
posed to yield thiophenols.”

Since thiophenols as well as thiols readily reduce (=0),
and react with it to form mercaptides, it was expected
that conditions would be found where diazo thioethers
would react with OsOy to yield osmiuni black, an ideal
end product for light aud electron microscopy. ™ ¢ A
formulation for the over-all reaction 1~ shown in Figure
1.

Ouce it was shown* " that phenyl thiolacetate (1)
gave satisfactory histochemical localization of esterase
in thin, formalin-fixed sections of rat kidney and rat
liver, other thiolesters were prepared in three categories.
2-Naphthyl thiolacetate (IT) was prepared to study the
etfects of increasing the size of the molecule, and two
large aliphatic thiolesters were prepared to compare
esterase localization with that of the aromatic esters.
These two substrates were the octadecyl thiolacetate
(ITT) and the triphenylinethy! (trityl) thiolncetate (IV).

‘31 K. SBaanders, “I'he Acommnie Diaza Componnds,” Bdwarnd Arnold and
Co, Landen, 1949,



