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HL,O from the reaction was conthmonsly removed by & Dealc-
Stark tube. The resulting solution, after cooling, was washed
with 10 ml of H,O, dried (Na:S04), and evaporated in racno.
During distillation of the residue, (wo fractions were collected.
The first fraction, 3.5 g, bp 553° (0.15 mm}, wax identified by iv a=
the 3-methoxy-4-bromotoliene. The =ccoud fracticar, which
weighed 2.5 g, was a bright yvellow, vizcons oil, bp 132° (04 .
[ts ir spectruni showed the absence of au ab=orption peak due
to C==0.

The above oil, with no further puritication, was diszolved in 50
il of EtyO and was added dropwise to asuspension of 1.5 g «f
LAH in 75 ml of Et,0), while the temperature was maintained
between 0 and 5°. The mixture was refluxed for 4 hr, and H,0
and 109 NaOH were added successively 1o decoripose exvess
LLAH. The inorganic salids were removed by filtration, and the
filtrate was evaporated n vacio leaving a light vellow oil. A
<olntion of thix oil in 50 ml of K10 was saturated with HCL 16
precipitate the HCL salt. Recrystallization froan MeOH-IS0,0
gave 1.4 g (38 over-all, based an the recovered A-methoxy-4-
bromotohiene) of 1-(2-methoxy-4-niethyipheryD-2-aminopropane
hydrochloride.

Pharmacology. Swim Maze Test.——The H-shaped swin
nze, 1314 constructed of galvanized metal sheet, has an over-ull
dimension of 80 X 60 X 15 cm, three swim chanuels 6 e i1
width, and a landing strip 30 X 6 c¢m with a 10-ci projechion
atl 40° angle. An 8-cm level of H.O was maintained at 37° by
several straps of heating tape placed underneath the tank.

Prior to the administration of drigs, mice were trained to swiim
the maze for 2 consecutive days (at intervals of 2 hri. They were
placed in the HaO at one end of the tank and the swinnming time

(131 M. L. Koswaw, or. Sop, Erpll. Bid, 3ol 115, 728 ¢1064%,
i) CoAL Buedder, 8. 1. Tlaaes, Lo G Nawd, wod 3011 Bie), /. e,
Chem., 8, 643 (111f5).

Val, 13

wias recorded ws the thine from placewend 1o the tand il exin
at the landing strip. The trained auimalx were uble tceomplete
the tweeright-tnrn swinnning task in an average of 5 =ee ad witle
ancaverage of less than one errae. Durirg the training perioad,
these that did ot <how goud performarcee were exeladed Trom
the =tady. "Phe aninals i groups ol ten were injected intri-
peritoueally withe 7 pmoles kg of covipoaids 11 307, aquecens
propyiene giveal. The coutrol gronp was given auly propylene
glveol. The =witn 1ext5 were performed at borh 10 arad 30 ndn
after the injection. The results were expressed ax 1at the com-
pleticnr time fore swinuning (X}, and (b mnmber ol errors o3
during thae dime. With the emplusix cn Y, the distuption of
maaise behiavior was evalated as X+ 2.

Effects on Barbiturate Sleeping Time.Mice 1u granps ol ten
were injected intraperitoneally wich 30 wmioles: kg ol compotds
e, propylete ghveal, After 5 min, sodinm pentobarbitat (40
g ke e =alite was giveu enc the =mne ronte. Colirols were
first given A, propylene glveol, then peutobarbital i =aline.
The presleeping tine el <leeping ime loss o the righting
retlex were recorded mad treated statistically.

Acute Toxicity.~ All caaupoumials dissolved in 200, propylene
elveol (1O wig/kg i were adiniuiztered intraperitoneally (o groups
ol tere male albino Yale-Swiss ice weighing 1724 g The
LDy withine o 24-hr pertcad was deterndieed graphically according
to the method of Miller and Tander, @
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The synthesix of denterivzoxazolunine-4,6-dy is described.

Nur date one the deuterated drug and related

derivatives are disensszed.  The denterated drug exhibits a kinetie deuterinm isotope effect in /v 10 imetabolisin.
No inereased duration of pharmacologic action with the denterated drng was observed.

In our continuing work on the biological cousequences
of deuterium substitution on drugs, we studied the
cffeets of the musele relaxant zoxazolamine. The
results of those studies are reported herein.

We previously reported? that the barbiturate butethal
induced a twofold increase in sleeping time of mice when
D atoms were substituted on the penultimate C of the
butyl side chain, which is the site of metabolic de-
activation. The biological isotope effect of ky/kp =2
was attributed to a slower rate of metabolism of the
deuterated drug. Evidence for this conelusion was alsa
obtained from the slower rate of metabolism observed
with the deuterated species in /1 dtio studies with the
liver microsomal enzymes.

Conney, ¢t al.® have reported that zoxazolamine is
metabolized in man by two routes. A minor pathway
involves hydrolytic deamination to a pharmacological-
Iy active metabolite, 5-chloro-2-hydroxybenzoxazole.

1) This iovestigation was supiported by Graut No. AM-06629 froac the
Natioual Institute of Acthritis and Metabolic Diseases, National Institutes
of Health, U8, Public Healtlt Service.

12) J. Sobaren, D). M. Yaswda, M. Tawabe, awl €. Mutoma. Fed. /'roe.,
24, 427 (1965); M, Tauabe, 1. Yasuda, . LeValley, awd €', Mitouwr, /a7
Svi., 8, 1123 (1964).

13) A. H. Conuey, N. Trousor, aud . 1 Buewse J. Phomaval. Brepii.
Therup., 128, 333 (1960).

Both biologically active benzoxazole derivatives e
metabolically  deaetivated by 2 ring Lvdroxylation
pathwav at (-6 to vield the respective 3-chloro-6-
hvdroxybenzoxazole derivatives.  Since the specific site
of metabolic deactivation of zoxazalamine i~ at the (-6
position, our goal was the preparation of the drug
Iabeled with D at this position, and the study of its
effeet on the rate of metabolisn.

Our mital attempt at the direct introduction of 1)
into zoxazolamine involved acid-catalyzed exchange of
the drug with DO at 100°. The material abtained
from this reaction consisted solely of the hydralyvtic
deamination  produet, 9-chloro-2-hydroxybenzoxazole
(1), with no evidence of incorporation of I in the
aromatic ving.

Sieeesstful introduction of D atoms into the benzene
ring was achieved by an acid-catalyzed exchange re-
action of 2-amino-4-chlorophenol with D.O at 100°.
The mntermediate deuterated phenol was condensed
directly with BrCN in EtOH to yield zoxazolamine.?
Combustion analyvsis indieated the incorporation of two
D) atams into zoxazolamine prepared in this way. To

T Nugawa, M. Lok, aad Ko Alisicaccen, . sl Gl Sees, T8, 1770
(1088,
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establish that a D atom was present in the crucial C-6
position of the 3-chlorobenzoxazole nucleus, the dideu-
teriozoxazolamine was deaminated hydrolytically at
C-2 with D,O under acid catalysis to give a dideuterated
5-chloro-2-hydroxybenzoxazole.

He—3 673 H<«—3s 675
of N Cl N a N
S—OH S—0H S—NH,
H 0 cl 0 D 0
H H D
/V
§ 6.67 G 692 3
1 2
D D
Cl N, Cl N,
S—NH, M—0H
D 0 Cl 0
H H
5 692
4 5

Chlorination of 3-chloro-2-hvdroxybenzoxazole (1)
with SO,Cl; iz known to produce 5,6-dichloro-2-
hydroxybenzoxazole (2). When the dideuterated 3-
chloro-2-hydroxybenzoxazole was subjected to these
chlorinating conditions in deuterioacetic acid as solvent,
a sample was obtained that was identical in all respects
with that of the reported 5,6-dichloro-2-hydroxy-
benzoxazole; combustion analysis indicated the loss of
exactly one D atom. This series of experiments firmly
secures C-6 as the position of one of the D atoms in the
benzoxazole nucleus of zoxazolamine. This leaves
either structure 3 or 4 to be considered for the dideu-
terated derivative.

Nmr data of 5-chloro-2-hydroxybenzoxazole (1) were
used to assign the location of the second D present in
the dideuteriozoxazolamine. The aromatic protons of
1 appear as a multiplet in the § 6.6-6.8 region of the
nmr spectrum. A relatively uncomplicated singlet ap-
pears at § 6.8 which can be assigned to the C-4 proton
signal, since this proton, ortho to Cl, would be de-
shielded and absorbed at the lowest field position and be
very weakly coupled to the meta and para hydrogens.
The nmr spectrum of the dideuterio derivative of 1
shows the disappearance of the sharp singlet peak and
only a broad peak at § 6.79, W/2 = 1.5 Hz. The
broadness of the band is only compatible with the re-
placement of the C-4 proton by D. The broadened C-7
proton signal in 4 can be attributed to coupling with the
adjacent C-6 D atom: Jp-1 values of 1-1.5 Hz have
been observed.® This nmr evidence thus permits the
choice of 4 over 3 for the dideuteriozoxazolamine.

I‘urther evidence for the placement of the second D
at C-4 in the benzoxazole nucleus comes from examina-
tion of the nmr spectra of the deuterated 5,6-dichloro-2-
hydroxybenzoxazole (5) and 3-chloro-2-hydroxybenz-
oxazole (1). The nmr of 1 shows the C-4 proton at §
6.75 and a multiplet for the C-6 and C-7 protons
centered at § 6.67. On conversion to the dichloro
derivative 2 (the C-4 proton) remains at § 6.73, whereas
the C-7 proton is shifted to § 6.92. The nmr of the
deuterio derivative of 2 shows a single peak at § 6.92,

(5) H. sSpiesecke and W. G. Sclineider, J. Clem. Fhys., 36, 731 (1961).
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which can be assigned to a C-7 proton and is in accord
with the assignment of structure 5.

Pharmacological Studies.—The durations of phar-
macological action of zoxazolamine and the deuterated
analog were compared, using male Sprague-Dawley rats
weighing 215-290 g. To minimize the deviation of the
mean due to individual variation among rats, the rats
were separated into two groups, long sleepers and short
sleepers. This procedure is based on the duration of
sleep exhibited by each rat after the intraperitoneal
administration of hexobarbital (100 mg/kg).5 Both of
these groups of rats were used the dav after hexo-
barbital treatment to examine the duration of paralysis
caused by zoxazolamine and deuteriozoxazolamine. As
can be seen in Table I, in neither group was the duration

TasLe I
DURrATION OF PARALYSIS IN RaTs AFTER
ZoxazoLavINe INnecmoN

Diuration of
paralysis, min
485 = 162 (4)
417 = 78 (3)
287 £ 30 (4)
242 £ 38 (4)

« Eaech rat was injected intraperitoneally with 60 mg/kg of
zoxazolamine or deuteriozoxazolamine-4,6-dy, dissolved 1 a
1:1:1 mixture of dimethylacetamide-propylene glycol=30¢
aqueols glycerol. ? Figures in parentheses refer to the mumber
of rats in each group. Each vahie is a mean = standard devia-
tion.

Group Compound?
Zoxazolamine
Deunteriozoxazolamine-4,6-,
Zoxazolamile

Deuteriozoxazolamiie-4,6-d,

Long sleepers

Short sleepers

of action of zoxazolamine significantly different from
that of its deuterated analog. The data were analvzed
by Students’ ¢ test. From these experiments 1n wvo, it
would appear that there was no isotope effect on the
biological hydroxylation of the aromatie ring.

In Vitro Metabolic Studies.—The metabolism of
zoxazolamine and the deuterated analog by hLver
microsomes was next studied in order to compare the
results in vitro with those obtained 7n wiro. This study
serves to augment the 7n ¢2vo sleeping time data, which
indicate that zoxazolamine-4,6-d» is metabolized at an
essentially unaltered rate compared to zoxazolamine.

Liver microsomes were prepared from male Sprague-
Dawley rats which were injected intraperitoneally with
20 mg/kg of 3,4-benzpyrene in corn oil 24 hr before
sacrifice. The liver was homogenized in three volumes
(v/w) of 1.159; KCI and was centrifuged at 10,000y for
10 min. The supernatant fraction was used for in-
cubation. The comparative metabolic data are pre-
sented in Table II.

The in witro data indicated that regardless of the
method of analysis, the deuteriozoxazolamine was
metabolized considerably more slowlyv than zoxazol-
amine. Whether this reduced rate of metabolism of
deuteriozoxazolamine is due to decrease in the affinity
to the degradative enzyme or to the slower cleavage rate
of C-D bond than that of C-H bond cannot be answered
from these experiments.

The reason is not clear for the absence of difference in
the duration of pharmcologic action between the two
forms of zoxazolamine despite their difference in the
in wvitro degradation rates by the liver supernatant
fraction. A loss in the potency of a drug by deutera-

(6) C. Mitoma, 8. E. Neubauer, N. L. Badger, and T. J. Soriel, II,
Proc. Soc. Exptl. Biol, Med. 128, 284 (1967).
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TasLe 11

Reramve Rates or HYDROXYLATION 0F ZOXSZOLAMINE AND ZONXAZOLAMIN -, G-/

—-atlole of sabstrate consumed® e meme oo o

Zuxazolawiue Deuteriozoxazolamiue ku kv
0.165 == 0.010 0.134 = 0.017 P22
0.143 = 0.010 0.097 == 0.01s 1.47
0.129 == 0.004 0.087 4 0.012 .48

Av 1.39

Vol 13
e witole ui proditet formed®
G-lydroxy- Deuteria--hydrusy-
zoxazolamine zoxazolaluile b/l
0. 166 20 0. 002 0. 11 = 1 002 [
0.1 k0 0p2 0065 = V005 1 5t
008D & 0012 0,062 = 0,005 b4
Av 147

» The incubation mixture consisted of 1.0 ml of 0.1 M phosphate butler, pH 7.4, 2 pinoles of ATP, 5 pumles of DPN, 23 pioles ol
ghicose 6-phosphate, 15 umoles of nicotinamide, 0.25 umole of TPN, 20 ymoles of niagnesium chloride, I wimole of substrate, and 1.0

il of the 10,000g supernatant fraction in a total volunie of 3.5 ml.
The reaction was approximately linear up to 30 min of incibation perind.
or of 6-hydroxyzoxazolamine formed diring incubation were assayed according to the method of Conney, o uf.?

4 standard deviation from six separate inenbation mixtures.

tion, as was reported by Elison, el al.] for deuterio-
morphine, can be ruled out i the present study.
Determination of EDy values and the 959 confidence
limits by the method of Litehfield and Wiicoxon?®
revealed no difference between the two compounds,
38 mg/kg (55-61) for zoxazolamine and 59 mg kg
(53-66) for deuteriozoxazolamine,

Our apparent inability to detect this expected
pharmacologic difference can be rationalized by the
apparent insensitivity of the in vivo sleep time method
eniployed to distinguish between the compounds.

The present ¢n vitro data differ from those of acet-
anilide,® phenobarbital,® and dimethylphenol,!' where
substitution of H by D or a T atom at the site of
aromatic ring hydroxylation had little effect on the rate
of hydroxvlation.

Experimental Section

2-Amino-4-chlorophenol-3,5-d..——In a 30-ml, thick-wall glass
(ube, 2.934 g of 2-amiuo-4-chlorophenol was dissolved in a sohi-

{7) C. Elison, H. Rapoport, R. Laursen, aud k. W. KElliott, Science, 134,
1078 (1961).

(8) J. 1. Litelifield, Jr.. and ¥. W. Wilcoxou, J. Phurmacnl, Exptl. Therap.,
96, 99 (1949).

(9) M. Tanabe, 1D, Yasuda, J. Tagg, aud C. Mitoma, Biockem. Plornuical.,
16, 2230 (1967).

(10) J. M. Desel, 1D, . Dayton. C. L. Tavrie)lo, L.
Mark, J. Med. Clem., 10, 371 (1867).

(11) 13, . B. Wood and L. L. Ingralwa, Arch. Biockem. Biophys., 98, 174
(1962).

draud, and 1. (.

Incubation was carried out {or 20 min at 37° in 4 Dubnotf <haker.

» The amonnts of zuoxazolamine remaining after incabatic
Each figure 1= n mean

ton of 251l of DO and 1.0 g of PCL. The tube wax scaled and
heared at 100-110° for 4.5 days. The reaction mixture wis
evaporated to dryness, and H,0 wax added. This =ohition wie
nentralized with 1.V NaOH to pH 6, and again evaporated 1o
dryuness.  The solid residue was extracted with Et.0, aud 1le
extract was dried aver NuSO«.  vaporation yielded 2,802 ¢
of produet,

2.Amino-5~chlorobenzoxazole«4,6-d..— A mixture of 2251 ¢ ol
2-amino-4-chlorophenol-3,3-ds, 3.4 g of CNX By, and 225 ml ol 110
was heated on a steam bath for 15 min. The mixture was cooled
tu room temperature and nentralized with 15 W NHLOM 1o pIl ~
with ecooling, and the product was filtered. After drying the
produet, it was sublimed at 160° (0.020 mm), vielding 1.926 g «f
4, mp 182-183°  Anal. (CH;CULNLO) atom ©7 excess D
caled, 40; found, 38.10.

5-Chloro-2-hydroxybenzoxazole-4,6-/.~10 0.500 g of 2-umiio-
d-chlorobenzoxazole-4,6-ds in 15 ml of 1,0 was added 1.0 g of
PCLi. The mixture was heated at 95-110° fao IS hr and then
covled. The produet was filtered, dissolved, aud evaporated
from KtOH fonr times to exchange the acidie 1) on N o give
0.372 g of produet.

5,6-Dichloro-2-hydroxybenzoxazole-4-d.-—- 1o 0.205 g ol 5-
chloro-2-hydroxybenzoxazote-4,6-ds digsolved in 3 ml of AcOD
wis added 0.178 g of 80,Cl;. The solution was stirred overnight.
and then heated on a steam bath for 1 hr and cooled, and 30 g
of ice was added. The prodnet was filtered, dissolved, and evapo-
rated from MeOH fonr times to exchange Iabile D {o give 0.201
g of 5. A sample was sublimed at 130° (0.02 nun), mp 198.5-
201°.12 el (C:ILCLDOWN atunn 7, excess DD: o ealed, 33,30
found, 33.20.

12) E. Model awd 1. Biudler, U.
Alstr., 54, 185, 554 (1060).

S Vateld 2,022,794 (14060); (.



