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Anal—Caled. for C;sH120.S:: C, 62.47; H,
4.19. Found: C, 62.22; H, 4.37.

5-Methyl-5-dimethylaminomethylthiaindan-6-ol.
—A modification of the procedure outlined by
Chaikin and Brown (9) for the reduction of alde-
hydes and ketones was employed. To a solution of
18.9 Gm. (0.5 mole) of sodium borohydride in 400
ml. of 509, methanol, cooled to 20°, was added drop-
wise, with stirring, a solution of 5-methyl-5-di-
methylaminomethylthiaindan-6-one (prepared from
56 Gm. (0.23 mole) of the hydrochloride) in 100 ml.
of ethanol. The rate of addition of the ketone was
controlled in order to maintain a reaction tempera-
ture of about 30°. The mixture, following the addi-
tion of the ketone, was heated for 2 hours at 50°.
Thereafter, the mixture was concentrated iz vacuo
to a solid, treated with 200 ml. of water, and ex-
tracted with three 150-ml. portions of ether. The
combined ether extracts were dried over anhydrous
sodium sulfate, separated from the drying agent by
filtration, and concentrated in vacuo. The residual
solid (23 Gm., 47.5%) was recrystallized from
ethanol, to give product, m.p. 110-111°. The infra-
red spectrum of the product in carbon tetrachloride
showed absorption at 3600 cm.™? characteristic of
hydroxyl groups, and the absence of the carbonyl
absorption at 1660 cm.™ !,

Anal.—Caled. for CyH;NOS: C, 62.56; H,
7.49; S, 5.17. Found: C, 62.39; H, 7.75; S,
15.00.

5-Methyl-5-dimethylaminomethyl-6-benzylthia-
indan-6-0l.—The method of Gilman and Catlin (10)
was used in the preparation of benzylmagnesium
chloride. In a 1-L. three-necked flask fitted with a
stirrer, dropping funnel, and a condenser provided
with a drying tube containing calcium chloride and
soda lime, were placed 9.5 Gm. (0.4 Gm. At.)
of magnesium turnings, 25 ml. of dry ether, 5 ml.
of a solution of 49.3¢ Gm. (0.3 mole) of benzyl
chloride in 200 ml. of dry ether, and a crystal of
iodine. Stirring was begun, and the remaining
ethereal solution of benzyl chloride was added over
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a period of 30 minutes and then refluxed for an
additional 30 minutes.

The method of Pohland and Sullivan (5) was used
for the Grignard reaction. To the Grignard reagent,
prepared as described above, was added a solution
of 16.1 Gm. (0.08 mole) of 5-methyl-5-dimethyl-
aminomethylthiaindan-6-one in 200 ml. of dry ether
over a period of 30 minutes. The reaction mixture
was decomposed by the dropwise addition of a
saturated solution of ammonium chloride. The
ether was decanted from the solid and dried over
anhydrous magnesium sulfate.

The ether solution was evaporated on a steam
bath to give a red oil which partially crystallized on
cooling in a dry ice-acetone bath. The solid sub-
stance (10 Gm., 449,) was removed by filtration and
after several recrystallizations from ethanol melted
at 113-115°. The infrared spectrum showed
hydroxyl absorption at 3600 cm.~! and the absence
of the characteristic carbonyl maximum between
1600 and 1700 cm. L.

Anal.—Caled. for CjHgNOS: C, 71.76; H,
7.64. Found: C, 71.81; H, 7.71. A white
methiodide salt was prepared by the usual procedure
and recrystallized from ethanol, m.p. 228° dec.,
darkening at 220°.

Anal.—Caled. for CsHgINOS: C, 51.46; H,
5.85. Found: C, 51.63; H, 5.95.
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Potent Skeletal Muscle Relaxants

By JOSEPH SAM* and JAMES N. PLAMPIN

The synthesis of a number of substituted 2-aminobenzoxazoles and benzoxazolinones

is described. The majority of the compounds exhibit marked muscle relaxant

activity, two of the most potent being 2-amino-5-chlorobenzoxazole! and 5-chloro-
benzoxazolinone.?

As EARLY AS 1943 Goodman and associates (1)
reported that benzimidazole produced a
reversible flaccid paralysis in various species of
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! Zoxazolamine. Marketed as Flexin by McNeil Labora-
tories.

2 Chlorzoxezone.

Marketed as Paraflex by McNeil Lab-
oratories,

laboratory animals. However, it was not until
1952 when Domino and co-workers (2) investi-
gated a series of benzazoles that more than a
passing interest was expressed in this class of
compounds.

The interesting pharmacological properties of
the benzazoles mentioned above and the marked
central nervous system depressant activity of
substituted benzoxazolinones (3, 4) prompted
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us to investigate various substituted benzoxazoles
further.

Initial efforts were directed toward the prepara-
tion of substituted 2-aminobenzoxazoles, inas-
much as few such derivatives were described.
In addition, these compounds would serve as
intermediates to more complex compounds.
Other investigators (5-7) have described the
preparation of similar compounds.

2-Aminobenzoxazoles (II) may be prepared
conveniently from o-aminophenols (I) either by
reaction with cyanogen bromide (7) to give the
desired product directly or by first converting
to the thiourea (III) with ammonium thio-
cyanate followed by cyclization (8).

SoRg S
R

1 OYNH
\ NH
OH
S
R [ 7
NHCNH;
I

The conversion of thioureas to 2-aminoben-
zoxazoles is accelerated by maintaining an
alkaline pH and by adding metallic oxide which
results in the formation of the insoluble sulfide
that is removed by filtration.

The use of ammonium thiocyanate for the prep-
aration of thioureas unfortunately did not always
yield crystalline or easily purified products. In
the course of our work it was found convenient
to convert the crude thiourea to the desired
benzoxazole without loss in yield." The thioureas
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2-aminobenzoxazole was employed for the
preparation of the corresponding 6-halo-2-amino-
benzoxazoles. Halogenation proceeded to give
the 6-halo derivatives. This was verified by
comparison of the products with the 6-halo
derivatives obtained by the unequivocal synthesis
via the thiourea and cyanogen bromide methods.
The results were in agreement with the observa-
tion made by Desai and associates (8) on the bro-
mination of 2-aminobenzoxazole.

In the course of our studies it was observed
that the 2-aminobenzoxazoles could be hydro-
lyzed readily to the corresponding benzoxazol-
inones (IV) which also exhibited marked muscle
relaxant activity.

Il
[ gco Aq. HCI

R 0_0
Y o AcHO g4
NH
v

A number of benzoxazolinones was prepared
(Table III) either by the hydrolysis of the corre--
sponding 2-aminobenzoxazoles (II) or by treat-
ment of the requisite 2-aminophenol (I) with
phosgene (10).

As with 2-aminobenzoxazoles, halogenation of
benzoxazolinone and substituted benzoxazolines
proceeded to give the corresponding 6-halo-
benzoxazolinones.

The reaction of 2-amino-5-chlorobenzoxazole
(V) with methyl iodide and ethy! 8-bromopropio-
nate gave 5-chloro-2-imino-3-methylbenzox-
azoline (VJ) and 5-chloro-3-(2-ethoxycarbonyl-
ethyl)-2-iminobenzoxazoline (VII), respectively.
The methylation and proof of structure of all N-
methylated derivatives is the subject of a previous
publication (11).

that isolated and identified are listed in Table
: at were isolate ide: n O\H—NHz _ O\F'NH
The observation that 2-amino-5-chloroben- Cl : N cl” : N—CH,
zoxazole (V) is a potent spinal cord depressant v VI
agent (9) stimulated our interest in other halo- ~N 0
genated 2-aminobenzoxazoles. In addition to the /@tbg:l
thiourea and cyanogen bromide methods, halo- Cl 2CH,CO,C,Hs
genation of 2-aminobenzoxazole and 5-substituted- Vil
TABLE 1.—SUBSTITUTED 0-HYDROXYPHENYLTHIOUREAS
OH ISI
D-NHCNHz
R
~—N Analyses, %o—
R Recrystd. From M.p., °C. Formula Caled. Found
4-C1 Ethyl acetate-heptane 157 to 157.5 dec. C/H;CIN,O0S 13.8 13.5
4-CH,0 Methanol 174-175 CsH3oN20:8 14.1 13.8
5-Cl Ethyl acetate 173-174 CH;CIN.OSe 13.8 13.6
4-CH, Ethy! acetate 156-157 C,H;0N,0S 15.4 15.0

e Caled.: C, 41.5; H, 3.5. Found: C,41.5; H, 3.6,
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TABLE 11.—BENZOXAZOLES

o)
, RI’
Ny

R’ R” Recrystd. From
H NHCOCH,C! Benzene
5-Cl NH; Benzene
5-Cl NHCOCH(CH;). Heptane
5-CH;0O NH, Benzene
6-Cl1 NH, Benzene
5-CH; NH, Benzene
H o—-NHCH,CO.H Methanol
5-Cl H Petroleum ether
5-F NH, Benzene
5-Br NH, Acetone-water
5-1 NH. Acetone-water
5-Cl NH(CH;);N(CHj,). ..
5-Clt SCH; Methanol-water
5-Cl NCsH;ob Acetone-water
5-Cl1-6-Br NH. Methanol-water
7-Cl NH. Acetone-benzene
5-Cl NHCH,C¢H; Acetone-water
4-Cl NH, Acetone-water
5,6-diCl NH, Acetone-water
5-Cl NHNH, Methanol-water
5-C1-7-SO,H NH, Water
5-Cli OCH; Acetone-water
5-NH. NH, Methanol-ether
5-NO, NH, Cellosolve-water
5-Cl NHCOCH, Methanol
5,7-diBr NH. Acetone-Benzene
4,5,7-triCl NH, 2-Butanone

M.p., —N Analyses, %—
Method °C. Formula Caled. Pound
... 180-180.5 CyH;CIN:O: 13.3 13.5
A, B 183-184 C/H,;CIN,O* Ce. ..
... 182-183 CuH;;CIN,O: 11.7 11.6
A, B 165-166 CsHgN,O: 17.1 16.8
E 184-185 C:H(CIN,O 16.6 16.4
A,B 141-142 CsH3yNO 18.9 18.6
... 304305 Ci1H1yN:0; 11.0 10.9
. 37-37.5 CH,CINO 9.1 8.7
A, B 148-149 C:H;FN,O 18.4 18.3
B 177-178 C:H;BrN.O 13.1 12.7
B 196-197 CH:IN,O 10.7 10.6
e 78-79 Ci:H;sCIN,O 16.6 16.5
. 87-89 CasH(CINOS 7.0 7.0
... 106-107 CiHiCIN,O  11.8 12.1
E 237 CHBrCIN,O 11.3 11.3
B 218-219 C:H;CIN,O 16.6 16.7
... 136-139 CiHuCIN.O 10.8 10.7
B 200-201 C:H;CIN.O 16.6 16.6
E 239-240 C:H.CL:N:O 13.8 13.6
... 196-197 CiHCIN;Oc 22.9 22.8
B 300 CH;CIN,O,S 11.3 11.3
... 80.5-81.5 GCsH(CINO, 7.6 7.6
... 300 dec. CiHgCIN;O¢ 22,6 22.1
B 300 C:H;:N,0O; 22 .4 23.0
... 220-221 CsH,CIN,O, 13.3 13.3
E 253-254 CiH{Br:N,O 9.6 9.6
B 296297 C:H3CL3N:O 11.8 11.9

o Reference 7.

b Piperidino.

¢ Caled.:

C, 45.8; H, 3.3.

A representative arylaminobenzoxazole was

Found: C, 45.9; H, 3.4.

prepared from 2-chlorobenzoxazole and anthra-
nilic acid (6). The reaction, when performed
in methanol, gave predominantly N-(2-benzox-
azolyl) anthranilic acid (VIII) and some 12-benzo-
(d)quinazo(2,3-b)oxazole-12-one(IX). The same
reaction when conducted in glacial acetic acid
yielded predominantly the ring compound (IX).
Neither of the compounds above exhibited signifi-
cant muscle relaxant properties when tested in
experimental animals.

CO.H
o_ ¢l 0__NH
7 X
+ VIII
CO.H ™~
o_ N
H;N @’_Y’);@
N.
0
IX
EXPERIMENTAL:?
Syntheses

2 - Aminophenol, 2-amino-4-chloro and 3-
amino-5-chloro-2-hydroxybenzenesulfonic acid are
available commercially. 2-Amino-6-chlorophenol
(5), 2-amino-4-fluorophenol (12), 2-amino-4-meth-

3 All melting and boiling points are uncorrected.

é Hydrochloride.

oxyphenol (10), 2-amino-4-methylphenol (10), 2-
amino-4-nitrophenol (13), 2-amino-5-chlorophenol
(14), 2-amino-4-bromophenol (15), 2-amino-4-iodo-
phenol (18), 2-amino-4,6-dibromophenol (16), 2-
amino-3-chlorophenol (17), and 2-amino-3,4,6-tri-
chlorophenol (18) were prepared according to pro-
cedures described in the literature.

Thioureas (Table 1).—To a solution of 0.3 mole of
the 2-aminophenol in 300 ml. of water containing 34
ml. (14.6 Gm., 0.4 mole) of concentrated hydro-
chloric acid was added 30.4 Gm. (0.4 mole) of am-
monium thiocyanate. The resulting solution was
placed in a porcelain evaporating dish and heated on
steam bath for 3 hours. Water (300 ml.) was
added to the cooled mixture and the product re-
moved by filtration. The filtrate was heated again
on a steam bath for 3 hours and the additional
product removed by filtration. Purification was
accomplished by recrystallization from a suitable
solvent (Table I). Yield, 50-609%,.

2-Aminobenzoxazoles (Table II).—Method A.—A
solution of 0.3 mole of the o-hydroxyphenylthiourea
in 1 L. of methanol was treated with 100 Gm. (0.45
mole) of lead monoxide and the resulting mixture
refluxed with stirring for 4 hours. The lead sulfide
and excess lead monoxide were removed by filtration
and washed thoroughly with hot methanol. Evap-
oration of the solvent and recrystallization of the
residue, using charcoal as a clarifying agent, gave
70-90% of the 2-aminobenzoxazoles (Table IT).
In general, a crude thiourea was employed, the yield
of product ranged from 45-609%, based on the amino-
phenol.

Method B.—A stirred solution of 1.1 moles of
cyanogen bromide (19) in 200 ml. of 709, methanol
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TABLE I11.—BENZOXAZOLINONES

0.0
N—R’

M.p., ~—N Analyses, %—

R’ R* Recrystd. From Method °C. Formula Calcd. Found
H 8-Cl1 Methanol-water E 195-196 C;H(CINO,* . ...
H 5-Br Methanol-water C 214-216 CHBrNO,® . -
H 5,7-diBr Ethyl acetate E, D 260261 CH,;BriNOy° . .
H 5-CH,;0 Ethyl acetate D 169-170 CgHiNQO,¢ . C.
H 5-Cl-6-Br Methanol-water E,D 204-206 CH;BrCINO, 5.6 5.7
H 5-NH, Water D 227-229  CiH4N,0, 18.7 18.7
H 5,6-diC1  Methanol-water E,D 205 C:H;ClaNO, 6.9 6.8
C,H, 5-Cl1 Heptane F,G 73-75 CiHCINO, 7.1 6.8
CH; 5-C1 Methanol F 133-135 CeH(CINO; 7.6 7.7
CHs=~CHCH,; 5-Cl Petroleum ether G 62-64 CioH;CINO, 6.7 6.7

@ Reference 10. b Reference 20. © Reference 21.

was treated with a solution of 1 mole of the substi-
tuted o-aminophenol in the minimum amount of
methanol at room temperature. The solution was
allowed to stand for 40 minutes, then neutralized
with concentrated sodium hydroxide solution.
Most of the methanol was distilled s» vacuo, and the
residual material was treated with water. The
solid was removed by filtration and recrystallized
from a suitable solvent (Table II) after treatment
with charcoal. Vields of 50-709%, based on the
aminophenol, were obtained.

Benzoxazolinones (Table IV).—Method C.—The
method of Close, et al. (10), was followed. A suspen-
sion of 0.1 mole of substituted o-aminophenol and
0.2 mole of sodium acetate in 300 ml. of ethyl acetate
was stirred and treated with a solution of 0.11 mole
of phosgene in 200 ml. of ethyl acetate. After re-
fluxing briefly, the solution was cooled and washed
with water and 5% hydrochloric acid, respectively.
The ethyl acetate solution was dried over anhydrous
magnesium sulfate and evaporated to drymess.
The residue was recrystallized to give 60909, of
product (Table III).

Method D.—A solution of 0.1 mole of substituted
2-aminobenzoxazole in 200-300 ml. of 1N hydro-
chloric acid was refluxed for 3 to 5 hours. The
mixture was cooled, and the solid was removed by
filtration. Recrystallization gave 50-709%, of prod-
uct (Table III).

Halogenation of 2-Aminobenzoxazoles and Ben-
zoxazolines.— Method E.—A solution of 1.4 moles of
the 2-aminobenzoxazole or benzoxazolinone in 2 L.
of a suitable solvent (chloroform, ethyl acetate, etc.)
was cooled to 5° and treated with a solution of 1.6
moles of the halogen in the same solvent. The
temperature was maintained at 10-15° during the
addition and stirring was continued for 1 to 2 hours.
The solid was removed by filtration, suspended or
dissolved in water, and neutralized with ammonia.
The solid was removed by filtration and recrystal-
lized to give 80-80% of product (Tables II, III).

S-Chloro-3-substitutedbenzoxazolinones (Table
I ).— Method F.—A solution of 0.1 mole of 5-chloro-
benzoxazolinone in 200 ml. of water containing 4.3
Gm. of sodium hydroxide was stirred and treated
with 0.12 mole of dimethyl or diethyl sulfate. The
mixture was warmed on a steam bath until it became
neutral and then cooled. The solid was removed by
filtration and recrystallized to give 65-709% of
product.

8 Reference 22.

Method G.—The procedure described by Close,
et al. (10), (Method B), with minor modifications,
was followed. A solution of 0.055 mole of potas-
sium hydroxide and 0.05 mole of §-chlorobenzoxazo-
linone in 120 ml. of cellosolve was stitred for 1 hour,
then treated with 0.05 mole of alkyl bromide or
iodide. After refluxing for 3 hours, the solvent was
distilled and the residue recrystallized to give 70~
809, of product.

5-Chloro-2-hydrazinobenzoxazole.—The method
described by Sam, et al. (11), for the preparation of
5-chloro-2-dimethylaminobenzoxazole was followed
using 9.4 Gm. (0.05 mole) of 2,5-dichlorobenzoxazole,
5 Gm. (0.1 mole) of hydrazine hydrate, and 100 ml.
of water. Six grams (67%) of product was obtained
after recrystallization from a methanol and water
mixture, m.p. 196-197°.

N,N - Bis {2 - (5 - chlorobenzoxazolyl)] - N',N’ -
dimethyl-1,3-propanediamine and S5-Chloro-2-(3-
dimethylaminopropylamino)benzoxazole.—A solu-
tion of 18.8 Gm. (0.1 mole) of 2,5-dichlorobenzox-
azole(11) in 100 ml. of chloroform was treated with
10.2 Gm. (0.1 mole) of 3-dimethylaminopropylamine.
After the initial reaction had subsided, the solution
was refluxed briefly and cooled. A precipitate of 3-
dimethylaminopropylamine hydrochloride was re-
moved by filtration, and the chioroform was distilled
in vacuo. The oily residue solidified and was re-
crystallized from dilute methanol to give 10 Gm. of
solid, m.p. 140-144°. Repeated recrystallization of
the solid from dilute methanol gave 5.5 Gm. (27%)
of N,N - bis[2 - (5-chlorobenzoxazolyl)] - N, N’ - di-
methyl-1,3-propanediamine, m.p. 146-148°.

Anal—Caled. for C;eH;CLNO:: N,
Found: N, 13.6.

The dilute methanol solutions were combined and
concentrated in vacuo. The residual oil was ex-
tracted with chloroform and dried over anhydrous
magnesium sulfate. Distillation of the chloroform
solution gave 8 Gm. (82%) of 5-chloro-2-(3-dimethyl-
aminopropylamino)benzoxazole, b.p. 168-170° (0.4
mm.), m.p. 78-79°.

S-Chloro-2-methylmercaptobenzoxazole.—A solu-
tion of 37 Gm. (0.2 mole) of 5-chloro-2-mercapto-
benzoxazole (5) and 12 Gm. of sodium hydroxide in
200 ml. of water was treated with 25.2 Gm. (0.2
mole) of dimethylsulfate and stirred for 2 hours.
The solid (32 Gm., 82%,) was removed by filtration,
washed with water, and recrystallized from dilute
methanol, m.p. 87-89°.

13.8.
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TABLE IV.—PARALYZING AND LETHAL DosiEs OF BENZOXAZOLES ON INTRAPERITONEAL ADMINISTRATION
TO MICE

R ‘@/_O\HN—Rl

R, R: PDus LDwkb Index¢
(A) CHLORINATED 2-AMINOBENZOXAZOLES
NH, 4-Cl 36 54 1.5
NH,4 5-Cl1 81 376 4.6
NH. 6-Cl 66 347 5.3
NH; 7-Cl 85 180 2.1
NH.* 6-Br/ 103 294 2.9
(B) 5-SUBSTITUTED 2-AMINORENZOXAZOLES
NH, F 115 450 3.9
NH,; Br 144 189 1.3
NH. 1 150 150 1.0
NH, CH, 103 360 3.5
NH, CH,0 220 432 2.0
NH. NO, v 350 ..
NH, NH, 1500 2000 1.3
NHz H 99 392 4.0
(C) 5-CHLORO-2-SUBSTITUTED BENZOXAZOLES
H Cl 230 530 2.3
NHCOCH, Cl 250 1500 6.0
NHCOCH,CI1 H/ 400 450 1.0
NHCOCH(CH,): Cl 360 1200 4.0
NHCH;y* Cl 180 230 1.3
N(CH,)' Cl 280 280 1.0
SCH, Cl 3507 350 1.0
NCsH,(o* Cl 1000¢ 1000 .
NHNH, Cl ¢ 80 ..
OCH; Cl 750 1450 1.9
NH(CH31);N(CHj;), Cl 0 230 ..
NHCH,CH; Cl v 1280 ..
SH! Cl 100 120 1.2
(D) D1 AND TRI SUBSTITUTED 2-AMINOBENZOXAZOLES
NH, 5-Cl-6-Br 105 240 2.3
NH. 5,6-diCl 132 300 2.3
NH, 5-Cl-7-SO;H 14407 1440 ..
NH, 5,7-diBr 420 780 1.9
NH. 4,5,7-triCl 1750 2000 1.1

a Dose in mg./Kg. which causes a loss in righting reflex in 50% of the animals, b Dose in mg./Kg. which causes death in

50% of the animals. ¢ Ratio of LDw to PD.
h Reference 23. ° Referemce 11.

d Reference 7.
5-Chloro-2-piperidinobenzoxazole.—A solution of
8 Gm. (0.04 mole) of 5-chloro-2-methylmercapto-
benzoxazole in 40 ml. of piperidine was refluxed for
22 hours. The solution was cooled and diluted with
250 ml. of water. The precipitate was collected
and dissolved in dilute hydrochloric acid. A small
amount of acid-insoluble material was removed by
filtration and the product was precipitated with
sodium hydroxide solution. After recrystallization
from dilute acetone, there was obtained 8.7 Gm.
(92%) of product, m.p. 106-107°.
2-Benzylamino-5-chlorobenzoxazole.—A solution
of 23 Gm. (0.12 mole) of 5-chloro-2-mercaptobenz-
oxazole (5) and 26.6 Gm. (0.25 mole) of benzylamine
in 100 ml. of xylene was refluxed for 6 hours. The
product was removed by filtration and dissolved in
hot methanol. The solution was made alkaline
with sodium hydroxide, and the product was pre-
cipitated by dilution with water. The solid was
collected and recrystallized from dilute acetone to
give 20 Gm. (6569%) of product, m.p. 136-139°.
5-Chloro-2-methoxybenzoxazole.—A cold, stirred
solution of 2.1 Gm. of sodium in 50 m). of anhydrous
methanol was treated rapidly with a cold solution of

¢ Referemce 8. ! Included here for convenience. ¢ Stimulant.
i No acute loss in righting reflex.

k Piperidino. ! Reference 24.
15 Gm. (0.08 mole) of 2,5-dichlorobenzoxazole (11)
in 150 ml. of methanol. The reaction mixture was
immediately poured into 1 L. of ice water. The
white precipitate (14 Gm., 96%) was removed by
filtration, washed with water, and recrystallized
from dilute acetone, m.p. 80.5 to 81.5°.
N-(2-Benzoxazolyl )anthranilic Acid.—To a solu-
tion of 13.8 Gm. (0.1 mole) of anthranilic acid in 150
ml. of ethanol was added dropwise 15.4 Gm. (0.1
mole) of 2-chlorobenzoxazole. The resulting solu-
tion was refluxed on a steam bath for 3 hours and the
precipitated 12-benzo(d)quinazo(2,3-b)oxazole-12-
one (3 Gm.) removed by filtration. The filtrate
was concentrated in vacxo and the residue extracted
with 200 ml. of 10% sodium hydroxide solution.
Neutralization of the solution with dilute hydro-
chloric acid gave 10 Gm. of product which was re-
crystallized from methanol, m.p. 304 to 305°.
12-Benzo(d )quinazo(2,3-b)oxazole-12-one.—To a
warm solution of 13.8 Gm. (0.1 mole) anthranilic
acid in 100 ml. of glacial acetic acid was added drop-
wise 15 Gm. (0.1 mole) of 2-chlorobenzoxazole.
After the initial reaction subsided, the solution
was refluxed for 30 minutes., The acetic acid was
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distilled ## vacuo from the precipitated product.
After washing with water, 109, sodium hydroxide
solution, and water, respectively, the product was
recrystallized from 2 L. of isopropanol. Ten grams
of product were obtained, m.p. 253 to 253.5°.

Anal.—Calcd. for C;JHgN:O:: N, 11.86. Found:
N, 11.80.

5-Chlorobenzoxazole.—A mixture of 28 Gm. (0.2
mole) of 2-amino-4-chlorophenol and 50 ml. of
formamide was heated for 2 hours at 170-180°. The
black solution was distilled in vacuo at 30 mm. The
distillate was redistilled to give 13 Gm. of product,
b.p. 112-114° (30 mm.), m.p. 37 to 37.5°.

N-(2-benzoxazolyl }-a-chloroacetamide.—To a
solution of 13.4 Gm. (0.1 mole) of 2-aminobenz-
oxazole and 7.9 Gm. (0.1 mole) of pyridine in 300
ml. of dry benzene was added gradually with stirring
at room temperature 9.3 Gm. (0.1 mole) of a-chloro-
acetyl chloride. The resulting mixture was stirred
at room temperature for 2 hours. The benzene was
distilled iz vacuo; the residue was washed with
water and recrystallized from methyl ethyl ketone
and then benzene to give 7 Gm. of product, m.p.
180 to 180.5°.

N - [2-(5- Chlorobenzoxazolyl)]isobutyramide.—
The above procedure was followed using 8.5 Gm.
(0.05 mole) of 2-amino-5-chlorobenzoxazole, 4 Gm.
(0.05 mole) of pyridine, and 5.3 Gm. (0.05 mole) of
isobutyryl chloride. The mixture was refluxed with
stirring for 3 hours. Water (300 ml.) was added to
the mixture and the layers separated. The organic

TABLE V.—PARALYZING AND LETHAL DOSES OF
BENZOXAZOLINONES ON INTRAPERITONEAL
ADMINISTRATION TO MICE

0. -0
€]
N—R:

o

R: R: PDus  LDik®  Index
5-Cld H 86 210 2.4
6-Bre H 237 445 1.9
6-Cl/ H 215 435 2.0
5-Bre H 109 262 2.4
5,7-diBr* H 420 392 0.8
4,5,7-triClf H 61 61 1.0
5-OCH,* H 250 650 2.6
5-Cl-6-Br H 194 222 1.2
5-NH., H 420 420! 2.6
5,6-diCl H 150 263 1.8
5-Cl C.H; 220 505 2.3
5-C1 CH; 800 2000 2.5
5-Cl CH,—CHCH, 160 320 2.0

e Dose in mg./Kg. which causes a loss in righting reflex in
509% of the animals. ® Dose in mg./Kg. which causes death
in 50% of the animals, ¢ Ratio of LD to PDso. Reference
7, 25. © Referepce 26. 1 Referemce 10. ¢ Referemce 20.
A Referemce 21. § Reference 27. i Referemce 22. F No acute
loss of righting reflex. ! Delayed death.

TaBLE VI.—COMPARATIVE LoSs OF RIGHTING
REFLEX AND TOXICITY OF MUSCLE RELAXANTS ON
INTRAPERITONEAL INJECTION TO MICE (28)

PDgue LDs? Index¢
Zoxazolamine 81 376 4.6
Chlorzoxazone 86 210 2.4
Mephenesin 130 471 3.6
Meprobamate 195 710 3.6

@& Dose in mg./Kg. which causes a loss in righting reflex in
50% of the animals. ® Dose in mg./Kg. which causes death
in 50% of the animals. ¢ Ratio of LDiso to PDsu.
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layer was washed with dilute hydrochloric acid and
water. Evaporation of the solvent gave 8 Gm. of
product which was recrystallized from heptane,
m.p. 182-183°.

N - [2-(5- Chlorobenzoxazolyl)]acetamide.—The
procedure for the preparation of the isobutyramide
above was followed using 3.9 Gm. (0.05 mole) of
acetyl chloride. After recrystallization from meth-
anol, 8 Gm. of product, m.p. 220-221°, was ob-
tained.

2,5-Diaminobenzoxazole Hydrochloride.—A sus-
pension of 34 Gm. (0.19 mole) of 2-amino-5-nitro-
benzoxazole in methanol was treated with Pd-C
catalyst and hydrogenated at room temperature.
After the required amount of hydrogen was ab-
sorbed (2 hours), the catalyst was removed by filtra-
tion and the solution diluted with 2 vol. of ether.
Conversion of the resulting solid to the hydrochlo-
ride and subsequent recrystallization from a meth-
anol-ether mixture gave 28 Gm. (799,) of product,
m.p. 300° dec.

3 - (2 - Ethoxycarbonylethyl) - 2 - imino - benz-
oxazoline Hydrobromide.—A mixture of 15 Gm.
(0.11 mole) of 2-aminobenzoxazole, 19 Gm. (0.11
mole) of ethyl 8-bromopropionate, and 50 ml. of dry
toluene was heated on a steam bath for 9 hours.
The toluene was decanted from the semisolid residue.
The latter was triturated with methy! ethyl ketone
and the solid (10 Gm.) removed by filtration. Re-
crystallization from isopropanol gave product
melting at 181 to 181.5°.

Anal—Caled. for C;2H;sBrN:O;: N, 8.9. Found:
N, 8.6.

Pharmacological Results*

The paralyzing action and lethal doses of the
compounds described in this report are summarized
briefly in Tables IV, V, and VI. A more extensive
report of the pharmacological properties of the
compounds will be the subject of another communi-
cation.

Of the various chloro-2-aminobenzoxazoles (Table
1V), positions 5 and 6 provided compounds with
similar activity. In the 2-amino-5-substituted
benzoxazole series, the chloro, fluoro, and methyl
substituted derivatives as well as the unsubstituted
benzoxazole (R = H) were the most active.
Variation of the substituent in the 2-position of 5-
chlorobenzoxazole by groups other than the primary
amino, in general, results in a decrease in activity.
Only the amides possess muscle relaxant activity
comparable to 2-amino-5-chlorobenzoxazole (zoxa-
zolamine). Muscle relaxant.activity also is present
in disubstituted and trisubstituted 2-aminobenzox-
azoles; the activity, however, is less than that
of the corresponding 2-amino-5-chlorobenzoxazole.
Most of the benzoxazolinones that were evaluated
possessed some degree of muscle relaxant activity
(Table V). Several of the compounds listed in
Table V possess muscle relaxant activity comparable
to that of 5-chlorobenzoxazolinone (chlorzoxazone).
Table VI is included for comparative purposes.
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Interactions Between Orange II and Selected

Long Chain Quaternary Ammonium Salts

By GEORGE ZOGRAFI, PRAFUL R. PATEL* and NORMAN D. WEINER

The interactions between the dye, sodium p-(2-hydroxy-1-naphthylazo)benzenesul-
fonate (orange II) and four long chain quaternary ammonium salts—1-hexadecylpyri-
dinium chloride, dodecyl mnohmum%romxde, (2-phenoxyethyl)dodecyldimethyl-
ammonium bromide, and (diisobutylphenoxyethoxyethyl)dimethylbenzylammonium
chloride—have been investigated. The stoichiometry of these interactions has been
determined to be 1:1 at pH values ranging from 0.73 to 12,91, except for the reaction
involving the hexadecylpyridinium ion above pH 12.34, where the stoichiometry of
dye to quaternary ammonium jon is 1:2. The solubility of the various solid com-
pounds has been determined at 25, 30, 35, and 40°. From these data, the thermo-
dynamic functions, AH®, AS°, and AF° have been calculated. Marked solubilization
of these compounds has been observed in the presence of excess common quaternary
ammonium ion at or near the critical micelle concentration of the particular long

chain ion.

IN RECENT YEARS the diverse properties of
surface-active agents have led to an increased
utilization of these substances in pharmaceutical
preparations. Such uses include emulsification,
wetting, solubilization, and disinfection. An
important group of surface-active agents are the
long chain quaternary ammonium compounds
which have been shown to exhibit a high degree
of activity against bacteria and fungi (1).
Because of the positive charge on the quater-
nary nitrogen, these compounds are extremely
incompatible with substances such as soaps and
anionic dyes, generally forming insoluble com-
pounds. In view of this, many studies concerned
with the introduction of quaternary ammonium
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The significance of these results is discussed.

compounds into pharmaceuticals and the sub-
sequent incompatibilities, have been reported
(2-4). Lachman, et al. (5), studied the interac-
tion of 1-hexadecylpyridinium chloride, dodecyl-
dimethyl(2-phenoxyethyl)ammonium bromide,
and benzalkonium chloride with several anionic
certified dyes. It was found that for equal
quantities of the three quaternary ammonium
salts, the amount of any dye which can be added
without producing turbidity increases in the
order: benzalkonium chloride, dodecyldimethyl
(2-phenoxyethyl)ammonium bromide, and hexa-
decylpyridinium chloride. They concluded that
this order of reactivity can be assigned to the
electropositive center and the steric configuration
of the molecule.

It was the purpose of this investigation to gain
more insight into the nature of these interactions
by isolating the compounds formed from each
dye-detergent! combination, measuring their
1 The general term, detergent, is used throughout this paper

to refer to the quaternary ammounium salts; it should not
necessarily be implied that they are useful as detergents.



