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A series of substituted morpholinium quaternary salts was prepared by the reaction of substituted phenacyl

halides with various dialkylaminoalkanols.
cussed.

Numerous workers have reported the formation of
heterocyclic compounds from ethanolamine deriva-
tives., For instance, Hill and Powell® reported a cycli-
zation and dehydration of N-(3,4-dihydroxyphenacyl)-
N-benzoylethanolamine to 2-(3,4-dihydroxyphenyl)-4-
benzoyl-5,6-dihydro-1,4-oxazine. Nlorpholine ring for-
mation from o-(8-hydroxyethylamino)deoxybenzoins
was studied? and the observation was made that
the monoethanolamino compounds either were open
chain or involved a relatively labile ring—chain tautom-
erism, Additional studies in keto-hemiacetal tautom-
erism?® of N-phenacyl-N-substituted ethanolamines
established that compounds of this type exist largely
in the cyclic hemiacetal forms. When N-ethylethanol-
amine was treated with an excess of phenacyl bromide,
the quaternary derivative, 4-ethyl-2-hydroxy-4-
phenacyl-2-phenylmorpholinium bromide, was obtained
in high yield.

In the course of a program of testing compounds for
anticholinesterase activity, Long and Schuelert pre-
pared a series of bisphenacylammonium compounds.
The reaction of a,a’-dichloro-4,4’-bisacetophenone with
dimethylaminoethanol was formulated to give 1.
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Subsequent work?® established that this product existed
as the hemiacetal (2) rather than as the open-chain
compound previously suggested. Although additional
structures of this type were prepared,® the open-chain
formula was consistently employed.
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The chemical and antiviral activities of these compounds are dis-

Since spontaneous ring closure of quaternary an-
monium salts to morpholine derivatives does not ap-
pear to be well defined, we undertook a series of ex-
periments to study the scope of this reaction more
completely. It was found that ring formation followed
the general scheme proposed by Cromwell and Tsou®
(SchemeI),
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Examination of the infrared spectra of the products
provided a convenient method for establishing the
structure, since the carbonyl absorption bonds disap-
peared and strong ether bands appeared in the 9-10-x
region. Additional confirmation was afforded by the
ultraviolet absorption spectra, The maximum shifted
from the 300-310-mg range for the open-chain com-
pounds to a characteristic maximum at 252 my for the
hemiacetals, The compounds thus prepared are listed
inTable I,

The requisite phenacyl halides were generally pre-
pared by bromination of the corresponding ketones
in carbon tetrachloride. In some instances, it was more
convenient to prepare them by acylation of the aromatic
compound with chloroacetyl chloride under normal
Friedel-Crafts reaction conditions.”

The quaternizations were carried out by refluxing
equimolar quantities of reactants in chloroform or
acetone for4 or 5 hr. The produets usually precipitated
as solids which could be separated and purified by
recrystallization from isopropyl aleohol or an alecohol-
ether mixture. Occasionally it was necessary to con-
centrate the solution until an oil or a solid separated.
Decantation and trituration with alcohol or acetone
hastened crystallization.

Formation of the morpholine ring system appeared
to be quite general with the variety of dialkylamino

(7) (a) C. C. Price, Org. Reactions, 8, 1 (1946); (L) R. Simonoff and W. H.
Hartung, J. Am. Pharm. Assoc., Sci. Bd., 35, 306 (1946).
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Tasre IT
In Vivo ANTIVIRAL ACTIVITY (3)
Virus Toxic
dose conen, Conen, /)
X LDso meg/kg/ mg/kg/ protec-
Virus value Route dose dose tion
MHV® &b Ip 10 5.0 0
2.5 0
1.25 20
0.63 35
0.32 0
Herpes* e Ie 10 5.0 0
simplex 2.5 0
encephalitis 1.25 40
0.63 40
0.32 25

o Average of four experiments. ? Stock virus contained 107-¢
LDgo/ml for 14-g mice. ¢ Average of two experiments. ¢ Stock
virus contained 1048 LD;,/ml for 14-g mice.

Compound Testing.—Swiss, albino mice (14-15 g) are treated
subcutaneously with 0.25 ml of each of 5 twofold dilutions of
compound, starting at one-half the toxic concentration. Treat-
ments are given 1 hr before and 1 hr after infection and continued
twice daily for 4 days thereafter. Ten mice are used for each
dose level of compound.

Evaluation of Drug Efficacy.—The compound is considered
effective if, over a 14-day observation period, the per ceut pro-
teetion (per cent survival of the drug-treated groups minus per cent
survival of untreated controls) is greater than 209, at any given
dose level. Duplicate tests are run on compounds found ef-
fective in the initial experiment, to confirm the data.

Experimental Section!?

3,5-Dimethyl-4-hydroxyphenacyl Chloride.—To a cooled,
stirred mixture of 183 g (1.5 moles) of 2,6-dimethylphenol and
220 g (1.5 moles) of AICl; in 800 ml of tetrachloroethane was added
180 g (1.5 moles) of chloroacetyl chloride at such a rate that a
temperature of 0-5° was nmaintained. When the addition was
conmplete, the reaction mixture was stirred at room temperature
for 4 hr and poured into a mixture of 250 mi of HCI and crushed
ice. The organic layer was separated, washed with water, and
dried. The residue remaining after removal of solvent was re-
crystallized twice from isopropyl aleohol to give 121 g (419;) of
white solid, mp 109-110°.
Anal. Caled for C,H,,ClO:: C, 60.46; H, 5.58. Found: C,
60.39; H, 5.53.
Cyclic Quaternary Salts,—The procedures deseribed are typical
for those used to prepare the compounds listed in Table I.

(12) All melting points were taken on a Thomas—Hoover melting point
apparatus. Calibration of the thermometer against standard compounds
showed no need for correction.
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The infrared spectra of these products showed no absorption in
the carbonyl region and strong ether absorption was observed in
the 9-10-u region. A maximum at 252 mu was observed in the
ultraviolet spectrum.
4,4-Dimethylhexahydro-2-hydroxy-2-(p-hydroxyphenyl)-1,4-
oxazepinium Chloride (15b).—A solution of 26.0 g (0.153 mole)
of p-hydroxyphenacyl chioride and 15.7 g (0.153 mole) of N,N-
dimethylamino-1-propanol in 200 ml of acetone was stirred at the
reflux temperature for 4 hr. The reaction mixture was cooled
and the solid was separated by filtration and washed with acetone
to give 36 g of off-white material. Two recrystallizations from a
mixture of ethanol and ether gave 26.1 g (6297 ) of white product,
nip 189-191°.
Anal. Caled for C;3HgCINO,: C, 57.03; H, 7.36; N, 5.12.
Found: C, 57.25; H, 7.66; N, 5.02.
2.Biphenylyl-4,4-dimethylhexahydro-2-hydroxy-1,4-0xazepin-
ium Bromide (15a).—A solution of 55 g (0.2 mole) of p-phenyl-
phenacyl bromide and 21 g (0.2 mole) of N,N-dimethylamino-1-
propanol in 300 ml of CHCI; was stirred at the reflux temperature
for 4 hr. The reaction niixture was cooled and the product was
collected by filtration, washed (CHCl;), and recrystallized twice
from1 a mixture of isopropyl aleohol and benzene to give 53 g
(709%) of white solid, mp 168-170°, after drying in vacuo at 70°
for 24 hr.
Anal. Caled for CiyHoBrNO,: C, 60.32; H, 6.39; N, 3.70.
Found: C, 60.14; H, 6.56; N, 3.76.
2-Hydroxy-2-phenyl-3,4,4-trimethylmorpholinium Bromide
(11)—A solution of 115 g (0.38 niole) of a-bromopropiophenone
and 40 g (0.38 mole) of N,N-dimethylaminoethanol in 150 nmi of
CHCI; was stirred at the reflux temperature for 5 hr.  The yellow
solid was separated by filtration and reerystallized three times
from isopropyl alcohol to give 48 g (429;) of white product, mp
216-218°.
2-Hydroxy-2-(4~hydroxy-3,5-dimethylphenyi)-4,4-dimethyl-
morpholinium Chloride (14).—A solution of 43 g (0.22 mole) of
4-hydroxy-3,5-dimethylphenacyl chioride and 25 g (0.27 mole) of
N,N-dimethylaminoethanol in 150 mi of CHCl; was stirred at the
reflux temperature for 5 hr. The reaction mixture was cooled
and an aniorphous material was collected by filtration. Three
recrystallizations from a mixture of isopropyl alecohol and ether
gave 17 g (269;) of white solid, mp 145-146° dec.
2-Biphenyi-2-hydroxy-4,4’-spirobimorpholinium Bromide (9).
—A solutinn of 33 g (0.2 mole) of p-phenylphenacyl bromide and
26 g (0.2 mole) of N-g-hydroxyethylmorpholine in 500 ml of CHCl,
was stirred at the reflux temperature for 5 hr. The reaction mix-
ture was cooled, and the white product was separated by filtra-
tion and recrystallized twice from methanol to give 22 g (279),
mp 224-226°.
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