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Muscle-paralyzing Compounds Related to Mephenesin

By B. J. Lupwig, W. A, WEsT anD W. E. CURRIE

A series of ring-substituted phenoxy alkanols and alkanediols structurally related to mephenesin (3-o-toloxy-1,2- -propane-

diol) have been synthesized for pharmacological evaluation as muscle-paralyzing agents.

the physical constants of these compounds are described.

Pharmacological investigations of the properties
of mephenesin, 3-0-toloxy-1,2-propanediol, have dis-
closed that this compound possesses both muscle-
paralyzing and anticonvulsant properties.! Com-
pounds of the mephenesin type having predomi-
nantly one or the other of these properties have also
been described.? In a search for drugs that pro-
duce a muscle-paralyzing action more intense and
of longer duration than that exhibited by me-
phenesin, we have prepared and tested a number of
structurally similar ethers of glycerol, propylene
glycol and related alkanols.

Prior to and during the course of this investiga-
tion, there appeared several publications describing
compounds of this general type.! Our study in-
cluded in addition to many of these a number of
compounds not previously disclosed in the chemical
literature. This paper describes the preparation
and physical properties of compounds synthesized
for this study; the pharmacological data showing
the correlation between muscle-paralyzing activity
and chemical structure of these compounds will be
published elsewhere.

In preparing these substituted phenoxyalkanols,
variations were made in the nature and distribu-
tion of substituents in the aromatic nucleus, and
modifications were made in the structure of the
hydroxylated side chain.

The glycerol, propylene glycol and trimethylene
glycol ethers were generally prepared by the con-
densation of the phenol or alcohol with the appropri-
ate halohydrin in the presence of a suitable alkali.
An aqueous or aqueous alcoholic medium was
usually employed although most of the condensa-
tions could be effectively carried out in anhydrous
alcohol using the corresponding sodium alkylate
as the acid acceptor. Some of the ethers were
prepared by the alkali-catalyzed condensation of
the phenol and the appropriate epoxide, but this
method of preparation was less satisfactory.

Fairbourne, et al.,* have presented evidence that
reactions carried out with glycerol a-monochloro-
hydrin in alkaline medium involve the intermediate
formation of glycidol which further reacts with
phenols to form a-aryl ethers exclusively. Pre-
sumably, propylene chlorohydrin under similar

(1) F. M, Berger and W. Bradley, Brit. J. Pharmacol., 1, 265
(1946).

(2) F. M. Berger, Arch. intern. pharmacodynamie, 85, 474 (1951);
F. M. Berger and B. J. Ludwig, J. Pharmacol. Exptl. Therap., 100, 27
(1950).

(3) F. M. Berger, tbid., 98, 470 (1948); W. A. Lott, Trans. N. Y.
Acad. Sci., [2] 11, 1 (1948); C. H. Hine, H. E. Christensen, F. J. Mur-
phy and H. Davis, J. Pharmacol. Expll. Therap., 97, 414 (1949);
A. F. Lindenstruth, J. H. Fellman and C. A, VanderWerf, THIS JOUR-
NaL, 72, 1886 (1950); H. L. Vale, E. J. Pribyl, W, Braker, F. H. Ber-
geim and W, A. Lott, #bid., T2, 3710 (1950); R. I. Meltzer and J.
Doczi, thid., T3, 4986 (1950); J. P. Lambooy, ibid., 78, 349 (1951),

(4) A. Fairbourne, C. P, Gibson and D. W, Stephens, J. Soc. Chem,
Ind., 49, 1021 (1930); J. Chem. Soc., 445 (1931); 1965 (1932),

The methods of preparation and

conditions through the intermediate formation of
propylene oxide would also yield in an analogous
manner only a-ethers. Thisis substantiated by the
findings of Sexton and Britton® who have shown
that the reaction of phenols with propylene oxide in
the presence of an alkaline catalyst leads to the
formation of a secondary rather than a primary
alcohol, and other investigators® who have ob-
tained the secondary alcohol almost exclusively
from the alkali-catalyzed reaction of propylene
oxide and a variety of aliphatic alcohols.

Additional confirmation that the product ob-
tained from propylene chlorohydrin is the 2-prop-
anol rather than the 1-propanol isomer was afforded
by obtaining one of the phenoxypropanols both by
reduction of the corresponding ketone and by the
usual condensation. 4-Chloro-3,5-dimethylphen-
oxyacetone on reduction with lithium aluminum
hydride gave a product identical in every respect
to that obtained by direct condensation of 4-chloro-
3,5-xylenol with propylene chlorohydrin in alkaline
medium.

On the basis of this evidence and the results of
previous workers in this field, the assignment of the
secondary alcohol (primary ether) structure to the
glycerol and propylene glycol ethers appears justi-
fied.

Most of the ethers were obtained as readily
distillable liquids, some of which solidified upon
standing and could be purified by recrystallization.
In general, the substituted 3-phenoxy-1,2-pro-
panediols were isolated as white crystalline solids,
while most of the corresponding monohydric com-
pounds were obtained as high boiling liquids.
Some of the liquid ethers were not analytically pure
even after repeated fractional distillation. 3-(2,6-
Dimethoxyphenoxy)-1,2-propanediol (VIII) which
was obtained as a viscous oil after repeated frac-
tional distillation, was prepared in a pure crys-
talline state by converting it to its dioxolane,
purifying this derivative by fractional distillation
and regenerating the diol by acid hydrolysis.

Highly branched ortho-substituted phenols gave
low yields of phenolic ethers when the condensation
was conducted by the usual procedures. 4,6-Di-
t-butyl-o-cresol condensed with glycerol a-mono-
chlorohydrin only to a limited degree under the
most favorable reaction conditions. Consequently,
the desired glycerol ether (VI) was prepared by
oxidation of the corresponding altyl ether (XLIV),
which was obtained in good yield by the reaction
of allyl bromide with the sodium phenolate in
anhydrous alcoholic medium.

Certain of the halogenated phenols gave unusu-

(5) A. R. Sexton and E. C. Britton, Tris Jour~aL, 70, 3606
(1948).

(6) D. Swern, G, N, Billen and H. B. Knight, ¢bid., 71, 1152 (1949);
W. Reeve and A. Sadle, sbid., 72, 1251 (1950).
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chlorophenol was prepared from #n-butyl-p-hydroxybenzoate
according to a previously described method.!?
2,6-Dichloro-p-a-cumylphenol.—A mixture of 106 g.
(0.5 mole) of p-a~cumylphenol and 203 g. (1.5 mole) of sul-
furyl chloride was warmed on a steam-bath until the evolu-
tion of gas ceased. The excess sulfury! chloride was re-

(7) C. D. Hurd and P, Perletz, THIS JOURNAL, 68, 38 (1946).

(8) In naming this compound, the assumption is made that only
the primary hydroxyl group isinvolved in the reaction. The high yield
and relative homogeneity of the product indicate that it consists of a
single isomer. Without further proof however, the exact designation of
the compound as the l-acetoxy- or 2-acetoxy-derivative cannot be
made.

(9) All temperatures reported are uncorrected. Microanalyses were
performed by Schwarzkopf Microanalytical Laboratory, Middle
Village, Long Island, N. Y.

(10) We are indebted to Koppers Co., Inc,, and Dow Chemical Co.

propanol

1-0-Toloxy-2,5-dimethyl-2-hexanol
@ Yields are based on material of reasonable purity and do not take into account the recovery of starting materials.

indicate crystallization solvent:

B8 ¥ IRL 838 VU B8gs8. CL20.00. Found: Cl,20.15. ¢ Caled.: C1,17.68. Found:
b~ ’ ’ ’
COST R o Zhe 222 - eERST Q1793 YCaled: CL13.52. Found: CL1348. *Caled,:
- ~ gm g'§8 8}, 30.21. Féu{ucii: C(1:, 30.24. ‘Calcd.:CCl, 30.21. Found:
=TI ,30.06. ™ Caled.: C1,20.91., Found: Cl1,20.34. *Calcd.:
o~ 0 MW o oo Se 8.2 Br, 43.71. Found: Br,43.63. ¢ Caled.: Cl1,30.21. Found:
RRES © mow don Nog °‘;’§<s C1120.09. »Caled.: Cl,24.40. Found: CI,23.90. 1 Caled..
Fhge @ S8e mos g g %,,_gg Cl, 17.68. Found: CI, 17.21.
e BN
28Sz2 & ¥x® gS§ =9 "égﬁfga‘ ?.Hy low yields of the desired phenolic ethers and
C e T e LT TN S 285 9 in some cases crystallization of the product to a
LRPD 2 IR I ¥e FE= 5. . . .
COXe * O Be o 98,8  constant melting point and a satisfactory halogen
Ot - o o oo o iﬁ S‘i 3 content was accomplished only with difficulty.
BS3B & =88 88% 38 5, =E£™ This behavior indicated that dehalogenation of the
BE8R8Z T TRE TRE BRF_ 8=y phenol wasprobably taking place under the alkaline
8 55 & conditions employed in the reaction.
e e CEET-h With the exception of 3-(B-phenylethoxy)-1,2-
.. Q028G 00 ., .. 82 2»0 propanediol (I) and 3-(2,6-dimethoxyphenoxy)-
QRRARLILICILLRLY LI 8y85:  L,2-propanediol (VIII) which possess abnormally
e riesiiecifor PRl clc- -l iyl s Y £.SF high water solubilities, these compounds are rela-
SOSISIIISSSSSS S TESES  tively insoluble in water.
505 Be The substituted phenoxyalkyl butanols and
. ;’,.gg §m. hexanols were prepared by the reaction of the sub-
g 23 2 : < BT g stituted phenoxyacetone with the appropriate
3’ % $ $ I E—"-g § & Grignard reagent. The phenoxyacetones were
X 22 3 N §—g'§f prepared in good yield using the iodide-catalyzed
A g potassium carbonate condensation of chloroacetone
cL~ o —_ oS © ag §,'_.’ and the substituted phenol as described by Hurd
§§§ %%E ggé\,:ug: §§ =S E&-  and Perletz.”
T e TERR nn it RRE 1-Acetoxy-3-(2,6-xylyloxy)-2-propanol  (XLII)?®
- g=< 5 was prepared by the ferric chloride catalyzed addi-
o £ _‘5:“’ tion of glacial acetic acid to 1-(2,6-xylyloxy)-2,3-
2T rms e Sees T Bz2%s  epoxypropane. Succinoylation of 1-o-toloxy-2-pro-
§ £, panol was accomplished by direct heating of the
©83 . propanol with an equivalent amount of succinic
P2 : g %m‘i anhydride at 125-130° for 30 minutes. Direct
el N THa RS R 28 £L582 heating of the reactants in the absence of catalyst
T I P E 4 E - E T T b N j; S9gE or solvent produced the desired half ester of suc-
8§58 ' 8¥88 3834 RE©P9gE cinic acid (LV) in crystalline form. 2-n-Amyl-2-
—— — — —_ % — L) 50 . Y
.85 methyl-4-o-toloxymethyl-1,3-dioxolane (LI) was
w8 X .
S TORITIORNSRER 0 YR prepared by the acid-catalyzed condensation of
PIEEATIIRIIROTH =B 5 EE:\ mephenesin with methyl z-amyl ketone in refluxing
-573?9 toluene with continuous removal of the water
C B M NO D, o HMieteo o b g5 b formed.
PR ,
=g g~ Experimental®
2984
SE&8%  Preparation of Substituted Phenols.—The phenols ob-
4 g . tained from commercial sources were used without further
9o '-g purification.’ The methods of preparation of those not
8 3 g readily available are listed below.
SEE™ 2,3-Xylenol and 2,4-xylenol were obtained by diazotiza-
88 : tion of the corresponding xylidines following the procedure
S« © @ described for the preparation of m-nitrophenol.!t 2,6-Di-
[ =}
Bl ]
T
e
_g =
Bk
o £
8 3
£
el
=}
g
=R
g
8
3
=
N

2-Methyl-1-(4-chloro-3,5-dimethylphenoxy)-2-butanol 7

2-Methyl-1-(2,6-xylyloxy)-2-butanol
Succinic acid mono-(1-methyl-2-0-toloxyethyl) ester

2-n-Amyl-2-methyl-4-0-toloxymethyl-1,3-dioxolane
3-0-Toloxy-1-(2,2-diethyl-3-hydroxypropoxy)-2-

1-(2,6-Dichlorophenoxy )-2,5-dimethyl-2-hexanol
4-Chloro-3,5-dimethylphenoxyacetone
3-(6-Chloro-2-methylphenoxy)-1-propanol

3-(4,6-Di-t-butyl-2-methylphenoxy)-1-propene
1,3-Bis-(2,6-xylyloxy )-2-propanol

Substituted phenoxy alkanols and related compounds
3-(4-Carbo-n-butoxyphenoxy )-1-propanol
3-(4-Chloro-3,5-dimethylphenoxy)-1-propanol
3-(2,6-Dichloro-4-methylphenoxy)-1-propanol
2,6-Dichlorophenoxyacetone

1-Acetoxy-3-(2,6-xylyloxy)-2-propanol
The preparation and physical constants were not described however.

pound is described in the Experimental section.

- for samples of several of the phenols. .
= % (11) R, H. F. Manske, “Organic Syntheses,’”’ Coll. Vol. I, John Wiley
— = > 5D E 4 —_ %, and Sons, Inc., New York, N. Y., 1941, p. 404.
I333003388 Lz==2Esg & 3 (12) D. 8. Tarbell, J. W. Wilson and Paul E. Fanta, Org. Synlheses,
KKK KKEXEK 3338082 n = 29,35 (1949).
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moved and the residue distilled under diminished pressure,
b.p. 133-187° (0.4 mm.). Recrystallization of the solidi-
fied distillate gave 105 g. (75%) of product, m.p. 69-70°.
Anal. Caled. for C;3HiOCl: Cl, 25.25. Found: Cl,
25.26.

4-Chloro-2,6-xylenol, 2,6-dichloro-p-cresol, 4,6-dichloro-
o-cresol and 3,4-dichloro-2,6-xylenol were obtained by chlo-
rination of the appropriate cresol or xylenol with sulfuryl
chloride essentially as described for the preparation of 2,6-
dichloro-p-a-cumylphenol. It was necessary to add the
sulfuryl chloride slowly to the cooled o-cresol because of the
vigor of the reaction.

Preparation of Phenolic Ethers.—The general procedures
employed in the preparation of the ethers described in Table
I are given below. Those compounds which required special
methods of preparation are described individually.

Procedure 1.—The phenol and 109, excess sodium hy-
droxide in 209, aqueous solution were stirred and refluxed
to effect solution, then treated dropwise with an equimolar
quantity of halohydrin over a period of 15 minutes. After
refluxing and stirring for an additional three hours, the mix-
ture was cooled and extracted with ether. The ether ex-
tracts were freed from unreacted phenol by washing with 5,
sodium hydroxide solution, then washed with saturated so-
dium chloride solution, dried, and concentrated. The resi-
due was either recrystallized to a constant melting point or
purified by fractional distillation under reduced pressure.

Procedure 2.—To a stirred and refluxing solution of the
phenol and 109, excess sodium hydroxide (209 aqueous
solution), there was added an equivalent quantity of halo-
hydrin over a period of 15 minutes. Refluxing and stirring
were continued for three hours with the occasional addition of
sufficient ethyl alcohol to maintain a homogeneous solution.
The ethanol was removed by distillation and the aqueous
residue treated as in Procedure 1.

Procedure 3.—Molar quantities of the appropriate phenol
and epoxy compound and 0.4 g. of potassium hydroxide in 4
ml. of water were allowed to stand for ten days at room tem-
perature. The mixture wasshaken with ether and the ethe-
real solution treated as in Procedure 1.

Procedure 4.-—The halohydrin was introduced dropwise
into a stirred, refluxing solution of an equimolar quantity of
phenol and 109, excess sodium hydroxide in dioxane (ratio
of sodium hydroxide to dioxane, 1:5). Refluxing and stir-
ring were continued an additional three hours. The mix-
ture was cooled, diluted with ether, filtered and the ether and
dioxane removed by distillation. The residue was redis-
solved in ether and treated as in Procedure 1.

Procedure 5.—To a stirred and refluxing solution of the
phenol and 109 excess sodium ethylate in absolute ethanol
there was added an equivalent quantity of halohydrin over
4 period of 20 minutes. The mixture was refluxed and
stirred for an additional six hours, cooled, filtered and the
filtrate concentrated. The residue, following the addition
of water, was extracted with ether and the ethereal extracts
treated as in Procedure 1.

Procedure 6.—The aryloxyacetones were prepared ac-
cording to the procedure of Hurd and Perletz.” These com-~
pounds were further purified by converting them to their
solid bisulfite derivatives. The regenerated ketones, ob-
tained by acid hydrolysis of the bisulfite compounds, were
separated and fractionally distilled in the usual manner.

Procedure 7.—The Grignard reagent prepared from 0.5
mole of the appropriate halide and 12.0 g. (0.5 gram atom)
of magnesium turnings in 350 ml. of anhydrous ether was in-
troduced with stirring into a solution of 0.25 mole of the aryl-
oxyacetone in 350 m!l. of anhydrous ether maintained at 0-10°.
The mixture was refluxed for one hour, cooled, poured onto
a mixture of dilute hydrochloric acid and ice, and the ether
layer separated. The aqueous layer was shaken with three
100-ml. portious of ether, the combined ether extracts washed
first with saturated sodium chloride solution, and then with
saturated sodium bicarbonate solution. The ether solu-
tion was dried, concentrated, and the residue fractionally
distilled under diminished pressure.

1-(4-Chloro-3,5-dimethylphenoxy)-2-propanol (XXXVI)
was prepared in 859% yield by condensation of 4-chloro-3,5-
xylenol with propylene chlorchydrin according to Procedure
1. This compound was also obtained in 809, yield by the
lithium aluminum hydride reduction of 4-chloro-3,5-di-
methylphenoxyacetone (XLIX). Both products melted at
61-62° and their mixture gave no depression in melting
pont.
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3-(2,6-Dimethoxyphenoxy)-1,2-propanediol (VIII).—This
compound, prepared according to the procedure given by
Meltzer and Doczi,® was obtained as a high boiling liquid
which could not be further purified by fractional distillation.
Since most aryl glycerol ethers in sufficiently pure form are
crystalline solids, this liquid product was more rigidly puri-
fied in an attempt to isolate it as a solid compound.

A solution of 10 g. of liquid 3~(2,6-dimethoxyphenoxy)-
1,2-propanediol, 33 g. of acetone, 35 g. of chloroform and
0.1 g. of p-toluenesulfonic acid was refluxed for 30 minutes,
then slowly distilled. The high boiling residue was taken
up in 30 ml. of ether, washed with 30 ml. of 2% aqueous
sodium hydroxide followed by 30 ml. of water, dried over
magnesium sulfate, and concentrated. Careful fractiona-
tion gave 6.0 g. (56%) of 2,2-dimethyl-4-(2 6-dimethoxy-
phenoxymethyl)-1,3-dioxolane, b.p. 132.5-136° (0.8 mm.).

Hydrolysis of this dioxolane derivative was accomplished
by refluxing 6.0 g. of the compound with 10 ml. of water and
0.5 ml. of concentrated hydrochloric acid for 15 minutes.
Upon removal of low boiling material under reduced pres-
sure, the residue solidified. Recrystallization from ben-
zene~petroleum ether gave 4.0 g. (789%,) of solid product,
m.p. 52-563.5°.

3-(4,6-Di-t-butyl-2-methylphenoxy)-1-propene (XLIV).—
To a solution of 44.0 g. (0.2 mole) of 4,6-di-t-butyl-2-methyl-
phenol in 200 ml. of absolute ethanol, there was added 11.9
g. (0.22 mole) of sodium methoxide (989, purity). The
solution was refluxed with stirring for one hour, 24.2 g. (0.2
mole) of allyl bromide was added over a period of 30 minutes,
and refluxing continued for two hours. The alcohol was
removed by distillation and the residue shaken with 200
ml. of ether and 100 ml. of water. The ether solution, after
drying over magnesium sulfate, was concentrated and the
residual oil fractionated to give 41.1 g. (799%) of product,
b.p. 80.0-81.0° (0.2 mm.), #%¥p 1.5017.

3-(4,6-Di-i-butyl-2-methylphenoxy)-1,2-propanediol (VI).
—To a vigorously stirred solution of 26.0 g. (0.1 mole) of
3-(4,8-di-t-butyl-2-methylphenoxy)-1-propene (XLIV) dis-
solved in 2 1. of acetone, there was added over a period of six
hours a 19, aqueous solution containing 31.6 g. (0.2 mole) of
potassium permanganate, the temperature being maintained
at 0-5° during the addition. The manganese dioxide was
removed by filtration, and the acetone distilled from the
filtrate. The residue was extracted with ether, the ether
layer washed with a saturated solution of sodium chloride
and the ether removed by distillation. Fractionation of the
residue led to the recovery of 12.0 g. of unchanged allyl ether
and 2.5 g. of product, an orange viscous oil, b.p. 146-148°
(0.3 mm.), which solidified on standing. On recrystalliza-
tion from carbon tetrachloride, a white, crystalline solid,
m.p. 109-110°, was obtained.

1,3-Bis-(2,6-xylyloxy)-2-propanol (L).—This compound
was obtained together with 1-(2,6-xylyloxy)-2,3-epoxypro-
pane from the condensation of 2,6-xylenol and 1-chloro-2,3-
epoxypropane. A solution of 61.0 g. (0.5 mole) of 2,6~
xylenol, 46.3 g. (0.5 mole) of 1-chloro-2,3-epoxypropane and
25 ml. of dioxane was refluxed for 15 minutes. With vigor-
ous stirring, there was added over a period of 30 minutes 24.0
g. (0.6 mole) of sodium hydroxide in 80 ml. of water and
refluxing was continued for two hours. The mixture was
cooled, the organic material taken up in 200 ml. of ether and
the ether layer washed with 100 ml. of a saturated agueous
sodium chloride solution. After drying over sodium car-
bonate, the solution was concentrated and the residue frac-
tionated under reduced pressure. A yield of 34 g. (38%,) of
the glycidyl ether, b.p. 77-79° (0.3 mm.), #?p 1.5158, was
obtained as a colorless oil. Further distillation of the higher
boiling residue gave a considerable yield of 1,3-bis-(2,6-
xylyloxy)-2-propanol, b.p. 155-165° (0.8 mm.), which
solidified in the receiver and on recrystallization from agueous
alcohol gave 31 g. (20%) of pure product, m.p. 81-82°.

1-Acetoxy-3-(2,6-xylyloxy)-2-propanol (XLII).®—A mix-
ture of 29.0 g. (0.16 mole) of 1-(2,6-xylyloxy)-2,3-epoxy-
propane, 10.8 g. (0.18 mole) of glacial acetic acid and 0.1 g.
of ferric chloride was heated at 130° for 30 minutes, then at
190° for 20 minutes. A yield of 31.5 g. (81%) of product,
b.p. 128-131° (0.5 mm.), was obtained on distillation of the
reaction mixture.

Succinic Acid Mono-(1-methyl-2-o-toloxyethyl) Ester
(LV).—A mixture of 24.9 (0.15 mole) of 1-o-toloxy-2-pro-
panol and 15.0 g. (0.15 mole) of succinic anhydride was
warmed slowly to 125°. The source of heat was then re-
moved while the temperature rose spontaneously to 210°
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and after the reaction subsided, a temperature of 125° was
maintained for one hour. The viscous yellow solution
solidified on cooling. On recrystallization from a 509%
aqueous alcohol solution, the product was obtained in pure
form, m.p. 64-65°.
2-n-Amyl-2-methyl-4-o-toloxymethyl-1,3-dioxolane (LI).
—A mixture of 91.0 g. (0.5 mole) of 3-o-toloxy-1,2-propane-
diol, 57.0 g. (0.5 mole) of methyl n-amyl ketone, 1.0 g. of -
toluenesulfonic acid and 300 ml. of toluene was refluxed in a
flask fitted with a water-separating reflux condenser. After
refluxing for five hours (989, of the theoretical amount of
water was collected in the first two hours) the reaction mix-
ture was cooled and extracted twice with 100 ml. of 5%,
sodium carbonate solution followed with 100 ml. of water.
The toluene was distilled at reduced pressure and the resi-
due grielded 119 g. (86%) of product, b.p. 164~165° (4.0
mm.).
3-0-Toloxy-1-(2,2-diethyl-3-hydroxypropoxy)-2-propanol
(LVI). 3-Chloro-1-(2,2-diethyl-3-hydroxypropoxy)-2-pro-
panol.—To a stirred mixture of 92.5 g. (1.0 mole) of 1-
chloro-2,3-epoxypropane and 264 g. (2.0 mole) of 2,2-di-
ethyl-1,3-propanediol heated to 40°, was added 4.3 ml. of
concentrated sulfuric acid over a period of half an hour.
When the reaction commenced it was necessary to cool the
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mixture in order to maintain the temperature at 40-50°.
The mixture was kept at 100° for five hours after the spon-
taneous reaction had ceased. The sulfuric acid was neu-
tralized with sodium carbonate and the product distilled
directly from the reaction mixture. A forerun of 150 g. of
the original diol, b.p. 91-93° (1.0 mm.), and 110 g. (49%)
of product, b.p. 112-115° (0.1 mm.), were obtained. A4unal.
Caled. for CioHz0:Cl: C, 53.25; H, 9.36. Found: C,
53.50; H, 9.08.

A solution of 10.8 g. (0.1 mole) of o-cresol, 4.4 g. (0.11
mole) of sodium hydroxide and 50 ml. of water was refluxed
for ten minutes. A solution of 22.5 g. (0.1 mole) of 3-
chloro-1-(2,2-diethyl-3-hydroxypropoxy)-2-propanocl in 30
ml. of ethanol was introduced to the stirred solution over a
period of half an hour, and refluxing continued for four
hours. After removal of the alcohol by distillation, the oil
was taken up in 100 ml. of ether, washed with 40 ml. of a
saturated sodium chloride solution, concentrated and the
residue distilled, collecting the fraction, b.p. 145-158° (0.1
mm.). Refractionation gave 20.0 g. (73%) of 3-o-toloxy-
(1-(2,2-die)thy1—3-hydroxypropoxy)-2-propanol, b.p. 153-155°
0.1 mm.).
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Preparation and Polymerization of Unsaturated Quaternary Ammonium Compounds.

III.

Vinyloxyethyl Derivatives!?

By GEORGE B. BUTLER AND ROBERT L. GOETTE

Several new tertiary amines and unsaturated quaternary amtmonium bromides containing the B-vinyloxyethyl group
have been prepared and characterized. The unsaturated quaternary ammonium salts were polymerized under the influence
of t-butyl hydroperoxide to yield water soluble polymers from those compounds containing only two unsaturated groups in
addition to the g-vinyloxyethyl group, and water insoluble polymers from those compounds containing three unsaturated
groups in addition to the g-vinyloxyethyl group. The water insoluble polymers were found to undergo ion exchange reac-

tions.

These polymers had a high coefficient of swelling and ion-exchange capacity equal to 88.89 of the theoretical. It

was found that the g-vinyloxyethyl group did not enter into the polymerizations under the conditions used.

Polymerization of unsaturated quaternary am-
monium compounds has been found® to produce
water insoluble polymers suitable for strongly basic
ion exchange resins. However, because of the low
tensile strength and brittleness of these materials,
apparently due to a low degree of polymerization,
an effort to improve these properties seemed
important. Polymerization studies of unsaturated
quaternary ammonium salts containing halogen-
ated allyl derivatives? resulted in the formation of
improved capacities, apparently as the result of a
higher coefficient of swelling, but no improvement
in physical properties.

It has been shown by a number of workers®®
that vinyl ethers can be polymerized by a cationic
mechanism to give polymers of high molecular
weight. It has also been shown’ that vinyl ethers
of unsaturated alcohols such as allyl alcohol can be
made to undergo a two-stage polymerization in

(1) An abstract of a thesis presented by Robert L. Goette to the
Graduate School of the University of Florida in partial fulfillment of
the requirements for the degree of Master of Science.

(2) This material was presented before the Meeting-in-Miniature,
Florida Section, American Chemical Society, Orlando, Florida, May,
1951,

(3) G. B, Butler and R. L. Bunch, THIs JoUurNaL, T1, 3120 (1949).

(4) G. B. Butler and Francis L. Ingley, $bid., 73, 835 (1951).

(5) 1. G. Farbenindustrie, A. G., French Patent 734,129 (March 24,
1932).

(6)) I. G. Farbenindustrie, A, G., British Patent 443,978 (March 11,
1936).

(7) G. B. Butler and J. L. Nash, Jr.,, THIs JOURNAL, T3, 2538
(1931).

which the ether is converted to an unsaturated
linear polymer through the vinyl groups by a
cationic mechanism and this polymer cross-linked
through the unsaturated linkages by a free radical
catalyzed mechanism. Also, in this work, cross-
linked polymers were obtained by a free radical
catalyzed polymerization of ethylene glycol vinyt
allyl ether, indicating that the vinyloxy group
undergoes copolymerization with the allyl group.
Many other examples of copolymerization of vinyl-
oxy groups may be cited. It has been shown®
that 2-alkoxy-1,3-butadienes, compounds which
are both vinyl and allyl ethers, undergo polymeriza-
tion as the result of peroxide catalysis, as well as
by light, heat and other -catalysts. Divinyl
ether®1® has been used as a cross-lia.king agent for
vinyl acetate and methyl methacrylate. Vinyl
chloride copolymerizes with the trivinyl ether of
glycerol'! in ratios of 0.1-109, in presence of
benzoyl peroxide catalyst to produce a brittle
copolymer decomposing from 174-200° depending
on the amount of cross-linking agent used. Vinyl
ethers have been copolymerized with maleic an-
hydride and related compounds in presence of per-

(8) H. B. Dykstra, ibid., 87, 2255 (1935).

(9) R.G. W. Norrish and E. F. Brookman, Proc. Roy. Soc. (London),
A168, 205 (1937).

(10) K. G. Blaikie and R. N. Crozier, Ind. Eng. Chem., 38, 1155
(1936).

(11) I. P. Losev and S. M. Zhivukhin, Trudy Konferensiii Vysoko
molekulyar. Soedinensyam, Aked. Nauk S. S. S, R., Otdel. Khim. Naoukt,
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