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GEITERAL IITTCOUCTICN

The ultimate objective in this research was
to determine quantitatively the individual amounts of
primary and secondary alcohol groups in an alkali solu-
ble, commercial hydroxyethyl ether of cellulose. The
methods proposed for this study had previously been
perfected on various other derivatives of cellulose,
starch and sugars (1, 2, 3, 4). These methods depended
on the fact that the p-toluene sulfanyl (tosyl) esters
of primary, as opposed to secondary, alcohols gave guan-
titative yields of alkyl iodide when treated with sodium
iodide in a ketone solvent. However, it vas considered
advisable first to apply the saome techniques to simpler
compounds which possessed a structural similarity to the
hydroxyethyl ethers of cellulose. Part I 1is accordingly
concerned with the monoethyl ethers of the first three
members of the polyethylene glycol series, These com-
pounds may be represented by the general molecular formula
CeHg (OCH2CHg ) xOH in which x is equal to one, two and three
respectively. The analogy to the hydroxyethyl ethers of
cellulose is established by replacing the ethyl group by

the glucose unit of the cellulose macromolecule.

In the course of the investigation, tosyl esters
were prepared from ethanol, B-ethoxyethanol (Cellosolve),

2-(p-ethoxyethoxy) ethanol-l (Carbitol) and from the trimer,
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2-(Bp-ethoxyethoxyethoxy) ethanol-l, CgHs(OCHgCHg) s0H.
Physical properties and analyses were noted for the
individuals which had not previously been characterized
in a pure state. The p-toluene sulfonate esters were
then converted into the corresponding iodine derivatives
and these iodo- compounds were also purified and charac-
terized in cases where thisrhad not been previously done,.
A study was made of the relative ease of hydrolysis in .
aqueous methanol, and of ifiodination with sodium iodide in
acetonyl:.acetone, shown by the four tosyl derivatives.
The anomalous results they gave in the standard alkoxyl
determination was investigated but the linvestigation was

stopped when the question was settled in a recent publica-

tion (5).

The great tendency of the purified monoethyl
ethers of ethylene and diethylene glycol to form peroxides
was noted, and the inherent thermal instability of the two
higher tosyl esters was carefully studied. This unexpected
reaction liberated high ylelds of 1l,4-dloxane from the p-
toluene sulfonate esters of the monoethyl ethers of diethyl-
ene and triethylene glycol. Such new experimental evidence,
together with indications already present in the literature,

justified a new conception of some of the reactions of the

polyethylene glycols.
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The work on hydroxyethyl celluloses des-
cribed in Part IT of this thesis proceeded with the
knowledge that special care had to be taken to guard
against errors caused by peroxide formation, by the
thermal instability of the tosylated derivatives, and
by dependence on the standard alkoxyl estipationl The
tosylation-iodination and tosylation-chlorination re-
actions were used to determine the apparent ratio of
primary to secondary alcohol groups in an alkali-soluble
hydroxyethyl cellulose. Complications, however, arose
owing to the formation of chlorinated by-products and the
unexpected eiimination of a part of the hydroxyethyl units
during tosylation with p-to}uenesulronyl chloride dissolved
in pyridine, Th;se compliZAtions made the interpretation
of the data indecisive,



PART I
SYNETHETICAL STUDIES IN "HE POLYETHYLENE
GLYCOL MONOETHYL ETHER SERIES
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HISTORICAL INTRODUCTION

The three members of the polyethylene glycol
series and their derivatives investigated in this re-
search all contain the repeating unit (-CHgCHgO-), and
in this respect may be considered to be derivatives of
ethylene oxide, In fact, the polyethylene glycols have
been prepared starting with ethylene oxide as a raw
material (6, 7, 8); a method of synthesis was discovered
as early as 1859, by Wurtz (9), who heated ethylene oxide
with ethylene glycol or water for several weeks. The
hydroxyethyl ethers of cellulose are produced commerically
by the action of ethylene oxide on alkali cellulose and,
at least in certain cases, these derivatives must contain
pélyethylene glycol chains (5). In order to understand
the chemistry of the simple compouhds and the cellulose
derivatives; it is necessary first to consider the mechanism
of the polymerization or condensation of ethyleme oxide,
secondly to review what was known concerning the physical

state of the polymer molecules, and finally to survey their

chemistry.

Two general theories are available for the forma-
tion of long chain polymer molecules, the Free Radical
Theory, the chief proponent of which was H. Staudinger (10),
;nd the Stepwise Addition Theory, due to Whitby (11).

Staudinger's mechanism consisted of three steps: one, the
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activation of the monomer unit to give free radicals

(this being the slow rate-determining step); two, pro-
pPagation by the addition of free radicals to one another
inm%ﬁseries of chain reactions; three, termination by the
addition of some HX type of molecule to the free radical
intermediate, thereby causing its inactivation-saturation.
Whitby's Stepwise Addition Theory consisted simply of the
activation of a polymer monomer in the presence of a cata-
lyst; the activated molecule rapidly added another monomer
molecule with the migration of a hydrogen atom. This
dimer then was capable of becoming activated and reactive
and the process could be continually repeated., Staudinger
proposed two polymerization mechanisms for ethylene oxide;
on the one hand, all the short chains up to ten or twelve
units were formed by the Stepwise Addition Theory, while,
on the other hand, all the long chain polymer molecules

were supposed to have been formed by his Free Radical

Theory.

In 1933, Hibbert and Perry (12) proposed the
Stepwise Addition Theory mechanism to account for the forma-
tion of both high and low polymers of ethylene oxide. This

mechanism was as follows:

CHg alkaline CHg-OH CHg-OH

CHg
&H.;p + HX — | + &H‘;Q-a-l
8 catalyst CHg-OH 9 CHg-0-CHzCHg~0H
(where X = OH)

+

HO (OCHgCHg ) xOH
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Perry and Hibbert (13, 1k) using synthetic methods
whereby individual members of the polyethylene glycol
series could be obtained in a pure state, prepared
analytical samples of the series containing two, three,
four, five, six and eighteen ethylene oxide units.

Having these derivatives, they conclusively proved that
their particular stepwise addition mechanism for the poly-
merization was valid and that each new member of the
series was capable of actingxas an intermediate fo; fur-

ther chain growth.

The investigators of the Hibbert school, having
developed the means for preparing and purifying the poly-
ethylene glycols (13, 15, 16, 17), found themselves in
possession of a series of known campounds HO(GHgCHgO)H
in which x was varied from one to one hundred and eighty-
six. Another group of workers then proceeded to study
the molecular weights, freezing points molar refractions
(16, 17, 18), surface tension constants (19, 23), vapor
pressure (20), and viscosity characteristics (21, 22) of
these polymers. Various anomalies were encountered in
these studles and attempts were made to account for them,
In general, the conclusion reached was that the polyethyl-
ene glycols existed as zig-zag molecules which apparently
were highly eeonvoluted in solution. There also appeared
to be Qﬁite>noticeable intermodecular forces operating



-7 -

between the molecules in the undiluted state. The
second member of the series, diethylene glycol, was in
several cases distinguished from the other homologs by
an apparent ability to assume a structure similar to
that of 1,4 dioxane, perhaps because of some sort of

intramolecular force,

In keeping with their dual nature as ethers
and alcohols, the polyethylene glycols and some of their
derivatives are excellent solvents and plasticizers (24,
25). It is a well known fact that the ether oxygen-
carbon bond is very stable and unreactive under normal
conditions and that the ethers as a group undergo rela-
tively few reactions. One common reaction that they do
undergo, with which this research is concerned, is with
constant boiling hydriodic acid. Normally this reaction

could be expressed as follows:

R-0-R + HI 120° » R-0-H + RIT,

R-0-H + HI —» RI + HOH,

end it has long been the basis for the quantitative esti-
mation of those alkoxyl groups which yield alkyl halides
of b.p. less than 126° (26, 27). However, in the case

of the polyethylene glycol type this reaction was shown
not to be quantitative (28, 29, 30). Although Lawrie and
others (31) obtained ethyl iodide by a Zeisel analysis of
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hydroxethyl cellulose, they did not report data to
indicate what reproducibility was obtained. Morgan

(5) in a very recent publication clarified the earlier
anomalous results by showing that the following reactions

occur,

ROCHgCH20H + 3 HI — = RI + ICHgCHgI + 2 HgO
JCHoCHeI — CHg = CHg + Ig
ICH:CHgI + HI — CH3CHgI + I

CHg = CHe + HI — CHaCHgI

or, in total,
ROCHgCHgOH + (3+x) HI—=RI + (x) CHsCHgI + (1l-x) CHg=CHg + Ig+2HgO

The total ethyl iodide and ethylene collected and measured
in the case of the polyethylene glycols and their deriva-
tives accounted quantitatively for every alkoxyl and every
(-CHgCHgO=-) group in the molecule, This new quantitative
method by Morgan enabled him to report the average degree
of substitution in hydroxyethyl ethers of cellulose for
the first time with some degree of reliability (5).

The reactions of the primary hydroxyl groups in
the polyethylene glycol series appeared to be normal,
Palomma (32) prepared various monoalkyl ethers of ethylene
glycol by the action of sodium on ethylene glycol followed
2y a coupling reaction with an appropriate alkyl halide.
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The products obtained in a pure state by fractional
distillation could be esterified by an acid anhydride

in pyridine solution, Cretcher and Pittenger (33) made
the monoalkyl derivatives of ethylene glycol by the ac-
tlon of ethylene oxide on an alcohol in the presence of
dissolved sodium and by the condensation of alcoholates
with ethylene chlorohydrin, The yields by the first
method ranged from 26 to 50 percent, and in the latter
case from 25 to 60 percent. Other investigators (34,

35, 36) have since used the general reaction of an alco-
hol and ethylene oxide in the presence of metallic cata-
lysts to‘prepare the monoalkyl ethers of the polyethylene
glycol series. A summary of the physical constants for
some of the monoethyl ethers of the polyethylene glycols
has been recorded (25). Diethers of the type R(OCHgCHg)xOR!'
were obtained, not in very good yields however, by first
making the sodium salt of the monoether R(OCHgCHg)xOH and
then condensing it with an appropriate alkyl halide (37).
Other investigators also employed similar Williamson ether
syntheses for the preparation of the mono- and dialkyl

ethers of ethylene and diethylene glycol (38, 39).

A very interesting fact in connection with the
polyethylene glycols and their monoalkyl ethers was noted

by Davidson (25) who observed that the boiling points of

the monoethyl ethers were very close to those of the next



- 10 -

lower, unsubstituted polyethylene glycol. Unfortunately,
this fact was overlooked or disregarded up to 1941, when
Seikel (40) found that the commercial monoethyl ether

of diethylene glycol (Carbitol) could not be satisfac-
torily freed from ethylene glycol by fractional distilla-
tion, This investigator showed that commercial samples
of Carbitol contained up to 28 percent ethylene glycol,
and that up to 8.5 percent of the latter was present in
commercial methyl Carbitol. The observation explains
why the physical constants quoted for Carbitol and its
various derivatives vary from source to source in the

literature.

Further evidence of the normal reactivity of
the primary hydroxyl groups in the polyethylene glycol
series is to be found in the fact that the diesters can
be readily prepared. Holt (41) obtained the dipropion-
atés by treating glycol in toluene solution with propionic
acid, using sulfuric acid as catalyst, Rinkenbach (42),
likewise, formed the dinitrate of ethylene glycol by sub-
jecting glycol to the action of a commercial nitrating acid
mixture. The ditrityl esters of the first three members

of the polyethylene glycol series were easy to prepare (43).

The monoalkyl ethers of ethylene and diethylene
glycol, the Cellosolves and Carbitols respectively, were

not commercially available before the late 1920's, even
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Though some of them were synthesized years earlier by
Palomma (32)., They were studied but little prior to
1932, when Conn and his coworkers (L) started what
became a long series of investigations. These workers
prepared the benzoate and p-nitrobenzoate esters of a
number of the Cellosolves and Carbitols using Palomma's
original method (32). They found that in general the
derivatives were high boiling liquids which were insoluble
in water, but which were soluble in the common organic
solvents, Difficulty was experienced in obtaining pure
derivatives in the case of diethylene glycol monoethyl

ether,

Whitmore and Lieber (45), noting the fact that
up to 1935 no fundamental data existed in the literature
for the qualitative determination of the Cellosolves and
Carbitols, undertook to prepare some crystalline deriva-
tives. They were able to obtain crystalline xanthates
in a pure state for methyl-, ethyl- and butyl Cellosolves,
but failed to obtain a good derivative for ethyl Carbitol.
Other investigators, Veraguth and Diehl (46) made the 3-
nitrophthalates of a series of the monoalkyl ethers of
ethylene and diethylene glycol; good crystalline esters
being 6btained for all the ethylene glycol derivatives
investigated, but only one being found in the diethylene

glycol series. An excellent review of all attempts to
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prepare crystalline derivatives of the Cellosolves and
Carbitols up to 1940 is to be found in two papers by
Mason and Manning (47, 48). These authors, also after
numerous failures, managed to prepare some new solid
derivatives which included the p-nitrophenyl urethane,

the picramides of the Cellosolve and Carbitol esters of
anthranilic acid, the 2-amino-4-nitrophenylethers, the

azo compounds obtained by the diazotization of the p-amino-
benzoates of the Cellosolves and Carbitols and coupling
with dimethyl eniline, and finally the picrates and hydro-
chlorides of the B-L-morpholinoethyl ethers, Seikel's
article then appeared concerning the presence of ethylene
glycol in ethyl Carbitol purified by fractional distilla-
tion (40). Since all the above work was done on commer-
cial Cellosolves and Carbitols which were purified by
fractional distillétion, doubt now surrounds the validity
of most of it and the difficulties encountered in obtain-
ing crystalline derivatives are explicable to some degree,
Once the glycol impurity was eliminated (40) the monotrityl
derivatives for a number of Carbitols and Cellosolves were
easily prepared in good crystalline form (43). However,
the trityl derivative of Carbitol itself was not isolated
although Shupe (49) found that the crystalline xanthate
could be prepared provided ethylene glycol was completely
eliminated. He made this derivative the basis for a
quantitative method of estimating ethyl Carbitol, thereby
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Succeeding where Whitmore (45) had failed. Very
recently, other investigators (50) prepared crystalline
trilodobenzoic acid esters from the Cellosolves and

Carbitols with no particular trouble,

Tipson (51) in an investigation of the tosyl-
ation of Cellosolves, discussed in considerable detail
the side reactions which may take place during the esteri-
fication. Considering any tosyl ester ROSOgCeH,CHg, ether
formation, ROSOgCeHCHs + ROH--ROR + HOSOgCeH,CHs, the

formation of quaternary salts with the pyridine reaction

R
medium, ROSOgCeH4CHs + CgHeN —CgH.N{ and
0S0gCeH,CHg
chlorination by pyridine hydrochloride,
H
ROSOgCeH4CHg + CsHgN.HC1—>RCl + CgHN{
0S0gCeHCH,

were all possibilities. He described a procedure which
gave good results by keeping these side reactions down to
a negligible amount, The esters of p-toluenesulfonic
acid are interesting in that they show a great deal of
similarity to the alkyl halides. They may, for example,
be used in place of the latter in the malonic acid syn-
thesis (52) where, although slower to react, they are just
as efficient. Similarly, they may be employed in the
alkylation of acetoacetic esters (53) with complete suc-
cess. The tosyl esters are important alkylating agents
(51), especially for the alkylation of phenolic substances
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containing one or more tertiary amine nitrogen atoms,
since the phenolic hydroxyl groups can be preferential-
ly alkylated without affecting the tertiary amino units.
These esters have been employed in many cases to sub-
stitute the R(OCHgCHg)xo- group into other molecules
(51, 54, 55, 56).

Ethyl p-toluenesulfonate is the first member
of the homologous series of tosylated monoalkyl ethers
of the polyethylene glycols and has the proper formula
(CeHg(OCHgCHg) LOH) when'x is zero. It was first pre-
pared and characterized by Freiman and Sugden (57), whose
results were later confirmed in other work (51). The
tosyl esters of a large number of the monoalkyl ethers of
ethylene glycol, the second member of the homologous
series, have been prepared and characterized (54, 55), in-
cluding that of the ethyl ether, Cellosolve (51, 54). Imn
some cases where these derivatives were oils which decom-
posed on distillation (55), thorough washing of the crude
products with water and thorough drying yielded samples
which gave excellent elementary analyses. This observa-
tion suggests that these esters were not readily hydro-
lyzed by cold water. Adams (56) in a patent made
reference in general terms to tosyl esters of the class

RO(CHgCHgO) xTs. They were prepared with tosyl chloride
and the ether-alcohol RO(CHgCHg0)xH in the presence of an
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alkaline solvent. He characterized the compounds as
heavy, viscous, oily substances which were insoluble in
water, but which were soluble in the usual organic sol-
vents, Presumably, the tosyl esters of the monoethyl
ethers of diethylene and triethylene glycol would come
under this patent, but no characterizations of pure sub-

stances were made.

That the tosyl ester group may be quantitative-
ly replaced from a primary alcohol unit such as (-CHg-OTS)
by iodine, employing an inorganic halide salt, such as
sddium lodide in acetone or acetonyl acetone solution, has
been well established by workers in carbohydrate chemis-
try (1, 2, 3, 4). In the case of the tosyl esters dis-
cussed above, such a replacement would result in a homo-
logous series of pB-iodoethyl ethers of the general type,
CeHs(OGHgCHg)xI. Ethyl iodide would be the first member
of this series (x = 0) and is also the only one which is
not a p-iodoethyl ether. The second member of this series
is Bp-iodo-diethyl ether which was first encountered by
Baumstark (58) as a by-product in the preparation of ethyl-
ene di-iodide from ethylene and an alcoholic solution of
iodine. He noted some of its physical properties, but
failed to establish its molecular structure correctly.

The correction was made by Demole (59) who prepared the

substance by using the well known reaction between
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Phosphorus triiodide and B=-hydroxy diethyl ether.
This work was later repeated (60). More recently
the iodo derivative was prepared by the action of sod-

ium iodide in ethanol solution on p-chloro-diethyl ether
(61).

No reference has been found for the prepara-
tion or characterization of p-iodo-p'-ethoxy-diethyl
ether or of B-lodo(p-ethoxy) B'-ethoxy-diethyl ether.
These substances would result from the replacement of the
ester group in the tosyl esters of the monoethyl ethers
of diethylene glycol (Carbitol) and triethylene glycol
respectively. However, other derivatives analogous to

the B-iodo-p'-ethoxy diethyl ether have been investigated
(62, 63).

Fram the time of the first preparation of the
B halogen ethers, various investigators have noted that
these substances are often extremely unreactive and yet
on occasion give unorthodox reactions, Baumstark (58)
and Demole (59) found that p-iodo-diethyl ether was stable
to the action of sodium amalgam and that strong potassium
hydroxide solution or even the solid base failed to dis-
place the halogen even at a temperature of 150°, Reaction
occurred, however, with sodium ethylate in a sealed tube

at 150°. Henry (60) found that the iodo-ether was not
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decomposed when it was redistilled (b.p. 154-155°)

from pulverized silver, and Karvonen (64)indeed claimed
that the best way to purify the substance was to redis-
til it many times over solid sodium hydroxide. Karvonen
also noted that B-iodo diethyl ether did not react with
tertiary propyl amine even after heating at 100° for a
period of one hour, Swallen and Boord (61) found that

§Pe B-bromoethyl alkyl ethers could be distilled from
so0lid sodium hydroxide without apparent decomposition.

A general observation was made (64) to the effect that
metallic sodium reacts only slowly on the B-iodoethyl
alkyl ethers in the cold, although more rapidly at high
temperatures. With aqueous or aqueous-alcoholic solu-
tions of silver nitrate (64) all of the ethers investigated
caused the deposition of silver iodide. The B-halogen
ethers, water-insoluble and extremely resistant to hydroly-
sis, stand in sharp contrast to the more water soluble and

much more readily hydrolyzed a isomers.

B, B'-Dichloroethyl ether was found to be excep-
tionally stable to the action of sodium ethylate. Although
this conclusion has been questioned (18), it seems that re-
action does not take place at room temperature but that
heating for eight to fifteen hours is required (42). 1In
similar fashion B,B'-dichloroethyl ether only reacted with

sodium acetate to form the mono- and diacetates when a
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catalyst such as diethylamine and heat at 190° were
employed for a number of hours. Later it was found
that the p-halogen ethyl alkyl ethers did not form
stable Grignard reagents with metallic magnesium, the
products of the reaction being always ethylene and the
alkoxyl magnesium halide Mg(OR)X (65). ‘The nature of
the alkyl group present in the ether did not appear to

effect the course of the reaction,

Although the polyethylene glycols themselves,
their mono- and dialkyl ethers, and other derivatives, all
contain ether oxygen linkages, no mention has been observed
in the literature that they form peroxides on standing,

The only hint that they might possess this capacity is in
some work Ry Liston and Dehn (37), who reported that the
dialkyl ethers of ethylene and diethylene glycol underwent
certain decompositions during their formation, distillation
and storage. Upon distillation after storage some deriva-

tives decomposed with explosive violence,
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EXPERIMENTAL

Note: Unless definitely specified all boiling points and
melting points determined in this work are uncorrected

I. The Purification of Reagents Enployed

2-Ethoxyethanol-1 (Cellosolve) (CgHsOCHgOHgOH)

The technical material (Carbide and Carbon
Chemical Corporation) was dried for at least twelve
hours over anhydrous calcium sulfate, with frequent shak-
ing, and was fractionally distilled through a 20 inch
Vigreux type column containing 20 sets of indentations
per inch, The fraction with a constant b,p. of 134.5°,
and with nSO, 1.4,073, was collected, These values agree
well with those, b.p. 134-134.6° and n%o, 1.40737, quoted

by Tallman (65).

2-(p-Ethoxyethoxy)ethanol-1 (Carbitol) (CgHg(OCHgCHg) gOH)

The technical Carbitol obtained from Canadian
Industries Limited was purified according to the method of
Seikel (40). A solution of 250 grams in 750 cc. of ben-
zene was extracted repeatedly with 5 cc. portions of water,
allowing ten minutes for the water and benzene layers to
separate each time, The increase in volume of the aqueous
layer caused by the selective extraction of ethylene glycol

was noted after each extraction, The extractions were
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continued until this increase in volume became constant.
The benzene solution was then dried over anhydrous

sodium sulfate. Finally, the benzene was removed and

the residue distilled through the column used for the
Cellosolve. The fraction of b.p., 201.2° (uncor.) and
n%o’ 1.4273 was collected. These constants checked well
with those, b,p. 196°/762 mm. and n%o, 1.4273, given by
Seikel (40). Before the benzene solvent was removed, some
samples of Carbitol were also purified further by treating
with 12 g. of lead tetraacetate prepared according to
Hockett and McClenahan (66). After the consumption of
lead tetraacetate became very slow, the excess was decom-
posed by the addition of 100 cc. of water, The acetic
acid formed by this decomposition was neutralized by
vigorous shaking with powdered caustic soda. The aqueous
layer resulting from the decomposition of the lead tetra-
acetate was removed and the.benzene solution was washed
with water until neutral, then dried and concentrated, The
Carbitol residue, on fractionation as described, gave the
same physical constants as those obtained without the lead

tetraacetate treatment. Anal., Calc. for CgHi40g: C, 53.7;
H, 10.8, Found: C, 53.7, 53.7; H, 10.8, 10.7%.

p-Toluene Sulfenyl Chloride

Approximately 300 grams of crude tosyl chloride

(Monsanto Chemical Corporation) was dissolved in 600 cc.
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of benzene and the solution was washed with cold water
until the wash water remained neutral. The benzene solu-
tion was then dried over anhydrous calcium chloride for
twelve hours. After drying, the solution was decolor-
ized with bone black and the benzene was removed under
diminished pressure on a steam bath. The tosyl chloride
was then recrystallized from a minimum amount of boiling
ether and the product was dried in a vacuum desiccator
aver phosphorus pentoxide. Further similar recrystalli-
zations were.made from ether, if necessary, until the
m.p. was sharp at 68.6°. Anal. Calcd. for C,H,SOgCl:

C, 44.,15; H, 3.71; S, 16.82, Found: C, 44.15; H, 3.64;
S, 16.88, 16.79%.

Pzzidine

High grade 2-A reagent pyridine was dried by
heating under reflux with anhydrous calcium or barium
oxide, The drying agent was removed by filtration before
use and the dry filtrate waslyedistilled. B.p. 115°/760 mm.

Acetonylacetone

The acetonylacetone (employed as an iodination
medium) was stored over anhydrous calcium chloride and was

freshly distilled under reduced pressure immediately before
use. B.p. 194°/760 mm,
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Acetone

Werner's method of purification (67) was
employed. Three grams of silver nitrate in 20 cc. of
water and 20 cc, of a 17 sodium hydroxide solution was
added to 700 ce, of stock acetone contained in a one-
liter bottle,. The mixture was shaken for ten minutes
after which it was filtered. The filtrate was dried
over anhydrous calcium chloride and was redistilled as
required, The portion having a constant boiling point

56,5°/760 mm, was used,

Glacial Acetic Acid

Stock acetic acid was heated under reflux with
chromium trioxide (68), 20 grams per liter, for twelve
hours and was fractionated through a Vigreux type coluumn

until a constant boilin; fraction was obtained. B.p.

118°/760 mm,

Absolute Nethanol and ithanol

Two liters of the stock alcohol was treated with
magnesium methoxide, prepared from 2C grams of magnesium
turnings and 500 cc. of the absolute clcohol (69). The
mixture was heated under reflux for twelve hours and then
distilled. The portion with the proper b.p. was collected

and stored in an air-tight container,
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- Bthylene Chlorohydrin

Technical ethylene chlorohydrin (Carbide and
Carbon Chemical Corporation) was dried over anhydrous
sodium sulfate for three days before being vacuum dis-
tilled in the presence of a stream of dry carbon dioxide
bubbles to prevent bumping. Vacﬁum.distillation was
employed to avoid thermal decomposition (70). The
fraction having a constant boiling point at 38,5-39,0°/10 mm.
was collected and was found to have b,p. 128,7°/760 mm.
and n%5, 1.4438, These values check those in the litera-

ture (71).
Benzene

Commercial benzene was sheaken with frequently
renewed amounts of concentrated sulfuric acid until the
reaction for thiophene was negative (72). After washing
with water, drying, and fractionating, the portion having
a constant b.p. of 80° was collected and stored over sodium

wire., The benzene was redistilled from the metal as

required.

IT. Methods of Analysis

Carbon and Hydrogen Analyses

All those reported were determined on a semi-

micro scale using the general procedure and technique
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outlined in such standard texts as Niederl and Niederl
(73a).

Sulfur Analysis

In the first part of the research, attempts
were made to employ the method described by Mahoney and
Michell (74), which involved the use of a sodium peroxide-
carbon fusion followed by a barium chloride titration with
tetrahydroquinone as an indicator, This method had to
be discarded owing to the difficulty of determining the
end point. All sulfur anelyses reported were obtained
by the standard Carius method employing barium chloride in
the bomb tube instead of silver nitrate (73b).

Todine Analysis

Some of the analyses were carried out employing
the method outlined by Mahoney and Purves (3a). The
weighed semple was placed in 25 cc. of absolute ethanol 1in
which 1 g. of solid potassium hydroxide had been dissolved.
The mixture was boiled under reflux for one hour. After
dilution to 100 cc. with water and acidification with dilute
(or conc.) sulfuric acid, the estimation was completed by

Doering's method (75) with the use of 0.01 N sodium thio-

sulfate in the final titration.

With the exception of one case, consistently
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low and variable results were obtained, so the standard
gravimetric Carius method (73c) was adopted and good

results were obtained with no difficulty.

Alkoxyl Estimations

The standard alkoxyl estimation, as developed
by Zeisel (26) and Viebock (27), and modified by Clark
(76) , was employed, 2.5 g. of phenol per 5 cc. of con-
stant boiling hydriodic acid (b.p. 126°) being used in
all cases, Morgan's new method (5) did not appear until

most of this work was completed.

Determination of Peroxide Oxygen

The method used was developed by Liebhafsky and
Sharky (77). One cc. of potassium iodide solution
(0.4 g./cc.) was added to 25 cc. of glacial acetic acid
and approximately 1.5 g. of sodium bicarbonate contained
in a glass stoppered iodine flask. The mixture usually
became slightly yellow, and 0,01 N sodium thiosulfate was
then added, 2 drops at a time, with gentle swirling, until
the color was that of the end point, It was safer to take
the end point as the faintest yellow perceptible to the eye,
since starch was an unsatisfactory lindicator in the acetic
acid system. Because the reaction between the sodium
thiosulfate and iodine in these conditions was not instan-

taneous, about ten seconds was allowed to elapse between
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successive additions of thiosulfate. “hen no Jurvier
deepening of the iodine color occurred on standin.:, the
sample for analysis was added, tne flask was stoppered
and placed in a dark cupboard for five minutes. The
liberated iodine was then titrated with standard 0.01 N
thiosulfate and the flask was replaced in the cupboard
for another five minute period. If no further iodine
was liberated the end point of the estimation had been

attained,

With 5 cc., samples of the unknown, the limit of
error was about 0.1 cc. of 0.01 N thiosulfate, corres-
ponding to 2 x 104 N peroxide, A blank of 0.1 cec. was
usually found and all the data were corrected correspond-
ingly, The volume in cc. of peroxide oxygen per liter of
unknown was 11,2 times the consumption of (.01 N thio-

sulfate per 5 cc., sample (78).

A qualitative test for peroxides, based on the
above method, was also used, Cne cc., of the compound to
be examined was placed in & swall test tube, 1 cc. of a
50 percent solution (by volume) oI aldehyde-free acetic
acid was added and the tube was shaken, 4 Tew me. of
potassium iodide was added and completely dissolved. The
tube was kept in the dark for five minutes together iith a

blank No difficulty was encountered in detecting small
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traces of peroxide oxygen, which were usually sufiicient

to develop a deep iodine color immediately.

Detection of Carbonyl Compounds

Both Schiff's and Brady's reagents were em-
ployed. Brady's reagent (79) was prepared by dissolv-
ing 5 g. of 2,4-dinitrophenylhydrazine in 10 cc. of con-
centrated sulfuric acid followed by the audition of 75 cc.

of dry ethanol,.

Determination of Acidity

Five cc., of the sauples were pipetted accurately
into 25 cc. of water contained in a 100 cc. ground :-lass
jointed flask, a reflux condenser was fixed in position
and the solution was heated under reflux for one hour to
decompose any peroxides which might have been present. At
the end of the reflux period, the condenser and ground
joints were all washed well with water, the weshings being
collected directly in the flask. After cooling to room
temperature, 25 cc. of a 0.1 N sodium hydroxide solution
was added and allowed to stand for five minutes, then the
excess alkali was back-titrated with standard 0.1 I hydro-
chloric acid. The acidity found was arbitrarily calculated

as normality. This method was devised on the basis of work

done by l/ieland and Wingler (80).
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III. Preparations

2-(B-Bthoxyethoxyethoxy)-ethanol-1 (CcHg(OCHERCHZ) 30H)

A three-neck, round bottom 500 cc. flask equip-
ped with standard ground glass fittings was provided with
a capillary bubbling tube, a mechanical stirrer with mercury
seal and a reflux condenser closed by a calcium chloride
drying tube. °~ Anhydrous methanol, 175 cc. vas placed in
the flask and the entire system was swept out by a stream
of dry, oxy:en-free nitrogen admitted below the surface
of the methanol through the capillary bubbler. The nitro-
gen was first passed through alkaline pyrogallol, concentra-
ted sulfuric acid, pellets of solid sodium hydroxide and
finally through a calcium chloride tube to eusure the re-
moval of any oxygen and moisture, .hen the at.osphere
in the flask had been completely changed uany times, 16.2 3.
(0,704 moles) of freshly cut, clean metallic sodium was
added through the condenser slowly, so trnat the reaction
mixture refluxed only gently. After all the sodium had
completely dissolved, 105 &. (0.7€4 moles or 110 percernt of
theory) of pure Carbitol was added. Keerine a larce flow
of nitrogen going throuch the system at all times, the
mercury seal stirrer was repleced by a plug and the reflux
condenser was turned downward for distillation. The methanol
was gradually removed by increasing the water bath Tempera-

ture cradually to 100° ana sinultaneously decreasing the
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Pressure to 20 mm, This removal displaced the equili-

brium,

CHSONa + CeHs(OCchHQ) QOH.‘__CgHs(OCHgCHg)zONa + CH,0H

to the right and the product, sodium Carbitolate, was very
Viscous and deep red-brown in color.. To assist in the
complete removal of the methanol, 32.3 g. more of pure
Carbitol was added, thereby bringing the total excess of
this constituent to 45 percent. Turther evacuation, always
in the presence of a continuous strean of pure nitrogen,

was carried out for fourteen hours at 20-25°/30 mm., ten
hours at 100°/20 mm. and finally for two days at 100°/15 vuu.,
After replacing the plug with a dropping funnel, 63 g.,
(0.774 moles or 10.6 percent excess) of eti:rlene chloro-
hydrin was added slowly. The reactlon mixture was then
stirred vigorously and heated under a reflux condenser at
70-80° for a period of twelve hours. Jo volatile mater-
jal passed through the reflux condenser, which was cooled

to 20°,. The contents of the reaction Ilask were diluted
with dry ether and the mixture was iiltered, the ilter

cake was washed repeatedly with ether and the washings

were added to the original iiltrate. “he residue of sodium

chloride, 39.7 g. alter arying, corresponded to a 95.0

percent yield. The ether was removed from tic Iiltrate on

a steam bath and the residue was 1ractionally distilled at

15 mm, from a Claisen flask into two portions, one boiling:

up to 95°/15 mm., and the other of b.p. 95-150°/15 mm.,
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Refractionation of the first portion at 15 mm.,
yielded unreacted ethylene chlorohydrin and 33.3 g. of
Carbitol. The second portion, fractionated at 0.5 mm,,
vielded 48 g. of unreacted Carbitol and 38 g. of a sub-
stance having a constant boiling point of &5-90°/0.5 mm.,
and n%o, 1.4382, The portion was further fractionated
very slowly, during eleven hours, from a Widmer flask of

50 ec., capacity with the results listed in Table I,

TABLE I

a
FRACTIONATION OF CRUDE 2-(B—ethoxlethoxxgthquj—ethanol—l( )

Fraction Bath Temp. Distillation 20
No °C Temp.°C n;
1 up to 110 up to 86 1.4370
2 111 86-87 1.4380
3 113 87-89 1.4380
L 115 89-90 1.4380
5 115-116 90-91 1.4380

(8) st 0.5 mm. pressure throughout.

The fractions having n%o, 1.4380 weighed 36 g., being a

28.69 percent yield pased on the sodium and 48.44 percent
on the Carbitol used. The product was thoroughly dried
in a vacuum desiccator over phosphorus pentoxide for two

days at 25°/20 mm, and was stored in the same conditions,

AIlal CalCd. for CBH1304: C, 53,9; H’ 10.2. Found: C, 53.7
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>3.7; H, 10.8, 10.3%.

Davidson (25) quoted ngé, 1.4389 for pure 2-(;-ethoxy-

ethoxyethoxy)-ethanol-1 and this value is probably righ.

An earlier preparation save a 14.92 percent
yield on the basis of the sodium employed and another,
using a larger excess of ethylene chlorohydrin, resulted

in no product at all.

Ethyl p-toluenesulfonate (CgHg0S0zCgH4CH,)

Using a published method (51), 22 g. of p-toluene
sulfonyl chloride was dissolved in 88 cc. of dry pyridine
at 22-24°, The solution was cooled to -10°, and 6.1 cc.
(approx. 0.102 moles) of absolute ethanol was added. The
temperature was held at -10° for fifteen minutes after the
crystallization of pyridine hydrochloride started, then
250 cc, of 5 N sulfuric acid was rapidly added with swirl-
ing and cooling. Upon re-coolin. to 4° crystallization
again occurred; the crystals were riltered, washed free of
pyridine, and dried in a vacuun desiccator, The j;ield
was 15 g. or 73.4 percent, reduced to L9 percent upon re-

crvstallization from petroleum ether, The meltin.: point

was correct at 33-34°.

_(Tthoxy)-ethyl p-toluenesulfonate-l

This compound was prerured according o lipson's
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procedure (51). DPure Cellosolve, 0,167 moles, was dis-
solved in 100 cc. of pure dry pyridine; the solution was
cooled to -5° in an ice-salt bath and 0.183 moles of p-
toluene sulfonyl chloride (1.1 equivalents based on the
Cellosolve) was added in one portion. The reaction flask
was closed by a rubber stopper throuch which a thermometer
was inserted and the flask was swirled with coolin— to 0°
until all the p-toluene sulfonyl chloride had dissolved,
then maintained at 0° for two hours, With swirling and
cooling so that the temperature never exceeded 5°, 10 cc,
of water was added in portions of 1, 1, 1, 2, and 5 cc.

to decompose any remainin:; tosyl chloride, then the reac-
tion mixture was flooded with 100 cc. of ice water. The
aqueous pyridine solution was extracted three times with
100 cc. portions of chloroform; tihhe united extracts were
washed successively with ice cold dilute sulfuric acid,
until all the pyridine was removed; then with ice water,
sodium bicarbonate and water until the latter remained neu-
tral. The chloroform solution was dried over anhydrous
sodjum sulfate, filtered and the cinioroform removed under
diminished pressure, using a capillary bubbler and pure
nitrogen gas, finally at 100°/20 mm.. A yield of 36.9 g.
of a yellow viscous oil was obtained having m.p. 15-18° and
n§5, 1.5025. Upon hirh vacuum distillation from an oil
bath at 165-170°, a clear colorless oil, b.p. 135°/0.14 mm.,

n§5’ 1.5032 and m,p. 18.5° was obtained in 83 percent yield,
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Anal. Calcd. for C11H1604S:: C, 54.1; H, 6.6; 3, 13.1:
Found: ¢, 53.9, 54.1; H, 6.5, 6.8; 3, 13.3, 13.1%.

2-(p-Ethoxyethoxy)-ethyl p-toluenesulfonate-1
TCgHs(OCHQCHg)QCSOQCGH4CH3)

Carbitol freshly purified by 3eikel's method
(40) was very carefully fractionated until all traces of
peroxides and aldehydes disappeared, then 30 g. (0.224
moles) were tosylated according to Tipson's method as des-
cribed in the previous preparation. The aqueous pyridine
solution was extracted four times with 100 cc. volumes of
chloroform, The chloroform solution, washed free from
pyridine by dilute sulfuric acid, was washed with water,
sodium bicarbonate and water until neutral, and was then
dried over anhydrous sodium sulfate. The solution was
filtered and the chloroform was removed under diminished
pressure, using a capillary bubbler and pure nitro-en gas,
for ten hours at A42°/23 mm., and finally for seven hours
at 42-45°/0.1 mm, A yield of 51.1 g. or 79.2 percent of a
light yellow viscous oil, ng5, 1.4976, was obtained.
Anal. Caled. for CigHgoOsSi: C, 54.2; H, 7.0; S, 11.1:

Found: C, 53.8, 53.8; H, 7.1, 7.0; 3, 1ll.1, 11.0%.

Further preparations gave yields of 83.8, 83,7
and 74.2 percent of this product, The differences found

between the calculated and observed carbon analysis are not

considered excessive since this tosyl ester could not be
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crystallized and decomposed on'distillation, even under

highly diminished pressure.

2-(5-Ethoxyethqﬁyethoxy)-vqu; p-toluenesulronate-1
(CeHs(OCHCH,) 3050 5CgHLCH,

Ten grams (0.0561 moles) of pure triethylene
glycol monoethyl ether was esterified with 12.82 ¢. (0.0673
moles) of p-toluene sulfonyl chloride in 100 cc. of dry
pyridine as previously described for the lower homolog.
A yield of 13.1 g. (71.1 percent of theory) of a lirht
yellow viscous oil was obtained that would not crystallize.
The 0il was extracted twice with 10 cc, portions of pure
30-60° petroleum ether, then was dissolved in 200 ce. of
benzene and was decolorized with charcoal by heatin:: under
reflux for two hours. The solution was filcered una the
benzene was removed under diminished pressure, finally
using a water bath at 60-70°/20 mm, Upon coolinz the re-
sulting colorless o0il no crystallization occurred, but an
immiscible oil appeared to separate from the bulk of the
liquid. The two phase system was again dissolved in 100
cc. of dry benzene and the solution was washed with 10 cc.
of a 10 percent sodium bicarbonate solution, then with water
until neutral and was dried over anhydrous sodium sulfate.
The benzene was removed under diminished pressure and upon
cooling the two irnmiscible layers reappeared.  analyses

of the homoreneous system (obtained by warizine slightly)
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showed no halogen present, but the sulfur content was
lower than theory. Since the o0il had again become
slightly yellow, it was decolorized as before and, after
the benzene was removed, was dissolved in the minimum
amount of boiling (30-60°) petroleum ether., The oil
which separated on cooling was evacuated at 30-40°/0,.5 mm.
for three hours. Although this 01l remained homogeneous
when chilled it could not be crystallized or purified by

high vacuum distillation. The refractive index was 355,

1.4959.
Anal. Calcd. for Cy Hz40851: C, 54.2; H, 7.3; S, 9.6:

Found: C, 53.8, 53.8; H, 7.3, 7.5; S, 9.5, 9.75.

. . . 25
Other preparations gave oils in 77 percent vield with np”,

1.4960, and the phenomenon of two immiscible layers fcimi-
ing when the crude products vere chilled was also encount-
ered. The carbon analyses again tended to be low but are
as close as might be expected from the means of rurification
available. As will be explained later, this co.pound, to-
gether with the tosyl ester of Carbitol, cuve dirficulty

during the semi-micro combustion,

g-Todoethyl ethyl ether (CgHsOCHzCHeI)

The pure Zellosolve tosylcte (0.0205 moles) and
c.P. dry sodium iodide (C.C501 moles) were aissolved in

of pure, dry acecone contained in a small stainless

75 cc.
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steel bomb (1). The bomb vas sealed and immersed in an
0il bath which was then warmed for two hours at 115¢°,

The bomb was cooled and its contents were filtered to
remove the insoluble sodium p-toluene sulfonate that had
formed, the filter cake was washed with a few cc. of dry
acetone, the washings being added to the original riltrate,
now contained in a distillation flask, The acetone was
evaporated at ordinary pressure, and the distillate that
started coming over at a temperature above 100° was collec-
ted separately. This crude, liiht yellow 0il was purified
according to Karvonen (64) by repeated redistillation over
solid sodium hydroxide. The pure derivative was obtained

in an 81 percent yield and had b.p., 154°/754 mm. and ngo,

1.4965,
Anal., Calcd. for C,H,0I: I, 63.5; Found: I, 63.5, 63.5%.

The iodine analysis was carried out by the method outlined

by Mahoney and Purves (3a).

The compound was also prepared by allowing the
same reaction mixture to stand for forty hours at 25°. AS
the filtered ecetone solution was waried to remove the ace-
tone, a further reaction was si:nalized by tie formaation of
more insoluble sodium p-toluene sulfonate. This additional
precipitate was isolated, washed free from impurities by

acetone, dried, and weighed. The veight indicated that
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roughly LO percent of the reaction had taxen place after

the removal of acetone (or after heating) had started.

B-Todo-B'-ethoxydiethyl ether (CgHg(OCHzCHg)2I)

This synthesis was started employing 0.0745
moles of pure Carbitol. After tosylation according to
the previously described method, the product, obtained
in 84 percent yield, was iodinated with 28 g. or C.P.
sodium iodide in 625 cc. of acetone, The mixture was
allowed to react for sixty hours at 22-23°¢; then it was
{iltered and the filtrate was concentrated to approximately
100 cc. at 30° under diminished pressure. To the acetone
solution, 200 ce. of dry ethyl ether was added in order to
precipitate any residual sodium iodide. The ethereal
solution, together with 100 cc. ol ether washings, ves
shaken with 100 cc. of 10 percent sodium chiiosullate to
extract the free iodine walch was present in tihe mixture,
was then washed with two volumes (100 cc. each) of ice water
and was dried over anhydrous potassium carbonate for eirht-
The ether was removed from the dried solution

een hours.
under diminished pressure, finally at 30°/C.06 mm, until no
further loss in weicht occurred. A yield of 12.9 g. of

a light yellow oil was obtained; corresponding to 80.5 per-
cent of theoTy based on the starting Carbitol, or to 95.8

percent based on the Carbitol ester., lLecistiilacvion gave

an 88 percent yield, based on the Carctitol ester, of a
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colorless oil, b.p., 42°/0.4 mm, and ngo, 1.4908 or

n%5, 1.4881, This product was stored in an ice box

for five months, after which time it had become slightly
yellow again, A solution in 10 cc. of benzene was ex-
tracted with 5 cc, of 5 percent sodium bisulfite solution,
washed with 3 portions of water (10 cc. each) and then
dried over anhydrous sodium sulfate. After filtration,

the benzene was removed by distillation and the residue was

fractionated from a Widmer flask (see Table II).

TABLE ITI

FRACTIONATION OF B-IODO-f'-ETHOXYDIKETHYL ETHER AT 15 mm,

PRESSURE
Fraction Bath Temp. Distillate 25
No & Temp. °C nD
58-59 LO-41 1,488l
2 59-60 L1-42 1.4881
3 60-61 L2-43 1.4881
L 61 L3 1.4,885

Fractions 1, 2 and 3 were considered pure. The iodine
analysis was made according to the regular Carius method.
Anal, Calecd. for CgHig0gI: C, 2953 W S5 TY 5RO
PRRRET O3 RYS9 ,"2NT5 "HL 5,5,/ 007" TP 51T, 510G
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B-Todo-B'-ethoxyethoxydiethyl ether (CgHs(OCHzlH:)aI)

Pure triethylene ;1lycol monoethyl ether (0.0561
moles) was tosylated in 77 percent yield as previously
described and the ester was dissolved in 625 cc. of ace-
tone containing 21,1 g. of C.P. dry sodium iodide. The
reaction was allowed to proceed at room temperature (20-
25°) for a total time of five days. Sodium p-toluene
sulfonate was recovered from the reaction mixture, after
thorough washing with acetone, in 96,7 percent of the
theoretical yield. The acetone was removed from the fil-
trate under vacuum at 48° and the residue was thoroughly
extracted with 200 cc. of dry ethyl ether and filtered.
The ether was distilled and the red oil obtained was taken
up again in ether and extracted with 50 cc. of a 10 percent
sodium bisulfite solution, then with water, and dried over
anhydrous sodium sulfate, "he ether was distilled under
a vacuum of 20 mm., and the product was evacuated ior one
and one-half hours at 4C-50°/0.15 mu. A Vvery light yellow,
clear oil was obtained in a 73.1 percent yield based on
the tosyl ester, or in a 61.3 percent yield based on the
triethylene ~lycol monoethyl ether used, Distillation
rave a clear liquid, b,p. 97-98°/0.15 mm. from a bath at
112-113° having n§5, 1.4870. Jouine analyses were by the
regular Carius method,

Anal. Caled. for CgHy,05I: C, 33.3; Hd, 6.0; I, 44.1;
Fouhd: <, 33.4, 33.5; d, 5.8, 6.1; I, 43.9, 4L.C%,
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IV. The Determination of Physical Properties

Density Determinations

These determinations were carried out accord-
ing to accepted procedure (8la). Two small pycnometers
were.employed; one had a capacity of approximately one
cc, and was fitted with ground glass caps for closing
the ends; the other had a capacity of approximately 0.1
cc, and was fitted with rubber and glass rod caps for
end closures. The pycnometer volume was determined by
weighing the apparatus empty and then filled with water
(whose density was known) at the temperature under con-
sideration,. The density values were calculated by
dividing the weight of the unknown held by the pycno-

meter by the volume of the pycnometer at the same tem-

perature.

Refractive Index Determination

All the refractive indices tabulated in Table
TII were determined with a water jacketed ibbé Refracto-

meter, the temperature of which could be controlled to

within 20.1°. The procedure followed was standard (81b).

Periodically the instrument was calibrated against liguids

of known purity and refractivity.

Molecular Refractions

The observed molar refractions were =11 calculated
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by the Lorenz and Lorentz equation,

Molar Refraction = E

where M, 4 and n are the molecular weight, the density
and refractive index at some particular temperature.
The calculated molar refraction values were determined
from a table of atomic refractivities given by Gilman

(82). The results are listed in Table III, page L2.

From the observed molar refractions of the four
pure p-toluenesulfonate esters, the group refraction for
the sulfonate group (-0-SOg-) was determined by subtract-
ing the calculated contribution of the remainder of the

molecule from the observed values.

V. The Action of Metallic Sodium on the lMonoethylether of

Diethylene Glycol

The pure monoethyl ether, 0.298 moles, was

placed in a tightly stoppered Claisen flask, Very slowly
0.298 moles of clean, freshly cut metallic sodium was added,
the evolved hydrogen being allowed to escape continuously
through a capillary tube attached to the side arm of the
flask. At first the reaction was rather rapid, then it
slowed to the point where it was hardly perceptible after
four hours had elapsed, The mixture became very dark red-

brown and viscous, After a period of one week at room



TABLE TIIT .

PHYSICAL CONSTANTS OF THE POLYETHYLENE GLYCOL DERIVATIVES

Molar Refraction

Compound np(°cC) Dgg Observed Calc. Contribution
minus the of the
Q-5 o -0-S0g-
group group
CgHg (OCHoCHg ) 30H 1.4380 (20°) 1.0211%8 L5.78 - "
S o0 1aCelleClie $-200r B2l 7 2agne B sgiok 40,16 10.88
1.,5032 (25°) ’
CgHs0CHgCH20302CeH.CH; 1,5000 (35°) ¥1677 61.79 51.04 10575 £
1.4,981 (LoO°) o
1
CeHs (OCHoCHs) 505020 HaCHs 1.4976 (25°)  1,1599 72.80 61.92 10.88
CgHg(OCHCHp) 0S02CeHsCHs 1.4959 (25°)  1,1698 82,97 72 .80 10,17
CgH OCHgCHST i-ﬁggg E%g; *1.6698t5 35,21 . -
CgHg (OCHCHg) oI i-tggf %%2? 1.5210 16,24 3 :
CoHg (OCHgCH) oI i-tggg Eggg 1.4557 56.93 - -

*
Density value quoted by Karvonen (64).

From the observed molar refractions of the four pure p-toluenesulfonate esters, the
group refraction for the sulfonate group (-0-S0g-) was determined by subtracting the calculated
contribution of the remainder of the molecule from the observed values. 10,53%0,35
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temperature, although the sodium had not completely re-
acted, the flask was arranged for a distillation. The
water-cooled receiver was connected to & chloroform-

solid cérbon dioxide trap and the aistillation was started
on a steam bath at ordinary pressure. iieating for twenty-
five hours at 100° failed to produce a distillate or to
complete the reaction. The distillation was then carried
out at a bath temperature up to 170°/0.15 mm. The sodium
slowly but completely dissolved but no volatile material
was collected in either of the receivers. The mixture
was fluid at 170° and possessed a deep red color, but on
cooling to room temperature it became dirty brown in
appearance and set into a Jjelly-like mass, The experiment
showed that the direct formation of the socium derivative

of Carbitol was probably not feasible.

VI. Ordinary Alkoxyl Estimations in the Polyethylene

Glycol Series

The results tabulated in Table IV were obtained

employing the regular alkoxyl estimation (76) with 10 to

20 mg. samples,

VII. The Thermal Decomposition of the Tosylctes oi tne liono-

ethyl Ethers of the two higher Folyethylene “lycols

2-(B-Ethoxyethoxy)-ethyl -toluenesulfongte-lp
(B (CB s(GCﬁgCHg)QOSOQCVH-;)

Tosylated Carbitcl (0.786 moles), Lhavinz <he
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TABLE IV

ALKOXYT, DETERMINATIONS IN THE POLYETHYLENE GLYCOL SERIES

% CeHgO
Found Calcd.

Range of Differences
between

% Found and % Calcd.
values

Compound

CEHSOCHQCHQOH

CgHg (OCHLCHg ) gOH

CeHg(QCHeCHg) g OH

CeH0S02CoH,

CgH OCHgCH20S02C, Hy

CeHs (OCHgCHg) 80502CHy
CgHg (CCHoCHg) 30S02CHy

CoHg(OCHgCHg) oI

polymer, D.P. =
Prepareé by Hibbert and

Fordyce (17)

Polyethylene glycgl

CquSOBOCHgCHgOSOBC7H7

4L9.85
L9.38
L9 .29

36.30
33.62
33.35
33.55
33.65

29.75
28,50

22,63
22,75
22,28
22,28

16.97
18.54
17.30
18,42
17.91

R3.75
21.30

20 .42
21.85

33.91
33.06

2.1k
1.63
0.00
2.92

1.29
0.97

50,00

33.58

25.28

22,50

18.45

15.63

13,56

18.45

0.00

0.00

-0.71

-0.23

3.22

-0,22

-1.48

5.67

6.86

14.61

0.CO

to

to

to

to

to

to

to

to

to

0.97 to

-0.15

Rl

b o7

+0.25

+0,09

8.12

8.29

15.46

+2.92

1.29
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correct elementel analysis, was placed in a 50 cc. dis-
tilling flask which was then packed with glass wool. .:n
ordinary air-cooled 50 cc., distilling flask was employed
as the first receiver and a cold finger immersed in a
solid carbon dioxide-chloroform mixture was the second
receiver, The system was evacuated to 0.13 mm. and was
then slowly heated in an oil bath up to 160°, Slow, even
distillation took place at 125°/0.13 mm,, no increase in
pressure being observed. Periodically the distillction
had to be stopped and the delivery tube allowed to warm in
order to melt the distillete that had solidified at the
entrance to the cold finger. In the first, air-cooled
receiver, 15.33 g. of a slightly yellow, slightly acid oil
was obtained, with m.,p. 30-33° and ngo, 1.5035, changed to
m,p. 34=35° and ngo, 1.5050 upon recrystallization from
(30-50°) petroleum ether. 1 nixed m.p., 34-35°, was ob-
served with a pure sample oi ethyl p-toluenesulfonate which

also had m.p. 34-35° and ngo, 1.5050. The yield was

97.l4 percent of theory.

In the dry ice - chloroform cold finger, 6.65 g.
of a clear colorless liquid had collected which had ngs,
1.4190, m,p. range 6-9°, Db.p. 100°, and which forued an
orange-yellow crystalline derivative, m.p. 65-66° with
The physical constants quoted for purel,l4 dioxane

n2%, 1.4196, m.p. 11.8°,

bromine.

by Huntress and rulliken (83a) were
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and b.p., 101.3-101.4°, and the meltine pointv of tie
bromine derivative was ziven as 65-66°. 4 mixed
melting point was made using an authentic sample of the
bromine-1,4-dioxane compound and no depression was noted,
It was concluded that the compound under investisation
was slightly impure 1,4 dioxane obtained in 97.0 percent

of the calculated yield.

In various other attempts to prepare the pure
p-toluenesulfonate ester of Carbitol by hizh vacuum dis-
tillation of the crude oil, the ethyl ester of p-toluene-
sulfonic acid was isolated 1in a slightly acidic condition
in yields of 100.5, 103.8 and 54.2 percent of those calcu-
lated. The melting points of these specimens were 10-22°,
18-25° and 3,4-35° respectively, and all upon one recrystal-
lization from petroleum ether had the correct melting point
of 34-35°, The analyses obtained were as follows:

Anal. Zalcd. for C¢H1g0s33:: C, 54.0; H, 0.C; 3, 10.C;

Et0, 22.5: Found: O, 53.7, 53.7; 1I, 6.0, 5.8; 35, 16.1, 16.2;

Et0, 22.6, 22,8

2-(p -Ethoxyethoxyethoxy)-ethyl p-toluenesulfonate-1
CHs(OCHgCH,) 30S0gCHy )

In this case 0.01085 moles (3.6 g.) of the puri-
fied ester was placed in a 10 cc, Claisen flasik and the
flask was inserted into the sume systerz as previously des-

cribed, using correspondingly smaller vessels for receivers,
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The system was evacuated to 0.03 mm, and the ilask was
heated slowly on an oil bath up to 160-170°, when even,
smooth distillation occurred. WO increase in the pres-
sure was noted as distillation proceeded at b.p. 133-135°/
0.03 mm, In the air-cooled receiver 2.03 g. of a light
yellow, slightly acidic oil having n§5, 1.5010, collected
which upon recrystallization to a constant melting point

of 18-19° had nZ’, 1.5030. A mixed melting point with
pure tosyl Cellosolve, m.p. 18-19°, n§5, 1.5030 showed no
depression. The yleld was 76,6 pércent of the theoretical,
In the cold receiver there was 0.9, g. of a colorless li-
quid n§5, 1.4160, that showed some Lraces of unsaturation,
Upon fractionation this substance yielded 0.6 g. of a clear

liquid, b.p. 100°, 0%, 1.4190, m.p. 8-10°.

These physical constants arree well with those
quoted for l,4-dioxane (83a) and the yield was 62.8 percent
of the theoretical, Like dioxane, the distillate gave
a white crystalline derivative with concentrated sulfuric
acld and orange-yellow crystals, m.p. 65-66°, ith bromine.
Admixture of the latter crystals with a similar product

prepared from authentic l,4-dioxane aid not depress the

melting point.

VIII. The Relative Rates of Solvolysis of the Four »-_'cluene-

sulfonates in Agueous-llethanol at 65%le

The procedure employed in all cases consisted of
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transferring exactly 0.0015 moles of ester from a small
class-stoppered weighing bottle to a 25C cc. volumetric
flask with anhydrous wethanol, T™wenty-five cc. 0i' water
was added and the solution was made up to tre mark at

25° with more anhydrous methanol, After thorough mixing
the solution was transferred to a 500 cc. flask, attached
to a water cooled condenser fitted with a calcium chloride
drying tube, and immersed in a water bath at 65%l°, ,fter
one and one-half hours the sj;yscem was at thermal equilibrium
tnd a sample was removed by pipet, cooled rapiuly co 25°
and exactly 10 cc. was btitrated with standard sodium hydr-
oxide from a microburet. The total amount ot water en-
ployed was 1,5569 moles in comparison with the 0.0015 moles
of ester; therefore, it was assumed that the reaction would
follow a pseudo-monomolecular or first order rate course
civen by, kyT = 2.303 (los a - log c¢) where ¢ 1is the con-
centration of unchanged ester at any time T. The assuiip-
tion was justified from evidence given in the literature

(8L). The percent solvolysis was jiven by

cc. standard alkali consumed/10 cc. samrle x 2.5 x N, of alkali
1.5 x 10-3

and the results are in Tzbles V, VI, VII ana VIII.
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TABLE V

(see Fig. 5)

THE SOLVOLYSIS OF ETHYI, p-TOLUENESULFONATE AT 65-1°

ce, of 0,0098 N
Time in NaOH consumed % Cone. (c.1l0%)
hours per 10 cc, sample Solvolysis moles/250 cc.

0.0 0.00 0.00 15.0
35 i 18.03 12.3
3¢5 2.06 33.75 9.9
6.0 340 50.90 1k
8.0 3.68 60.30 6.0
10.0 b.15 68.10 4.0
42 .0 Ioo2 Th.15 3.9



I -

TABLE VI

(see Fig. 5)

THE SOLVOLYSIS OF 2-(ETHOXY)-ETHYL p-TOLUENESULFONATE-1l

AT 65%1¢

ce, of 0,0098 N
Time in NaOH consumed %
hours per 10 cc. sample Solvolysis moles/250 cc,

Conc. (c.loh) log ¢

0.0
ks
3.5
6.0
8.0
10.0
320

0,00
0.40
0.42
0,65
0.74
0.97
1,02

0.00
6.68
6.88

10,67

12.13

15291

16.72

15.00
14.00
13.97
13.40
13,18
12,61
12.49
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TABLE VII

(see Fig. 5)

THE SOLVOLYSIS OF 2-(B-ETHOXYETHOXY)-ETHYL p-TOLUENESULFONATE-1

AT 65%1¢

ce, of 0,0098 N L
Time in NaOH consumed % Cone., (¢.10%) 1log ¢
hours per 10 cc., sample Solvolysis moles/250 cec.

0.0 0.00 0.00 15.00 2.8238
2.0 0.35 5877 14,13 2.8499
L.0 0.60 9.90 13:5% 2.8693
6.0 0.87 14.34 12,85 2.8911
8.0 1.05 12335 12.40 2.9066
10.0 1.25 20,62 11,91 2.9241
12.0 1.47 24,25 12336 2.9446
14.0 1.63 26,94 10.96 2.9602
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TABLE VIII

(see Fig.5)

THE SOLVOLYSIS OF 2-(g-ETHOXYETHOXYETHOXY)-ETHYL p-TOLUENE-

SULFONATE-1 AT 65%1°

ce, of 0,0098 N L
Time in NaOH consumed % Cone. (c.10%) 1log ¢
hours per 10 cc. sample Solvolysis moles/250 cc.

0.0 0.00 0.00 15.00 2.8238
2.5 0.50 8.19 13.77 2.8611
25 0.57 9.35 13.60 2.8665
6.0 0.68 112.18 13,33 2.8752
8.0 0.85 13.94 12,91 2.8891
10.0 1.09 17.86 12,32 2.9094
12,0 1.22 20.00 12,00 2.9208

The specific reaction rate constants (ki) for the
overall solvolysis reactions were obtalned by multiplying the

slope of the log ¢ - time plots by 2.303.



- 53 -

I%. The Relative Rates of Jodination of the Four »-oluene-

sulfonates with Sodium Iodide in Acetonylacetone at

22%0,5¢0

The rates at which the iodine atom replaced the
p-toluenesulfonate ester group in the various esters were
followed by the changes in the reiractive index of the re-
acvion mixture, The reactants, in each case 0.0075 moles
of C.P. dry sodium iodide and 0.0025 moles of the p-toluene-
sulfonate ester, were placed in a 50 cc. plass stoppered
flask and were dissolved in exactly 25 cc. of pure acetonyl-
acetone by shaking. As soon as solutvion was complete (five
minutes), its refractive index was recorded on an Abbé re-
fractometer and the mixture was kept in the dark at 22XC,.5°.
At the end of ltwo l.our periods samples were removed by a
capillary pipet and transferred directly into the refracto-
meter for measurement, Since the sodium p-toluenesulfonate
precipitated in rather large crystals which settled readily,
it was easy to exclude this salt from the samples provided
care was taken, “"hen the change in refractive index became
slow, the flask and contents were warmed to 100° for two
hours in an oil bath under a reflux condenser before being
cooled to room temperature,. The refractive index corres-
ponding to complete reaction was then noted. To check
the possibility of incomplete reaction tie sodium p-toluene-

sulfonate was recovered and welillLed after tnorouch washing
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and drying. In Tables IX, X, XI and XII (a) is equal

to the initial concentration of the ester, 0,10 moles

per liter, (b) to that of the sodium iodide, 0.30 moles
per liter, and (x) is the moles of ester reacted in time
(T). The usual second order equation ksT = E%B'lng a:;
was assumed. The values of (x) were determined by divid-

n2

ing the observed (=/\ D2) by the total change in refractive

index, assuming that the change was directly proportional

to the amount of ester present at any time.

TABLE IX

(see Fig. 6)

THE IODINATION OF ETHYL p-TOLUENESULFONATE AT 22%0,5°

; y 2 2 ”
R v Ml
2:17 1.2 3.077 0.1127
L .09 3.9 L.,872 2131
6.17 2.2 5.641 2702
8.84 2.8 5 b <4305
11.09 ek 8.718 « 7430
13.09 3.6 9.231 « 9oLk

23.50 3.9 10.000 -

22 103 &
After heating and cooling total 1AnD .10 3.9

Recovery of sodium p-toluenesulfonate = 99.4 percent of
theory.
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TABLE X

(see Fig., 6)

THE TODINATION OF 2-(ETHOXY)-ETHYL p-TOLUENESULFONATE-1

AT 2220,5°
hgi?ﬁ %g) ﬁ£§n22.103 x.10% log g (a:§
2419 0.2 0.50 0.0149
L.09 0%3 0.75 .0229
6.17 0.5 1.25 .0395
8.84 0.9 ReD .0768
11.00 1R 3.00 .1091
13.17 1.5 3.75 1461
23.50 2,2 5.50 .2588
29492 2:3 5475 .2792
49,92 342 ¥ P .5180

After heating and cooling total -AnZ?.10% = 4,0

Recovery of sodium p-toluenesulfonate = 99.2 percent
of theory.



TABLE XT

(see Fig.6)

THE IODINATION OF 2-f-ETHOXYETHCXY)-ETHYL p-TOLUENE

SULFONATE-1 AT 22%0,5°

fowrr(ry  Aep el xae— 1oz Y
1.00 0.1l 0.294 0.00869
2.00 0.3 0.882 .0271
3.00 035 1.471 L0424
L .00 0.6 1.265 .0580
5.00 Oy 7 2.059 .0693
6.00 0.8 2.353 .0809
7.00 0.9 2.6L7 0934
8.00 1.0 2.941 .1065
9.00 ; P | 3.235 .1202

10,00 oo 3.529 13L4
11.00 1.3 3.823 . +4500
12,00 1.4 L,117 .1663
13.00 1.5 b1l .1888
14.00 1.6  L.705 .2021
Rl .25 2 6.175 2904
29.50 23 6.763 .3789
49.00 27 1.939 5524

: 22 <
After heating and cooling total -/Ang 102 = 3.4

Recovery of sodium p-toluene sulfonate = 95.4 percent
of theory.
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TABLE XII

(see Fig,6)

THE IODINATION OF 2-(B-ETHOKYETHOXYETHOXY)-ETHYL P-TOLUENE~
SULFONATE-1 AT 2210,5°

hgi?: %?, ﬁZ§p22.103 x.lO2 log g-%%;%%
1.92 0.6 1.818 0.0600
3.92 1.0 3.030 .1105
292 Ls? vl .2326
7.92 2.0 6.030 .3038

10.92 203 6.969 4037
20,60 I 8.181 .6017
26,08 3.0 9.090 . 8842
31.08 3.0 9.090 . 8842
Ll .60 ek 9.697 T.3489
47.92 3.3 10.00 -

" 22 . Dt
After heating and cooling total ﬁéan .10 = 3,3

Recovery of sodium p-toluenesulfonate = 98,0% of theory

523 ] he overall
The specific reaction rate constants (kg) for ¢
iodingtion reaction were obtained by multiplying the

slope of the log g.%%gé} - time plot by 2.303/(a-b)
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Two further experiments were conducted, one

on ethyl p-toluenesulfonate and the other on p-ethoxy-

ethyl p-toluenesulfonate, as previously described except

that equimolar amounts of sodium iodide and the p-toluene-

sulfonate were employed.

In this case, where a

b =0.150

moles per liter the second order equation reduces to

x . X
kT = ala-x)° and the plot of (T) against i should be

linear (Tables XIII and XIV, Fig. 6).

TABLE XTTI

(see Fig.7)

THE JTODINATION OF ETHYL p-TOLUENESULFONATE WITH AN

Time in
hours (T)

EQUIMOLAR QUANTITY OF SODIUM IODIDE AT 22%0,5°

0.92

1.92
2.92
S.d7

21,67

26,17

36.00

4L7.42

5742

D107 SIS 102
time (T)
0.6 11,53 1.73
Lok 23.08 3.46
L2 23.08 3.46
1.7 32.70 .91
3.5 67.30 10.10
3.7 M5 10.67
sl 78.85 11.83
L.3 82.70 12.41
b ol 8L, 60 12.69

0.1304
0.2998
0.2998
0.4856
2.061
2.487
3.732
L.791
>.493

2R 3
After heating and cooling total - 0o - 5.3
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TABLE XTIV

(see Fig.7)

THE TODINATION OF 2-(ETHOXY)-ETHYL p-TOLUENESULFONATE-1l WITH

AN FQUIMOLAR QUANTITY OF SODIUM IODIDE AT 22°0.5°

i e -AaRue SaEn iy
time (T)
0.92 0.0 0.00 0.00 0.000
1.92 C.1 2.00 0.30 0.204
2.92 g 2,00 0.30 0.204
517 8 2,00 0.30 0,204
21,67 0.8 16.00 0.40 1,905
26.17 1.0 20.00 3.00 2.500
36.00 1.4 28.00 L .20 3.888
L7 .42 1.6 32.00 L .80 L.705
57 .42 Py | 34.00 5.10 5.150

After heating and cooling total -An§2.103 - 5.0

The specific reaction rate constants at 22° were
obtained by multiplying the slope of the

: 1
= e, time plot by 3.
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X. Peroxide Formation in the Alkyl Ethers of Ethylene

and Diethylene Glycol

In every case the samples examined contained
peroxides and aldehydes, as shown by the tests outlined
in the analytical section, They were examined quanti-
‘tatively with the following results,

A. A sample of commercial Cellosolve was taken
directly from the tin shipping container where
it had been stored for an indefinite period.
Anal. 0,00060 N in peroxides; 3.4 cc. peroxide
oxygen/Liter; 0.0172 N in acids.

B. A sample of comnmercial Cellosolve was purified
by careful fractionation. A fraction was stored
in a dark colored, glass stoppered bottle for a
period of one year, during which time the stopper

was periodically removed.
Anal. O0.0434 N in peroxides; 243.0 cc. peroxide

oxygen/Liter. The refractive index remained un-

changed at ngo, 1.4080.

C. A sample of commercial Cellosolve was purified
by repeated fractionation until the qualitative
tests fér peroxides and aldehydes were negligible.
At this state of purity it was noted that the char-

acteristic fruity odor described for Cellosolve had
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substantially disappeared and the refractive in-
dex was n%o, 1.4,080. The sample was stored in a
dark, glass stoppered bottle for two days and then
the atmosphere in the bottle was replaced by nitro-
gen, After a further six days of storage, the
sample was analyzed.

Found: 0.00171 N in peroxides; 9.6 cc. of peroxide
oxygen/liter., The refractive index remained un-

changed.

D. An unpurified sample of commercial Cellosolve was
stored in a white glass Erlenmeyer flask over an-
hydrous calcium sulfate for one year, being exposed
to diffuse daylight.

Anal, 0.2462 N in peroxides; 1380 cc. peroxide oxygen/
liter; ngo, 1.4090. After further storage under the
same conditions for two more months, the results

were 0.0012 N in peroxides; 6.8 cc. peroxide oxygen/
liter; 0.261 N in acids. This sample was the same
age as that described in A.

E. An unpurified sample of commercial Methylcellosolve,
(CHsOCHg.CHgOH) which had been in a brown colored

reagent bottle for an indefinite period of time was

examined.
Apnal. 0.0706 N in peroxides; 395.5 cc. of peroxide

oxygen/liter,
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F. An unpurified sample of the dimethyl etvher of
ethylene glycol w.ich had been stored for an
indefinite period in a brown glass reagent bottle
was 00,2788 N in peroxides or iiad 1560 cc. peroxide

oxygen/liter,

G. A commercial sample of Carbitol was purified
both by Seikel's method (40) and by treatment with
lead teiraacetate followed by fractionation. The
sample was then stored in a dark, ~lass stoppered
bottle in a cupboard for four months and after this
time peroxides were detected, Then the sample,
contained in an Erlenmeyer flask fitted with a cork
stopper, was oxygenated for a period of six hours
by bubbling a stream of oxygen throu:h it, Then
it was stored in diffuse aayli;ht ior two weeks,
Anal, 0,0469 N in peroxides; 203 cc., of peroxide
oxygen/liter. The sample was stored two monchs
longer under the same conditions. Anal. 0.,0692 N
in peroxides; 387 cc. of peroxide oxy:en/liter;

0.305 N in acids.

H. A commercial sample of Carbitol was stored over
anhydrous calcium sulfate in a ti:-htly stoppered

white glass bottle for a period of one year,

Anal. 0.00908 N in peroxides; 50.7 cc. of perciicde
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oxygen/liter, .fter a further two months'
storage under the same conditions the values
had changed to 0.0033 II in peroxides; 18.6 cc.

peroxide oxygen/liter,

I. A commercial sample of Carbitol was purified
both by Seikel's method, then by treatment with
lead tetraacetate followed by fractionation.
After standing for a period of four days in a
cork stoppered Erlenmeyer flask exposed to diffuse
daylight peroxides were present,

Anal. 0.0322 N in peroxides; 180 cc. of peroxide

oxygen/liter,

J. Samples of commercial Cellosolve and Carbitol
were purified by methods previously outlined until
they contained no peroxides or aldehydes, detectable
by the qualitative tests outlined. At this point
neither Cellosolve nor Carbitol had any odor. Then
these samples were divided into two portions; one
was kept in a dark, glass stoppered bottle under
an atmosphere of nitrogen and one was allowed to
stand exposed to diffuse daylight in an Erlenmeyer
flask. Periodically, samples were titrated for
peroxides. When a sample was removed from those

materials stored under nitrocen a continucus stream
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of nitrogen was allowed to sweep through the

bottle. The results are in Tables XV and XVI.

Employing the method proposed by Allen (85)
Tor the qualitative identification of small amounts of
carbonyl compounds, a reddish-orange 2,4-dinitrophenyl-
hydrazone was obtained as small needle-like crystals from
both Cellosolve and Carbitol samples which contained per-
oxides. After recrystallization from either glacial
acetic acid or nitrobenzene the substance melted with
decomposition at 313° or at 332.40° (corr.). sccording
to Glasstone and Hickiing (86) the melting point of the
bis-2,4-dinitrophenylhydrazone of e¢lyoxal 1is 330,45 (corr.)
and a mixed melting point of the unknowns with a pure

sample of this substance showed no depression,

No peroxides or aldenhydes could be found in the
monoethyl-ether of triethylene «z1ycol, alchough careful

tests were made alfter exposure to a variety of conditions.,

XI. The Action of Lead metraacetate on Carbitol Containing

Small Amounts of .ithylene Glycol

To 45 cc. of aldehyde-iTee clacial acetic acid
in a 100 cc. glass stoppered volumetric flask, 1.0181 grams
of dry Carbitol, purified by geikel's extraction procedure

(LO), and 50 cc. of & standard lead tetraacetate solution



TABLE XV

(see Fig.l)

PEROXIDE FORMATION IN PURIFIED CELLOSOLVE STORED UNDER

DIFFERENT CONDITIONS

Ce. of 0,01C09N Normality in_Peroxides
Time in thiosulfate consumed x 103
days er 10 cc, sample

Stored in  Stored in lig Stored in  Stored in light
dark under 1in presence of Dark under in presence of
nitrogen atmospheric Og nitrogen atmospheric Og

7 0.85 1.70 0.858 1,72

1L 1.40 20 1.41 3.53

21 2.30 6.30 s 8 6.36

28 2.00 7.40 2.02 7.47



TABLE XVI

(see Fig. 1)

PEROXIDE FORMATION IN PURIFIED CARBITOL STORED UNDER

DIFFERENT CONDITIONS

Ce, of 0,01009 N Normality ig Peroxides
Time in thiosulfate consumed z 10
days per 10 cc, sample

Stored 1n  Stored 1n light Stored in  Stored in light
dark under 1in presence of dark under in presence of

nitrogen atmospheric Og nitrogen atmospheric Og
13 - 23.00* - 22.2
19 0.50 - 0.505 -
27 - 95.50% - 96.36
33 1.10 - .1l -~
L7 1.50 - 1.51 -

% Both samples had n2’, 1.4256; pure Carbitol n2’, 1.4254
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were added (66b), The solution was made up to volume

by more glacial acetic acid, was well mixed and was kept
at 25Z1°., At noted time intervals 10 cc., samples were
removed and titrated for remesining lead tetraacetate,

using the potassium iodide - sodium thiosulfate method.

The results are reproduced in Table XVII and Fig, 2 after

correction for the blank,

TABLE XVIT

(see Fig. 2)

LEAD TETRAACETATE OXIDATION OF CARBTTOL CONTATINING SMALL

AMOUNTS OF ETHYLENE GLYCOL

Cc. of 0,0244 N thio- Moles of Oxidant
Time in sulfate consumed in: consumed / gram
hours of unknown

Blank Total Sample M.1lo%
0.50 28.00 2785 0.15 o P 48
21,00 26.80 2L .60 2,20 1
L9.75 26.30 22.85 3.45 3.471
70.00 4 O L £ st 3.95 3.974
93.50 25.10 19.90 L .05 L 07k
114.50 22.30 17.95 L.35 L.376
137.50 20,80 16.30 L .50 L.527
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DISCUSSION OF EXPERIMENTAI RESULTS

I. Peroxide Formation in the Alkyl Ethers of Ethylene

and Diethylene Glyeol

The formatipn of peroxides in ethers has been
thoroughly studied by various investigators (77, 80, 87,
88, 89, 90, 91), and some of the more important observa-
tions may be summed up as follows. Light is not essen-
tial for the formation of peroxides, although sunlight
favors their accumulation up to a certain point and also
catalyzes thgir decomposition. Oxygen was found to en-
hance peroxide formation, while water, alcohol or heat
caused decomposition; the decomposition products being
mainly aldehydes. Among other products, acids, alcohols

and possibly carbon dioxide and alkanes are formed.

Fig. 1 (see Tables XV and XVI) shows clearly
that peroxide formation in very carefully purified samples
of Cellosolve and Carbitol is greater in presence of air
and light than in the absence of these agents, It is
interesting to note that Carbitol was very much more liable
than Cellosolve to peroxide formation and that no peroxides
or aldehydes at all were detected in the higher homolog,
the mbnoethyl ether of triethylene glycol. Several other
examﬁles detailed in the Experimental Portion, show that
the peroxide content varled with the conditions of storage
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and sometimes decreased with time, Such variation is

to be expected, for the autooxidation process is one of
continual formation of peroxides andltheir decomposition.
On dccasion, commercial Cellosolve, stored exposed to
daylight over a drying agent, became more than 0.2 ﬂormal
in acidic decomposition products. From both Cellosolve
and Carbitol, the bis-2,4-dinitrophenylhydrazone of glyoxal
was 1solated, the parent glyoxal being produced in the for-
mer case by an oxidation mechanism similar to that outlined

by Wieland (80) or Clover (87).

H

CHs - c|: ~ OCHgCHgOH———=CHSCOOH + CHO - CHgOH + Hgf

!

R

The glycollic aldehyde postulated as an initial product
would be oxidized to glyoxal either in the autooxidation
process itself or by the 2,4-dinitrophenylhydrazine employed
in the isolation (92). Milas (91) isolated glyoxal deri-
vatives from the autooxidation of 1,4 dioxane and clearly

demonstrated that the aldehyde formed by the oxidation was
glycollic aldehyde,

In the case of the Carbitol, the isolation of the

bis-2,4-dinitrophenylhydrazone of glyoxal is interesting

for it indicates that the internal ether oxygen as well as
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that at the end of the molecule in the ethoxy group
must be subject to autooxidation. The possible routes

for the reaction are given in equations (A) and (B).

H
|
(A) CHgCH2OCHgCHeOCHgCHz0H —©02, CH,CHOCH; - cl: -OCH¢CHgOH
0
l
OH

Cl}HO + CH4COOH + Hol 02 CH,CHZ0CHGCHO + CHO + Hg0
CHO CHgOH

o2]

- OCHgCHgOCHgCHgOH

oH 1

Hed+ CHCOOH + CHO - CHg - O - CHgCHgOH

2

CHO CHO
HQO + | + '
CHO CHgO0H

(B) CH,CHgOCHgCHgOCHgCH-OH-C8.CH; -

O—Q—

Since no acetaldehyde, ethoxyacetaldehyde (93) or B-hydroxy-
ethoxyacetaldehyde was isolated, the end ethoxy group is
represented as oxidizing to acetic acid in both of the al-

ternative mechanisms, and the interior ether oxygen atom

must undergo autooxidation. In either case, the end pro-

ducts would then be acetic acid and glyoxal or glycollic
aldehyde. This inference requires proof, but present data
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render it plausible.

Means of removing these peroxides and their
decomposition products are an important matter which
henceforth must be considered in the purification of
the Cellosolves and Carbitols, The use of fractional
distillation is hazardous, tedious and unsatisfactory
since the peroxides decompose with heat and the distil-
lates are contaminated with decomposition products. A
method such as described by Lipper (94), where the sub-
stance 1s treated with potassium hydroxide and potassium
pPermanganate, should prove more effective. In the past
Cellosolvé,and Carbitol have been characterized as pos-
sessing a "fruity" odor (24, 25), but in this investiga-
tion it was found that samples free from peroxides and
aldehydes had no particular odor at all. It must be
concluded that the "characteristic" odor was caused by
traces of impurities, The presence or absence of peroxides
in Cellosolve or Carbitol cannot be established by a sim-
ple physical constant such as refractive index (Table XVIII).

There is a certain amount of evidence in the
litergture which indicates that these peroxides have been
encountered before without recognition. Liston and Dehn
(37), preparing various dialkyl ethers of ethylene and di-
ethylene glycol, found that during their formation, distil-

lation and storage decomposition occurred, sometimes with



TABLE XVITI

REFRACTIVE INDICES OF CELLOSOLVE AND CARBITOL

CONTAMINATED WITH PEROXIDES

Cellosolve Carbitol
Peroxide 20 Peroxide 25
Normality “p Normality fE_
- 1.4080 - 1.425)
0.0017 1.4080 0.0232 1.4256
0.043% 1.4080 0.0964 1.4256

0.2462 1.4090
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explosive violence, Distillation always gave high and
low boiling fractions. The high boiling fraction might

be accounted for by a peroxide decomposition suggested

by Clover (87),

- 0 - OCHgCHoOCHgCHoOR —=181%  cpd 4 cod+ 1/2 o.t+

-0H HOCHgCHgOCHgCHOR

CH3 =

Oo—Q—1\1

yielding the corresponding monoether, which is known to
have a higher boiling point than the diether (24, 25).

On the other hand, the low boiling fractions might arise,
at least in part, from other decomposition products such

as acids or aldehydes or both, Gallaugher and Hibbert
(20) noted that the dimethyl ether of diethylene glycol
underwent thermal decomposition at the extremely low tem-
perature of 60°, and contrasted sharply in this respect
with the thermal stability of B,B'-dichloroethyl ether,

But in the dimethyl ether there are three oxygen atoms
capable of autooxidation while only one is preéent in the
B,Bt'=-dichloro derivative. Moreover, the oxygen atom in
B,B?'-dichloroethyl ether might not be so liable to peroxide
formation because of the polar effects of the two chlorine
atoms. When a sample of Carbitol which contained a small
amount of ethylene glycol was treated with lead tetraacetate

in glacial acetic acid, a steady consumption of the oxidant
was;noted (see Plot A, Fig. 2 and Table XVII). No sharp
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break (95) in the curve was obtained at two and one half
days as would be expected if ethylene glycol was treated
in glacial acetic acid along (Plot B). The observation
shows that for some undetermined reason Carbitol is not
entirely stable toward lead tetraacetate, whose action
is often restricted to 1,2 glycol units. Although the
instability might not cause great error in the estimation
of ethylene glycol in Carbitol (40), it might well lead
to complications if lead tetraacetate is employed to mea-

sure 1,2 glycols in hydroxyethyl cellulose ethers.,

IT. Thermal Decompositions in the Polyethylene Glycol Series

It was found that the p-tosyl esters of Carbitol-
and triethylene glycol monoethyl ether undergo in high
yields a peculiar type of thermal decomposition at reduced

pressure, which may be represented by the following equations:

S0pCeHaCHs .
0 OCeHsg
I 1 CHg CHg
25°/0.13 mm,

CH | | + CgHs0S0gCeHCHg
CHg 8 CH, CHg

CH
CHQ . e 0

0

S0 gCeH4CHs
| 0
0 0-CHgCHg-0CgHg ca/ \
: ok 134°/0.03 m. |°  |°
H 8 ® [ ]
| | > CH,  CH,

X 7

0 + CgHs0CHgCHg0S0 gCeHoCHg
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by

Moles of oxidant consumed per gram sample (M x 10

l l |
O 40 80 120 160

Time in Hours

Fig, 2 (See Table XVII) The consumption of lLead
! Tetraacetate by Carbitol Containing Small
Amounts of Ethylene Glycol,

Plot A Actual results,.
Plot B Theoretical results.
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Both the ethyl and B-ethoxyethyl tosyl esters isolated
almost quantitatively from the decomposition products
were thermally stable at the cracking temperature em-
ployed because they could be redistilled (under reduced
pressure) in very good yields. This fact has been con-
firmed by another investigator (51). A side reaction in
the decomposition of the triethylene glycol monoethylether
ester, indicated by the presence of acidity and unsatura-
tion 1in the products, no doubt proceeds by a reaction such

as, e se
CeHs(OCHgCHg) 30S0gC gH4CHg — CgHs (OCH CHg) gOCH=CHg+ HOSO gCeH4CHg

These observations explain the difficult behavior of the
tosylatéd substances during combustion analyses, when a
very sudden decompositioﬁ sent a violent rush of highly vola-

tile combustible wvapor through the combustion train.

On the basis of the present experiments and other
evidence found in the literature, it seems probable that the
thermal decomposition of polyethylene glycols and their derl-
vatives proceeds at least to a large extent according to the

general mechanism:
s

N\
CHg CHg

OCHgCHg)pnY —n | | + XY
X(OCHgCHgOCHgCHg) cH, cH,

o
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where n = 1, 2, 3, etc., X = H, alkyl, or B-alkoxylethyl,
etc., and Y = halogen, alkoxyl, or -0S0gCeH,CHs, etc.

Direct support of this postulate is seen in the
results Cretcher and his coworkers (96) obtained when they
treated B ,p'-dichloroethyl ether with aqueous sodium
hydroxide at 200°, Very litt%g of the desired divinyl
éher was produced, the product i’argely consisting of 1,4~
dioxang‘and f-chloroethyl vinyl ether. The reactions by

which tq$se compounds were obtained no doubt were as

follows:
c|1 Cll Cll
CHe CHg  @queous CHg CHg
I | NaOH . | I + HC1
CHg CHg 200° CHg CH
0 0
aqueous
(]
ZOOJ%“ NaOH . “Hg0

Cl OH 0

' o 2

CH 8 8

| | > | I + HC1

CHg CHg CHg CHg

Butler and his coworkers (55) found that decomposition
occurred during the high vacuum distillation of the tosyla-
ted monochlorohydrin of diethylene glycol. Liston and

Dehn (37) obtained low boiling fractions when they distilled
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the diethers of diethylene zlycol, Although these
fractions might have arisen, at least in part, from
peroxide decomposition, the very low yields of 30 and

LO percent of pure product recovered would more likely

be explained by thermal cracking on distilletion., IHibbert
and Gallaugher (20) noted that the polyethylene glycols
and their derivatives undergo thermal cracking, some at
very low temperatures, yielding volatile, sweet smelling
distillates, but unfortunately they failed to identify
any deconposition products. Tlie monocnlorohydrin of
tetraethylene glycol decomposed at 140° und on the basis
of the decomposition of B,Bf'-dichloroethyl ether as noted

by Cretcher (95) the reaction might have been of the general

type proposed:

Cl-(0CHgCHOCHCHg) g0OH — 2 | | + HC1

Since many investigators have found that the p-toluenesulfon-

ate esters and the alkyl halides recact similarly under the

seme conditions (52, 53, 97, 98), the suggested analo:ry

between the two tvypes of derivatives in this thermal re-

action is therefore not without roundation.

Although no mechauisn can be advanced witnout
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more information, decomposition might be connected with
the ability of the polyethylene glycol chain to assume

a coiléd structure, the cross section of which would look
like a 1,4-dioxane molecule, Hibbert (21) assumed some
sort of intramolecular attraction between the two hydroxyl
groups in diethylene glycol with the object of accounting
for some of the anomalous physical properties of the com-
pound, Hurd and Blunck (99) also proposed that an intra-
molecular hydrogen bridge existed to explain the products
obtained in the low temperature pyrolysis of the carboxylic

aclid esters.

ITI. Preparations and Purifications

ek A

The first steps in the synthesis of the mono-
ethyl ether of triethylene glycol was to prepare the sodium
alcoholate of Carbitol. The addition of metallic so&ium
or of sodium methylate, to carefully purified, peroxide-
free Carbitol, however, produced considerable decomposition
as judged by the reddish-brown color immediately assumed
by the mixture. Little improvement was noted when the
experiment was repeated in a pure nitrogen atomosphere with
the rigorous exclusion of moisture. On the basis of re-
actions already discussed, the decomposition might be con-

nected with the formstion of volatile products such as

dioxane,
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or with the formation of volatile cyclic acetals by re-
actions analogous to those recently discovered by Hurd

and Botterson (100) for certain alpha halogen derivatives
of ethylene and diethylene glycol in the presence of

bases, No volatile matter, however, could be isolated
from metallic sodium and Carbitol, even when the solution
was kept at 170° under 15 mm, pressure. The nature of

the colored products formed from sodium and Carbitol there-
fore remains obscure, Although the addition of ethylene
chlorohydrin to the Carbitol-sodium system was also carried
out with the rigorous exclusion of oxygen and moisture, the
yield of the distilled monoethyl ether of triethylene glycol
was only 29 percent based on sodium or 48 percent based on
Carbltol consumed., This low yield might be attributed
either to side reactions in the preparation of sodium
Carbitolate or to thermal cracking during the isolation.
Although the matter was not investigated, it is possible
that the monoethyl ether during distillation partly decom-
posed to Cellosolve and dioxane by the cyclization already

discussed, In the reaction of sodium methylate omn B,B'-
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dichloroethyl ether, Gallaugher and Hibbert (18) postu-

lated a side reaction as follows:
Cl-CHeCHgOCHgCHz~Cl + 2CH;0Na—>CHg=CHOCHgCHgOCH; + 2NaCl + CH,0H.

The same type of side reaction would account for the poor
yields and color encountered in the present case:
CgHsocHgCHgOCHQCHQONa + ClCHgCHOH-»CHg=CH~-OH + NaCl +
¢1 CsHsOCHgCHgOCHgCHgOH .
CHgCHO

alkaline
conditions

aldehyde polymers

When carefully purified starting materials were
used, and the possibilities of peroxide formation and ther-
mal cracking were carefully avoided, the preparation and
purification of the tosyl esters and their iodine analogs
proceeded normally. Analyses for iodine, however, could
not be carried out with alcoholic solutions of potassium
ethylate or potassium hydroxide because such solutions often
failed to displace the halogen completely. With p-iodo-p'-
ethoxyethyl ether, for example, Mahoney and Purves' (3a)
sodium ethylate method of analysis gave iodine contents
ranging from 38.0 to 51.7 percent, whereas the proper value
of 52.0 percent was reliably obtained by the Carius method.
Such low results were to be expected because various in-

vestigators (60, 61, 62, 64) have shown that B-halogen ethers
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were extremely stable substances, particularly the

B-iodoethers.

The compounds prepared in this investigation
‘were found to be pure by elemental analysis for carbon,
hydrogen, and sulfur or iodine, and by the determination
of molar refraction. In Table XIX and Fig. 3, data taken
from Table III are supplemented by figures derived from
the literature. No molar refractions for the tosylates
6ould be calculated, because there were no data available
on fhe atomic or group refractivity of the sulfonate
(-=0-S0¢-) unit in these compounds. The molar refractions
when plotted against the number of ethylene oxide units
per molééule give three straight lines whose slopes are
A, 11.17; B, 10.93, and C, 11.,00. These values are
actually‘tpe contribution made per ethylene oxide unit to
the molar‘fefractions and they agree well with the calcula-
ﬁed value of 10.88. A similar agreement was found by
Hibbert for the polyethylene glycols (16, 19) and by others
(65, 101) for other homologous series of linear polymers,
Sincé‘the slope of the straight line for the tosylates is
substantially the same as the slopes for the original mono-
ethylethers and their iodo derivatives, it may be concluded
tAat the observed molar refractions for the tosylates are
correct within experimental error and afford further proof
of purity. From these data and from tables of atomic re-

fractivities, the average contribution of the sulfonate
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TABLE XIX

(See Fig. 3 and 4)

SPECIFIC AND MOLAR REFRACTIONS IN THE POLYETHYLENE

GLYCOL SERIES

Molar
Refraction Difference
Compound ngo MR Mp (obser.)

Obser. Calcd(a)-MR (caled.)
CoH 0H(D) 1.3610 12.92 12.96 - 00k
CpHg (OCHoCH, ) OH(C) 1.4074 23.88 23.8L + 0.04
CoHo (OCHRCHg) g0H ) 1.4273 34.88 3L.72 + 0.16
CeHs0502C gH4CHy X. 5068 415" ) 51.0h - -

CoHg (OCHgCHz)0S0gCeH CHs 1.5032 (25°) 61.79 - -
CeHg (OCH2CHe) 20S02CeHsCHs 1.4976 (25°) 72.80 - -
OpH:(0CHgCHz ) s090sCeH CHs - 1.4959 (25°) 82,99 - -

CottsT ) 1.5133(18.5°) 24.30 24.2L + 0.06
CoHgOCH,CHgT T 1.4965 35.21 35,12 + 0.09
CgHg (OCHgCHg) oI 1.4908 b6.24 45,99 + 0.25
CoHg (OCHgCHz) o T 1.4889 56.93 56.87 + 0.06

(a) Atomic refractivity values were obtained from Gilman (82)
(b) Huntress and Mulliken (83D)

(¢c) Tallman (65)

(d) Seikel (40)

(e) Beilstein (98)

(f) Karvonen (6L)
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(~0-S0g-) group was determined to be 10.53%0.35, for

this series of compounds, in only fair agreement with

the value of 9.710.2 published just after the completion
of this work by Whitmoie and Landau (102) from measure-
ments on several esters of ethylenesulfonic acid (CHg =
CHSOgOR) . Considering the two types of molecules,

CHg = CHSOgOR and CHgCgH.SOgOR, the variation may arise
fhrough different amounts of optical exaltation, resulting
from hyper-conjugation effects of the double bonds with the
-S0g0- group.

The refractive index of ngo, 1.4380 found in this

investigation for the highly purified monoethyl ether of
triethylene glycol, b,p. 248°, is at variance with the value
of n§6, 1.4389 quoted by Davidson (25). Although he did not
specify the method of purification, it may be pointed out
that the obvious technique of fractional distillation would
fail to remove diethylene glycol (b.p. 245°) and that this
impurity (ngo, 1.4475) would render his refractive index
high. Seikel's similar difficulty in the purification of
Carbitol and Methylcarbitol has already been mentioned., Of
the other compounds in Table XIX, the tosyl and iodo deriva-

tives of Carbitol and of triethylene glycol monoethyl ether

were charscterized for the first time,

In a similar fashion, the specific refractive
indices of the various polyethylene glycol derivatives are
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plotted in Fig. 4, against the number of ethylene oxide
units per molecule. The values for the monoethyl ethers
show an increase as ‘the series is ascended, but the in-
crementjdecreases. This phenomenon was noted by Hibbert
and Gallaugher (18) for the homologous series of poly-
ethylene glycols, and was included in a generalization on
specific refractive power by Smiles (103). However, the
first members in the homologous series of tosyl esters and
B-iodo ethers show a decrease in specific refractivity as
the number of ethylene oxide units is increased, and are in
opposition to the above observations ané to other published
results (18, 103). Refractive indices reported for the
benzoq}e and p-nitrobenzoate esters of a number of Cello-
solves(end Carbitols (44) show no regular trend as the num-
ber of ethylene oxide units per molecule is increased from
one to two, This result can be attributed only to impure

preparations as is evident from a detailed consideration

of the paper (44) itself.

Since the Cellosolves and Carbitols readily under-
go autooxidation and many of their derivatives decompose
to some extent during purification by fractional distilla-
 tion, it may be concluded that the accuracy of much earlier
physical data (44, 45, 46, 47, LB, 104) is open to criticism,
The inference appears to be particularly well-founded for
the Carbitol series, for the fractional distillations
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Fig. 4 (See Table XIX) Variation in refractive index
with the number of ethylene oxide units per molecule

Plot A Right hand ordinate, the tosyl esters, np at 25°
Plot B Right hand ordinate, the B-iodoethers, n; at 20°

“ Plot C Left hand ordinate, the monoethyl ethers, n, at 20°
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employed by the investigators would fail to free Carbit-
0l, the starting material, from ethylene glycol.

IV. Errors in Standard Alkoxyl Determinations in the

Polyethylene Glycol Series

Referring to Table IV, it can be seen that cer-
tain trends exist in the alkoxyl data. The results become
increasingly greater than theory as the number of ethylene
‘oxlde units per molecule are increased, both in the mono-
ethyl ether and the tosyl ester series. Likewise, the
anomaly becomes greater as the type is changed from corres-
ponding ether-alcohols to the tosyl esters to the B-iodo-
ethyl ethers. Since the first step in the action of con-

centrated hydriodic acid, according to Morgan (5), is
ROCHgCHgOH + 3 HI —»RI + ICHgCHgl + 2 HgO

these trends become understandable. As the number of
ethylene oxide units (-OCHgCHg-) per molecule increase,
there is greater chance for more ethylene diiodide to form
and consequently more ethyl iodide. The tosyl ester group
being readily replaced by lodine, would result in more
ethylene diiodide, other conditions being the same. When
the B-iodoethyl ethers are considered, there is already omne
ioainé atom in position so that ethylene diiodide should
forﬁ.most readily. By recalculating some of Morgan's data

on the amount of ethyl iodide collected to a percent ethoxy
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basis from percert (-OCHgaCHp-), the results shown in

Table XX were obtained.

Inspection shows that the anomaly increases as
The number of ethylene oxide units per molecule increases.
The substitution of certain ether and ester for hydroxyl
£TOUPS causes a decrease in the anomaly. I’o doubt some
generalizations mioht be made concerning these facts on the
basis of the modern electronic theories of organic reac-
tions proposed by tﬂe English school. The differences in
magnitude of the anomalies reported by lorgan and in the
present work may be attributed to sli. htly different analy-
tical procedures. Since neither procedure or the conven-
tional alkoxyl method gave proper results, it is safe to con-
clude that such analyses are inherently worthless when

applied to compounds containing the (-0CHpCHo-) urnit.

V. Relative Rates of 3Solvolysis and of Iodination among Tosyl-

ated Polyethylene lycol llonoethyl Ethers

Pure samples of the tosyl esters oi ethanol,
Cellosolve, Carbitol and triethylene glycol monoeihyl ether
were separately dissolved in sufficient 95 percent aqueous
methanol to provide a 1000-fold molar excess of water. The

course of the overall solvolysis reaction was deterr.ined by

following the increase in acidity. ..1though it was expected

that these conditions would ensure pseudo firsc order .iinetics

(97), the study was not planned with the idea of Investigating
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TABLE XX

DATA OBTAINED BY MORGANZ IN THE ANALYSIS

OF POLYETHYLENE

GLYCOL DERIVATIVES

Compound

Ethylene glycol (HOCHgCHgOH)
Diethylene glycol (H(OCHgCHg) gOH)
Polyethylene oxide (H(OCH2CH2) 91 0H)

Ethylene glycol di-c-pentacetyl d-gluconate
(CeHaO02(CasHagOs(COCHs) s) 2

2-Phenoxyethanol (CgHs0CHgCHZO0H)
1,4-dioxane (CgHaO)g
g-Methoxyethanol-1l (CHsOCHCHgOH)
Methoxyethyl oleate (CH30C2H.00C1gHss)

g-Ethoxyethyl-o-benzoyl benzoate
(CGH50003H4COOCQH4OCQH5)

Diethylene glycol dicresyl ether
(CpH,0CgH40C gH40CzH7 )

B,B'-dichloroethyl ether (C1CHgCHg) 20

Triethylene glycol di-2-ethyl hexoate
(CeH1202(C7H5C00) g)

(a) Ref. (5)

Range of differences
between % found and
% calculated values

(Found - Calc.)

L3.0 - 58.7
71.L, - 61.1
01l.% = . "87.1
3.93 % "8.353
18,2 = 284
88,9 .=..92.%
hi.b =, . 50;0
1. 18 .5+ 2238

8.80 - 10.0

1.2 “'% 218
4LB8.8B, ».52.1
19.7  =.25.3
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the detailed mechanism of the solvolysis, The data
contained in Tables V, VI, VII and VIII give reasonable
strgight line rate plots (Fig. 5) as they should for

first order reactions., The limit of error in the titra-
tionsfwas $0.05 ce. of 0.0098 N sodium hydroxide and by
calculation it can be demonstrated that, for solvolysis
below 10 percent, the total error in the log ¢ values may
vary from 14 to 8 percent, When the percent solvolysis
lay between 10 and 20 percent, the log ¢ values may be in
error by 8 to 4 percent of the values given. All the
points in Fig. 5, together with those which are not repro-
duced (see Tables V to VIII), lie within experimental error
on the straight lines, the error being least in the cases

of the fastest reaction, the solvolysis of ethyl-p-toluene-
sulfonate. These measurements would have been of much more
absolute value had they been carried out under conditions
such that the reactions proceeded more rapidly. The speci-
fic reaction rate constants (k;), in moles reacted/liter/hour,
were as follows: for ethyl p-toluenesulfonate, 0.1239; for
2-ethoxyethyl p-toluenesulfonate-1, 0.0173; for 2(B-ethoxy-
ethoxy)ethyl p-toluenesulfonate-l, 0.0232; and for 2(Bp-
ethoxyethox&ethoxy)éthyl p-toluenesulfonate-l, 0,0192.
Sincehcalculation shows that these rates may be in error

by 10 percent, no significant differences exist between the
. <Y valﬁes for the three beta-substituted esters. There can

be noidoubt, however, that ethyl p-toluenesulfonate under-
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Fig. 5 (See Tables V to VIII) Solvolysis of 0,0015 molar
solutions of various p-toluenesulfonates in a large
excess of 95% aqueous methanol at 65%1°

Plot A QO Ethyl p-toluenesulfonate

Plot B g 3-Ethoxyethyl p-toluenesulfonate-l

Plot C 2(g-Ethoxyethoxy) ethyl p-toluenesulfonate-l

Plot D @ 2(B-Ethoxyethoxyethoxy) ethyl p-toluenesulfonate-1

Ordinates log of concentration of unreacted ester
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went solvolysis at a rate a: least six c¢imes as fast
as the others, This increase can be attributed to the
fact that a beta-hydrogen atom in the latter cases has
been substituted by an ether group, Aside Trom the
electronic changes brou ht about by this substitution,
factors related to molecular shape no doubt played a
part in causing this decreased reactivity throush the
effects they would have on the probability factor P in
the equation (105)

k = PZe-E/RT.

A similar effect was noted by Foster and Hammett (106)
when they found that the di-p-toluenesulfonate ester of
ethylene glycol hydrolyzed only one-twelfth as rapidly as

ethyl p-toluenesulfonate,

Davies (105) and Bartlett (107) have proven that
the displacement of bromine atoms from «1lkyl bromides in
acetone, employing inorjanic alides, proceeds by second
order kinetics. Iikewise, Hammeot and his coworkers
(97, 105), as well as others, have shown that the replace-
ment of the tosyl r~roup by ilodine proceeds by second order
Kinetics. The iodaination reactions of the tosyl esters in-
vestigated in this research were followed by means of
changes in the refractive index of acetonyl acetone solu-

tions, rhe data obtained, calculated on the basis of
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second order kinetics, are to be found in Tables IX,

X, XI, and XIT and are summarized in Fig. 6. Since the
refractometer readings are accurate only tol&ngz =30.lxlo‘3,
exemination of the data reveals that the error for indivi-
dual readings, in the case of the iodination of ethyl p-
toluenesulfonate, ranged from 16.7 to 5.1 percent,as the
reaction proceeded. The similar range for tosylated
Cellosolve was from 100 to 6.5 percent for tosylated Car-
bitol and 2(p-ethoxyethoxyethoxy) ethyl p-toluenesulfonate
from 100 to 7.4 and 33 to 6.1 percent respectively. A
second order reaction requires that the plot of time versus
log g. a-: pass throuch the origin and the results (Fig.
6) show that the experimental points all fall within the
limits of error on such straicht lines. The slopes of
tpase lines on the basis ol experimental error have a cal-
culated maximum variation of 15 percent. In order to
check further the validity of the assumption of overall
second order kinetics for these reactions, the concentrations
of the tosylate and the sodium iodide were equalized in two
sases and the data (Tables XIII and XIV) were plotted in
Fig. 7. Straight line relationships between time and the

bimolecular rate function .F§§;T , were obtained within:ex-

perimental error.

It is important to point out that the values of

(kg) obtained for these reactions are not absolute. They

were obtained only as overall reaction rate constants
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Flg, 6 (See Tables IX, X, XI and XII). Bimolecular rate of
iodination of 0,1 molar solutions of various p-toluene-
sulfonate esters by an 0.3 molar solution of sodium
iodide in acetonylacetone at 22%0,5°

Plot A O Ethyl p-toluenesulfonate

Plot B g B-Ethoxyethyl p-toluenesulfonate-1

Plot C 2(B8-Ethoxyethoxy) ethyl p-toluenesulfonate-l

Plot D @ 2(B-Ethoxyethoxyethoxy) ethyl p-toluenesulfonate-l
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Fig. 7 (See Tables XIII and XIV) Bimolecular rate plot for iodination of p-toluenesulfonate
esterg with an equimolar amount (a=b=0.,15 moles) of sodium iodide in acetonylacetone
at 22=0,5°

Plot A O I=thyl p-toluenesulfonate, left hand ordinate

Plot B ( B-Ethoxyethyl p-toluenesulfonate-l right hand ordinate
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without any knowledge of the actual reaction mechanism
and without considering possible side reactions. Con-
sidering the values of (kg) listed in Table XXI, in a
:alative sense, it appears that the substitution of a
beta hydrogen atom, relative to the tosyl group, by an
ether group substantially reduces the ease with which the
tosyl group is displaced by iodine. This inference is
in accord with the effect of a beta ether group on the
hydrolysis rates of the tosyl esters and, as previously
pointtd out many times, on the reactivity of the halogen
atom in organic halides, The difference between the (kg)
values for the iodination of tosylated Cellosolve and
tosylated Carbitol (when a = 0,10 and b = 0,30 moles) is
not great enough to be of much significance when the ex-
perimental error is considered. However, the (kg) value
for 2-(p-ethoxyethoxyethoxy) ethyl p-toluenesulfonate-1
shows an undoubted increase over those obtained for the
two former compounds. The reason for this variation,
aside from the substitution of a beta hydrogen atom, is
also no doubt connected with changes in the probability
facﬁor, P, in the equation, k = PZe'E/RT. The (kg) value
for the iodination of ethyl p-toluenesulfonate, when

a =b = 0.15 moles, checked that obtained under the other
reaction conditions within experimental error. The iodina-
tion of tosylated Cellosolve was so slow under the same

conditions that the kg value did not agree well with that



TABLE XXT

OVERALL SPECIFIC REACTION RATE CONSTANTS (kg) FOR THE ICDINA-

TION OF p-TOLUENESULFONATE ESTERS IN THE PRESENCE OF

SODIUM IODIDE IN ACETONYLACETONE AT 22%0,5°

Concentration of %
Compound Reactants Moles/Liter Kg
Ester Sodium Iodide
(a) (b)

CgHs0502CeH4CHs 0.10 0.30 0.563
015 015 .660

CgHs0CHgCH20S0gCeH CHg .10 .30 o 5 |
™ 5 b .063

CoHg(OCHgCHg) 2050 2CeH4CHg «10 .30 o254
CeHg(OCHgCHg) 3050 2CeHaCHs .10 .30 . 360

® Moles/liter/hour
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obtained earlier (Table XXI). Since other factors such

as salt concentrations, co-precipitation of salt with

sodium p-toluenesulfonate and changes in ester concentravion
(97, 105) are known to affect the (kg) values by as much as
10 percent, the iodinations should have been carried out
under conditions such that they proceeded more rapidly. In
these circumstances the experimental error would have been

greatly reduced.



PART II

APPLICATION OF THE TOSYLATION-IODINATION
REACTION TO A HYDROXYETHYL
CELLULOSE



- 101 -

HISTOLIC..L INTRODUCTION

Although a detailed discussion of the litera-
ture on cellulose itself is far beyond the scope of this
thesis, a brief summary will facilitate a review of the
alkali soluble hydroxyethyl ethers of cellulose, Two
very recent and well presented works, one by Ott (108)
and the other by VWise (109) contain complete and compre-

hensive surveys of the general chemistry of cellulose.

The basic structure of the macromolecule lias
been established, by chemical and physical methods, to be
a linear polymer of anhydro d-;-lucose units. [he units
are connected through p-glucosidic 1l,L4-oxygen bridges,
leaving two secondary hydroxyl groups, in the second w«nd
third positions, and the primary hydroxyl group, in the
sixth position, free in every d-flucose unit. The end
groups are supposedly the only dissimilar units in any
molecule, On one end of the chain there is a d--lucose
unit which has an aldehyde reducing group on the f'irst
carbon atom, and on the other end the d-slucose units has
three free secondary hydroxyl groups in the second, third
and fourth positions respectively. The following

structural formula has been accepted for cellulose con-

taining (n) structural units,
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(6)
AR vl
g OH CHoOH H OH
(5) 0 0 H
HO\ /0H H H I il / - s
(4) )
e % OH H/ \ OH
0 0 H H 0
(3)] (2)
CH-0H H OH CHOH
n=2

These filamentary macromolecules or primary valence
chains may form various types of crystal lattice by close
orderly lateral associations between the chains, brought
about by strong secondary valence forces. The resulting
structure, when the molecules are so grouped together, are
called micelles or crystallites. The modern fringe micelle
theory proposes that the filamentary macromolecules run through
these submicroscopic crystallite regions and also through
more loosely packed or amorphous regions (110). The theory
calls for a diagrammatic representation for fibrous cellulose

as follows, each line corresponding to a single macromolecule.

/ / / /
’ A L L N
‘: P '**L_,_f' f 4_51 ‘;;T 1

The cross sections A represent closely packed crystalline
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localities where the filamentary chains are held toether
in orderly fashion by strong secondary valence lorces, and
sections B represent the more loosely packed po:r:tions where
the molecules are far enou-h apart so that the secondary
valence forces are not operative. The concepts of crystal-
line and amorphous cellulose originated in an interpretation
of the x-ray interference diacrams given by the fibers.

Such diagrams, to..ether with a knowledge of the bond an/les
and lengths joining adjacent atoms, make it possible to
calculate the actual dimensions and anzles of the unit cell

which exists in the crystalline regions,

Cellulosic material from various sources is made
up of varying amounts of these so-called crystalline and
amorphous varieties, native celluloses being hish while
regenerated celluloses and many derivatives are low in cry-
stallinity. Physical and chemical examinations have proven
that cellulose fibers have many submicroscopic voids or

holes distributed more or less at random throughout their

length and cross section (111).

Regenerated celluloses or rayons made from the
viscose and cuprammonium processes in the past were c.ur-
acterized by low tensile strengths when dry and by extremely
low tenacities when wet (1l2a), the standard of comparison

being cotton, The extensibility of these regenerated
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celluloses was likewise great and resulted in undesirable
lustre in the yarn, General interest in the cellulose
ethers and esters has originated in a desire to find fib-
rous and film-forming substances better than the regenerated
celluloses obtained by the viscose and cuprammonium pro-
cesses (1l2a, 112b, 11l2c¢, 113a, 113b). These derivatives
have also pleyed an indispensible part in the elucidation

of the structure of cellulose itself (108, 109), a.d, wmore
recently, industry has become extiemely interested in them
as plastic, lacquer, coating, and sizing in;redients (114,

115, 116).

The ethers have been found to possess many of
the desirable properties of the better known esters and
also some which the esters do not have (11l2a). Unlike
esters, most ethers are stable to licht, storage, hish con-
centrations of alkali, and heat, They are less flamnable
and, like esters, are soluble in water, dilute caustic soda
and a wide variety of organic solvents (112a, 112b, 1ll2c,
113a, 113b, 114, 115), depending upon the average de;ree
of substitution which they possess. There has always been
one drawback to the more widespread employment of cellulose
ethers and that is cost of production, the nitrcete and

acetate esters being much cheaper to produce,

Only a few of the v.rious methods for etheri:ica-

tion employed in organic synthesis are applicable to
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cellulose (117, 118;, In :-eneral, inorrznic acid esters
such as dimethyl sulfate or ethyl or benzyl chloride are
the etherifying agents, and aqueous caustic soda is usuelly
used to neutralize the resulting acids and to act as a

catalyst (117).

EGHVOQ(OH);IX + 2xNaOH + ZXRx—*-CeHr,Oa(OH)(OR)E]x + 2xNaX + 2xHg0

In addition to aqueous inorsanic bases, organic bases are
occasionally employed, pyridine hLaving been used success-
fully for preparing the trityl ethers of cellulose (119,
120), and quaternary bases for methyl and ethyl ethers by
Bock (121, 122). Various organic and inorganic salts huve
also been substituted for bases (123, 124), but industrially
only the aqueous caustic soda process has hitherto proven

to be economically feasible, Uniform alkali cellulose may
be obtained by immersing the pulp in a large bulk of aqueous
alkali and by pressing or centrifuging the mass to remove
the excess, The composition of the alkali cellulose is
very important (30, 117, 118), since the ratio of water to
alkali influences, the speed of the etherification reaction
and the extent of the etherification or degree of substiiu-
tion attained. The ratio of cellulose to water also
determines o some degree the extent of The side reactions,

while the character of those side reactions in turn depends

upon the alkali to water ratio. The water in the cellulose

e -+ v}‘ r\a V\i
acts in two ways (117); first, as a solvent aid carr-er for
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the sodium hydroxide and, second, as a swellin agent
which loosens up the structure of the cellulose r'iber.
The penetration and diffusion of the alkylating agent is
thereby facilitated. The swelling effect is of course
supplemented by the action of the strong sodium hydroxide,

which causes mercerization or hydration of the cellulose.

Ordinarily, the etherification is heterogeneous
in nature (117), but when carried out in quaternary ammon-
ium bases is homo cneous provided the etherifyin - agent,
the cellulose, and the products are all soluble (121, 122).
In the heterogeneous systems the cellulose hydroxyl groups
are surrounded by an aqueous phase and it is necessary for
the etherifying agent to disperse in the caustic solution,
to diffuse through the various cracks, canals, and finer
interstices or void spaces (11l1), in order to reach the
potential reaction centers of the internal surfaces. such
a diffusion process depends upon the molecular size oi the
alkylating agent, on its solubility in the alkali solution,
and on the concentration of the latter. The temperature
and pressure at which etherification is carried out like-
wise affect the difiusion phenomena. Only a relatively
few hydroxyl groups on the surface of the cellulose fibers
react in the initial phase and a low substituted layer re-

sults. This layer swells, but does not dissolve in the

aqueous alkali and excess ethierifyin;; agent. 3ince reaction

in subsequent layers of the fiber depends upon diffusion



- 107 -

through this rellified, swollen layer (117, 125), it is
necessary to distinguish between velocity of reaction

and speed of propagation in the reaction zone. The former
refers to the case where the hydroxyl groups and the etheri-
fying agent are in contact, and is comparable with the
velocity of a homogeneous reaction. The latter term refers
to the speed with which the reaction front travels from
layer to layer, as deter:ined by uiffusion conditions.
Initially at least, the reactions in the presence of acueous
alkall are of a topochemical nuture, whose type is dependent
upon the ratio of the two velocities (117). “‘nen the pro-
pagation is slow the reaction is racroneterc-eneous, Vhen
the alkylating agent is in the gaseous state, diifusion is
rapid, and it may be assumed that the surfaces of the small-
est physical structural units are attacked at once. nis
is a microhetero-eneous reaction end mi ht alrost be cermed
permutoid (cuasiho.ioseneous). If a product unders-oes a
rather hi,h decrce of swelling on its surface, z:ivation
lielps to dissolve or disperse it and thereby allows propaga-
tion to continue (117), but on the other hand too much agita-
tion causes excessive hydrolysis of the alkylatin: agent,
The degree of substitution finally obtained depends also on
the amount of alkylating agent employed, particularily, if
the agent is a solvent for the reaction. In general, hich
alkylation increase both the reaction

temperatures durin:

velocity and speed of rropagation, althouch not necessarily
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in the same ratio. Hish temperatures favor a ricrhly
substituted outer layer, whereas, a more unifor: conver-

sion throughout the fiber tends to result at lower tem-

peratures.

All etherifying agents of the ester or halide
type are subject to alkaline hydrolysis under the condi-
tions employed and are thus used up simultaneously in
two competing reactions (117), whose relative rates influ-
ence the whole course of the etierification. “then
hydrolysis occurs at a rate faster than etherification,
more alkali and etherifying agent have to be continuously

added. The usual side reactions are,

RX + NaOH — ROH + NaX,
RX + ROH + NaOH — ROR + NaX + g0

and the second is favored by high alkali concentrations in
the alkeli cellulose (125, 126, 127, 128, 129). The first
reaction reaches a maximum near 20 percent alkall concentra-
tion, increasing at smaller (117, 130) and decreasing ‘with
larger concentrations. It decreases as the ratio of al-
kylating agent to alkali in the system increases. It also
increases as rate of agitation is increased, zs the reaction
temperature is raised, and as the reaction time is prolonged.
conditions which cut down the undesirable

Unfortunately,

side reactions also tend to limit the etherification reaction,
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and, in most instances t.e set of cornaitions adopued is

The compromise 51ving the best overall results.

A thorough searcn of thLe literature and con-
sultation of reviews on cellulose ethers (115, 131, 132)
revealed no articles concernin - hydroxyethyl cellulose
prior to 1933 (133). However, numerous patents had been
issued concerning them (124, 126, 13C, 134, 135, 136, 137,
138, 139) prior to this date. The first hydroxyethyl
cellulose, prerared iroan echylene oxide z=nd cellulose, was
made and described by Hubert in 192C (139), but there ves
not much interest in such products until the work of
Shorigin and i¢uashewsikaja (133, 140, 141), schorier (126,
127, 128, 129), and Schorger and Shoemaxer (1l42) wus pub-
lished. 3ince a relieble means for tne determinction of
tlhhe averaeze degjree of subsivitution of hydrciyetiinl cellu-
lose ethers vizs nou developed until 1946 (5), tie litera-

ture values are probably in error and are guoted below

only for comparative uvurvoses,

Some preparations of tie hydroxyethyl ethers of
cellulose employ ethylene chlorohydrin (134, 135), others
ethylene oxide (121, 125, 142, 143, 1lkL, 145, 146), arnd in
otiiers either etherifying azent may eaqually well be applied
(116, 122, 126, 127, 128, 129, 132, 147, 148, 149, 150).
Cotton linters, high alpha wood rulr cellulose, regenerated

cellulose, and pretreated cellulose mzy be used. Pretreated
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cellulose refers to material which L.as under .one some
special acid or alkaline treatrent and which is oiten

somewhat degraded,

The reaction of cellulose with ethylene oxide
(108b, 116, 117, 126, 127, 128, 129) is a notable excep-
tion to the general etherification process already outlined.
Ethylene oxide is capable of entering into a direct addi-
tion with fibrous cellulose, although with extreme slow-
ness, and some type of alkaline catalyst is usually enrployed.
The catalyst may be caustic soda or a wide variety of other
organic and inorganic bases or salts (121, 124, 144, 145,
150), and may be employed in amounts ranging from that of
the dry cellulose to as little as 0,25 percent (1l4k, 145).
The function of the catalvst is to swell the cellulosic
material, chus promotin. a more uniform reaction, to speed
up the overall reaction, and sometimes to degrade the cellu-
lose, as when caustic soda 1is used. No degradation may
occur with small amounts of organic bases, Commercia.ly
caustic soda is probably the most widely employed catalyst
and the cellulose is usually converted into alkali cellulose
in a conventional manner. The concentration of caucstic
soda solution quoted for the conversion varies greatly from

source to source and so does the alkali cellulose agin: time

and temperature, providing any aging is done at &.l. These

variables greatly effect the solubility, viscosity (3¢, 117,



- 111 -

126, 127, 128, 129, 150), and solution stability (143)

of the final products. A caustic soda solution of &p-
proximately 30 percent is regarded as best for preparing
alkali cellulose when low substituted, alkali-soluble,
hydroxyethyl ethers are sought (126, 127, 128, 129, 150).
If the mercerizing solution is more dilute, excescive

side reactions leading to the rormation of ethylene :-lycol
diethylene ¢lycol, 1,4 dioxane, and other rclyethylene
glycols result (116, 121, 124, 125, 126, 127, 128, 129).
If the caustic soda solution is more than 30 percent, the
reaction is retarded. The alkali cellulose is placed in
a rotating autoclave and 11 to 20 percent by weisht of
ethylene oxide, based on the ori inal cellulose, either

in the liquid or zaseous state i1s admitted, usually after
the autoclave has been evacuated. After a reaction period
varying from one-half to two hours, a product is obtained
that is soluble in 5 to 15 percent sodium hydroxide. The
reaction is quite exothermic and in order to carry it out,
preferably around 45° to 60°, it may be necessary vo employ
oxternal coaling (126, 127, 128, 129).  Cther catulysts
such as sodium chloride, potassium acetate or pyridinium
hydrohalides may replace ihe caustic soda (121, 124). In
this event the reaction is slower, less heat is liberated

per unit time, and thermal control is easier. The auto-

clave may be operated either above or below atmospheric

pressure and the ethylene oxide is usually admitted at &
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rate only slithtly above that at which it reacts. ..eat
may or may not be employed depending on the ovier reac-
tion conditions, such as pressure, amount of oxide em-
ployed, and upon the degr=e of substitution desired. The
etherification may be carried out in che presence of inert
solvents such as 1,4 dioxane, acetone or benzol (121, 142)
which may improve the uniformity of the product, but vhich

usually diminish the reaction rate.

The maximum solubility of these alkali-soluble
ethers is usually attained in 10 percent sodium hydroxide.
If less than 11 percent evhylene oxide, based on the start-
ing cellulose, is employed durinz the etherification, then
the product is less soluble in dilute zl:ali and it may be
necessary to chill the mixture at temperatures below 0O°
to attain clear, filterable solutions (126, 127, 128, 129).
Alternatively, the dried cellulose ethers may be heated to
temperatures in the neighborhood of 100° to 120° for periods
between three and one-half to twenty-four hours (149), or
they may be treated with mineral acid (149).  Presumably,
both of these Lreatments increase the solubility by pro-
moting some type of undetermined chemical desradation, AS
a rule, these ulkali-soluble hydroxyethyl cellulose ethers
are said to contain substantially less tian one hydroxyethyl
croup per clucose unit (120, 127, 128, 129, 132). Lany

times it is stated that the best derivatives contain 0.5
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hydroxyethyl groups per glucose unit.

The water-soluble hydroxyethyl ethers are pre-
pared in the same general manner as the aliali soluble
types (126, 127, 128, 129). 1In these cases however, the
alkall cellulose is first aged (133), treated by heat (148)
or is prepared from a pretreated, de raded cellulose (146).
Larger amounts of ethylene oxide, up to 85 percent of the
dry weight of the cellulose, are employed (30) and the re-
action is carried out under pressure &nd exter:al heat
(133). Jater-soluble ethers in most instances are claimed
to have an average degree of substitution greater than one
(125, 133, 140). As the substitution increases .rom one
to three, the water solubility increases and t.e products
become increasingly soluble in orjanic solvents (140).

Such products are easily ovtained by heating regenerated
cellulose with excess ethylene oxide at 1C0° under pressure

(126, 127, 128, 129,;, no alkali or other catalyst being re-

quired under these conditions.,.

The condensation or cellulose with ethylene oxide

may be represented as follows:

CHQ\ alkaline

2 CoH,LC
EBHVOQ(OH);' x ¥ X éHa/O cataly;: eH,0g(OH) gl 2 HBOHﬂ x

Any subsequent condensation may occur eicher at the remain-

ine hydroxyl groups of the cellulose, or at the newly formed
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hydroxyethyl groups (Condensations A and B).

CHQ\ alkaline
EeHr;Oz(OH)z(OCHgCIizO@ x * | 50 ———|CeH,02(0H) (OCH,
CHg/ catalyst
alkaline (A)
catalyst
E6H702(OH) g(OCHzCH20CHQCH20I€)] x

(B)

To date there has been no means oi' determining which of
the condensations (A or B) actually occurs, or whether
both courses are followed simultaneously. The reaction
with ethylene oxide should, in the gaseous state at least,
be microheterogeneous or quasihomogeneous in nature, for
ethylene oxide is a small molecule (117). This considera-
tion leads to the unproven inference that the hydroxyetays
groups would be uniformly distributed throuch the mass of
the cellulose and that the condensation would be mostly of
the type A, at least at low substitutions, Condensations
employing liquid ethylene chlorohydrin are no doubt of a
macroheterogeneous nature (117) and hish local substitution

in the cellulose would perhaps favor products with a hi_her

content of type B.

Condensations of cellulose with ethylene ci.loro-

hydrin (126, 127, 128, 129, 134, 135) have been carried out

in the same eneral fashion as those employinc~ ethylene

nT1
2 P8

S

0H) J,
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oxide, but with the difference that alkali is reguired

to neutralize the by-product hydrochloric acid as we.l

as to act as a catalyst. The use of alkali in .che
chlorohydrin condensation is thus imperative rather than
optional, Ethylene chlorohydrin generally reacts more
slowly and in a. less exothermic way than ethylene oxide,.
VWihen, for example, mercerizins liquor of 30 percent is
called for in an ethylene oxide process, LO percent is re-
quired in a parallel process employinc the chlorohydrin.
Anhydrous ethylene chlorohydrin yields better results than
its azeotrope with water, Vlhen other conditions are simi-
lar, the resultins; hydroxyethyl celluloses are usually
similar in physical and chemical properties to those pre-
pared from ethylene oxide (126, 127, 128, 129). Both low
substituted, alkali-soluble, and hisher substitutea, water
and organo soluble derivatives have been prepared from
chlorohydrin (148). Consideration of the equation for the

initial reaction of the chlorohydrin with cellulose,

excess

EBH.,OQ(OH)E] + X ClCHgCHZ0H + x NaOH —=
X alkali

[g;Hqu(OH)g(OCHQCHgOé] + x NaCl + x HgO
X

shows that subsequent condensation may proceed alon: either

or both of the two paths (A) and (B) already sugsested for

the ethylene oxide reaction. The side reactions are also
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of the same general character (116, 121, 124, 125, 126,
127, 128, 129).

Tlhie alkali-soluble, water insoluble LyAroxy-
ethyl ethers may be purified by precipitation from alkaline
solutions by adding dilute acid and then thoroughly washing
the precipitated products with water (126, 127, 128, 129).
Water-soluble ethers, depending upon their average degree
of substitution, are purified in different ways., If the
ether is water soluble but insoluble in organic solvents,
it may be precipitated by pouring the agueous solution into
a large volume of acetone or alcohol (126, 127, 128, 129,
133). If soluble in water, various organic solvents and
aqueous alcohol, purification must be by dialysis or elec-
trodialysis (146). The water-soluble hydroxyethyl ethers,
in contrast to some of the water-soluble methyl or ethyl
cellulose ethers, are soluble in hot as well as in cold
water, The alkali-soluble ethers may be converted into
films, threads, and other shaped objects by coagulating
their alkaline solutions in an acid bath of the same type
employed in the viscose process (135, 142). Lilienfeld
(135) has enumerated several reasons why the manufacture of
films and filaments by his alkali-soluble hydroxyethyl

cellulose is superior to the viscose process. The ethers

are stable both in the dry state and in alkaline solution,
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and may be transported or stored in either condition,
They are very uniform and their alkeline solutions are
colorless, odorless and free from impurities or by-
products which would contaminate the coagulating baths.
When coazulation is carried out, no sulfur separates out
of solution -into the films, thus no bleaching operation
is required. Finally there are no noxious, poisonous

gases evolved in the coagulation process,

kichter (143) and others (126, 127, 128, 129),
however, have noticed that some of the alkali-soluble
hydroxyethyl ethers form unstable solutions which zel on
standing. The instability of such solutions is associated
with a number of manufacturing variables such as type of
cellulose employed, pretreatment of ths cellulose, method
of preparing the alkali cellulose and the conditions of
etherification (143). Any change brought about in these
variables which tends to cause degradation of the cellulose
results in derivatives which have higher solution stabili-
ties. Richter further records that mixtures of hydroxy-
ethyl ethers give solutions with the physical stability

characteristic of the hi:hest stability component,

The hydroxyethyl ethers oI cellulose are found

to be chemically more reactive, in general, tian ce:lulose

itself, A number of derivatives have been prepared but
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there is nothing of importance on record as to their
properties or characterization (30, 131). Benzoyl
chloride in the presence of aqueous alkali yields a
hydroxyethyl ether benzoate (116, 126, 127, 128, 129,
142), which is said to be similar to the product obtain-
ed by partly esterifying cellulose with benzoyl chloride
and then etherifying the product with ethylene oxide or
chlorohydrin. The mixed ester ethers migcht be employed
for films and filaments, The stearate and xanthate es-
ters have been mentioned (131, 142). Shorigin and
Rymashewskaja (133) describe the preparation of the tii-
acetate of a water soluble hydroxyethyl cellulose by the
acetic acid, acetic anhydride, sulfuric acid method.
Schorger and Shoemaker (142) and also Sonnersxog (151,
152) make mixed ethers by using ethylene oxide and either
methyl or ethyl chloride. These etherifying agents are
employed either separately or simultaneously in the pres-
ence of aqueous alkali with about the same end results,
insofar as the properties of tie products are concerned,
Since no reliable method of analysis was available,
Sonnerskog (151) could not correlate properties accurately
with degree or uniformity of substitution. Dreyfus (134)
notes that a decomposition occurs vi.en hydroxyethyl ethers
are treated with concentrated hydrohalogen acids, phosphor-

ous iadide and water, or dilute hyaronalogen acids under
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Pressure. The decompositions vleld ethylene glycol

or its derivatives,

fis already discussed in Part I of this thesis,
no reliable method for analyzing hydroxyethyl type com-
pounds, including hydroxyethyl ethers of cellulose, was
known until 1946 (5, 151), when Morgan (5) analyzed sev-
eral hydroxyethyl cellulose ethers, probably for the first
time with some degree of certainty. ~lthough l.organ's
modified Zeisel method still remains to be checked by
independent means for the cellulose ethhers, i¢ appears to
be very reliable for simple compounds of similar structure.
Earlier estimations (5, 30, 116) employed the ordinary
alkoxyl determination together with other umethods which
likewise are of questionable value, Nikitin and Rudneva
(116) attempted to obtain the averaze degree of substitu-
tion by usings ordinary elemental analysis for carbon and
hydrogen content . This method is not reliable, for appre-
ciable increments in the average de:ree of substitution
result in changes in the percent carbon and hydroz:en which
lie well within the analytical error. The fact that the
hydroxyethyl substitution obtained by the erroneous .eisel
method was supported by the carbon and hydrosen values also
discredits the precision of elemental analysis as an analy-

tical tool. Neither of these methods seems to be better than

a calculation of hydroxyethyl substitution from the gain in

weight which occurs during v..e etherification. ~avis (30)
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proposed a wet combustion rethod, employing concentrated
chromic acid, for aetermining the substitution, but it
is difricult to see what the advantage ol this method

over ordinary elemental analysis would be,

Shorigin and Rymashewskaja (133) also employed
iodine numbers to estimate the extent to which hydroxyethyl
cellulose ethers and their derivatives have been degraded,
although they found in their work on the zlycerol ethers
of cellulose (140, 141) that the iodine number was not
reliable, since glycerol itself exhibited an appreciable
iodine number (141). It was believed that the ;lycerol
ether groups in the ceilulose derivatives were bein;

oxidized by iodine in the presence of alkali,

Although the number of hydroxyethyl groups in
a cellulose ether can now be estimated with some confi-
dence by Morgan's method (5), the task of determining the
position and uniformity of the substitution still remains,.
There is also the problem of determining whether or not
condensation of ethylene oxide occurs on a hydroxyethyl
group giving polyethylene ilycol side chains (mechanism
B) instead of only simple hydroxyethyl groups (mec:.crism
A). Tt seems that the former might well occur, ior Davis
(30) has reported derivatives containing from 3 <o 6

ethylene oxide units, and Liorgan (5), derivatives contain-

ing up to 4 groups per glucose residue.
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In an attempt to answer the above questions
for a commercial alkali-soluble hydroxyethyl cellulose
ether, it was decided to apply che tosylation-iodination
technique developed by Purves and his coworkers ror
cellulose acetates (2, 4, 153) and for the methyl and
ethyl ethers of cellulose (3). Cldham and wtherford,
working with sugar derivatives (1), established the fact
that tosyl groups in the number six or primary hydroxyl
position were quantitatively replaced by iocdine when the
esters were heated with excess sodium iodide in acetone
solution. Tosyl groups occupying the positions ol lle
secondary hydroxyl groups were in contrast not arfected,
Irvine and Rutherford (154) and Oldham (155) likewise
found that in nitrated sugar uerivatives the nitrate group
in the sixth position was gquantitatively replaced by louine
under the same conditions. Iurrsy and Purves (156) then
demonstrated that the same reaction applied to cellulose
nitrate. Tosyl groups in the primary positions could also
be replaced by chlorine, the reagent necessary for this

substitution being pyridine hydrochloride in pyricine solu-

tion at 100° (157).

Purves and his collaborators (2, 4, 153) condensed
technical cellulose acetates (average substitution 2.:4L%L

acetyl and 0,56 hydroxyl groups per rlucose unit) in a

dilute pyridine solution with a large excess of tosyl chlori.e.
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The reaction was homogeneous in nature, At various t...e
intervals portions were removed I'rom the reaction mixture
and the tosylated samples were isolatea, purified, and
analyzed for sulfur content. .. rate plo: of tos: 1l content
versus reaction cvime was consbtructed. ouring the _Irst
three hours a very rapid reaction took place, then tl.e rate
diminished markedly. By extrapolatinz this rate curve
back To zero time after a nearly flat portion of the curve
v'as reached, it was possible to estiniate the number of free
hydroxyl groups involved in the inivial rapid cosylevion.
This number checxed ciie number of prinary hydroxyl groups
found by applying the iocination or the chlorinztion re-
action to samples removed after the initial rapid tosyla-
tion had ceased. The free .iyaroxyl groups present in the
second and third positions of the cellulose acetate were
found by difference between the total! hydroxyl groups

(0.56 moles per zlucose unit) and those on the nw.ber six
position (0.20 moles). Gardner and Furves (4) by a xinetic
enalysis of the later portions of the tosylstion rate curve,
were able to dirierentiate cuantitatively bpetveei. tiie iTee
hydroxyls available in the number two und number three
secondary positions, "his advance was possible because
these two positions were tosylatea av very GifTerent rates.
The mode of subs:itution, random or bunched, on the secord-
ery positions (153) was determined by lead tetraacevate oxia-

ation, since one mole of oxidant was consunied every vinle ..o
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unsubstituted 2,3 glycol unit existed in s -lucose resi-
due. Durins the tosylation no loss or wanderin.: of

the acetate groups occurred, but the pyridine n:-iro:iicride
formed as a by-product very slowly replaced tosyl £U0UpS

by chlorine. This reaction became &appreciable after cosyl-

ation had proceeded for about a week at 20°,

The same ~eneral technique was employed by
Mahoney and Purves (3) for studyin the methyl and ethyl
ethers of cellulose. However, periodate oxidation was
used to determine the uniilormity ol substitution on the
two secondary hydroxyl positions. No loss in alkoxyl
groups was noted and the chlorination side reaction c¢id
not become evident until a number of wee:xs of i(osylation
had elapsed. In studyin;; some of the water and dilute
alkali soluble ethers, heteroc.eneous reaction mixvures were
encountered so no attempt was made to use a kinetic approach
to distinguish free hyaroxyls in the two secondary positions.
It was nevertheless possible to deteriiine the free primary
and the combined free secondary hydroxyl groups. In one
case, the tosylation reaction was carried out in a 1ishly

swollen, apparently homo:encous el system and eprearci Lo

proceed in a normal Tashion. The usual xinetic approach

was applied with success to obtain tiie number of unsubsti-
tuted hydroxyl groups in the two secondary positions and the

resction rates were in the seme relative order as those ob-
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served for tosylation in homogeneous solution.

The following experiuents explore the ap.lica-
tion of the tosylation-iodination and tosylation-chlorina-
tion methods to a technical, alkali-soluble hydro:yethyl

cellulose.
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EXPERTMTINTA

I. Materials and keagents

Various samples of commercisl hydroxyethyl
cellulose ethers were availzble for this investigation:
Ceglin (H), Ceglin (E.S. type H.), Ceglin (17443-B),
Cellosize (W,3, 100) and Cellosize (%i.S. 1000). The
Cei;lins were contributed by the Sylvania Industricl Cor-
poration, now the Sylvania Division of the .unerican Vis-
cose Corporation, and the Cellosizes by the Carbide and
Carbon Chemical Corporation, The ethers were passed
through a laboratory Viiley mill and were reduced to par-
ticles which passed a 60 mesh sieve. The air-dary samples
were stored in tightly stoppered bottles and moisture con-
tents were obtained when desired as the percentage loss in

weight occasioned by heating at 105°-110° for two hours.,

All reacents employed were invariably purified
as described in Part I, since cellulose derivatives fre-

quently contaminate themselves by an avid absorption of

any accessible impurities.

II. Methods of Analysis

sulfur and Halogen Determinations

The sulfur and halosen determ.inutions were ull

carried out by the Carius combustion method (73b, 73c).
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It was found during the course of the analytical work
(Parts I and II) that the amount of nitric acid employed
for the 20 mg. to 30 mg. samples was of critical iwvor-
tance. «“hen 0.5 cc, or less of nitric acid was used no
explosions of bomb tubes resulted, and over 90 consecu-
tive analyses were carried out without incident. When-
ever the amount of acid was over 0.5 cc., explosion of the

combustion tubes resulted in nearly every case.

Determination of Hydroxyethyl Content

Morgan's modified alkoxyl estimation (5) was
employed; each estimation required 20 cc. of freshly dis-
tilled constant boilin. hydriodic acid (sp. . r. 1.70;
b.p. 126°-127°), and semple weights as large as 0.20 g.
to 0.40 g., since hydroxyethyl contents were always low.
The number of ethylene oxide units per glucose unit were
calculated employin; the following equation where (x) 1is
the number of roups.

, 4,04 (X)
%5(0CHegCHe) = Y52 1L + LL.OL(X)

Table XXII illustrates the results for three hLydroxy-

ethyl celluloses.

III. Examination of the liydroxyethyl Cellulose Etrers

for Peroxide CXyjen

The various hydroxyethyl ethers were examined in


file:///ihen

- 127 -

TABLE XXTT

ETHYLENE OXIDE CONTENT AND AVERAGE DEGREE OF

SUBSTITUTION FOR THREE HYDROXYETHYL CELLULOSE ETHERS

Average number
of ethylene

Solubility oxide groups per

Sample type %(0OCHgCHz) glucose residue
Ceglin (H) alkali-soluble 6.17 0.242
5.5k 0.216
Ceglin (E.S. type H) alkali-soluble 10.58 0.435
10.93 0.451
cellosize (W.S. 100) water-soluble 28,12 1.439

28.27 1.451
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a qualitative way by the method of Liebhafsky znd 3harzey
(77) which was described in Part I. One gram of dry
Cellosize (VW.S. 100) and 1 g. of sodiux bicarbonate were
placed in a 125 cc. glass stoppered Erlenmeyer {lask, .ien
25 cc. of pure glacial acetic acid wvas added, followed by
1 cc. of potassium iodide solution (0.4 5. KI/cc.). After
washing down the sides with 5 cc. of distilled water, the
flask was loosely stoppered and kept in the dark for five
minutes, together with a reagent blank, No iodine was
liberated by the presence oi the Cellosize, not even the
minute amount found in the reagent blank, which incicated
no peroxide type oxygen. Samples of Cellosize (W.S. 1000),
Ceglin (H), Ceglin (17443-B) and Ceclin (E.S. type H.) were
also investigated, but no peroxide oxygen wcs indicated in
any case, Both the water-soluble Cellosizes were soluble

in the reaction mixture, but the Ceglins were not.

Samples vere then treated in an acidified (dail.
H,S04) aqueous media with ferrous and tniocyanate ions (88,
158) ; no peroxide oxygen was indicated by the lack of the
usual red coloration caused by ferric ion. The qualitative

venzidine test (159), usin. a saturated aqueous solution of

benzidine and a 10 percent aqueous solution of copper sulrate

was also tried, but no peroxide type oxygen could be detected.
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IV. Iodine Consumption by Hydroxyethyl cellulose Zthers

in Alkaline Hypoiodite Solutions

In two sets of experiments a high alpha cellu-
lose wood pulp and Ceglin (H) (containing 0.23 moles of
ethylene oxide groups/glucose unit) were immersed in
alkaline hypoiodite as described by Harris and iis co-
workers (160, 161) for the estimation of reducins groups
in hydro- and oxycelluloses. Accurately weished samples,
approximate to 1 g. over dry, were placed in 125 cc. glass
stoppered Erlenmeyer flasks, then 10 cc. of a 0.05 17 sodium
borate buffer (pH 9.2 at 25°) and 20 cc. of an approximately
0.03 M iodine solution (0,02 g. KI/cc.) were added; the
flask was tightly stoppered and placed in a constant temper-
ature bath at 25.5°*0.1° for six hours. 4t the end of this
time the mixtures were acidified with 10 cc, of 0.1 I hydro-
chloric acid and the available iodine was immedi.tely titra-

ted with 0.01293 N sodium thiosulfate, using starch solution

as indicator. The difference between these titrations and

the titration required by a reagent blank save the amounts
of 0.01293 N iodine consumed in six hours, The sample was
then quantitatively recovered on a Blichner funnel, washed
thoroughly with water to remove all traces of reagents,
dried by solvent exchange through dry ethanol and ether, and

finally dried until all traces of ethanol and ether had

disappeared. Second treatments were then carried out as

already described on the recovered saiples and the amount
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of lodine consumed at the end of twelve hours was ta'en
as the sum of the consumptions found for the first and
second six hour treatments, Proceeding in this way,
the lodine consumptions were determined for times of six,
twelve, eighteen and twenty-four hours. The results
are given in Table XXIII. The iodine number (cc. of
0.1 N iodine consumed per gram sample was then calcula-
ted as follows:

cc. of iodine consumed by sample x 0,01293 _ . ai b
0.1 X sample welght = .o0dilne number

The results are listed in Table [<I7,.

In two further series of investirations, the
water-soluble Cellosize (./.S. 100) (containing 1.45 moles
of ethylene oxide/glucose unit) and hi;hly purified Cello-
solve (see Part I) were examined for their action toward
alkaline hypoiodite. Accurately weighed samples (arrrcx.
1 g. for Cellosize and 0.18 g. for Cellosolve) ere trans-
ferred to 200 cc. volumetric flasks and 60 cc. of (.05 L
sodium borate buffer and 120 cc. of 0.03 I iodine solution
were accurately added from a buret, The final volui.e was
made up to the mark with distilled water. The flasks
containins the Cellosize samples were shaken for a Tew

minutes until solution wvas comnrlete, and then were Lroizrsed

together with the Cellosolve solutions 1in a bath rezulated
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TABLE XXTIT

CONSUMPTION OF TODINE FROM ALKALINE HYPOIODITE SOLUTION

BY HIGH ATLPHA CELLULOSE WOOD PULP AND CEGLIN (H)

Cc. of 0,01293 N Todine
consumed per sample

Reaction High Alpha Cellulose Ceglin (H)
time in Wood Pulp
- ot (1) (2) (1) (2)
1.2301 g. 0.9792 g. 1.1719 g. 1.0481 g.
& ° . I L .30 w I - b 5.40
12 QL5 7 .60 13 . &5 11.05
18 11.90 255 16,80 16.90

2L 13.70 10.80 20,70 21.40
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TABLE XXIV

(see Fig. 9)

VARTATION IN TODINE NUMBERS OF HIGH ALPHA CELLULOSE

WOOD PULP AWD CEGLIN (H) WITH TIME

Jodine Number

Reaction e
time in High Alpha Ceglin
hours Cellulose Wood Pulp
(1) (2) (Av.) (1) (2) (Av.)
6 0.55 0.57 0.56 0.65 0.67 0.66
1§ 0.99 1.00 1.00 1,207 “13.36 oy, 7
18 b 3 1.26 1.26 1.86._.2.08 1.97

2L 1,44 1.43 1.4 2.28% 2,0k 2.46
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at 25.5°%0.1°, At various time intervals 1C cc. por-
tions of the reaction mixtures were pipetted into a rlasx
containing 15 cc. of water and 5 cc. of 0,1 N hydrochloric
acid. The iodine was irr.cdiatcly titrated with 0.01293 1T
sodium thiosulfate, with the results .:iven in Table V.
The iodine number was then calculated as

200x%0.01293x(cec. of thio./10 cc. blank - cc. of ©vrio./10 cc. unknown)
Sample weight

and the results are shown in Table YXVI.

V. Tosylation of Alkali-soluble Cegzlin (2.3, Type H)

Preparation of Tosyl Esters lequiring Twenty-One iHours

or more Reaction Time

Ceglin (E.S. type H.), 14.68 g. air-ury or 14.0 .
oven-dry (0.077 moles containing 0.231 moles of free hyd- ~
roxyl groups), was dissolved in 35C g. of a 5 percent (by
wt.) sodium hydroxide solution with stirring under a nitro-
cen atmosphere at 10°. The Ce -lin was reprecipitated in
ribbons and pellets of highly swollen ¢l by pourins the
alkali solution into 1.5 liters of aqueous acet.c acid
(50-50 by volume) with gentle stirring.  After coagulation
had taken place the mass was stirred vigorously by recchani-
cal means for twenty minutes. The hirily swollen gel par-

ticles and acidic supernatent liquors were poured into an

g" x 10" muslin bag which had been laundered many times.
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TABLE XXV

CONSUMPTION OF TODINE FROM AN ALKALINE HYPOIODITE

SOLUTION BY CELLOSIZE (W.S. 100) AND CELLOSOLVE

Reaction Ce. of 0.01293 N thiosulfate required
time in per 10 ce. alliquot of alkaline hypoiodite
hours solution
Reagent Cellosize Cellosolve
Blank (W.S. 100)
(1) (2) (1) (2)
0.9448 g. 0.9498 g. 0.1819 g. 0.1810 g.
6 13.90 13.20 e W L 13,80 13.90
20 13.83 12.10 12.10 13.50 13.60
26 13.80 11.80 & 13.45 13.50
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TABLE XXVI

(see Fig. 9)

(W.S. 100) AND CELLOSOLVE WITH TIME

Jodine Number

Reaction
Time in Cellosize Cellosolve
hours (W.S. 100)
(1) (2) (Ay.) (1) (2) (Av.)
6 1.92 2.04 1.98 1l.4k2 - 1. Ae
20 L .65 L .63 k4 . 6L 3.56 L .63 FeId
26 5.&6 5.56 S x ok L .28 L .63 L .46
Ll 7 .48 7.61 1955 7.84 8.17 §.00
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The gel retained in this bag was washed with distilled
water until the effluent had the same PH as the water

used (pH, 5.7), and, after being drained as free of water
as possible, was transferred carefully to a 2 liter round
bottom flask, The weights of the dry bag before and

after use showed that it had retained no significant am-
ount of gel, While in the flask, the gel was solvent
exchanged into dry pyridine, usince vacuum distillation

and continuous addition of fresh dry pyridine. To follow
the removal of the water, 1 cc., of the pyridine distillate
was added at intervals to 1 cc, of dry petroleum ether
(b.p. 30°-50°) and the gradual decrease in the formetion

of two layers was observed., When they no longer formed,
the refractive index of the pyridine distillate was checked
until that of pure, dry pyridine, n%o, 1.5090, was obtained,
then the distillation was stopped. The vacuum was regula-
ted during the distillation, so that the heating bath temp-
erature never exceeded 60°, The Ceglin-dry pyridine gel
particles were cooled to 5° and 274.1 . (1l.44 moles) of
tosyl chloride, dissolved in enough additional chilled py-
ridine to give a total weight of pyridine of 1540 g. (19.46
moles), was added to them, The reaction flask was tic htly
stoppered, set in a constant temperature bath at 25°%0,l°
and periodically was shaken vigorously by hand, After
twenty-one and one-half hours, when the system had passed

through an intermediate homogeneous to the second hetero-
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geneous state, 100 cc. to 150 cc. samples were Temoved

at various times after shaking the mixture to ensure
uniformity. The esters were isolated by pouring the
samples slowly into 1.5 liters of rapidly stirred distilled
water which was cooled to 5°-1¢°, 4 further 500 cc., of
distilled water, some of which was used to wash the samp-
ling beaker, was added to the precipitation vessel. After
recovery on a sintered glass funnel, the esters were wash-
ed repeatedly with fresh distilled water, with stirring
and filtration, until both the wash water and the products
were free from chlorine ions and pyridine. The products
were dried by solvent exchange through dry methanol and
dry ether; finael drying before analysis being carried out

in vacuo (0.6 mm.) over phosphorous pentoxide for at least

two days at room temperature. Analyses of each ester are

in Table XXVII.

Preparation of Tosyl Esters requiring less than Twenty-

one Houls Reaction Time

The procedure employed in these cases were exactly
as described above, with the exceptions that the reprecipi-
tated Ceglin gels were washed and filtered on a sintered
glass funnel, and that one-seventh of each of the reactants
were employed, their relative concentrations being kept the
same, Each tosylation required 2 g. (0.033 moles of free

hydroxyl groups) of dry Ceglin, 39.5 g. (0.206 moles) of
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tosyl chloride and 220 g. (<.78 moles) of pyridine.

The ester in each case was‘isolated by pouring the entire
reaction mixture into 2.5 liters of rapidly stirred,
cooled, distilled water and an additional 500 cc, of
water was employed for washing the reaction flasks. The

analysis of the products are in Table XXVII.

By employing the following set of three simul-
taneous equations, it was possible to calculate the aver-
age number of chlorine (x), tosyl (y) and ethylene oxide
(z) groups per glucose unit in those esters that were com-

pletely analyzed (Table XXVII).

7 ol 3550x
? 162. 1L + 18.5x + 15L ¥y + L4.0L2

A S = 32O 6y
T62.1L + 18.5x + 15Ly + LL.OLz

y _ LLOLZ
#% (OCHeCHe) = gz I+ 18.5x + I5Ly + LL.0Lz

The?gradual loss of ethylene oxide groups as tosylation
proceeded was plotted against two different time scales

in Fig. 8, and from the curves the number (z) of ethylene
oxide groups in the other intermediate esters was estimated,
This informetion gave the value for (z) in the first two

of the above equations, and the corresponding degree of

chlorine and tosyl substitution was then easily obteined

(Table XXVIII).
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TABLE XXVII

ANALYSTS OF TOSYL ESTERS OF CEGLIN (E.S. TYPE H)

FOR SULFUR, CHLORINE AND ETHYLENE OXIDE

Ester Reaction % S % Cl % OCHgCHp
Sample Time Aver, Aver. Aver,
Unreacted Hours
Ceglin 0 0 10.58 10.76
] 10.93
g.10
M 9,06 St Trace - -
9.42
10.0606 0.1L0 - =
N 3 30.68-10.68.-0.137 - -0.14k2
10.72
10.87 0.136 L .2k
0 5 1098 10.90) 0.100 .0.112 &.25 L.,18
10.86 L .05
WLIe 0.302
P T 10.88 10.92 0.225 0.259 - -
10,93 0.252
11,00 0.333
Q 9 10.89 11.02 0.382 0.326 - -
1).158 0.263
099 0.448
R 12 10.95 10.95 0.470 0.432 - -
0.378
TI1.80 0.706 3.05
A 21.5 11,67 11.68 O0.744 0,696 3.07 2.93
11,56 0.638 2.68
Days e o P E ] 1,98
B 2 11.80 313.96 1.156  1.1A3 2.08 2,00
12,26 1.118 2.03
: 11.98 I
C 3 11092 11095 10375 10377 o .
11.94 1,380
11,99 T1.807
D 5 12.06 12.02 1.845 1,826 - -
12.01
12.31 Rty
E 8 12.63 *12.17 g.hig R XlT - -
11.92 2.%73
F 12 31:98 11,88 2.870 2072 - -
11.82
11,90 3009 d.0h
G 20 33.82-111.8h:+3:727. . 34653 1.56 1:5¢
11.79 3.584 1,60
11.60 L. 546 p 0%, |
H LO 11.68 11.64 L.497 4.522 i.gg 1.49
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TABLE XXVIIT

(See fig. 8, 10, and 11)

THE AVERAGE DEGREES OF SUBSTITUTION OF VARIQUS TOSYL

ESTERS OF CEGLIN (E.S. TYPE H)

Ester Reaction Average Substitution of Groups
Sample time _per Glucose unit

OCHsCHg (z) Tosyl (y) Chlorine (x)

Unreacted Ceglin 0.443 - -
M - &y L25(2) 0.93 -
N 3 .390(2) 1.228 0.010
0 5 .362 1,278 .011
P 7 .345(8) 1.274 .029
Q 9 .332(8) 1.297 .039
R 12 .320(2a) 1.279 0L
A 2X35 279 1.466 071

Days

B 2 184 1.516 .130
c 3 16508 1.510 .158
D 5 .155(2) 1.535 .210
E 8 .152(8) 1.515 27
F 12 .150(a) 1.511 .323
G 20 146 1.508 420
H L0 13T 1.470 49k

(a) Values interpolated from Fig. 8.
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The denominator (162.14 + 18.5x + 154y + &4.0kz) common
to the three equations equalled the base molecular
weights of the esters as substitution proceeded. It
was therefore possible to calculate the theoretical and
percent of the theoretical yields obtained, as shown in
Table XXIX.

TABLE XXIX

YIELDS OBTAINED IN THE TOSYLATION

OF CEGLIN (E.S. TYPE H)

Ester Reaction Yield in grams % of Theoretical
Semple Téggrin Actual Theoretical Tield

M 1 3.39 3.56 95.3

N 3, 3.81 L .06 9.1

0 5 3.78 L.l2 91.7

P 7 3.83 L .06 .4

Q 9 3.82 W1l 92.3

R

12 3.91 4.11 95.1

VI. Chlorination of Ceglin and its Tosyl Esters, B, P.

and G (2).

A. To a 100 cc. flask containing 60 cc. of dry,
purified pyridine in which 2 g. (0.055 moles) of dry hydro-
gen chloride had been dissolved, 2 g. (0.011 moles) of dry
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Ceglin (E.S. Type H) containing 0.443 ethylene oxide
groups per glucose unit was added. The Ceglin did not
dissolve but became swollen. The mixture was warmed
under anhydrous conditions at 85° for four hours; no
significant coloration occurred. Isolation of the pro-
duct was accomplished by pouring the mixture into 600 cc.
of cold distilled water, collecting the hichly swollen
precipitate on a sintered glass funnel, washing with water
until free from chlorine ions and pyridine, and then drying
by solvent exchange through dry methanol and dry ether,
Final drying before analysis was accomplished in a vacuum
dessicator (0.6 mm. pressure) over phosphorous pentoxide
for at least two days at room temperature,

Anal. Calecd. for 0.443 groups: (OCHgCHz), 10.75;

Found: (OCHgCHg), 10.69, 10.775.

chlorination in the standard conditions used had therefore

displaced no ethylene oxide groups from Cezlin,

B. A sample, 0.94 g. (0.0023 moles) of Ceglin
tosyl ester B dissolved in 20 cc. of dry pyridine was mixed
with 1.5 g. (0.0411 moles) of dry hydrogen chloride dissolved
in 30 cc. of dry pyridine. The ester precipitated as the
pyridine hydrochloride solution was added, After heatinc
as berfore at 85° for four hours. during which no sirnificant
color developed, the mixture was poured into 600 cc. of cold

distilled water to precipitate the product as a solid ball.
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When a solution of this crude product, in 1CO cc. of

dry pyridine and 5 cc. of water, however, was poured

into a large bulk of distilled water for reprecipitation
and purification, no precipitation resulted and the mix-
ture remained homogeneous. The pyridine present was
neutralized with uilute sulfuric acid (10 percent by wt.)
and some translucent gel formed, but when washed and isola-
ted in a dark, hard, horny state it weighed less than 0.1 g.
No yields or analytical data could be obtained on this

apparently water soluble product,

C. The Ceglin tosyl ester P was chlorinated as
in the previous case, employing 1.2 g. (C.0032 moles) of
the ester, This ester was not initially soluble in py-
ridine as ester B was, but formed a highly viscous, ropy
transparent rel, After reaction, the mixture was poured
into 200 cc. of dry, redistilled petroleum ether (b.p. 30°-
50°), The product together with excess pyridine hydro-
chloride was recovered as a filter cake which was wasied " ith
cold water to remove the excess pyridine hydrochloride.
Very highly swollen transparent gel particles resulted which
had to be washed by gravity on an ordinary filter p-ojper.
Since water soluble organic solvents, such as the alcohols
or acetone, caused iurther swe.ling und partial solution

they were not used. After drying in vacuo over phosphorous

pentoxide, the product was a hard, horny, grey ma.erial

which had thoroughly impregnated and sized the filter paper
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which had sustained it., A total of 0.674 g. was obtained
but no analytical work was attempted because of its un-
satisfactory physical condition ang itscontamination with
filter paper. By assuming a total of approximately 1,228
primary hydroxyl ¢roups in the oricinal Ceglin (E.S. Type
H), the product from P would contain C.345 ethylene oxide
groups, 0.076 tosyl groups and 1.228 chlorine Zroups per
glucose unit and the theoretical yield would be 0,678 g.
On this basis approximately 100 percent of the theoretical

yield was obtained,

D. When 1,2 g. (0.0029 moles) of the Cerlin tosyl
ester G, which was initially soluble in pyriuine, was heated
with pyridine hydrochloride exactly as ester P had been, a
product which was light tan color end granular was obtained
with the same isolation technigue. This product did not
swell or dissolve in water or in the ordinary organic sol-
vents even when they contained some water, The yield was

0.984 g.
Anal. Found: S, 9.30, 9.40; Cl, 8.51, 8.65; (OCHgCHg), 1.99,

10714-, 10686/%0

Based on these analysis the product contained 0.819 chlorine
groups, 0.982 tosyl groups and 0.132 ethylene oxide —:roups
per glucose unit, and the theoretical yield was 0.982 ¢,

The actual yield was therefore 1CO percent of the theoreti-

cal,
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VII. Iodination of Ceglin Tosyl Ester N (156)

A 250 cc., flask containing 200 cc. of pure dry
redistilled acetonyl acetone, 4 g. (0.0267 moles) of 4ry
C.P. sodium iodide and 2.42 g. (0.0066 moles) o1 Cezglin
tosyl ester N was heated at 115° to 120° for twelve hours,
The ester was not completely soluble in the reaction mix-
ture, which developed a deep-red color, The partially
insoluble product and the supernatent liguid were poured
into 1.8 liters of ice water with rapid stirring. The
granular, slightly yellow precipitate was recovered on a
sintered glass funnel and was repeatedly washed with water,
then three times with deci-normal tiuiosulfate and rinully
with water until all traces ol iodide ion, free iouine and
acetonylacetone had been removed. The iodo derivative was

dried in vacuo (0.6 mm.) over phosphorous pentoxide for two

days at room temperature. vield 1.84 g.

Anal. Tound: 3, 1.19, 1.15; I, 41.3C, 41.LO; (OCHCH) ,

5.1"'3’ 50’-")4" 5029/50

Based on these analyses and neglectin~ the ori inul trace
of chlorine (0.l4 percent,, the product contained 0,996
jodine groups, 0.11l4 tosyl groups, ond 0.373 ethylene oxide
groups per glucose residue and the theoretical yiela was

2.0 g. Actua.ly 92 percent of tne theory was >solated.
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DISCUSSION OF EAPTHRINENTAL Ho3ULTS3

I. Action of Alkaline Hypoiodite on Hydroxyethyl Cellulose

The three qualitative tests for peroxide oxygen,
acetic acid-potassium iodide, ferrous and thiocyanate ions
in dilute sulfuric acid, and the benzidine tests, all gave
negative results when applied to several different hydroxy-
ethyl celluloses. Therefore, at least when examined,
there was no peroxide oxygen present in the samples. Since
they had been stored one year in the laboratory and for an
indeterminate period at the place of manufacture, prior to
the tests, the negative results cannoti be assumed to be
necessarily valid for freshly prepared specimens, particu-
larily when similar, simple hydroxyethyl structures readily

form peroxides (see Discussion in Part I).

“hen carrying out tie potassium iodide test for
peroxides, it was noted that hydroxyethyl celluloseethers
often failed to liberate even the minute amounts of iodine
shown in the blanks. This observation suggested that any
trace of iodine liberated by peroxide might havc been irmedi-
ately reduced by traces of aldehyde .roups ori.inatin. in
the decomposition of peroxides previously present. The
alkaline hypoiodite metiiod of estinctins aldehyde groups in
celluloses (16C, 161) was tlererore applied to the hydroxy-
ethyl derivatives with the results summarized in Tables

XXIV and °VI end in Tig. 9. The reduction of alxaline
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hypoiodite by aldehyde groups in cellulosic material

should be over in about six hours under the conaitions

used in the experimental‘work, any further consumption

of oxidant being the result of side reactions (160, 161).

It was found that the consumption continued ra idly after
six hours in the case of Cellosize ('/.3. 100) and cellosolve,
and more clowly in the case of Ceglin (H). Ilots (A) &nd
(B) (Fig. 9) were not exactly comparable to plots (C) and
(D), because the former referred c¢o one treatment in homo-
geneous systems while the latter were obtained in hetero-
geneocus systems by repeated treatments with fresh full
strength hypoiodite, however, despite this uifference in
reaction conditions, it was apparent vhat Ceglin (11), Cello-
size (W.S. 100) and Cellosolve exhibit higher jodine numbers
than the high alpha cellulose wood pulp, taken as an arbi-
trary standard, at six nours. Somewhat l1igher iodine num-
bers might be expected for the hydroxyethyl celluloses be-
cause the manufacturing methods usually employed in their
preparation could cause degradation with the formation of a
few aldehyde groups (30, 117, 126, 127, 128, 129, 150).
Nevertheless, the long continued increase in plots (7)) and
(C) and their persistent divergence from plot (D), inuicated
that some other type of reaction was also proceeding. Plot

(B) for pure Cellosolve showed definitely that tle nydroxy-

ethyl ether group in itself was unstable in some unknown

manner to alkaline hypoiodite. IV seemed justiriable then
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to infer that the hydroxyethyl groups in hyaroxyethyl
cellulose were unstable to alkaline hypoiodite. The fact
that Cellosize (W.S. 100) (substitution 1l.44) consumed
much more iodine than Ceglin (H) (substitution 0.23) may
be in part a result of the Gifference in hydroxyethyl con-
tent. Of course the difference may also be partially due
to different reaction rates caused by the fact that the
conditions were homoseneous in one case and heterogeneous
in the other, Although the observations failed to decide
whether or not traces of aldehyde groups were present in
the hydroxyethyl celluloses, they were amply suificient to
discredit the use of the iodine number to assess the de-
gradation incurred in their preparation (30, 117, 126, 127,
128, 129, 150). As already mentioned, the unreliability
of the lodine number of glycerol ethers oi cellulose was

demonstrated by other workers (141).

IT. Tosylation of 4lkali-3ocluble Jeglin (E.3. Type i)

The general pattern of the tosylation technique
developed by Purves and his coworkers (2, 3, 4) for certain
cellulose derivatives was employed for investisetin: Ce:'lin
(E.S. type H). The material consisted of white rlocks
that were freely soluble to a viscous solution in cold
caustic soda and were insoluble in wester, which, however
swelled them. They were also insoluble in dry pyricine and

even after prolonged shakine the persistence of wiite cores
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in the semi-translucent particles shovied that gelation
wes incomplete, Analyses showed the presence of C.L43
ethylene oxide groups, 0.12 percent of ash, and, in the

alr-dry sample, 5.9 percent of moisture.

Before use, the Ceglin was dissolved in dilute
caustic soda and reprecipitated into dilute acetic acid in
order to purify it, and also in order to convert it into a
highly gelatinized condition. The water in this gel was
then replaced by the continuous addition of dry pyridine
and evaporation of the water-pyridine azeotrope under
diminished pressure and at not more than 60°. These con-
ditions were not drastic enough to cause cl.ange in the
Ceglin, because it was recovered unchanged in composition
after being heated at 85° for four hours in pyridine con-

taining hydrogen chloride,

Although the transparent Ce lin-dry pyridine el
was not initially soluble at 25° in the large excess
(6.03 moles based on total free hydroxyl groups in the Ceglin)
of tosyl chloride in dry pyriuine usedAfor tosylation, after
a reaction time of approximately twelve hours at 25° the
system became homogeneous, all el particles dlsappearing.
After fifteen to twenty-one hours, depending upon the extent
of the intermittent o, itation applied, the system again be-
came heterogeneous and deposited a hichly swollen rather

dark colored gel, which was uniformly .ispersed by shaking,
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but not dissolved. In order to minimize sampling dif-
ficulties, small individual tosylation runs were :.:de for
rcaction times under twenty-one hours and a single, larger-
scale mixture, from which on shaking uniiform samples could
be recovered, was prepared for longer time periods. Table
X, gives a summary of the physical changes observed in
the reaction mixtures durin;; the tosylation and notes the

appearance of isolated tosyl esters,

Data from Table XXVIII, plotted in .i:ures 10
and 11, as well as some preliminary experiments, deronstrated
that side reactions, resultin_ in chlorination and loss of
ethylene oxide, accompanied tosylation. These results were
accepted as trustworthy because tiiey were obtained by analy-
tical mcthods extensively tested in Part I of this Thesis,
and which in the present case were always the :iezin of con-
cordant duplicate or triplicate estimations (Table XXVII).
The smooth nature of the substitution curves dravn through
each individual point (Fig. &, 10 and 11) and the consistantly
high yields of esters, 92-95 percent of the theoretical
(Table 0.IX), also gave strong suprort to the conclusion that
the analytical techniques were valid to one or two units in

the second decimal place,

Considerin: first the side reaction whereby etvhiy-
lene oxide ::roups were lost, Fig. 11 (Table ZVIII) indicated
that approximately 63 percent of the ori inal C..44 moles per

glucose unit diserveared during the first four vo {ive days.
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TABLE XXX

PHYSICAL STATE OF CEGLIN (E.S. Type H)

TOSYLATED FOR VARIOUS TIMES

Ester Reaction Physical State
Sample Time
' Reaction Mixture Isolated Ester
Hours
M 1 No color, large gel A gradual change from
particles. entirely hard white

pellets and ribbons in
(M) to mostly white

N 3 Color gradually in- fibers in (P).
creasing to a slight
0 5 yellow, The gel par-
ticles gradually dis-
P 7 perse or dissolve
until (R) contains
Q 9 only one or two small
pieces
R 8 K-
White and fibrous
A 3 Slightly yellow.
Apparently homogene-
ous
Days
B 2 Dark colored gel phase
separates in gradu-
C 3 ally increasing amounts.
The color of the whole
D 2 reaction mixture
changes from light yel-
E 8 low at 2 days to dark
red-brown at 40 days. Fibers assume a
F : [ The gel will in all progressively deepen-
x cases disperse on shak- 1ing tan color.
G 20 ing
H 4O
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The other 0.15 moles or 37 percent, were practically
stable the remaining thirty-five days of the tosylation.
This loss in ethylene oxide units occasioned no apparent
loss in total substitution, since the sum of the tosyl
plus chlorine groups was 1.65 moles at the end of two

days and 1.75 moles per clucose unit at the end of five
days. Purves and his coworkers (2, 3, 4) invariably
found methyl ether, ethyl ether and even acetate _-roups

to be stable during almost identical conditions of tosyla-
tion and the present experiments are the first to demon-
strate that the reverse is true for some, but not all, of
the hydroxyethyl ether units in Ceglin. V\hen it is remem-
bered from Part I that the tosyl ester of ethyl Cellosolve

distils unchan;;ed, but that distillation, even in vacuo,

of the Carbitol and triethylene ¢lycol homologous elimina-
ted 1,4 dioxane in nearly quantitative yield, it is rea-
sonable to suggest that the present loss is connected vith
a break down of ethylene oxide cicins, The tosyl .-roups
would be retained in tie cellulose structure in one or both

of the ways illustrated.

N
N

C C
| | l ¢
c 0 | c RN
l I | 0 Ciie SHop
(A) (lz - O(CHgCHgO) TS CIJ - OTS + |‘u
c >~ C ~N.
yd /| 0
0” ¢ 0 C
a /]
C C
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C/ C/
| l I |
e . 7N
CH, CH
(B) (f - O(CHQCHgO 3TS CII - OCHgCEROTS + ' l ¢
> DRP
C C
v é_J /é‘_J N
7 l
C C

The polymerized etliylene oxide _roups, not limited
to a degree of polymerization of two or three necessarily,
could occupy the primary or either of tiie secondary cellu-
losic hydroxyl positions. It would also follow that the
remaining ethylene oxide groups would be directly attached
in a monomeric fashion to the cellulose nucleus and would
represent the residues from odd membered chains. The breci-
down of the latter would not alter the number oI Tosyl groups
attached to primary alcohol units. On the other hand, even
numbered chains might be completely eliminated and in this
case the terminal primary tosyl group would reappear, either
as a primary or a secondary unit accorains to the original
attachment to the cellulose. According to these ideas the

original Ceglin contained at least 0.148 ethylene oxide

units directly a-tached to cellulose and not more than 0,295

units in a polymerized condition. No direct eviaence ias

obtained to support these speculations,

The chlorination side reaction probably took

place in the conventional manner, by the acticn of the by-
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product pyridine hydrochloride on the primary tosyl

groups as shown.

/ /

C C
CI l
C
| 0 cl | 0 i
(A) C +  SNCgHg C + SgH Y
é H | NOTS
—
| l
/ O/? / O/c':
C - 0TS C -Cl
C — c/
| |
cl; - OCHgCHoOTS . cI: - OCHCHgCl
C H
(B) ¢C + SNCgHs ¢ + C_H_I”
(I; 0 H | 0 NOTS
— > ¢
/| /|
/o clz 0 ?
C / C

The tosyl group could be on polymerized ethylene oxide
chains and the ethylene oxide units could occupy any com-
bination of the free positions in the cellulose. Again

no experimental evidence is available for these assumptions
and it is possible that both the chlorination and the loss
in ethylene oxide might be the result of some single unknown
reaction, The a;parent difference in the reaction rates,
however, (Fic. 11, plots B and C) arrues against this pos-
sibility. Chlorination has not been round to take :1l:ce at

such a rapid rate during the tosylation o1 other cellulose

derivatives (2, 3, 4).
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The extent of the side reactions was not too
great during the first five to eight hours (7i:s. 10). If
it be assumed that an extrapolation of the later portion
of the tosylation curve (A) to zero time would not be
seriously altered by these side reactions, the tentative
conclusion is that there were ori-inally about 1,22 rapid-
ly reacting primary hydroxyl groups per glucose residue
(2, 3a). This conclusion would also be based on the fur-
ther assumption that the primary hydroxyl groups, both
those in the primary cellulosic positions and those of the
hydroxyethyl units, would react rapidly while the Ce-lin
was in a gel state, although probably not at the same rate
(see Discussion on Part I). Some precedent for this assump-
tion is found in the work by Mahoney and Purves (3a), and
in the very recent work by Honeyman (162), where certain
heterogeneous tosylations of cellulose esterified the full
complement of primary hydroxyl groups after six hours re-
action time, Since cellulose has only 1.0 primary hydroxyl
groups per glucose unit, and the number apparently present
in the Ceglin was 1,22, it follows that 0.22 moles represent
primary hydroxyethyl (:roups attached to the secondary posi-
tions of the cellulose, The actuzal number of such groups

in these positions would be greater if they included poly-

mers.

The application of kinetic tieory to the tosylation

rate plot, during the first five or six days, to determine
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relative amounts of tosylsztion at the two secondary cellu-
lose hydroxyl groups (3a, 4) was not considered auvanta-
geous, since the reaction was heterogeneous in nature,

and since the side reactions became seriously lar e ithin

the first day (Fig. 11).

IIT. Chlorination and Iodination of the Tosyl Esters of

Ceglin (E.3. Type H)

The iodination reaction, preferably (2, 3, 4, 156),
and the chlorination reaction (2, 157) lieve both been em-
ployed to estimate tosylated primary in presence of tosyla-
ted secondary hydroxyl groups in cellulose derivatives and
sugars. On account of the rapid chlorination side reaction,
it was probably impractical to apply the iodination co many
of the Ceglin tosyl esters, The small amount of chlorine
in the three hour tosyl ester (N) (0.l4 percent or 0.0l
atoms per glucose unit) however, could be neclected and this
sample was iodinated by a procedure similar to that used by
Murray and Purves (156). Heatin, at 115° to 120° for a
period of twelve hours was considered sufficient to displace
tosyl groups which micht be in a § position to an ether oxy-

gen link, and thus less reactive, than the ordinary primary

tosyl croup (3ee Discussion of Part I).

The iodination proceeded in over 90 percent  ield
to give a sli htly yellow powder which however contained
only 1.0 moles of jodine per glucose unit, where 1.22 moles

had been expecved (Table 2XI, column 3) from ule tosylation
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rate plot (rFig. 10). Moreover, the results were unc..a-
lous in that they showed a loss in total (tosyl plus
halogen) group substitution during iodination of 0,13

groups per ;lucose unit, The chlorination reaction (2,
.157) served as a check on these results. Since a loss

of ethylene oxide took place during the tosylation re-
action, the action of the chlorination conditions on ceglin
itself was investigated, in order to determine ir pyridine
hydrochloride acted as an ether cleaving agent. This pro-
perty of the hydrochloride has been extensively studied

by Prey (163). It was found that pyridine hydrochloride

in pyridine solution, at least under the conditions of tosyla-
tion and chlorination of immediate interest did not remove
ethylene oxide zroups. The latter, tien, were st:vle until
they became substituted by a tosyl or chlorine group. ..e-
placements of primary tosyl by chlorine were tien carried
out on the Ce:lin tosyl esters (B) and (P), but water soluble,
or very hichly water swollen gels, resulted which could not
be separated quantitatively and dried. A similar type of
difiiculty, although in less acute form, was experienced by
cramer (2) with 6-chloro-tosyl cellulose acetate, ce;-lin
tosyl ester (G) finally gave a good product in almost 100

percent of the theoretical yield and its composition is re-

produced in Table XXT.

Comparisoil of the last two lines in the Table

shows that the chlorination occasionec a loss in total
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TABLE 2OXT

SUBSTITUTIONS IN THE TOSYLATION-HALOGENATION

REACTIONS

Moles per glucose unit

Sample
~-0CHgCHg~- Tosyl JTodo Primery OH Secondary

Tosyl

original{®)  o.44 et - 1,22 -

N (3 hours) 0.39 b, 2350 Q0L - -

N JTodinated 0.37 b,11 1.00 1.00 0:11

Chloro
G (20 days) 0.15 & s5d 0.42 ~ -
G Chlorinated 0.13 0.98 0.82 0.82 0.98

(8) mosylation plot extrapolated to zero time
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substitution (tosyl plus chlorine groups) of 0.13 ..oles

per (;lucose unit, or identical in ma nitude with the loss
already noted during iodination. Both replacements of
tosyl also brought about an apparent loss of 0.02 moles of
ethylene oxide units, although in this case tle differences
were within the analytical error. The most striking fea-
ture of the chlorination, however, was the fact that only
0.82 atoms of halogen were introduced, whereas the minimum
number of primary tosyl groups theoretically capable of
replacement is 1,0 per glucose unit, This larze discre-
pancy, which could not reasonably be attributed to the use
of conditions inadequate for a co::plete replacement, pointed
to the occurrence of an unsuspected side reaction., Although
no evidence was obtained as to the nature of c¢his side re-
action, esters of p-toluene sulfonic acid are well-known
alkylating agents in basic media. Let it be assumed that
the 0.15 moles of tosylated hydroxyethyl groups not elimina-
ted during tosylation slowly alkylated hydroxyl groups of the
cellulose at some stage of the reactions, as the following
reactions illustrate, such &i acsumption would result in the
formation oi cyclic ethers of ethylene glycol, the hydroxy-
ethyl group bein: retained while either tosyl or halo~en,

or both, were eliminated. The observed loss of 0.13 units
of‘tosyl plus halogen in the chlorination and iodination
reactions on this basis would decrease the molar amount of

primary tosyl groups from 1,0 to 0.87, where 0.82 moles were

actually found.
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C C
HéOH |
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7 O OT3 C 0 + T30
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/l CHp /l
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I |
H? '—‘Q\ HC — 0
|
(B) G 0 CHs 0
C CHg C CHp + T371
' / |
07 ¢ 0TS 07 o
/ | / |
HeC - C1 HeC - 0——CHp

Table XXUII records an arbitrery distributios,
found by trial and error, of monomeric and dimeric hydroxy-
ethyl . roups in the Ceglin; the only merit of the Tuble
being to illustrate the nature of the assumptions put for-
ward in this Discussion. The ori;inal material is surrosed
to have a total of (0.05 plus 0.10) 0.15 positions substitu-
ted by the double unit -CHz-CHgO0-Cilz- il -OH vwhich duiing
tosylation is gradually eliminated as 1,4-dioxane, the tosyl
groups concerned becomin - located on the corresponding alco-
hol ;roups of the cellulose. This process is appreciable
after three hours and is complete within twenty deys, the

loss from the secondary positions decreasing tie amourntc of



TABLE XXXTI

ILLUSTRATING A POSSIBLE MOLAR DISTRIBUTION OF HYDROXYETHYL

GROUPS IN CEGLIN (E.S. TYPE H)

Primary
Positions Secondary Positions

Primary
Sample Single Double Single Double Total Hydroxyl

(&)

Original 0.02 0.05 Sald 0.10 0.44 1.22
Found 0.44 1 c22

b

N (3 hours) 0.02 0.04 0.12 0.08 0.38 1.06( )
Found 0.39 1.00

b

G (20 days) 0.02 0.0 0,12 0.0 0.14 0.86( )
Found Q«lS 0.82

(a)From rapid initial tosylation (Fig. 11)

(b)Assuming all tosylated single hydroxyethyl gTroups
(0,14 moles) alkylated primary hydroxyl positions.
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primary tosyl (primary hydroxyl) toward unity. Although
sin;-le hydroxyethyl units are not eliminated as cioxane,
their tosylates or halides alkylate primary hydroxyl posi-
tions, or, if already bound to the latter, secondary posi-
tions, In either eventuality the number of primary tosyl
groups capable of replacement by halocen is still further

diminished.

This study of the tosylation of a Ce::lin and the
halogenation of the products has failed to determine in an
exact way the locations in the cellulose structure of the
hydroxylethyl units. It has, however, revealed for the
first time the labllity of part of these units and some of
the difficulties to be cvercome before the structural prob-
lem is solved. Anothe1 major research, preferably based
upon more highly substituted hydroxyethyl celluloses than
that used on the present occasion, is required to elucidate

the anomalies encountered,
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CLAIMS TO ORIGIN/L RESEARCH

The following compounds were prepared in the pure

state for the first time and were characterized.

2-(B-ethoxyethoxy) ethyl p--oluenesulfonate-1
2-(p-ethoxyethoxyethoxy) ethyl p-toluenesulfonate-1
f-iodo-B'-ethoxy diethyl ether
f-iodo-B'-ethoxyethoxy diethyl ether

The B-iodoethyl ether was prepared by a method not
previously employed; and 2-(p-ethoxyethoxyethoxy)

ethanol-1 was purified and characterized for the

f2rst time,

Data for the specific and molar refractivities of

the series ethanol, Cellosolve, Carbitol and the mono-
ethyl ether of triethylene glycol, for their tosyl

esters and B-iodo ethers were confirmed, corrected and
extended. The specific refractivities increased in the
first series but decreased in the latter two cases with
increasing molecular weight, The molar refraction
values in each series increased at the rate of 11.05%C.12
per ethylene oxide unit, and tie contribution of the

-0-S0g- croup to the molar refraction of the tosyl esters

was found to be 10.53%0.35.

The tosyl esters of the monoethyl ethers of diethylene

glycol and triethylene glycol were found to undergo a
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cyclization reaction in very high yields when l.eated
under vacuum; giving 1,4 dioxane and ethyl p-toluene-
gulfonate in the first case and 1,4 dioxane plus

B-ethoxy ethyl p-toluenesulfonate in the second.

The relative rates of solvolysis and iodination of

the p-toluenesulfonate esters of ethanol, Cellosolve,
Carbitol and the monoethyl ether of triethylene -lycol
were determined. The first member of the series re-
acted much more rapidly than the others, which con-
tained an ether oxygen atom in the position B to the

tosyl group.

It was shown that Cellosolve and two commercial hydroxy-
ethyl cellulose ethers were unstable vo alkaline hy-
poiodite, the use of which to estimate aldehyde groups
in hydroxyethyl celluloses is therefore no longer ad-
missable. The dimethyl ether of ethylene ¢1l,col,
methyl Cellosolve, Cellosolve and Carbitol were found
to decompose spontaneously by peroxide formation in
ordinary storage conditions. No peroxides wvere detected

in the monoethyl ether of triethylene glycol or in

hydroxyethyl celluloses.

The tosylation-iodination #nd chlorination reactions
were applied to a commercial hydroxyethyl cellulose

for the first time. With reservations, at least 0.23
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moles of the original O.LL were assigned to second-
ary cellulosic hydroxyl positions, Unexpected

side reactions were noted and two-thirds of the total
ethylene oxide content of the ether was found to be

unstable under normal tosylation conditions,
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SU-T ARY

The monoethyl ethers of ethylene zlycol (Cellosolve)
and diethylene glycol (Carbitol) were shown to form
peroxides readily, especially in air and light. This
property, together with the presence of ethylene gzly-
col and diethylene ;;lycol, makes Carbitol in particu-
lar a substance difficult to purify end to maintain
in a pure form, On the other hana the monoethyl
ether of triethylene clycol and hydroxyethyl ethers

of cellulose were not found to contain peroxides.

Although the reaction betvieen pure Carbitol and sodium
formed colored decomposition products, the solution
with pure ethylene chlorohydrin gave a rathel poor
yield of triethylene :;lycol monoethyl ether. Pub-
lished values for tne density and refractive index

were corrected to Dgg, 1.0211 and ngo, 1.4,380 respec-

tively.

The p-toluenesulfonates of Carbitol and trietiiylene
élycol monoethyl ether were obtained for the first
time as pure oils, Dgg, 1.1599, n§5, 1.4976; and

Dgg, 1.1698, n§5, 1.4959 respectively. Both esters,
when attempts were made to puriry them by distillation

in the recion of 125°-135°/0.03-(.13 mm. decomrosed to

give hi;h yields of 1,4 dloxane tocether with nearly
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quantitative yields of ethyl p-toluenesulfonate in

the first case aznd of Cellosolve p-toluenesulfonate

in the second. Rate studies of the solvolysis of

the sulfonates in 95 percent methanol at 65° showed
that ethyl p-toluenesulfonate reacted about six times
as rapidly as its three higher homologs. Pseudo
unimolecular rate constants were obtained for thne over-

all solvolysis reaction,

The replacement of the p-toluenesulfonyl group in the
above four esters by iodine proceeded easily with iodide
in acetonyl acetone, the overall rates a;reed with
second-order reactions and a uninimum rate was observed
for Cellosolve p-toluenesulionate. The latter replace-
ment constituted a new method of preparation for pure
H-il1odo ethyl ether. The hiqiher homologs prepared for
the first time, were ;-ethoxy-B'-iodo dieth;l ether,
b.p. 40°-42°/0.15 mm., ngo, 1.4908, n§5, 1.4881 and

Dgg, 1.5210; and B-ethoxyethoxy-{'-icdo diethyl ether,
2

b.p. 97°-98°/0.15 mn., n2°, 1.4889, n5’, 1.487C and

25
D52, 1.4557.

In the series ethanol, Cellosolve, Carbitol anc the

monoethyl ether of triethylene ~lycol the molar refrac-
tion increased by unirorm increments of 1(.95%*7.05 with
each additional ethylene oxide unit, _. similer incre-

ment was observed for the corresponding series of
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iodides and of p-toluenesulfonates. Thie molar
refraction of the -0-S05- group in this series of
tosyl esters was calculated for the first time and
found to be 10.53%C.35. In contrast to results in
the alcohol series, specific refractive indices in
the p-toluenesulfonyl and iodide series decreased

with increase in molecular weight.

The stability of the hi;gher iodides toward alkali
was s reat and the polyethylene oxide monoethyl ethers
gave abnormally hLhigh ethoxyl values in the standard
alkoxyl estimation. This tendency was enhanced for

the correspondincs iodides and p-toluenesulfonates.

The consumption of alkaline hypoiodite by hydroxy:thyl
celluloses, Cellosize (W.S. 100) and Cerlin (H), in-
creased steadily with time, indicatin;. that side re-
actions were conswiin.; iodine, Pure Cellosolve ex-
hibited a similar behavior and showed tiaat the :iydroxy-
ethyl group itself must be unstable to alkaline
hypoiodite. By inference the side reaction, causing
increasing iodine numbers in the cases of hydroxyethyl
celluloses, would be due to the instabilit; of the
hydroxyethyl groups. The iodine number uniethod of
determining aldehyde groups when applied to hyaroxy-

ethyl celluloses, is lthererore unreliable.
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The tosylation-iouination or chlorination react on
was applied to Ceslin (E.3>. type H) containing an
average of O.L4 moles of ethylene oxide per glucose
unit. The results, although complicated by unex-
pected side reactions of an unknown character leading
to rapid loss in ethylene oxide durin:s tosylation, and
to loss of tosyl and halogen groups durin- iodination
and chlorination, umey indicate that there are a mini-
mum of 0,23 ethylene oxide units on the secondary
Ceglin cellulosic hydroxyl sSroups. The ethylene
oxide groups appear co be of two different types, one

relatively unstable and tlie other relatively stable to

the tosylation-halo;jenation reaction conditions. About

two-thirds of the original O.44 [ roups are oI Uhe un-

stable type.
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