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mer in carbon tetrachloride at room temperatures. Hydrogen
chloride is evolved during the reaction, but no difficulty from
gelation is observed. Chlorinated products of 34 to 56 weight %
chlorine have been studied. The chlorinated products are light
yellow, brittle solids that soften at about 200° F. They are sol-
uble in ketones, aromatic hydrocarbons, esters, and chlorinated
solvents; insoluble in water, alcohols, and aliphatic acids. The
solubility in organic solvents increases as the chlorine content of
the polymer increases. The products resemble chlorinated rubber
in many respects; however, they are of lower molecular weight
and yield solutions of somewhat lower viscosity than that of
chlorinated rubbers usually employed in paints.

Hydroxylation. A solution of liquid polybutadiene reacts with
hydrogen peroxide in the presence of organic acids to yield
hydroxylated liquid polybutadiene of variable hydroxyl content.

_CH2|CHCH20H=CHCH2— + 2H,0; —

CH
yJH —CH.CHCH,CHOHCHOHCH,—
’ lCHOH
CH.0H

Products having 21.59% oxygen have been made, but it has never
been possible to approach complete reaction of the contained
double bonds.

The hydroxylated products can be separated into fractions on
the basis of their solubility in acetone and n-pentane. As hy-
droxylation proceeds, the acetone-soluble fraction increases at
the expense of the pentane-soluble material. Products of more
than about 209 oxygen content are completely soluble in acetone.
The pentane-soluble material is a liquid much like the parent
compound, but the more highly hydroxylated acetone-soluble
fraction may vary from a viscous liquid to a rosinlike solid.

Reaction with Maleic Anhydride. A mixture of liquid poly-
butadiene and maleic anhydride reacts vigorously at 270° F. to
yield a solid gel, insoluble in water, caustic, and organic solvents.
The reaction is catalyzed by peroxides, and it may involve co-

New Epoxide Resins By . ..

polymerization and cross linking as well as Diels-Alder addition
of the maleic anhydride.

The reaction may be moderated and controlled by the use of a
solvent such as xylene. On heating a mixture of 10.1 grams
liquid polybutadiene, 8.63 grams maleic anhydride, and 0.40
gram benzoyl peroxide in 40 grams xylene, a vigorous reaction
began causing the xylene to reflux. Insoluble polybutadiene—
maleic anhydride copolymer soon separated from the solution.
After 2 hours, about half the maleic anhydride had reacted.

The highly cross-linked copolymer may be of interest for use
in ion exchange resins. It reacts with sodium hydroxide solu-
tion, but the resulting sodium salt is not soluble in water.
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Reaction of Epichlorohydrin with Sulfonamides

MERRILL COHEN

Thomson Laboratory, General Electric Co., West Lynn 3, Mass.

HE reaction of bisphenols with epichlorohydrin to produce

epoxide resins is of considerable commercial importance.

The reaction of phenols with epichlorohydrin in alkaline solu-
tion yields phenyl glycidyl ethers as primary reaction produets
(2, 7, 15).

CHy—CH—CH.Cl 4+ ArOH + NaOH —
NS

0
ArOCH,—CH—CH, + NaCl + H,0 (1)
NS

The glycidyl ether may react with excess phenol to give a
glycerol diether (2).
NaOH

ArOCH,—CH—CH, + ArOH ——
N

ArOCH,CHOHCH.0Ar (2)
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Substitution of a dihydrie phenol for the monohydric phenol
in Reaction 1 yields the diglycidyl ether as one of the primary
reaction products (26, 2?). However, unless the reaction con-
ditions are very carefully controlled, the reaction usually pro-
ceeds further to give polymeric epoxide-containing condensation
produets.

NaOH

HOArOH + CHz\—CH——CHzCl

CH;—CH—CH;—[OArOCH.CHOHCH,].
N
(0]
—OArOCHz—OH\——CHz (3)
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Reaction 8 is the basis for the production of most epoxide
resins (4). The dihydric phenol used in the production of these
resing is bisphenol A (4,4’-isopropylidenediphenol).

CH;
0 b o

As the value of »n in Formula 8 increases, the physical state of
the resin changes from viscous liquids to brittle thermoplastic
solids. The commercial utility of the epoxide resins lies in their
ability to be polymerized to cross-linked structures by the action
of a variety of catalysts, including acids, bases, or anhydrides
(4-6). They are now finding widespread use as coating, casting,
and laminating resins, and as adhesives.

In the present work, the reaction of epichlorohydrin with cer-
tain primary, secondary, and disecondary sulfonamides has been
investigated for the purpose of preparing new types of epoxide
resins based on sulfonamides instead of phenols. Like the phen-
ols, the monofunctional secondary sulfonamides (RSO.NHR)
possess one acidic hydrogen atom and would be expected to react
with epichlorohydrin to form monoepoxides. Like the bis-

phenols, primary sulfonamides (RSO,NH,) or disecondary
sulfonamides  [(RSO,NH-—R'—NHO,SR), (RNHO.S—R'—

SO, NHR)] possess two acidic hydrogen atoms and would be
expected to react with epichlorohydrin to give polymeric prod-
ucts containing terminal epoxide groups. These polymers
ghould then react with catalysts to form useful cross-linked
polymers, .

Reactions of the type discussed above have been reported in
the literature. Miller (16) prepared N-(2,3-epoxypropyl)-N-
phenylbenzenesulfonamide by the reaction of N-phenylbenzene-
sulfonamide with epichlorohydrin in alkaline solution.

Qsodl\r——H + CHy—CH—CH:Cl + NaOH —
\O/

|
<:>S02N——CH2~—CH\~—CH2 + NaCl + H,0 (4)

Ohle and Haeseler (19) prepared N-(2,3-epoxypropyl)-N-
phenyl-p-toluenesulfonamide by refluxing the corresponding
chlorohydrin in an alcoholic caustic solution.

SOZBL"'CHZ_CH'—‘CHQ
N

CH,

The chlorohydrin had been formed by the reaction of N-phenyl-
p-toluenesulfonamide with epichlorohydrin, catalyzed by a drop
of pyridine. Moss (17) reported obtaining condensation prod-
ucts by refluxing an alkaline solution of glycerol dichlorohydrin
with p-toluenesulfonamide. This reaction may have proceeded
through the formation of epichlorohydrin as an intermediate.
While the present work was in progress, three patents were issued
(18, 21, 22) describing the reactions of epichlorohydrin with
various sulfonamides.
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Reactions of epichlorohydrin with
sulfonainides were investigated

Starting Materials. N,N’-HEXAMETHYLENEBISMETHANESUL-~
FONAMIDE., Hexamethylenediamine (90 grams, 0.65 mole),
83.5% by weight as determined by titration witil 0.1N hydro-
chloric acid, was added dropwise to a stirred solution of methane-
sulfonyl chloride (74 grams, 0.65 mole) in 500 ml. of benzene at
10° to 20° C. During the addition, a solid precipitated from
solution. The mixture was then refluxed 10 minutes, cooled,
and filtered. The solids were dried in air, and stirred with 150
ml. of warm water to remove amine hydrochloride. The remain-
ing solid was recrystallized from water. Melting point was 128~
129° C. Yield of pure material was 33 grams. Analysis.
Calculated for CgHzO.NaoS;: carbon, 35.3; hydrogen, 7.4;
nitrogen, 10.3. Found: carbon, 35.2; hydrogen, 7.1; nitrogen,
10.1. This material could not be the isomer N,N-di{methyl-
sulfonyl)hexamethylenediamine, (CH;S0;):N(CH;)sNH,, as an
aqueous solution of the sulfonamide was neutral to litmus.

N,N’-ETHYLENEBISMETHANESULPONAMIDE was synthesized in
like manner from 74 grams methanesulfonyl chloride and 39
grams of ethylenediamine. The solids (after treatment with
warm water) were recrystallized from 959, ethyl alcohol. Melt~
ing point was 108-110° C. Yield of pure material was 12 grams.
The lower yield is due to the greater solubility of the sulfonamide
in water. Analysis. Caleulated for C.H;2048:N2: carbon, 22.2;
hydrogen, 5.6; nitrogen, 13.0. Found: carbon, 22.4; hydrogen,
5.7; nitrogen, 13.1.

N, N'’-ETHYLENEBIS-p-TOLUENESULFONAMIDE was synthesized
in like manner in 779, yield after one recrystallization—i.e., by a
one-to-one mole ratio of p-toluenesulfonyl chloride to the diamine
in benzene. Melting point was 159-161° C.; literature value
162.6° C. (1). The sulfonamide was recrystallized from 95%,
ethyl alcohol.

N,N-Dmveteyr DIrHENYL ETHER-4,4-DISULFONAMIDE Was
prepared by the reaction of methyl amine with diphenyl ether-
4,4’-disulforgl chloride (23) in benzene (13). Melting point
was 157.5° C. Analysis. Calculated for CisH;s058:N2: carbon,
47.2; hydrogen, 4.5; nitrogen, 7.9. carbon, 47.8;
hydrogen, 4.6; nitrogen, 7.8.

METHANESULFONAMIDE was prepared by the method of Field
and Grunwald (9).

N-BUTYLBENZENESULFONAMIDE was obtained from the Mon-
santo Chemical Co. All the other materials were commercially
available from Distillation Products Industries Co.

Found:

Analytical Methods. The epoxide content of the reaction
products of epichlorohydrin with various sulfonamides was
determined in the following way (10).

One gram of epoxide compound and 20 ml. of a solution of 16
ml. of concentrated hydrochloric acid diluted to 1 liter with
pyridine were refluxed for 20 minutes. The resulting solution
was cooled and titrated to the phenolphthalein end point with
0.1N alkali. In some cases the solutions darkened during the
analysis, and a pH meter was used to determine the end point.
Acetone was sometimes added during the titration to prevent
the formation of turbid solutions due to precipitation of the resin.
The amount of hydrochloric acid consumed by the epoxide could
be found by running a blank titration of the reagent. The
epoxide content was calculated on the basis of one equivalent
of hydrochlorie acid consumed per equivalent of epoxide.

bt mor bl )
N/ |
H Cl

The hydroxyl content was determined by the acetylation
method of Ogg, Porter, and Willits (18, 20). As epoxide groups
(24, 25) would also be expected to react with the pyridine~
acetic anhydride reagent, the true hydroxyl content of compounds
containing both epoxide and hydroxyl groups was estimated by
subtracting twice the epoxide content from the observed hydroxyl
content.

—-‘Clj'——é"— -+ (CHsCO)zO - ——é CI— (6)
N/

O OCCH;, 5OCCH3

!
—(JJ— + (CH3;C0);,0 — —C— + CH;COOH (7)

151 OCCH;
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Experimental Procedures. REacTiON oF EPICHLOROHYDRIN
wiTH PRIMARY SULFONAMIDES. The epichlorohydrin was added
to a stirred solution of the sulfonamide (25 to 100 grams) in 10%,
alkali at 40° C. The total amount of alkali was in 109, molar
excess of the epichlorohydrin.

In the reactions of epichlorohydrin with p-toluenesulfonamide
(Table I), the temperature was usually kept below 70° C. until
the initial exothermic reaction had ceased. The resulting mix-
ture was then stirred at 100° C, for 0.5 to 1 hour. During this
time the initial oily product solidified to an opaque resinous
material. The mixture was cooled, the alkali decanted, and fresh
water added. TUnless otherwise noted (Table I), the mixture
was heated to 100° C. and stirred for 15 minutes. This pro-
cedure was repeated until the washings were alkali-free. The
condensation products were dried at 125° to 150° C.

In the reaction of epichlorohydrin with methanesulfonamide,
the temperature was kept below 60° C. initially; and then the
reaction mixture was refluxed for 1 hour.

ReacTioN oF EPICHLOROHYDRIN WITH SECONDARY SULFON-
AMIDES. Unless otherwise noted (Table II), the epichlorohydrin
was added in one portion to a stirred solution of the sulfonamide
and 3 to 109, aqueous sodium hydroxide at 40° to 50° C. After
the initial exothermic reaction had subsided, the resulting mix-
ture was heated for the designated period of time.

The products then were extracted with ether, and the ether
solution was washed with dilute alkali and then with distilled
water until the washings were alkali-free. The ether solution
was dried over sodium sulfate and the ether was removed at
reduced pressure.

REACTION oF EPICHLOROHYDRIN WITH DISECONDARY SULFOXN-
amipgs. The sulfonamides were dissolved in § to 109, aqueous
sodium hydroxide at 35° to 40° C. The total amount of alkali
was in 109, molar excess of the epichlorohydrin. During the
initial exothermic reaction, the temperature was not allowed
to rise above 60° C. TUnless otherwise noted (Table III), the
resulting mixture was stirred for 1 hour at 50° to 60° C.

The mixture was cooled, the aqueous phase was decanted,
and the resin was stirred with water at 60° C. until the washings
were alkali-free. The products were dried at 125° to 150° C.

PorymeRrIZATION OF REACTION PrRODUCTS. Piperidine and
phthalic anhydride were used to catalyze the polymerization of
the epoxide-containing resins derived from the reaction of epi-
chlorohydrin with primary and disecondary sulfonamides.
The catalysts were mixed or melted into the resins on a hot plate
at moderate temperatures. The piperidine-catalyzed mixtures
were cured overnight at 100° C., whereas the anhydride-catalyzed
mixtures were cured overnight at 125° C. A final cure of a few
hours at 150° C. was then employed. The amount of piperidine
used to catalyze the resin was 6 parts per 100 parts of resin.
The amount of phthalic anhydride used was slightly less (90 to
95%) than the amount calculated as 1 mole of anhydride per
equivalent epoxide groups.

New types of epoxide resins
were prepared

Primary Sulfonamides. The reaction of epichlorohydrin with
p-toluenesulfonamide (CH;CH.SO,NH,), benzenesulfonamide
(CeH:sSO:NH:), and methanesulfonamide (CH;S0O,NH;) was in-
vestigated. Table I gives a summary of the data obtained from
the reaction of epichlorohydrin with p-toluenesulfonamide under
various reaction conditions. The solid products were clear,
brittle thermoplastic solids which melted around 100° C. The
weight of condensation product isolated approximated that of
the starting sulfonamide in 25- to 100-gram lots.

The reactions of p-toluenesulfonamide with a nominal excess
of epichlorohydrin at elevated temperatures (100° C.) gave
condensation products of little or no epoxide content. Condensa-
tion products of appreciable epoxide content could be prepared
only by employing a large excess of epichlorohydrin or by carrying
out the reaction of the sulfonamide with a nominal excess of
epichlorohydrin at moderate temperatures. A p-toluenesulfona-
mide—-epichlorohydrin condensation product of appreciable
epoxide content was prepared at low temperatures (see run 5,
Table I}). The material was then refluxed in 10%, alkali, washed,
and dried. The resulting material had no epoxide content.

October 1958

The reaction products of epichlorohydrin with p-toluenesulfona-
mide that did have an appreciable epoxide content could not
be gelled by amine or anhydride catalysts. They hardened
gsomewhat but remained thermoplastic. This is in contrast to
the behavior of epoxide resins prepared by the reaction of epi-
chlorohydrin with bisphenols, which can be gelled by these cata-
lysts.

Table I. Reaction of Epichlorohydrin with
p-Toluenesulfonamide

Mole Ratio, Epoxide

Epichloro- Content of

hydrin to Product,

Run Sulfonamide Meq./Gram Reaction Conditions

1 1. 0.0 Reaction mixture stirred at 100° C.
2 2.6 0.0 for 0.5 to 1 hour after cessation
3 4.0 0.3 of initial exothermic reaction,
4 6.0 1.6 Solid product
5 2.6 2.5 Reaction mixture stirred at 453° C,

1 hour after cessation of initial
exothermic reaction. Condensa-
tion produet washed at 43° C.
Final produet was very viscous
gum

The hydroxyl content of the resins from runs 1 and 2, Table I,
was 4.6 = 0.5 meq. per gram.

A portion of resin 1, Table I (melting point 90° to 100° C.)
was dissolved in benzene and partially precipitated with heptane.
Two fractions were collected: a small fraction of melting point
160° to 170° C. and a major fraction of melting point 95° to
100° C. The latter fraction was analyzed for carbon, hydrogen,
and nitrogen. Found: carbon 52.6; hydrogen 5.6; nitrogen,
6.5. The molecular weights of resin 1 and the main fraction
ranged from 1200 to 1700 as determined by freezing point de-
pression in benzene to 680 to 750 as determined by boiling point
elevation in acetone. The analytical data fit the empirical

formula (CH;C.H.SO,NCH,CHOHCH,—). Hydroxyl equiv-
alent: 4.4 meq. per gram. Elemental analysis: ecarbon, 52.9;
hydrogen, 5.8; nitrogen, 6.2. Formula weight: 227,

The reaction of methanesulfonamide with a 1.5M excess of
epichlorohydrin in 109%, alkali yielded no water-insoluble prod-
ucts. Benzenesulfonamide reacted with epichlorohydrin to
give water-insoluble products similar to those of toluenesulfon-
amide and epichlorohydrin,

Simons (22) discloses some reaction products of epichlorohydrin
with p-toluenesulfonamide.

Secondary Sulfonamides. Table II gives a summary of the
data obtained from the reaction of epichlorohydrin with two
sulfonamides, N-ethyl-p-toluenesulfonamide (CH;C H,SO,NH-
C.H;) and N-butylbenzenesulfonamide (CoH;SO,NHC,H,).

The results show that the reaction of N-alkyl aromatic sulfona-
amides with excess epichlorohydrin in alkaline solution yields
products of appreciable epoxide content, while the reaction of
epichlorohydrin with excess sulfonamide gives products of little
or no epoxide content,. ¢

The reaction product of run 4, Table I1, was distilled to give a
liquid boiling at 205° C. (4 mm.). This material had an epoxide
content of 3.54 meq. per gram and & sulfur content of 12.49.
The analysis agrees with that expected for N-(2,3-epoxypropyl)-
N-ethyl-p-toluenesulfonamide,

C.H,
SOzN-CHzCH\-CHz

CH,

which hag an epoxide content of 3.91 meq. per gram and a sulfur
content of 12.5%,.
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Table Il Reaction of Epichlorohydrin with Secondary Aromatic Sulfonamides
_. Mole Ratio Esti-
Epi- mated
chloro- Alkali Epoxide Product Hydroxyl
. hydrin to to epi- Contentof Iso- Content of
Sulfonamide sulfon-  chloro- Product, lated, Produet,
Run Wt., G. amide hydrin  Mea./G. G. Meq./G. Reaction Conditions
1 N-Ethyl-p-toluene- 38 0.5 2.0 0.0 35 2.5 Epichlorohydrin added
sulfonamide dropwise to the sul-
fonamide solution at
70° C. for 1 hour.
Alkali concentration
10%
2 N-Butylbenzene- 21 1.3 1.4 0.27 17 2.0 Reaction mixture re-
sulfonamide fluxed 1 hour after
initial exothermic re-
action.,  Alkali con-
centration 10%
3 N-Butylbenzene- .. 1.8 1.1 0.78 1.8 Reaction mixture re-
sulfonamide fluxed 1 hour after
initial exothermic re-
action. Alkali con-
centration 3%,
4 N-Ethyl-p-toluene- 30 2.0 1.1 2.20 37 0.8 Reaction mixture kept
sulfonamide at 80-90° C. for 1

hour after initial exo-
thermic reaction. Al-
kali concentration
10%

sulfonamide(II), catalyzed by
either piperidine or phthalic
anhydride, were more flexible
than the cured resins based on
N,N’-dimethyl diphenyl ether-
4,4’-disulfonamide(IIT), which
tended to be somewhat brittle.
Like bisphenol A-based
epoxide resing, these materials
softened at elevated tempera-
tures (100° to 150° C.) but
regained their initial hardness
when cooled to room tem-

perature,
N,N’ - Ethylenebismethane-
sulfonamide (CH,SO,NH-

(CH,),NHO;SCH;) gave no
water-insoluble products upon
reaction with a 2.5M excess of
epichlorohydrin in alkaline
solution. Neutralization of

the solution failed to give any

Furthermore, the infrared spectrum of this product revealed
the absence of hydroxyl groups and starting sulfonamide and the
presence of sulfone groups. The spectrum had absorption peaks
at 7.96, 11.2, and 11.75 microns not present in either the spec-
trum of the starting sulfonamide or the spectrum of the non-
epoxide-containing product from run 1, Table II. The epoxide
group is known to absorb in the region of 8 microns (8).

Disecondary Sulfonamides. Table IIT gives a summary of
the data obtained from the reaction of epichlorohydrin with
three disecondary sulfonamides.

(I) N,N'-Ethylene- CH;C:HSO,NH(CH,),NHO,SC:H,CH,
bis-p-toluene-
sulfonamide

(I1) N,N’-Hexameth-
ylenebismethane-
sulfonamide

(II1) N,N’-Dimethyl-
diphenyl ether-
4,4’-disulfon-
amide

CH,SO.NH(CH,)sNHO,SCH;

CH;NHO,SC:H,0C:HSO.NHCH;3

N,N’-Ethylenebis-p-toluenesulfonamide (I) reacted with a
very large excess of epichlorohydrin to form a high melting solid
with a very low epoxide content.

The molecular weight of one of these condensation products
(run 1, Table III) was 457 = 13, as determined by boiling point
elevation in ethyl acetate, and 415 == 35, as determined by boiling
point elevation in acetone. A sample (4.2 grams) was recrystal-
lized from benzene. The resulting material (1.7 grams) had a
molecular weight of 430 as dekermined by boiling point elevation
in ethyl acetate.

On the other hand, N,N’-dimethyl diphenyl ether-4,4’-disul-
fonamide (III) reacted with a smaller excess of epichlorchydrin
to form solid products of appreciable epoxide econtent, and
N,N’-hexamethylenebismethanesulfonamide (II) reacted with
epichlorohydrin to form fluid products of appreciable epoxide
content. The epoxide containing products from these two sul-
fonamides gelled to cross-linked polymers when catalyzed with
piperidine or phthalic anhydride at 100° to 125° C,

The melting points of the resins from N,N’-dimethyl diphenyl
ether-4,4’-disulfonamide (III) were in the range of 40° to 60° C.
The final weight of resin isolated approximated that of the starting
material in 25- and 100-gram lots. Lowering the temperature
of the reaction decreased the extent of condensation of the
product and raised the epoxide content (per gram) of the resin.

The cured resins based onk, N’-hexamethylenebismethane-
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water-insoluble products.

Epoxide-containing products may condense
to products of little epoxide content

Primary Sulfonamides. Primary sulfonamides which are
difunctional by virtue of two acidic hydrogen atoms attached to
the nitrogen atom of the sulfonamide group would be expected
to form epoxide-containing polymers of the type

H,C—CH—CH;—| N—CH,CHOHCH;—]—N—CH,—CH—CH,
N | N
0 0:SR » O:SR 0

Such materials would be expected to form cross-linked polymers
when catalyzed with amines or anhydrides analogous to the epox-
ide resins based on bisphenols.

However, the experimental results with p-toluenesulfonamide
and a nominal excess of epichlorohydrin show that epoxide-
containing products are initially formed and then condense
further to reaction products of little or no epoxide content.
The intermediate products of high epoxide content can be isolated
by running the reaction at moderate temperatures but are not
gelled by amine or anhydride catalysts. Data obtained from the
analysig of the final reaction produects of no epoxide content agree
with the following empirical formula (see experimental results).

|
[OHaQS%NCHzCHOHCHz—l

As sulfonamide epoxides apparently are fairly stable to hydroly-
sis under the reaction conditions employed, one possible explana-
tion of these experimental results is based on cyclization of the
initially formed epoxides to structures with no epoxide content
rather than further reaction to linear diepoxide polymers. For
example:

CH_ >SO.NH; + NaOH + CHy—CH—CHCl —~

H

CHK >SOzll\TCHz—CPI—E{CHz + NaCl + H,O (8)
N

(I
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NaOH . and
(D) —— cH_ HSON—CH,
9
1.0—dbron @ ?ZSQCﬂa
. N
NaOH PN
(D) + CH_ >SO:NH; —— 0C¢  CH,
H fi Hﬁé éHg
‘ &
o DSONCH,CHOHCH:NOSC  >CH, (10) H,Q CH,
NS
2 1
o=
S 0:8C__ HCH,
i 5
= =
3 Z .
L>O from p-toluenesulfonamide and 1,3-dibromopropane in the pres-
g ence of alkali. The sulfonamides were then hydrolyzed or
reduced to the cyclic amines (11, 12, 28).
NaOH The molecular weights of the reaction products of epichloro-
2(I) —— hydrin with p-toluenesulfonamide which contained no epoxide
H groups were higher than those expected for the cyclic structures
| listed above, indicating the presence of compounds of higher
cH >SONCH.CHOHCH:NCH,—CH—CH, (11) o above, g the p pounds of highel
V4 molecular weight, However, as the wvalues obtained varie
O, O considerably (see experimental results), these data could not be
| used to establish the presence of these cyclic structures. This
behavior may be due to association or other effects in the various
solvents used for the molecular weight determinations.
The failure of the condensation products with appreciable
CH; epoxide content to form cross-linked structures when catalyzed
may be attributed to the reaction products being a mixture of
OESQCHs “inert” nonepoxide-containing products and/or monoepoxides
} such as
LT
N
H2(|] CH, IWI
NaOH
NN momd  dwom (12) ct_ >SO.NCH,—CH—CH,
[ N
H.C H. 0
Y
i and CH,CH—CH,
0:5_ o, N
H
\
.. . . N J
Compounds of similar structure have been reported in the lit- SO;NCH:CHOHCH,NOS
erature. For example, Marckwald (14) reported the synthesis of
cu >B0N—CH, CH, CH,
H,C—CH, etfc.
Table lll. Reaction of Epichlorohydrin with Disecondary Sulfonamides
Mole Ratio Epoxide
Epichloro- Produet Content of
Sulfonamide hydrin to  Isolated, Product,
Run G. Sulfonamide G. Meq./G. Remarks
1  N,N’-Ethylenebis-p-taluene- 18 4 15 0.19 Solid produet, m.p. 163-166° C, Temperature kept below
sulfonamide (I) 60° C. during entire reaction. Alkali concentration 6%
2 N,N’-Ethylenebis-p-toluene- .. 12 0.43 Solid product. Temperature kept below 60° C. during
sulfonamide (I) entire reaction
3 N,N’-Hexamethylenebismethane- 23 2.8 17 2.5 Viscous product that gelled to cross-linked polymer with
sulfonamide (11} piperidine or phthalic anhydride. Reaction temperature
kept at 50-60° C. throughout. Alkali concentration 5%
4 N,N’-Hexamethylenebismethane- 18 3.3 10 3.3 Viscous product that gelled to cross-linked polymer with
sulfonamide (II) Experidine or phthalic anhydride. Reaction temperature
ept at 50—60° C. throughout. Alkali concentration 5%
5 N,N'’-Dimethyl diphenyl ether 50 3 47 1.2 Reaction mixture refluxed for 0.5 hour after initial exothermic
4,4’-disulfonamide (I1I) reaction. Solid product that gelled to a eross-linked
polymer with piperidine or phthalic anhydride. Alkali
concentration 10%
6 N,N’-Dimethyl diphenyl ether 18 3 25 2.1 Solid product that gelled to cross-linked polymer with
4,4'-disulfonamide (II1) piperidine or phthalic anhydride. Reaction temperature
kept below 60° C. throughout. Alkali concentration 10%
7 N,N’-Dimethyl diphenyl ether 75 5 77 2.1 Solid produet that gelled to a cross-linked polymer with

4,4'-disulfonamide (III)

piperidine or phthalic anhydride.

Reaction temperature
kept below 60° C. throughout.

Alkali concentration 10%
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The observed increase in the epoxide content of these reaction
products with increasing amounts of epichlorchydrin can be
ascribed to a greater tendency of the starting sulfonamide and
intermediate reaction products to react with the epichlorohydrin
to form epoxide-containing materials instead of self-condensing
to cyclic structures. As has been mentioned, lowering the reac-
tion temperature also limits the condensation of the initial epox-
ides, thus giving rise to materials of high epoxide content.

At present, there is insufficient experimental evidence to in-
dicate the structure of the water-soluble produets, if any, formed
by the reaction of epichlorohydrin with methanesulfonamide.

Secondary Sulfonamides. Analogous to the reaction of
phenols with epichlorohydrin, secondary sulfonamides would
be expected to react with epichlorohydrin to yield epoxides as
initial reaction products.

R’
1
RSO NHR' 4+ OH~ = RSO,N~ + H,0 (13)
R’
|
RSO;N~ + CH;—CH—CH,C] —
N
R’
} —7
o<
RI

RSOgl\'ICHz——CH-—CHz + Cl- (14
N

)

Reaction of the epoxide with excess sulfonamide would yield
disulfonamide derivatives of 2-hydroxy-1,3-diaminopropane.

R/ R’
NaOH | |
(I) + RSO.NHR’ —— RSO,NCH,—CHOH—CH;NO.SR
(15)

The experimental results obtained with secondary sulfona-
mides are in agreement with these mechanisms. As the molar
ratio of secondary sulfonamide to epichlorohydrin increased, the
epoxide content of the reaction product decreased, while the hy-
droxyl content increased. Moreover, a material whose analysis
agreed with that expected for the monoepoxide was isolated from
a reaction product. Miller (16) prepared an epoxide by direct
reaction of a secondary aromatic sulfonamide with epichloro-
hydrin in alkaline solution.

A possible side reaction in these experiments would be hydrol-
ysis of the epoxides to glycols.

RI
l
1 + H:0 — RSO.NCH,CHOHCH,OH (16)

However, the high epoxide content of some of these condensation
products indicates that this is not a major side reaction under the
reaction conditions employed.

Disecondary Sulfonamides.
as

Disecondary sulfonamides, such

H H H H

l l |
RSOinT—R’wNOzSR (I) and RNO:S—R'—B80:NR (II)

would be expected to react with epichlorohydrin to form linear
polymers of the type
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CH<— CH—CHz——l: ll\T—R’ -—N"-—CHzCHOHCHz——:l
0:8SR  O.8R "

-—ll\T———R ! ~—|N—CH3—.—CI{—CH
O:;SR O:8R O

and
o focronc
CHz\—/CH~——CH2— NO:S—R'—S0,.NCH,CHOHCH,—_|,

ok
—NO;8—R'—80;N—CH;—CH—CH,
X

As these condensation products would bave two epoxide groups
per molecule, they could be gelled to cross-linked polymers by
acidic or basic catalysts, analogous to the epoxide resins based
on bisphenols. :
Disecondary sulfonamides such as N,N’-dimethyldiphenyl

other-4,4'-disulfonamide (ILR’ = <:> 0 LR =
CH;) and N,N’-hexamethylenebismethanesulfonamide [I,R’ =

(CH,)s, R = CH;] gave the expected reaction products. However,
N,N’-ethylenebis-p-toluenesulfonamide [I,LR’ = (CH;i),, R =

CH,] gave reaction products of extremely low epoxide

content.

The cyclization hypothesis, formulated for primary sulfona-
mides, can also be used to explain these experimental results.
Disecondary sulfonamides such as N,N’-ethylenebis-p-toluene-
sulfonamide could form an internal six- or seven-membered ring
structure in preference to linear epoxide-containing polymers.
The molecular weight observed for the reaction product of this
sulfonamide agrees with that expected for the cyclic structure.
However, sulfonamides such as N,N’-hexamethylenebismethane-
sulfonamide and N, '-dimethyldiphenyl ether-4,4’-disulfonamide
could only cyclize to form very large and, therefore, less likely
ring structures of at least 10 and 15 atoms. In these cases the
reaction products would be expected to be linear epoxide-con-
taining polymers.

Furthermore, Miller (16) has claimed condensation products
that could be cured with amines and other bases from the reac-
tion of epichlorohydrin with such sulfonamides as N,N’'dimethyl-
toluene-2,4-disulfonamide, N,N’-diphenyltoluene-2,4-disulfona-
mide, N,N’-dimethylnaphthylene-1,5-disulfonamide, and N,N'-
hexamethylenebisbenzenesulfonamide. Because of their struc-
ture, none of these sulfonamides would be expected to form
cyeclic structures easily via the reactions discussed above.

The difference in physical properties between the more flexible
cured resin based on hexamethylenebismethanesulfonamide and
the more brittle resin derived from N,N’-dimethyldiphenyl
ether-4,4’-disulfonamide can be ascribed to the presence of a
flexible chain of carbon atoms in the former material and the
presence of rigid phenyl groups in the latter material.

The variation in epoxide content of the condensation products
of these sulfonamides with epichlorohydrin under different reac-
tion conditions (3) may be explained as follows. An increase
in the amount of epichlorohydrin or a decrease in the reaction
temperature lowers the degree of condensation of the reaction
products and, therefore, the average molecular weight of the
reaction products. Since the epoxide groups are present at
the ends of the polymer molecules, the net result is an increase
in the epoxide content per gram of resin.

At present, there is insufficient experimental evidence to indi-
cate the structure of the water-soluble products, if any, formed by
the reaction of epichlorohydrin with N,N’-ethylenebismethane-
sulfonamide.

Simons (22) describes a fusible condensation product derived
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from N,N’-dibutyldiphenyl ether-4,4’-disulfonamide and epi-
chlorohydrin.

Summary and conclusions

Like the bisphenols, primary aromatic sulfonamides such as
p-toluenesulfonamide react with epichlorohydrin in alkaline
golution at moderate temperatures to form epoxide-containing
products. However, unlike the reaction products of bisphenols
with epichlorohydrin, these products cannot be gelled by amine
or anhydride eatalysts and will condense further to products of
no epoxide content unless the reaction conditions are carefully
controlled. The epoxide-containing products can also be formed
by employing a very large excess of epichlorohydrin,

Like phenols, secondary aromatic sulfonamides react with
epichlorohydrin in alkaline solution to form epoxide-containing
products. These can react further with excess sulfonamide to
form hydroxyl-containing derivatives.

Depending on their structure, certain disecondary sulfona-
mides react with epichlorohydrin to form one of two products—
either high melting products of low epoxide content or products
of appreciable epoxide content. Like the bisphenol-based resins,
the latter materials can be gelled by amine or anhydride catalysts.

The tendency of the disecondary sulfonamides to form one
or the other of these products can be correlated with their ease
of ring formation. This eyclization hypothesis can be extended
as one possible explanation of the reaction products observed
with p-toluenesulfonamide and epichlorohydrin.

Certain sulfonamides give no water-insoluble products with
epichlorohydrin in alkaline solution.

Acknowledgment

The author wished to thank J. R. Ladd, General Electric Co.
Research Laboratory, for furnishing samples of some of the sul-
fonamides used in this investigation.

Literature cited

(1) Amundsen, L. H., and Longley, R. L., Jr., J. Am. Chem. Soc., 62,
2811 (1940).

(2) Boyd, D. R., and Marle, E. R., J. Chem. Soc., 93, 838 (1908).
(3) Bradley, T. F. (to Shell Development Co.), U. 8. Patent
2,541,027 (May 11, 1948).
(4) Costan, P., Ibid., 2,324,483 (July 20, 1944).
(6) De Trey Fréres 8. A,, Brit. Patent 518,057 (Feb. 15, 1940).
(6) Ibid., 579,698 (Aug. 13, 1946).
(7) Fairbourne, A., Gibson, G. P., and Stephens, D. W., J. Chem.
Soc., 1932, p. 1965.
(8) Field, J. E., Cole, J. O., and Woodward, D. E,, J. Chem, Phys.,
18, 1298 (1950).
(9) Field, L., and Grunwald, F. A,, J. Am. Chem. Soc., 75, 936
(1954).
(10) Greenlee, 8. O. (to Devoe and Raynolds Co.), U. 8. Patent
2,582,985 (Jan. 22, 1952).
(11) Howard, C. C., and Marckwald, W., Ber., 32, 2036 (1899),
(12) Jones, G. D., J. Org. Chem., 9, 484 (1944},
(18) Ladd, J. R., General Electric Co. Research Lab., private com~
munication.
(14) Marckwald, W., and Fehr. van Droste-Huelshoff, A., Ber.,
31, 3261 (1898).
(15) Marle, E, R., J. Chem. Sec., 101, 305 (1912).
(16) Miller, H. (to Dyanamit A.-G. vorm. Alfred Nobel and Co.),
Ger. Patent 810,814 (Aug. 13, 1951).
(17) Moss, W, H., Brit. Patent 483,087 (April 12, 1938).
(18) Ogg, C. L., Porter, W. L., and Willits, C. O., Inp. Exc. CreMm.,
Awxavr. Ep., 17, 394 (1945).
(19) Ohle, H,, and Haeseler, G., Ber., 69B, 2324 (1936).
(20) Siggia, Sidney, ‘“‘Quantitative Analysis Via Functional Groups,”
p. 4, Wiley, New York, 1949.
(21) Simons, J. K. (to Allied Chemical and Dye Corp.), U. S. Patent
2,671,771 (March 9, 1954).
(22) Simons, J. K. (to Libbey-Owens-Ford Glass Co.), Ibid., 2,643,~
244 (June 23, 1953).
(23) Suter, C. M., J. Am. Chem. Soc., 53, 1112 (1931).
(24) Truchot, P., Ann., 138, 297 (1866).
(25) Ibid., 140, 244 (1866).
(26) Werner, E. Q. G., and Farenhorst, E., Rec. trav. chim., 67, 438
(1948).
(27) Werner, E. G. G., and Farenhorst, E. (to Shell Development
Co.), U. 8. Patent 2,467,171 (April 12, 1949).
(28) Yanbikov, Ya. M., and Dem'yanov, N. Ya., J. Gen. Chem.
(U.S.8.R.), 8, 1545 (1938).

REecEIVED for review September 17, 1954, AccerTED July 5, 1958,

Uncatalyzed Coal Hydrogenolysis

M. G. PELIPETZ, J. R. SALMON, J, BAYER, anp E. L. CLARK!

Coal-to-0il Research, U. S. Bureau of Mines, Bruceton, Pa.

YDROGENOLYSIS of Rock Springs eoal at 400° C. in the
presence of tin and molybdenum and under initial hydrogen
pressures of 500 to 4000 1b. per sq. inch gage has been studied, and
the results have been reported (2). In that study the rate of
transformation of benzene-insoluble matter of coal to benzene
solubles, water, and gaseous product was used for quantitative
evaluation of catalyst activity and for estimation of the extent of
hydrogenolysis as a function of initial hydrogen pressure. For a
better understanding of the function of the catalyst, a similar
study has now been made of the uncatalyzed hydrogenolysis of
Rock Springs coal.

Material used was bituminous C
Rock Springs coal

Bituminous C coal from the Rock Springs bed, Superior, Wyo.,
was used. It was air-dried and pulverized to pass through a
200-mesh screen. Its ultimate composition was as follows:

I Present address, Israel Mining Co., Haifa, Israel.
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T
Hydrogen 4,54
Carbon 71.50
Nitrogen 1.48
Sulfur 1.20
Oxggen 11.88
As 5.40
Moisture 2.00

The experimental procedure and method of evaluation of the
results were similar to those described previously (3, 4).

Conversion of benzene-insoluble matter of coal fo
benzene solubles, water, and gas is a first-order reaction

Operational conditions, product distribution, and hydrogen
consumption are summarized in Table I. As in the case of cata-
lytic hydregenolysis of coal, asphaltene is the main product of
uncatalyzed hydrogenolysis at 400° C. The time of reaction
reported in Table I includes a 5-minute correction factor for the
preheating and cooling periods. Figure 1 shows the logarithms of
the percentage of remaining benzene insolubles as functions of
contact time. Extensive experience with Rock Springs coal has
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