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The samples? were redistilled prior to being observed as
the pure liquids at room temperature. The reported rela-
tive intensities are based on the apparent per cent. trans-
mission at a constant sample thickness of 0.025 mm.

PREPARATION AND STRUCTURE PROOF OF 2-NEOPENTYL-1,3-BUTADIENE

4073

Thinner samples were used occasionally to resolve the keto
and ester C==0 absorption bands.
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2-Neopentyl-1,3-butadiene.

Preparation and Proof of Structure!

By A. T. BLoMQuisT aND JEROME C. WESTFAHL®
RECEIVED MARCH 7, 1952

The isomeric noneny! acetates obtained bv the condensation of diisobutylene, paraformaldehyde and glacial acetic acid
when pyrolyzed yield 2-neopentyl-1,3-butadiene, diisobutylene, acetic acid and formaldehyde. The structure of 2-neopentyl-

1,3-butadiene was established.

gave trimellitic acid, demonstrated the presence of one alky! group in the 2-position of the 1,3-butadiene chain,

Its formation of an adduct with maleic anhydride, which on aromatization and degradation

Oxidation

of the diene to ¢-butylacetic acid showed that the alky! group is a neopentyl group.

Recent studies in this Laboratcry of the conden-
sation of olefins with paraformaldehyde and glacial
acetic acid had shown that the principal products
are acetates of unsaturated alcohols having one
more carbon atom than the original olefins and
having the same degree of unsaturation. The
structure of individual isomers in the mixture of
acetates obtained from commercial diisobutylene
(809, 2,4,4-trimethyl-1-pentene and 209, 2,4,4-tri-
methyl-2-pentene) has been studied by means of
ozonolysis and the isomeric acetates I and II are
believed to be present.?
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The structures of I and I indicate that they are
both formed from the major isomer of diisobutyl-
ene. Since the condensation of pure 2,4,4-tri-
methyl-2-pentene with paraformaldehyde and gla-
cial acetic acid has been shown to produce a nonenyl
acetate,* an isomer such as III may be assumed to
be present in the mixture of isomeric acetates pre-
pared from diisobutylene. The compounds I, II
and I1I each contain the —CH=C—CH—CH,0Ac
group L

CH; ?He
CHg—(T:——(IZH—é—CHE

CH, CH:OAc
11

(1) The work reported here was done as part of a research project at
the Baker Laboratory of Chemistry, Cornell University, sponsored by
the B. F. Goodrich Company.

(2) Abstracted from the dissertation submitted by Jerome C. West-
fahl in September, 1950, to the Graduate Faculty of Cornell University
in partial fulfillment of the requirements for the degree of Doctor of
Philosophy.

(3) A. T. Blomquist, L. 1. Diuguid, M. Passer and C. 8. Schollen-
berger, unpublished; M. Passer, Thesis, Cornell University, 1948;
C. 8, Schollenberger, Thesis, Cornell University, 1947,

(4) Private communication from Dr. Fred T. Fiedorek, Research
Center, The B, F. Goodrich Co., Brecksville, Ohio,

and, accordingly, pyrolysis of the mixture of non-
enyl acetates should yield a mixture of alkyl sub-
stituted 1,3-butadienes.

Pyrolysis at 475° of the nonenyl acetate fraction
of b.p. 78-85.5° (10 mm.) and n¥p 1.442-1.444
gave a mixture of 2-neopentyl-1,3-butadiene (IV),
diisobutylene, acetic acid, paraformaldehyde and
unpyrolyzed nonenyl acetate. Repyrolysis of the
recovered nonenyl acetate under the same condi-
tions produced IV and acetic acid with only traces
of diisobutylene and paraformaldehyde. This in-
dicated that the more thermolabile nonenyl ace-
tates responsible for the production of diisobutyl-
ene and formaldehyde were almost completely de-
composed in the first pyrolysis.

The structure of IV was established by the series
of reactions shown in the chart. Reaction of the
diene (IV) with maleic anhydride in benzene solu-
tion gave 4-neopentyl-4- cyclohexene-1,2-dicarbox-
ylic anhydride (V). Aromatization of V, carried out
with a 309, palladium-on-norit catalyst® by the
method of Fieser® or by heating with sulfur at 200-
250°, produced VI. Oxidation of the sodium salt
of VII, obtained from VI, by refluxing with an ex-
cess of aqueous potassium permanganate failed to
give trimellitic acid (XII) but produced instead the
stable intermediate oxidation product pivalophe-
none-3,4-dicarboxylic acid (VIII).

The possibility of establishing the position and
structure of the acyl group in VIII by means of a
Beckmann rearrangement of the oxime of VIII was
investigated. The keto acid (VIII) was converted
to the N-phenyl imide (IX) by a modification of
the method of Tingle and Cram’ in order to sim-
plify the preparation of an oxime. The oxime X
was prepared by a standard method.® In study-
ing the Beckmann rearrangement of pivalophenone
ketoxime Schroeter® observed that treatment with
phosphorus pentachloride gave benzonitrile. How-
ever, treatment of the oxime with anhydrous hydro-
gen chloride in acetic acid effected rearrangement
to trimethylacetanilide. When Schroeter’s anhy-

(5) R. P, Linstead and S. L, C, Thomas, J. Chem. Soc., 1127 (1940).

(8) L. F. Fieser, "'Experiments in Organic Chemistry,”” 2nd Ed.,
D. C. Heath and Co., Boston, Mass., 1941, pp. 461-462.

(7) J. B. Tingle and M. P. Cram, Am. Chem. J., 87, 596 (1907).

(8) 8. M. McFElvain, '"The Characterization of Organic Com-

pounds,”’ The Macmillan Co., New York, N. Y., 1945, p. 198,
(9) G. Schroeter, Ber., 44, 1201 (1911).
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be such a mixture and that the composition versus

Clt 77D and %% curves were linear, the content of 2,-
el NP O P o 4,4-tr1me:c(hyl-1-p?n§)fz;3e calculate‘d using the ob-
P . ) e , s served d*y was §3.39; and the 2,4,4-trimethyl-1-
CH co oo pentene content calculated using the observed #*p
. > was 84.267.  Since the equilibrium composition of
Cli ) these two hydrocarbons'* is known to contain 809
I ) Vi 2,4,4-trimethyl- 1-pentene and 207 2,4, t-trimethyl-
i 2-pentene, there seemed little doubt that the CzHyg
A hydrocarbon was diisobutylene.
ClE - Co m‘,/,\‘[ QO .\'P»-—-i/\ —CO,I1 Experimental Part!
| Conl “ 1 con Isomeric Noneny! Acetates ® —A iixture of commtercial
WSO N4 ¢ diisobutylene (3 violes), puraformaldehyde (1.5 1oles:
V1Tt VI and gluctal acetic uetd (1.5 moles) was lieated in a bomb at
) 160-165° for 30 hours with agitation, Distillation of the
i reaction mixture gave 60-709, 'of a mixture of isomeric
A7 nonenyl acetates; b.p. 199-210°, »¥p
it . . e . 1.442-1.444, A redistilled fraction of
(CILnC- O co (CHAC-Cr o CO b.p. 78-85.5° (10 mm.) was used for
| ,’;'\ . QH‘, R i ‘ /.\ Cells pvrolvsis

o dcor N L. O~ Y o N .
N NN/ 2-Neopentyl-1,3-butadiene (IV).—
! Through a vertical Pyrex tube (25 mm.
O inside diameter) packed with a 220-mm.
I layer of carborundum chips and heated
IX X to 475° there was passed 500 g. of the
isomeric nonenyl acetates (b.p. 78—
l 85.5° (10 mm.)) at a rate of approxi-
muately 50 g. per hour. A slow stream
v AN . e .- of carbon dioxide was passed through
160 i CO:M NC- o GOy NG the apparatus throughout the py-
Lot ) [ (‘(V'//‘ TRt rolysis. In an ice-cooled receiver at-
.v/ i : W tuchied to 1hie lower end of the pyrolysis
[Nt N tube 478 g. of a pale yellow liquid cou-

IV —>» (CH;;C-—CH,CO:H

drous hydrogen chloride procedure was applied to
the oxime X no rearrangement occurred and only
unchanged oxime was isolated. Treatment of X
with phosphorus pentachloride in benzene gave N-
phenyl 4-cyano-1,2-benzenedicarboximide (XI).
Hydrolysis of XI, effected by heating with alcoholic
potassium hydroxide for 24 hours at 150°, produced
aniline, ammonia and trimellitic acid (XII). The
Jatter was characterized by comparison with an au-
thentic sample of XII and by conversion to its au-
hydride.

Since a normal Beckmann rearrangenient of the
oxime X did not occur the structure of the alkyl
group was elucidated by the oxidation of the diene
(IV) with aqueous potassium permanganate at
room temperature to give {-butylacetic acid (XIII).
XIII was characterized by conversion to its amide,!!
anilide!! and p-bromophenacyl ester.!

The diisobutylene formed in the first pyrolysis
was identified as follows. After careful purifica-
tion, its physical properties were determined.
From the molecular weight (Victor Meyer method)
and the results of semi-mmicro quantitative hydro-
genation, the formula CgHie was deduced. Com-
parison of the observed b.p., #¥p and d? with
those for the known CsHjs hydrocarbons!® showed
that the properties found agreed best with thoseof a
mixture of 2,4,4-trimethyl-1-pentene and 2,4,4-tri-
imethyl-2-pentene. Assuming the hydrocarbon to

(10} W. Schultze, Ann., 359, 143 (1908).

111y A. H. Homever, . C. Whitmore and V. 1[, Wallingford, THis
Juurxar, 85, 4209 (1933),

12) 1. L. Ozanne and C. S, Marvel, bid , 82, 5267 (1930).

(13) G. Egloff, ""Physical Constants of Hydrocarbons,”
Reinhold Publishing Corp., New York, N. V., pp. 214234,

Vol. I,

taining suspended paraformaldehyde
wus collected. After filtering the for-
mialdehyde and adding hydroquinone
the liquid was fractionated at 50 mni.
giving 198 g. (b.p. up to 52° (50 mm.)) of a mixture of acetic
acid and hydrocarbons. Fractional distillation of the
residue at 10 mm. gave 207 g. of recovered nonenyl acetates,
b.p. 78-85.5°. The acetic acid-hydrocarbon fraction after
washing with cold dilute sodium lydroxide, drying, and
fractional distillation at 87 mm. gave 40.4 g. of a forerun,
consisting largely of diisobutylene, and 66.4 g. (83.69) of
IV; b.p. 60.5-64.5° (87 inm.). On refractionation the
major portion boiling at i1-63° (87 mm.) showed b.p. 123-
125° (743.7 mun. ), #%p 1.4431, d2% 0.755.

Anal. Caled. for C,Hi: C, 87.02; H, 12.98. Found:
C, 87.23,87.02; H, 12.61, 12.75.

Repyrolysis of thie rccovered nonenyl acetates (207 g.)
under the same conditions described above gave 204 g. of
a pale yellow liquid product free of suspended paraformal-
dehyde. From this product there was obtained 118 g. of
nonenyl acetates and 25.1 g. (429%,) of IV: b.p. 60.5-64.5°
(87 mm.). Practically 1o diisobutylene was obtained in
this second pyrolysis.

The lower boiling hydrocarbon produced in the first py-
rolysis of the noneny! acetates was treated with molten
maleic anhydride on the steam-bath to remove yellow color
and any IV present. The colorless hydrocarbon was de-
canted, steam distilled, dried, and fractionated at atmos-
pheric pressure. The mujor fraction had the following
pm{)erties: b.p. 99-99.6° (746.2 mmn.), #*p 1.4100, d2%
0.717.

Anal. Caled. for CsHye: mol. wt., 112.21; Mp, 38.69.
Found: mol. wt., 110.5, 114.4 (Victor Meyer method);
Mp, 38.79 (using m, 112.21). Quantitative reduction in
ethanol using Adams catalyst required 1059, of one molar
equivalent of hydrogen.

4-Neopentyl-4-cyclohexene-1,2-dicarboxylic Anhydride
(V).—A solution of 33.1 g. (0.338 mole) of maleic anhvdride
inn 120 ml. of benzene was added to 42.07 g. (0.338 niale® of
IV. There was immediate evolution of heat and within
ten minutes cooling was required to prevent boiling. After

XI1L

(14) W. 8. Gallaway and M. J. Murray, THis JourNAL. 70, 2584
(1948).

{15) All melting points are corrected unless otherwise noted.
hoiling points are uncorrected,

All
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20 minutes the solution was refluxed for two hours. After
removal of the benzene in vacuo there was obtained 75.0 g.
(99.7%) of crude crystalline adduct; m.p. after recrystalli-
zation from benzene-hexane 114.4-114.9°,

Anal. Caled. for C3H1505: C, 70.24; H, 8.16. Found:

C, 70.23,70.26; H, 8.37, 8.46.

4-Neopentyl-4-cyclohexene-1,2-dicarboxylic Acid.—The
adduct V and four times its weight of water, containing two
equivalents of sodium hydroxide, were heated slowly to
boiling. After filtering and acidifying the crude acid pre-
cipitated and was recrystallized from acetic acid-water;
m.p. 150.4-151.5°.

Anal. Caled. for CyiHgOs: C, 64.98; H, 8.39; neut.
equiv., 120. Found: C, 65.01, 64.93; H, 8.29, 8.33;
neut. equiv., 121, 121.

The dicarboxylic acid was characterized as its N-pheny!
imide which was prepared using a modification of the pro-
cedure of Tingle and Cram? for phthalanil. The crystalline
imide showed m.p. 129.1-130.1° from ethanol-water.

Anal.
+.71. Found: C, 76.72, 76.62; H, 7.96, 7.77; N, 4.77,
+1.74.

4-Neopentyl-1,2-benzenedicarboxylic Acid (VII). A.
Quantitative Catalytic Dehydrogenation.—Using an ap-
praratus similar to that described by Fieser® a solution of 2
g. of V in 20 ml. of p-cyimnene ( Eastman Kodak Co. White
Label) was refluxed with 80 wmg. of a 309, palladium-on-
norit catalyst, prepared according to the procedure of Lin-
stead and Thomas.? After 7.5 hours 86.69%, of two molar
equivalents of liydrogen was evolved. The filtered p-cy-
mene solution was refluxed for one hour with 25 ml. of water
containing 1 g. of sodium hydroxide and steam distilled
until free of p-cymene. Acidification of the aqueous alka-
line solution with hydrochloric acid gave crude liquid VII.
After extraction with ether there was obtained 2.1 g.
(98.6%) of crude liquid VII which ~rystallized after long
standing. Four recrystallizations from benzene-hexane
gave colorless needles; m.p. 153.2-154.7°.

Anal, Caled. for C;3H;604: C, 66.08; H, 6.83; neut.
equiv., 118. Found: C, 66.23, 66.29; H, 7.19, 7.27;
neut. equiv., 119, 119.

A small quantity of a less soluble acid of m.p. 206.1-
206.6° was isolated fromn the crude VII. This acid was
sliown by mixed melting point determination to be ideutical
with 4-neopentyl-1,2-cyclohexanedicarboxylic acid (m.p.
204.1-205.6°) prepared by hydrogenating 4-neopentyl-4-
cyclohexene-1,2-dicarhoxylic acid (m.p. 150.4-151.5°).

Anal. Caled. for C;3H»O,4: C, 64.43; H, 9.15. Found:
C, 64.29, 64.49; H, 9.00, 9.08.

The formation of completely saturated compounds in the
catalytic aromatization of cyclohexene derivatives has been
previously observed.1#

The saturated dicarboxylic acid was characterized as its
N-phenyl imide and as its anhydride. N-Phenyl 4-neo-
pentyl-1,2-cyclohexanedicarboximide; m.p. 124.4-124.9°.
Anal. Caled. for CyH,,ON: C, 76.21; H, 8.42; N, 4.68.
Found: C, 76.38, 76.33: H, 838, 8.42; N, 4.74, 4.85!
4-‘\'eopent°>v1-1,2-cyclohexanedicarboxylic anhydride; m.p.
75.8-76.3°.

Anal,  Caled. for C;3H0;:: C, 69.61; H, 8.99.
C, 69.72, RA.80; H, 9.22, 9.27.

B. Sulfur Dehydrogenation.-—Using an apparatus sinii-
lar to that described by Fieser for the distillation of solids!” a
mixture of 20.00 g. (0.08998 mole) of V and 5.76 g. (0.1797
mole) of powdered sulfur (flowers) was heated from 210 te
250° over a period of 1.5 hours, during which hydrogen sul-
fide was evolved vigorously. Distillation of the mixture
at a bath temperature of 165-170° and a pressure of 0.1-1.0
mm. gave 17.51 g. (89%,) of impure VI as a viscous yellow
liquid which solidified completely when seeded. One re-
crystallization from petroleum ether (b.p. 30-60°) gave
13.84 g. (70%) of yellow needles still contaminated with
sulfur. This impure anhydride (13.84 g.) after dissolving
in hot aqueous potassium hydroxide (7.12 g. in 100 ml.),
filtering and separating from insoluble oil was treated at
room temperature with small portions of a saturated aqueous

(16) R. P. Linstead, Annual Reporis, 294 (1936).
(17) L. T. Fieser, "Expcriments in Organic Chemistry,” 2nd Ed.,
D. C Heath and Co., Boston, Mass., 1941, p. 250,
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potassium permanganate solution until the permanganate
color persisted for 15 minutes. The excess permanganate
was destroyed with sodium bisulfite, the solution filtered,
acidified with sulfuric acid, and extracted with ether.
There was obtained 14.5 g. (689%,) of colorless liquid VII
which crystallized readily when scratched or seeded.

4-Neopentyl-1,2-benzenedicarboxylic Anhydride (VI).—
The acid VII when refluxed for one hour with acety! chlo-
ride gave 909, of colorless, odorless crystalline VI when dis-
tilled at a bath temperature of 160~175° at 10 mm.; m.p.
62.7-63.7° from petroleum ether (b.p. 30~60°). The m.p.
of pure VI prepared by the catalytic method and by sulfur
aromatization was not depressed.

Anal. Caled. for CyHy Oy C, 71.54; H, 6.47. Found:
C,71.37,71.48; H, 6.44, 6.41.

N -Phenyl -4 - neopentyl - 1,2 - benzenedicarboximide was
prepared as described previously; m.p. 174.2-175°. Amnal.
Caled. for CpHgO:N: C, 77.79; H, 6.53; N, 4.77. Found:
C, 77.78,77.93; H, 6.93,6.94; N, 4.79, 4.85.

Pivalophenone-3 ,4-dicarboxylic Acid (VIII).—To a solu-
tion of 2 g. (0.00846 mole) of VII in 80 ml. of water contain-
ing a 1-ml. excess of 109, sodium hydroxide there was added
1.79 g. (0.01698 equiv.) of potassium permanganate. The
mixture was refluxed three hours, cooled and the faint per-
manganate color discharged with a few drops of aqueous
sodium bisulfite, The filtered mixture was acidified and ex-
tracted with ether. From the ether extracts there was ob-
tained 2.53 g. of colorless liquid acid which was dissolved in
a minimum amount of boiling benzene. Boiling hexane was
added to the hot benzene solution to incipient cloudiness.
Upon slow cooling to room temperature colorless needles
separated: 1.80 g. (869,) of keto acid showing m.p. 108.5—
111.7°. After several recrystallizations the m.p. was
raised to 113.8~115.4°, This keto acid contained solvent
of recrystallization which was removed by crystallization
from boiling water. The acid thus obtained showed m.p.
101.9-102.9°, determined by inserting m.p. tubes as the
bath temperature was raised as the acid formed its anhy-
dride very readily.

Anal. Caled. for C3HpOs: C, 62.39; H, 5.64; neut.
equiv., 125. Found: C, 62.29, 62.58; H, 5.54, 5.54;
neut. equiv., 127, 128.

The N-phenyl imide (IX) of VIII was prepared by the
method previously described. When IX was recrystallized
fron: cthanol-water it showed m.p. 152.2-152.7°.

Anal. Caled. for CHiiO3N: C, 74.25; H, 5.38; X,
4.55. Touund: C, 74.32, 74.49; H, 5.79, 5.67; N, 4.83,
4.65.

The oxime of IX wus prepared by refluxing IX and an
alcoholic solution of hydroxylamine hydrochloride and pyri-
dine for 2 hours.® The crude oxime (X) was recrystal-
lized three times from ethanol-water; m.p. 191.6-192.1°.
Further recrystallizations raised the m.p. to 198.3°.

Anal. Caled. for CwH]sOaNz! C, 7079, H, 563, N,
8.69. Found: C, 70.63, 70.74; H, 5.46, 5.54; N, 8.63,
8.79.

N-Phenyl-4-cyano-1,2-benzenedicarboximide (XI).—A
solition of 2.52 g. (0.00781 mole) of X, 7.00 g. (0.0336
mole ) of phosphorus pentachloride in 77 ml. of benzene was
refluxed for 2 hours and then permitted to stand at room
temperature overnight. The solution diluted with an ad-
ditional 80 ml. of benzene was treated cautiously with 200
mil. of water and the benzene layer subsequently washed with
aqueous potassium carbonate and dried. After most of the
benzene had been removed petroleum ether (b.p. 90-100°)
was added and the solution allowed to cool slowly to yield
1.56 g. of yellow crystals. Concentration of the mother
liquor gave an additional crop of 0.13 g. Recrystallization
of the combined crops from petroleum ether (b.p. 90-100°)
plus a little benzene gave 1.52 g. (609%,) of pale yellow XI;
nr.p. 215.5-216° (uncor.).

Anal. Caled. for C;HsO:Ns: C, 72.74; H, 3.25; N,
11.29. Found: C, 72.49; H, 3.16; N, 11.31, 11.29.

Hydrolysis of XI.—A solution of 1.52 g. (0.0061 mole) of
XI, 1.79 g. (0.0319 mole) of potassium hydroxide, and 13.4
ml. of 959, ethanol was heated for 24 hours at 150° in a
sealed heavv-walled Pyrex tube. On cooling to room tem-
perature the conutents of the tube consisted of a lower layer
of coloriess crystalline solid and an upper layer of colorless
alcoliolic solution. The solution was decanted and the solid



4076

washed with 15 ml. of ethanol. The combined ethanol solu-
tions were distilled through a short column until ammonia
ceased to collect in the distillate. The distillate was acidi-
fied and the alcohol removed by distillation, From the
residual solution the benzoyl and benzenesulfonyl deriva-
tives of ammonia were prepared by the Schotten—Baumann
reaction.’ The derivatives were identical with authentic
samples of benzamide and benzenesulfonamide.

The alcoholic distillation residue was diluted with water
and distilled until the b.p. of water was reached. From the
distillate the benzoyl and benzenesulfony! derivatives of
aniline were prepared.!8

An aqueous solution of the colorless crystalline solid prod-
uct was distilled to remove alcohol, ammonia and aniline.
Acidification of the residue with sulfuric acid and extraction
witht ether gave trimellitic acid (XII), m.p. 211-214° (un-
cor.).!* Sublimation of XII at 12 mm. and 200-220° cou-

{18) R. L. Shriner and R, C. Fuson, *"The Systematic Identification
of Organic Compounds,’” 2nd Ed., John Wiley and Sons, Inc., New
York, N. Y., 1940, p. 47.

(19) Beilstein, "Handbuch der organischen Chemie,”” 1X, 977 (428).
The reported m.ps. of trimellitic acid range from 215-221°.

F. RicureR, F. B. AucusTiNg, E. Kort, Jr., AND E. E. REID
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verted it to its anhydride?; m.p. 166.8-167.9° from tolu-
ene. A mixed m.p. determination with an autheutic speci-
men of XII anhydride, m.p. 166.8-167.9° from toluene,
showed no depression. The reported m.p. of XII anhy-
dride is 162.5-163°.10

Oxidation of IV.—A solution of 90.6 g. (0.860 equiv.) of
potassium permanganate in 1750 ml. of water was added
portionwise with shaking over a 4-hour period to 10.7 g.
(0.0861 mole) of IV and 1 1. of water. The resulting mix-
ture was allowed to stand at room temperature for 21 hours.
After destroying excess permanganate with bisulfite and
adding aqueous potassium carbonate until the mixture was
definitely basic, it was filtered. The concentrated filtrate
(500 ml.) was acidified and steam distilled until 130 ml. of
distillate had collected. This distillate, after being made
busic, was steam distilled to remove neutral insoluble mate-
rial. Ether extraction of the acidified distillate gave 1.52
g. (159%) of crude t-butylacetic acid; b.p. 170-185°. The
acid was characterized as its amide!! (m.p. 129.6-130.6°),
its anilide!! (m.p. 130.7-131.7°) and its p-bromophenacyl
ester!? (m.p. 81.6-82.1°).

ITHACA, N. Y.
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The Condensation of 2-Hydroxyethyl Sulfides with Alcohols and Phenols!

By FREDERICK RICHTER, FREDERICK B. AucusTINE, EMiL KoOFT, JR., AND E. EMMET REID

RECEIVED NOVEMBER 19, 1951

The high rate of reaction of thiodiglycol with aqueous hydrochloric acid suggests that it will readily condense with alco-

hols in the presence of an acid catalyst to form ethers.

for the condensation reaction is suggested.

In his study of the reactivity of atoms and groups
in organic compounds Norris? demonstrated that a
definite correlation exists between the reactivity of
an alcohol with aqueous hydrochloric acid and its
tendency to condense with ethyl alcohol to form a
mixed ether. Thus, t-butyl alcohol, which ‘“‘reacts
with concentrated aqueous hydrochloric acid over
200,000 times as rapidly as #n-butyl alcohol,”
could be condensed with ethyl alcohol in the pres-
ence of 159, aqueous sulfuric acid to produce
t-butyl ethyl ether in 959, yield. #-Butyl alcohol
under the same conditions yielded no mixed ether
at all. s-Butyl alcohol, which is intermediate in
its reactivity with aqueous hydrochloric acid, re-
quired a much higher sulfuric acid concentration
to effect condensation with ethyl alcohol and since
all three possible ethers were formed in this case
the yield of mixed ether was much lower than that
obtained in the condensation of #-butyl alcohol
with ethyl alcohol.

On the basis of this correlation it seemed that
thiodiglycol, (HOCH,CH,),S, which is known to
react readily with hydrochloric acid according to
equationr 1, should condense with alcohols in the
presence of an acid catalyst to form ethers accord-
ing to equation 2.

{1) F.P. Richter and E. E. Reid (to Socony—Vacuum Oil Co., Inc.}.
U. S. Patent 2,582,605, January 15, 1952.

(2) J. F. Norris and G. W. Rigby, THis Jourwar, 54, 2088
(1932,

This anticipated activation of the hydroxy! group is demonstrated
for thiodiglycol and for several other compounds containing the 2-hydroxyethy! sulfide grouping.
be general and when extended to glycols is useful for the preparation of linear and cross-linked polyethers,

The reaction appears to
A mechanism

HOCH.CH,SCH;CH;OH 4 2HC! —>
CICH,CH.SCH;CH,C! + 2H,O (1)

HOCH,CH»SCH,CH,OH + 2ROH —>
ROCH,CH,SCH,CH,OR -+ 2H,0 (2)

The reaction suggested by equation 2 was studied,
using all the normal aleohols from methyl to octa-
decyl alcohol, and condensation was found to pro-
ceed smoothly in each case to form the correspond-
ing diether in good yield. Dilute aqueous sulfuric
acid, p-toluenesulfonic acid and phosphoric acid
served as effective catalysts. The physical proper-
ties of the diethers of thiodiglycol are listed in
Table 1. An interesting alternation of melting
point with chain length is apparent.

The use of glycols or polyols such as penta-
erythritol instead of the simple alcohols in equation
2 leads to the formation of polymeric ethers. The
glycols yield linear polymers of which the average
chain length (viscosity) may be regulated by intro-
ducing a monofunctional alcohol, Pentaerythritol
when condensed with thiodiglycol rapidly forms a
highly cross-linked polyether.

The condensation of thiodiglycol with glycols
was found to proceed somewhat more slowly than
in the case of the simple alcohols and required a
higher reaction temperature. Under these condi-
tions the formation of dithiane (m.p. 112° with sub-
limation) in minor amounts was observed in several
instances. The mechanism of its formation prob-



