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cymene or dipentene. The mixture was heated for 10 hr.
and the evolved water (0.6 ml., 1009,) was collected in a
Dean-Stark trap. Dimethylurea was soluble in the boiling
solution and, on cooling, white crystals separated. The yield
was 8.5 g. (919,). After three recrystallizations from alcohol
the m.p. remained at 197°. The mixed melting point of a
1:1 mixture of the products by both methods was unde-
pressed.

Anal. Calcd. for ConsNzOzZ C, 72.84., H, 575, N, 10.00.
Found: C, 73.21; H, 6.08; N, 9.94.

On refluxing VI (1.42 g., 0.005 mole) for 8 hr. in dipentene
(35 ml.), water (0.09 ml., 100%) distilled and was collected
in a Dean-Stark trap. On cooling and recrystallizing from
aleohol 1.31 g. (989;) of white needles of III, m.p. 215°,
was obtained. The hydantoin, III, could also be obtained
directly by refluxing for 1.5 hr. a mixture of benzil (2.10 g.),
methylurea (0.74 g.), and dipentene (75 ml)7 until no more
water distilled. The methyl group of III was shown to be
in the 3-position by preparing III from I by the methyl-
ation procedure of Klosa.? The mixed melting point of III
prepared by both methods was undepressed.

Formation of IV from V. Compound V (9.93 g., 0.03 mole)
was refluxed in dipentene (200 ml.) and, after 30 min., the
theoretical volume of water (0.6 ml.) had collected in the
water trap. Further heating for 60 min. yielded no more
water. After cooling to 0° the crystalline solid was filtered,
washed with alcohol, and dried in air. The yield was 9.2 g.
(98.5%). Three recrystallizations from alcohol gave IV, m.p.
197°. The mixed-melting point of this compound with that
prepared by the method of Biltz was undepressed.

Altempt to form IV from V by the action of base. One g. of
V, sodium hydroxide (0.5 g.), and isopropy! aleohol (50 ml.)
were refluxed for 30 min., then poured into water (200 ml.).
Addition of concentrated hydrochloric acid to pH 4 produced
a flocculent white precipitate which was filtered and re-
crystallized from dilute alcohol to vield 0.6 g., m.p. 150°,
corresponding with benzilic acid. The mixed melting point
with authentic benzilic acid was undepressed.

Attempts to react benzil with phenylurea, etc. In place of
dimethylurea in the procedure for the preparation of V the
following compounds were employed: phenylurea, 1,3-di-
phenylurea, 1,3-diphenylthiourea, and 1,3-diphenylguani-
dine. In each case no evidence of any reaction was obtained
and the original compounds were quantitatively recovered.
Fusion of benzil with diphenylurea, in 1:1 molar ratio at
205°, as in the preparation of IV, yielded a yellow product
which after recrystallization from alcohol melted at 95°
(benzil). Similar results were obtained using diphenylthiourea
and diphenylguanidine.

Ultraviolet absorption spectra of 1, IV, and V. Spectral
determinations were carried out in the standard manner
using a Beckman spectrophotometer, Model DU, and
matched l-cm. quartz cells. Spectral measurements were
made from 220 to 300 myu. Comparison of the spectrum of I
showed it to be very similar to that of IV, and quite different
from that of V.

Acknowledgment. The author thanks Mr. R. E.
Wilde?® for the preparation of compound I and for
the spectral determinations.
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Cleavage of Tetrahydrofuran by 2,3-Dichloro-
p-dioxane and 2,3-Dichlorotetrahydrofuran

Using Zinc Chloride as a Catalyst
N. B. LorerTE
Received May 31, 1958

Reported in the literature are many examples of
tetrahydrofuran ring cleavage with a number of
different compounds. Those containing an active
halogen break the furan ring and bring about the
formation of 4-halobutoxy derivatives. Some that
have been used are the hydrogen halides,'—? acid
chlorides®® and methyl iodide.® Reppe and Kroper?
claim that during the chlorination of tetrahydro-
furan to 2,3-dichlorotetrahydrofuran a small
amount of 2-(4’-chlorobutoxy)-3-chlorotetrahydro-
furan is formed. They report that this comes from
the reaction between 2,3-dichlorotetrahydrofuran
and 4-chlorobutanol-1 which is formed during the
chlorination of tetrahydrofuran by the action of
HCI on tetra hydrofuran. No references were found
where an alpha halo ether was used to cleave tetra-
hydrofur an.

Tetrahydrofuran was opened with 2,3-dichloro-p-
dioxane to give 2,3-di(4’-chlorobutoxy)-p-dioxane
in 40 to 439, yields. It was also opened with 2,3-
di chlorotetrahydrofuran to give 2-(4'-chlorobu-
0 xy)-3-chlorotetrahydrofuran in 539%, yield. These
rea ctions were carried out in anhydrous systems in
which there appeared to be no HCl present to
cleave the tetrahydrofuran. The amount of cata-
lyst (zinc chloride) was varied from 5 to 20 g. per
mole of alpha chloroether. The only effect noted
was a slightly higher reaction rate at the higher
catalyst concentration. There was no reaction
when no catalyst was used.

The 2,3-di(4’-chlorobutoxy)-p-dioxane prepared
by a more conventional method? using 4-chlorobu-
tanol had the same physical properties and infrared
spectrum as when prepared using tetrahydrofuran.

(1) D. Starr and R. M. Hixon, Org. Syntheses, Coll. Vol
II, 571 (1943).
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EXPERIMENTAL

Reaclion of 2,8-dichloro-p-diozane with tetrahydrofuran.
A mixture of 300 ml. (3.7 moles) of tetrahydrofuran, 157 g.
(1 mole) of 2,3-dichlorodioxane and 5 g. of zinc chloride was
refluxed for 3.5 hr. The initial reaction was slightly exother-
mic. (The reaction was complete in 45 min. when 20 g. of
zinc chloride was used.) The progress of the reaction was
followed by the increase in the boiling point of the reaction
solution from an initial 75° to a constant 95°. The excess
tetrahydrofuran was distilled at 200 mm. pressure. To the
remaining solution was added 400 ml. of carbon tetrachlo-
ride and then it was washed 6 times with 300 ml. of water.
The carbon tetrachloride layer was distilled at reduced
pressure to give 439 yield of 2,3-di(4’~-chlorobutoxy)-p-
dioxane; b.p., 165° at 0.7 mm.; n% 1.4725; dg; 1.18. The 64
g. of very viscous dark residue was discarded.

Anal. Caled. for Ci,H20,Cls: C, 47.82, H, 7.33, Cl, 23.6.
Found: C, 47.74; H, 7.47; Cl, 23.3.

Reaction of 2,3-dichloro-p-dioxane with 4-chlorobutanol. A
mixture of 235 g. (1.5 moles) of 2,3-dichloro-p-dioxane, 390
g. (3.5 moles) of 4-chloro-1-butanol and 200 ml. of benzene
wasg refluxed for 16 hr, The HCI was allowed to escape through
the condenser as it formed. The dissolved HCI, benzene and
excess 4-chloro-1-butanol were distilled at reduced pressure
followed by 254 g. (579, yield) of 2,3-di(4’-chlorobutoxy)-
p-dioxane; n% 1.4718, das 1.18.

Reaction of 2,3-dichlorotetrahydrofuran with tetrahydro-
furan. One mole of 2,3-dichlorotetrahydrofuran was added
to 3 moles of tetrahydrofuran in which 20 g. of freshly fused
ZnCl; was dissolved. The reaction was exothermic and
vigorous at 65-85°. After 10 min, heat was applied and the
reaction was maintained at reflux temperature (90-93°) for
an additional 15 min, The material was water washed, dried
with N2,80, and then distilled at reduced pressure to give
a 53% yield of 2-(4’-chlorobutoxy)-3-chlorotetrahydrofuran;
bs 107°, by 144° (lit.7 by 145-155°); n% 1.4700; da 1.19.

Anal. Caled. for CsHNClezI C, 45.09; 6.62; cl, 33.27.
Found: C, 45.57; H, 6.87; Cl, 32.7.

Tae Dow CuemicaL CoMpANY
FreerorT, TEX.

An Unusual Dimeric Quaternary Complex
from 1-Méthyl-3-hydroxypyridinium Iodide

KENNETH MECKLENBORG! AND MrLroN ORCHIN
Recetved May 22, 1958

When 3-hydroxypyridine and methyl iodide were
refluxed in actone solution in an attempt to prepare
the known l-methyl-3-hydroxypyridinium iodide
(T}, a small quantity of crystalline insoluble mate-
rial precipitated. This was filtered and the mother
liquor worked up to secure the desired quaternary
compound (I). The insoluble material melted at
179-181° and was obviously different from I, m.p.
114-116°. The higher melting, less-soluble mate-
rial gave a test for iodide. Ultimate analysis indi-
cated its formula as Ci;H;5IN,0; which corresponds
to twice the sum of I less a molecule of hydrogen
iodide. The relation between the two compounds
may thus be represented as follows:

(1) Taken in part from this author’s Ph.D. dissertation.

Present address, Research Laboratories, Standard Oil of
Indiana, Whiting, Ind.
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The new compound, II, is written as a complex
without specifying the bonding between the two
ring moieties. That a complex with the composition
of IT exists was substantiated by the following.

Treatment of an acetone solution of I with excess
triethylamine gave II and triethylamine hydro-
iodide. The total weight of solid material corre-
sponded to that expected by the removal of a mole
of HI. Treatment of pure IT with excess HI regen-
erated I. II gave a positive ferric chloride test.
Titration of II with base gave the expected neutral
equivalent:

o°
II + OH® ———»2®/ + 19 + H,0

Nl_/

CH;

III
The preparation and titration of I has been re-
ported previously? and the equivalence point at
which the zwitter ion, III, is presumed to exist was
given as lying between pH of 7 and 9. The titration
of II gave a similar equivalence point. The ultra-
violet spectrum of II should vary with pH. In
base, II should exist as III and in strong acid, IT
should exist as I. The ultraviolet spectrum of II
in base at pH 9.7 showed a long wave-length max-
imum essentially identical with that previously re-
ported for III; however the intensity was approxi-
mately twice that of III as required by the
stoichiometry above. Similarly, the spectrum of II
in acid solution showed the long wave-length maxi-
mum reported for I except for the two-fold increase
in intensity.

Compound III has been reported? to exist as an
oil, boiling at 300° (1-2 mm). In an attempt to con-
vert IT to 111, IT was treated with silver carbonate.
Silver iodide precipitated and a white, iodide-free,
semisolid was isolated. This was rather unstable
and could not be purified.

No attempt was made to elaborate the structure
of the complex II although possible “charge-trans-
fer” complexes* may be of interest in this connec-
tion.

EXPERIMENTAL

Isolation with preparation of II1. During the quaternization
of 3-hydroxypyridine with methyl iodide by the known pro-

(2) 8. A.Harris, T.J. Webb, and K. Folkers, J. Am. Chem-
Soc., 62, 3198 (1940).

3) R. R. Williams, Ind. Eng. Chem., 13, 1107 (1921).

(4) E. M. Kosower and J. C. Burbach, J. Am. Chem.
Soc., 78, 5838 (1956).



