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formed V, which was then recrystallized from methanol
m.p. 175-176°.

Anal. Caled. for CH,;0;: C, 73.7; H, 5.3. Found: C,
73.3; H, 5.4.

2-Amino-6-methozybiphenyl, VI. Schmidt degradation of
V was carried out according to the directions of Briggs and
Lyttleton.? Concentrated sulfuric acid (0.15 ml.) was added
to a mixture of 0.4 mmoles of V, 0.5 ml. of about 1N HNj
in CHCIl;, and 1 ml. of CHCl; and the mixture was stirred
until the evolution of gas had ceased. By treating the reac-
tion mixture as described above a yellow oil was isolated
being 2-amino-8-methoxybiphenyl, VI. It showed a positive
reaction with Duke’s reagent for primary amines. It was
benzoylated by means of benzoyl chloride and pyridine to
form a benzoate m.p. 106-107°.

Anal. Caled. for CppH;;0,N: N, 4.6. Found: N, 4.5.

2,6-Dihydrozybiphenyl, VII. 2-Amino-6-methoxybiphenyl,
VI, was diazotized and the diazonium salt decomposed in the
usual way. By distillation 2-hydroxy-6-methoxybiphenyl
could be isolated in the form of a yellowish oil which was
cleaved by refluxing with a mixture of HBr (d = 1.38) and
glacial acetic acid for 3 hr. to give white crystals of 2,6-
dihydroxybiphenyl, VII, which recrystallized from a mix-
ture of ether and ligroin. M.p. 118.5-119.5°, undepressed
on admixture with the saponified rearrangement product.
Identity was further proved by paper chromatography.

Acknowledgment. The authors wish to thank
Prof. Dr. F. Wessely for his interest and helpful
suggestions.
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Reactions of Several 4-Pyrones Catalyzed by
Potassium Acetate and Trifluoroacetic Acid

L. L. Woops! anNp P. A. D1x
Received January 13, 1959

In a previous communication® the reaction of
aryl aldehydes with 2,6-dimethyl-4-pyrone in the
presence of potassium hydroxide was described.
The product in each of the cases reported was a
vinyl derivative.

This Note is, in part, the description of the re-
action of aryl aldehydes with 4-pyrones, some of
which are methylated at positions 2 and 6, whereas
others have these positions open or blocked with
other groups. The only common denominator in
the pyrones used in these experiments is that posi-
tion 3 is unoccupied.

Since none of the various pyrones failed to react
with the aryl aldehydes under the influence of
fused potassium acetate, the point of ring attach-
ment to form a secondary alecohol was probably
position 3. The infrared absorption spectrum of the

(1) The person to whom all communications concerning
this article are to be directed.
(2) L. L. Woods, J. Am. Chem. Soc., 80, 1440 (1958).
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simplest compound of the I series (Ig), gives an
absorption band at 3502 cm.—! indicating the
presence of a hydroxyl radical. Chromanone formed
unsaturated derivatives due to the presence of an
extra ring hydrogen in position 3, which made
possible the elimination of water. The compounds
formed by the reaction of 4-pyrones with aldehydes
under the catalytic influence of potassium acetate
are given as Ia—1series of Table L.

A part of the study of the effect of certain cata-
lysts on the reactive nature of 4-pyrones was the
examination of the use of trifluoroacetic acid with
acylating compounds on such substances.

It was found that the use of trifluoroacetic acid
as a solvent would permit acyl halides to react
with 4-pyrones in a clean reaction giving good
yields in a short reaction time. The product was
not contaminated with large amounts of polymeric
substances as was encountered in some of the
preparations by the zinc chloride method.%?

Benzoylation of kojic acid diacetate gave the
compound IIg which was quite different in its
physical constants from 2-acetoxymethyl-5-ace-
toxy-6-benzoyl-4-pyrone which had been prepared
earlier.* The fact that these two compounds are
different means that the point of the attachment
of the benzoyl group to the pyrone ring is position
3 when kojic acid diacetate is acylated under the
influence of trifluoroacetic acid.

In order to prove that IIg has the benzoyl group
in position 3 it was postulated that such a compound
would form a pyronopyrone® under the rearranging
and eyclizing influence of fused potassium acetate
and acetic anhydride, sinece no such compound
should be formed from 2-acetoxymethyl-5-ace-
toxy-6-benzoyl-4-pyrone.

Unfortunately the ecyelized product from IIg
was & liquid. Efforts to purify the compound by
distillation have been unsuccessful.

Compound IIr has been reported previously®
elsewhere but the method gave a polymeric mix-
ture. The above procedure gave superior results
in every respect.

Compound IIc was chosen as representative of
the IIa—¢ series so the malononitrile derivative
and the 2,4 dinitrophenylhydrazone of the pyridone
of Il were prepared as proof of the ketonic nature
of the substances formed during the reaction.

EXPERIMENTALY

Preparation of compounds of Ia—1 series. One-tenth mole
of the aldehyde was mixed with 0.1 mole of the pyrone and
0.1 mole of powdered fused potassium acetate in a 500-ml.
flask and the mixture was heated for 2 hr. at 120-130° in a

(3) L. L. Woods, J. Org. Chem., 22, 341 (1957).

(4) L. L. Woods, J. Am. Chem. Soc., 74, 1105 (1952).

(5) L. L. Woods, J. Org. Chem., submitted for publication.

(6) L. L. Woods, Texas Jour. Sei., 11, 28 (1959).

(7) All analyses were performed by Dr. Carl Tiedcke,
Teaneck, N. J. All melting points were determined on a
Fisher-Johns apparatus.



1127

NOTES

AUGUST 1959

JuoILd-§
16711 F9°€ 8¢°8¢ 9611 19°¢ FL8¢  OID'HTD F0T-£01 4 {puoyd [Aozudg  -Ax0400u-¢-[AYPwoIo)-g  OIL
auory)
9% el 0L'¥v o 89 Lol 6V G8°89 08 HTD L6-96 00T SplONYd [Lozudg  -puBtAd-FF-[ARIPWKT-9'T 911
8¢'¥ 86°¢€¢ 05y (AR LHOHTD 8¢T 0g OPHOTYD [£390Y 8)¥190%TIp plow o1lo)] 11
8¢'¥ €' 0L 6L ¥ L1794 FOTHTD  G'86-L6 16 opuopyp [fozusg auousworyyy - 9f
60°¢ GE €L 62 ¢ L9° €4 FOFH™D) 86 6 apHo[Yd [Aozudg suoikd-F-Ayrow([-9'z  O1
0%'¥ 6619 1z 18°19 FOTHED ¥ €8 opLIo[yo [Kozudg 938390%Ip PIog D1f03} a1
a6y ¥8°¢9 89'¥ 8L'79 OHYD  9TI-¢TT 001 apHoys [A107,-4 A)BISVBIP prow olfoy V11
QuLIO[Y)) mjmg  UIABCIPAH UOQIR))  QULIO[Y)) myng  uweSoIpAf uoqae)) |NWLIO I % posn QUOIA g ON
punoj PO Mmore) ‘PRIX SANBALID( spdureg
apna) Koy
II I'1dV.L
ouorfdorpAqipozuag .,
'y 0L°89 80°¥ 16°89 ‘O*HMD 16 635 apupAquE dIPEYIYJ QUOUBUIOLYT) '
12°¢1 60V 6L°0L 60°€T 60V 8604  OID"HT™D 69 9IT-SIT IPAYIP[BZUSGOIOY)-0 acoa.ﬁ:wm%o HY
JUO.L
18°¢ LA 4 88709 80°¢ 9L’y 80°19 SON"H"D FL 66 opAqoprezusqonIN-u “FAyowg-9°z o1
St 80 9L S 2 LT 9L OFHYD 06 LST-9GT apAydpleihorsy ououswioayy  Af
*09p suotAd
67°¢ 9089 €L 8289 O'HD 99 7% opAyoprwIon Ly FApewg-9'c A
pow atfoy
6831 68°¢ ¥1°8¢ 62" €1 STy g¢'8¢  FOIDVHTD 001 €881 opAyoprezudg  -Axoop-w-osoyp-®  d]
L9°¥% €9 Wy 06°29 *OYHTD 001 841 opAyeprezusg pros ooy 1
oLy Ty 10°89 86°¥ ¥6°¢€ 689 FON"HD 00T OPT-GFT  ODAUSPIFPZUSQONIN-ut suouBwOLY 9
66°9 €676 6G°¢ T9°6L ORHTD 8L 901-40T1 apAyoprrausg 7P UOUBUOLT) ¥1
ouwofg)  waSoniN uoSoIpAF]  uoquwl sutofy)) ueBoxjiN USS0IpAY woqIw)) B[NULIOJ 9 "IN opAyaply UOIA J ‘ON
puno, peje[more) ‘PIRIX opdurg
apna))
I HTdvL



1128 NOTES

Fisher Hi-Temp oil bath. The resulting melt was diluted
with about 100 ml. of water to which 10 ml. of concentrated
hydrochloric acid had been added, chilled and filtered.
The purified compound was obtained by recrystallizing the
crude product twice from absolute ethanol or heptane.
Compound I; was prepared by heating the melt at the above
temperature for 21 hr.

Preparation of the phenacyl derivative of I1. One g. of Iy and
0.5 g. of sodium bicarbonate were mixed in 5 ml. of water.
When the reaction had subsided 40 ml. of absolute ethanol
and 1 g. of phenacyl bromide were added. The mixture was
refluxed for 1 hr. and then poured into about 200 ml. of water
containing 10 ml. of concentrated hydrochloric acid. The
precipitate was filtered off, dried in air, and recrystallized
twice from absolute ethanol, m.p. 229-231°,

Anal. Caled. for CsHOs: C, 72.45; H, 4.37. Found: C,
72.64; H, 4.15.

Preparation of compounds of I14--g series. One-tenth mole
of the pyrone was dissolved in 25 ml. of redistilled trifluoro-
acetic acid; to this mixture was added, all at once, 0.1 mole
of the acyl halide. After thoroughly mixing the reactants
the mixture was refluxed for 1 hr., during which time large
volumes of hvdrogen chloride were evolved.

The reaction product, usually of a brown or purple color,
wag poured into about 150 ml. of water. The crystallized
compound was filtered off, dried in air, and recrystallized
several times from absolute ethanol or from boiling heptane.

Bis-malononitrile derivative of I1c. One g. of Il¢ was mixed
with 10 ml. of acetic anhydride along with about 800 mg. of
malononitrile, and the resulting solution was refluxed for 1
hr. The brown solution when poured into water precipi-
tated a dark compound which when recrystallized twice
from heptane melted at 193-194°.

Anal. Caled. for CyHppN4O; N, 17.27, Found: N, 17.02.

2,4-Dinitrophenylhydrazone of pyridone of Ilc. Six g. of
I1c was dissolved in 50 ml. of absolute ethanol and then 10
ml. of concentrated ammonium hydroxide solution was
added. The solution was chilled overnight in the refriger-
ator. A yellow precipitate of the pyridone was obtained,
2 g. of which were reacted with 2 g. of 2,4-dinitrophenyl-
hydrazine in 100 ml. of boiling absolute ethanol. The solu-
tion was filtered after 5 min. Cooling the solution permitted
an orange precipitate to colleect. The compound was re-
crystallized once from ethaunol, m.p. 201-202°.

Anal. Caled. for CooH7N;05: N, 17.20. Found: 17.34.

Acknowledgment. The authors wish to acknowl-
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search project by the Robert A. Welch Foundation.
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New Synthesis of Tetrachlorothiophene
Iumin J. GEERING
Reeeived January 15, 1959

Tetrachlorothiophene has heretofore been pre-
pared by the chlorination of thiophene, by methods
involving the dehydrochlorination or dechlorination
of one or more chlorine-addition intermediates.!

(1) H. 1. Hartough, Thiophene and its Derivatives, (The
Chemistry of Heterocyclic Compounds series, A. Weiss-
berger, ed.) Interscience Publishers, Inc., New York, 1952,
pp. 180, 185.
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In the synthesis described herein,? tetrachloro-
thiophene is prepared by the interaction of hexa-
chlorobutadiene and elemental sulfur. Formation of
the thiophene ring is effected by replacement of
two of the terminal chlorine atoms of hexachloro-
butadiene by sulfur. The chlorine appears as sulfur
monochloride. Both produets are produced in
essentially quantitative yields as defined by the
following stoichiometry.

cl Cl
CLC=CCI-CCl=CCL, + 38— | | + S,Cl,
gl
EXPERIMENTAL

A =olution of 11,740 g. (45 moles—2009, excess) of hexa-
chlorobutadiene and 1443 g. (45 moles) of sulfur was heated
at reflux (205-240°) under a 100 cm. distillation column
packed with !/ inch glass helices. As sulfur monochloride
formed it was removed at the top of the column. During 13
hr. 1946 g. (14.4 moles) of sulfur monochloride was distilled
off. The system was then put under 7.8 mm. of vacuum and
after the excess hexachlorobutadiene containing some tetra-
chlorothiophene was removed, 2704 g. (12.2 moles, 81%
vield) of tetrachlorothiophene was taken off at 91-94°
The latter portion of this fraction gave the following analysis.

Anal. Caled. for C.ClS: Cl, 63.91; 8, 14.45. Found: Cl,
63.7; 8, 14.4.

The total yield of tetrachlorothiophene as calculated
from infrared analysis of all distillation fractions was 99%.
The product melted at 29.5-29.7° after crystallization from
methanol.

In a second experiment the excess of hexachlorobutadiene
was reduced to 10%. The sulfur was added in portions to the
hexachlorobutadiene during the reaction in order to avoid
the presence of undissolved sulfur. In this case the product
was redistilled to remove traces of sulfur chloride. A 94.1%,
vield of tetrachlorothiophene was obtained, of which 76%
was isolated as 99.5-99.7 % pure product.

Hooker CHEMICAL CORPORATION
RESEARCH AND DEVELOPMENT DEPARTMENT

(2) Further experimental data are included in a pending
U. 8. patent.

Studies in p-Cymene, IV.
Some N,N’-Diarylthioureas

Josepr N, LeContg!® Axp WiLniam N, Caxnon1b
Recetved January 20, 1959

This study is a continuation of the work of
LeConte and Chance? for the purpose of preparing
new N,N’-diarylthioureas to be used in the antici-

(1) (a) Present address: East Carolina College, Green-
ville, N. C. (b) An abstract of a thesis submitted by William
N. Cannon to the Graduate School, University of Georgia,
in partial fulfullment of the requirements for the degree of
Master of Science. Present address: Eli Lilly & Co.,
Indianapolis, Ind.

(2) J. N. LeConte and L, P. Chance; J. Am. Chem. Soc.,
71,2240 (1949).



