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formed VI which was then recrystallized from methanol 
m.p. 175-176". 

Anal .  Calcd. for C14H1203: C,  73.7; H, 5.3. Found: C, 
73.3; H, 5.4. 

2-Amino-6-methoxybiphenyl1 VI. Schmidt degradation of 
V was carried out according to the directions of Briggs and 
L y t t l e t ~ n . ~  Concentrated sulfuric acid (0.15 ml.) was added 
to a mixture of 0.4 mmoles of V, 0.5 ml. of about IN HN3 
in CHCIP, and 1 ml. of CHC13 and the mixture was stirred 
until the evolution of gas had ceased. By treating the reac- 
tion mixtnre as described above a yellow oil was isolated 
being 2-amin0-6-methoxybipheny1, 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. Calcd. for C2,,Hl7O2N: N, 4.6. Found: N, 4.5. 
d,B-Dihyddroxybiphenyl, VII. 2-Amin0-6-methoxybipheny1, 

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. 

A clinowledgment. The authors wish to thank 
Prof. Dr. F. Wessely for his interest and helpful 
suggestions. 
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In  a previous communication2 the reaction of 
aryl aldehydes with 2,6-dimethyl-4-pyrone in the 
presence of potassium hydroxide mas 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-pyrones1 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 alcohol was probably 
position 3. The infrared absorption spectrum of the 

(1) The person to whom all communications coiiceriiing 

( 2 )  L. L. Woods, J .  A m .  Chem. SOC., 80, 1440 (1958). 
this article are to be directed. 

simplest compound of the I series (IG), gives an 
absorption band a t  3502 em. -l 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-I series of Table I. 
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 mas 
not contaminated with large amounts of polymeric 
substances as was encountered in some of the 
preparations by the zinc chloride m e t h ~ d . ~ ? ~  

Benzoylation of kojic acid diacetate gave the 
compound I I B  which was quite different in its 
physical constants from 2-acetoxymethyl-5-ace- 
toxy-6-benzoyl-4-pyrone which had been prepared 
earliera4 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 IIB has the benzoyl group 
in position 3 it was postulated that such a compound 
mould form a pyronopyronej under the rearranging 
and cyclizing influence of fused potassium acetate 
and acetic anhydride, since no such compound 
should be formed from 2-acetoxymethyl-5-ace- 
toxy-6-benzoyl-4-pyrone. 

Unfortunately the cyclized product from I I B  
T ~ S  a liquid. Efforts to purify the compound by 
distillation have been unsuccessful. 

Compound IIF has been reported previously6 
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-G series so the malononitrile derivative 
and the 2,4 dinitrophenylhydrazone of the pyridone 
of IIc were prepared as proof of the ketonic nature 
of the substances formed during the reaction. 

EXPERIMENTAL' 

Preparation of compounds of ZA- I series. One-tenth mole 
of the aldehyde was mixed with 0.1 mole of tho pyrone and 
0.1 mole of powdered fused potassium acetate in a 5W-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, Tezas Jour. Sci., 11,  28 (1959). 
(7) All analyses were performed by Dr. Carl Tieclcke, 

Teaneck, N. J. All melting points were determined on a 
Fisher-Johns apparatus. 
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Fisher Hi-Temp oil bath. The resulting melt was diluted 
with about 100 ml. of water to  which 10 ml. of concentrat,ed 
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 11 was prepared by heating t,he melt at, the above 
t,emperat,ure for 21 hr. 

Preporation of the phen.acy1 derivative of I I .  One g. of 11 and 
0.5 g. of sodium bicarbonate were mixed in 5 ml. of water. 
When t,he 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. Thr 
precipitate was filtered off, dried in air, and recrystallizcd 
twice from absolutr ethanol, m.p. 229-231". 

.-lnal. Calcd. for C2SH1806: C, 72.45; H, 4.57. Found: C1, 
72.64; H: 4.15. 

Preparation of conkpounds of IIA--G series. One-tenth mole 
of the pyrone was dissolvrd in 25 ml. of redistilled trifluoro- 
acetic acid; t,o this mixture was added, a11 at  once, 0.1 mole 
of the acyl halide. After thoroughly mixing the reactants 
the mixt.iire i m s  refluxed for I hr., during which t>ime large 
volumes of hydrogen chloride were evolved. 

The reaction product, nsually of >I brown or purple color, 
was poiired into about 150 ml. of m-atm-. The crystallized 
cooinpound was filtered off, dried in air, anti rrcrystallixed 
several times from absolute ethanol or from boiling heptane. 

Bis-mulononitrile derivative of I l c .  One g. of IIc 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 Iiron-n solution when poured into water precipi- 
tatrd a tlitrk compound which when recryst'allized twice 
from heptane melted at, 193-194'. 

-4n.al. C:ilcd. for C20H,2X40; N, 17.27. Found: S, 17.02. 
&.4-Dinitrophenylhydrnzone of pyridone of I Ic .  Six g. of 

IIc wts tlissolvd in  50 ml. of absolute ethanol and then 10 
ml. of conwnt~ret,rtl 8.mmoniuin hydroxide solution was 
:tddcd. The soliltion wns chilled overnight, in t,he refriger- 
ator. .I yrllon- prrcipitatr of the pyridone was obtained, 
2 g. of ivhicah ryere reacted mith 2 g. of 2,4-dinitropheny1- 
hydrazine in 100 ml. of boiling absolnte ethanol. The solii- 
tion x a s  filtered nft,er 5 min. Cooling t,he soliltion permitted 
an orange precipitate to collect. The compound W R S  re- 
crystallized once from ethanol, m.p. 201-202'. 

-4nal. Calcd. for C20H1,NjOj: X, 17.20. Found: 17.34. 

ilcknowledgment. The authors wish to  acknowl- 
edge wit,h thanks the financial support of this re- 
search project by the R,obert A. Welch Foundation. 
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New Synthesis of Tetrachlorothiophelle 

1 3 x 1 ~  J. GEERIX 

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

(1) €1. I). H:trtoiigh, Thiophene and its Derivatives, (The 
Chemistry of Het,erocyclic Compounds series, A. Weiss- 
berger, ed. ) Intrrscience Publishers, Inc., X e w  Tork, 1952, 
pi). 180, 185. 

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 products are produced in 
essentially quantitative yields as defined by the 
following stoichiometry . 

c1 
C1,C-CC1-CCI=CCl, + 3 s - + s2c12 

c1 s 

IiXPERIMENTAli 

A soliition of 11,740 g. (45 moles--200(;;1, excess) of hexa- 
chlorobutadienr and 1443 g. (45 moles) of sulfur was heated 
:it reflux (205-240') under a 100 cm. distillation column 
packed with inch glass helices. a s  sulfiir monochloride 
formed it was removed at  t,he top of the column. During 13 
hr. 1946 g. (14.4 malm) of siilfiir monochloride was distilled 
off. The system was then put' under i . 8  mm. of vacuum and 
after the excess hexachlorobut,adiene rontaining some tetra- 
chlorothiophene was removed, 2704 g. (12.2 moles, 81% 
yield) of tetrachlorothiophene was taken off a t  91-94'. 
The latter portion of this fraction gave the following analysis. 

Anal .  Calcd. for C4ClaS: C1, 63.91; S, 14.46. Found: C1, 
63.7; S, 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.i' aft.er crystallization from 
methanol. 

In :t srcond experim~iit. the IYXPSS of hrxachlorobutadiene 
n-as rrducrd to 10%. The sulfur was added in portions to the 
hexachlorobiitadierir? during the r e a h o n  in order to  avoid 
the presence of undissolved sulfur. In  this case the product 
wae redistilled to remove t,races of sulfur chloride. A 94.170 
yield of tet,rachlorothiophrne \\--as obt'ainctl, of which 76% 
\ws isolated as 99.5-99.iyo pure prodiic,t,. 

HOOKER CHEMICAL CORPORATION 
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(2) Further tspcriinental d a h  : ~ r c  included in  a, peiiding 
U. S. patent. 

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

JOSEPH N. L E C O N T E ~ ~  AND RILLIAM PIT. C.caowIb 

This study is a coiitinuatioii of the work of 
LeConte and Chance? for the purpose of preparing 
new N,S'-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 requirement,s for the degree of 
3Iaster of Science. Present address: Eli Iilly Rr. Co., 
Indianapolis, Ind. 

(2)  J. K. LeConte :md L. P. Chalice; J .  . t i ) h .  Chcin. SOC., 
71, 2240(1049~. 


