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Anal. Calcd. for Ci3H9O4Cl: C, 58.98; H, 3.40. Found: 
C, 59.50; H, 3.70. 

Acetylation.—The preparation of 2-acetoxymethyl-o-
acetoxy-6-benzoyl-4-pyrone was accomplished by allowing 
6-benzoylkojic acid to react with acetyl chloride in benzene. 
The benzene mixture was treated with water and the com­
pound recrystallized from ethanol. White prisms were ob­
tained which sublimed above 150° and melted at 182°. 

Anal. Calcd. for C H u O 7 : 0 , 6 2 . 5 7 : 11,4.09. Found: 
C, 02.66; IT, 4.16. 

Meerwein-Ponndorff -Verley Reduction. -Five grams of 
6-benzoylkojic acid was refluxed with 7 g. of aluminum iso-
propoxide in absolute isopropyl alcohol for 8 hours, and all 
but 35 ml. of the isopropyl alcohol and acetone was distilled 
off. The residual material was acidified and 50 ml. of water 
added. Extraction with benzene gave 3.8 g. of a white 
solid which when boiled with 100 ml. of distilled water 
gave 1.3 g. of (2-hydroxymethyl-5-hydroxy-4-pyrone-6)-hy-
droxyphenylmethane as long white needles; m.p. 114-115°. 
This compound gave a very deep red coloration with iron 
salts. 

Anal. Calcd. for Ci3H12O5: C, 62.90; H, 4.83. Found: 
C, 63.16; H, 4.59. 
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The Hydroxyethylation of Kojic Acid1 

B Y L. L. WOODS 

The reactions described are an attempt to deter­
mine the general applicability of the method of 
hydroxy alkylation of kojic acid reported pre­
viously2 in which paraformaldehyde condensed 
with kojic acid in the presence of potassium bi 
carbonate. 

I t has been found that acetaldehyde participates 
in the hydroxy alkylation of the pyrone if certain 
slight modifications are made in the method men­
tioned. No reaction was obtained with chloral, 
but benzaldehyde reacted with the kojic acid under 
the same conditions which effected condensation in 
the case of acetaldehyde. However, all efforts 
to isolate a pure substance from the resulting tacky 
mixture were unsuccessful. When the reflux time 
was increased to four hours it was found that two 
molecules of kojic acid had combined with each 
molecule of benzaldehyde to produce, in good yield, 
bis - (2 - hydroxymethyl - 5 - hydroxy - 4 - pyrone-
6)-phenylmethane whose melting point is in agree­
ment with the product obtained by Barham and 
Reed3 using a different procedure. 

The probable structure of the compound formed 
by hydroxy ethylation is given in (I) and the 
reason for assigning such a structure to the sub­
stance has been fully discussed elsewhere.2 
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(1) The author wishes to acknowledge the financial assistance given 
for this study by the Research Corporation with a grant-in-aid, and the 
Corn Products Company for the kojic acid used in these experiments. 

(2) L. L. Woods, THIS JOURNAL, 72, 4322 (1950). 
(3) H. N. Barham and G. N. Reed, ibid., 60, 1541 (1938). 

Unfortunately the compounds so far produced 
by hydroxy alkylation have melting points very 
close to that for kojic acid. This similarity extends 
to the chloro derivatives obtained with thionyl 
chloride. 

Experimental* 
1 -(2-Hydroxymethyl-5-hydroxy-4-pyrone-6)-1 -hydroxy-

ethane. -A mixture of 14.2 g. of kojic acid, 100 ml. of ab­
solute ethanol and 1 g. of potassium bicarbonate was heated 
to gentle reflux and then 10 ml. of acetalde.iyde was added 
in 2-3 ml. portions. Refluxing was continued for one-half 
hour after the addition of the last of the acetaldehyde. 

The mixture was then cooled somewhat, a small amount of 
Korite added, and filtered. 

The filtrate was placed in the freezer overnight. Upon 
filtering the cooled material 9.9 g. of yellow crystals was 
obtained. The analytical sample was recrystallized twice 
from ethanol; the substance softened at 149°, melted at 155° 
and gave a red coloration with ferric chloride. 

Anal. Calcd. for C8Hi0O6: C, 51.61; H, 5.37. Found: 
C, 51.42; H, 5.08. 

The reaction of the above compound with thionyl chlo­
ride in ligroin produced a dark colored mass which when re­
crystallized from alcohol and then sublimed produced white 
needles, m.p. 166.5°. 

Anal. Calcd. for CH5O3Cl,: C, 43.04; H, 3.57. Found: 
C, 43.45; H, 3.80. 

The acetyl derivative was prepared by allowing the com­
pound to react 24 hours with acetyl chloride at room tem­
perature in a small flask protected from moisture with a 
calcium chloride tube. The reaction mixture was treated 
with a large amount of water and then extracted with ben­
zene. After the removal of the benzene the compound was 
dried in a vacuum desiccator over sulfuric acid; rosettes of 
white crystals were formed which sublimed above 108°, 
m.p. 136.5°. 

Anal. Calcd. for CuHi6O8: C, 53.84; H, 5.12. Found: 
C, 53.49; H, 4.98. 

Bis-(2-hydroxymethyl-5-hydroxy- 4 - pyrone - 6) -phenyl-
methane,—A reaction mixture consisting of 14.2 g. of kojic 
acid, 10.8 g. of benzaldehyde, 1 g. of potassium bicarbonate 
and 50 ml. of absolute ethanol was refluxed for 4 hours. A 
viscous material was obtained from which 10.8 g. of solid 
was obtained by suction filtration after the mass had re­
mained in the refrigerator for two days. 

Recrystallization of the compound several times from 
ethanol produced flesh colored aggregates which decom­
posed above 245°. 

Anal. Calcd. for Ci9H16O8: C, 61.29; H, 4.30. Found: 
C, 61.25; H, 4.54. 

(4) All analyses were by Dr. Carl Tiedcke. All melting points were 
determined on a Fisher-Johns melting point assembly. 
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2,5-Disubstituted Oxazoles and Thiazoles 

Certain 2-aza-l,4-diketones have been prepared and 
cyclized to give 2,5-disubstituted oxazoles or thiazoles. 

4-Acetylbiphenyl and 2-acetylnaphthalene were brom-
inated and the derived a-bromoketones were converted to 
the hexamethylenetetraminium salts1 whose acid hydrolysis 
gave the corresponding a-aminoketones.2 These were 
treated with benzoyl chloride, 2-furoyl chloride or myristoyl 
chloride to give the 2-aza-l ,4-diketones. Oxazoles were 

( I ) C . T. Banner, M. D. Pickens, D. Pickens and W. K. Basley, 
THIS JOURNAL, 72, 226B (1950). 

Vi) C. Mannich and F. L. Hahn, Ber., 44, 1542 (1911). 
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Compound 

4-( Benzamidoace tyl) -bip heny 1 
4-(2-Furamidoacetyl)-biphenyl 
2-(Myristamidoacetyl)-naphthalene 
2-( Benzamidoacetyl )-naphthalene 
2-Phenyl-5-(4-biphenylyl)-thiazolc 
2-(2-Furyl)-5-(4-biphenylyl)-thiazole 
2-Phenyl-5-(4-biphenylyl)-oxazole 
2-Tridecyl-5-(2-naphthylyl)-oxazole 
2-Phenyl-5-(2-naphthyl)-oxazole 

" All melting points taken on a Fis 
tories, Skokie, Illinois. 

obtained by reaction with sulfuric acid3 at room tempera­
ture or heating at 200-300° with phosphorus pentoxide. 
Thiazoles were obtained by heating with phosphorus penta-
sulfide4 at 200-300°. The oxazoles and thiazoles described 
in the table are being investigated for their use as phosphors 
in scintillation counters.5 

TABLE I 

M.p.,o Carbon, 
°C. Calcd. 

182-183 79.98 
145 74.75 

105-107 78.94 
143-144 78.87 
191-192 80.48 

152 79.43 
158 84.85 

56-57 82.71 
106 84.11 

ohns melting point block. 

Found 

79.61 
74.84 
79.02 
78.76 
80.06 
79.29 
84.79 
82.29 
83.75 

6 Microan 

Hydrogen, %fc 
Calcd. Found 

5.44 5.41 
4.92 4.99 
9.43 9.40 
5.23 5.13 
4.82 4.96 
4.56 4.51 
5.06 5.19 
9.34 9.50 
4.83 5.02 

alyses performed by 

Nitrogen, 
Calcd. 

3.54 
4.84 

4.88 
4.71 

Found 

3.55 
4.77 

4.82 
4.45 

Micro-Tech Labora-

(3) J. Lister and R. Robinson, / . Chim. Soc, 101, 1297 (1912). 
(4) S. Gabriel, Ber., 43, 137 (1910). 
(5) H. Kallman and M. Furst, Phys. Rev., 79, 857 (1950). 
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Chlorination of 4-Dibenzothiophenol 
A solution of 3.4 g. (0.025 mole) of sulfuryl chloride in 

50 ml. of chloroform was added dropwise to a well-stirred 
suspension of 5 g. (0.025 mole) of 4-dibenzothiophenol1 in 
100 ml. of chloroform. The resulting dark brown solution 
was allowed to stand for 12 hours. The mixture was then 
refluxed until gases were no longer evolved. On cooling, 
1.5 g. (22.4%) of a light brown solid (m.p. 182-185°) 
separated. Two recrystallizations from methanol yielded 
0.65 g. of material melting at 195-196°. 

Anal. Calcd. for Ci2H7OClS: Cl, 15.02. Found: Cl, 
14.91. 

This analysis checks for a monochlorinated 4-dibenzo­
thiophenol. The position of the chlorine was not deter­
mined, but it may be l-chloro-4-dibenzothiophenol. This 
structure is suggested on the basis that bromination of 4-
acetaminodibenzothiophene or of the closely related 4-hy-
droxydibenzofuran, or 4-methoxydibenzofuran2 or 4-acet-
aminodibenzofuran2 yields an isomer-free product with the 
halogen atom in the position ortho to the biphenyl bridge 
and para to the other substituent. 

(1) H. Gilman and A. L. Jacoby, J. Org. Chem., 3, 108 (1938). 
(2) H. Gilman and P. R. Van Ess, T H I S JOURNAL, 61, 1365 (1939). 
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3-Hydroxy-2-naphthalenemethanol 

A solution of 9 g. (0.24 mole) of lithium aluminum hydride 
in 280 ml. of dry ether was placed in a 1-1., 3-necked flask 

equipped with a dropping funnel, a mechanical stirrer, and a 
reflux condenser, and protected from moisture by calcium 
chloride tubes. A solution of 37 g. (0.197 mole) of 3-hy-
droxy-2-naphthoic acid in 675 ml. of dry ether was added at 
such a rate that the ether refluxed gently. Fifteen minutes 
after the last addition, water was added cautiously with 
cooling and stirring to decompose the excess lithium alumi­
num hydride. This was followed by the addition of 300 
ml. of 10% sulfuric acid with cooling. The orange-red 
mixture was extracted with ether. The ether extracts were 
washed with water and 5 % sodium bicarbonate solution and 
then dried over barium oxide. Evaporation of the ether 
gave 10 g. of material melting at 178-185°. After recrys-
tallization from alcohol there was obtained 8 g. (23%) of 3-
hydroxy-2-naphthalenemethanol, m.p, 190-191°. 

Anal. Calcd. for C u H u A : C, 75.85; H, 5.79. Found: 
C, 75.64; H, 5.66. 
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Bromo-2-chlorokojic Acid1 

2-Chlorokojic acid (2-chloromethyl-5-hydroxy-4-pyrone) 
was found to participate in the Wohl-Ziegler reaction when 
10 g. of the acid was refluxed with 12 g. of N-bromosuccini-
mide in 100 ml. of benzene for one hour. 

At the end of the reaction period the whole mass was 
placed in a crystallizing dish and the benzene was removed 
by surface evaporation. The residual mixture was treated 
with 50 ml. of distilled water and filtered. The red crystal­
line product was recrystallized twice from absolute ethanol. 
The yield was 6.2 g.; the melting point of the white crystals 
obtained by sublimation was 163°. The compound was 
exceedingly sensitive to traces of iron salts, giving an intense 
red coloration. 

C, 30.07; H, 1.67. Found: C, 29.78; Anal.1 Calcd. 
H, 1.75. 

The compound is probably 2-chloromethyl-5-hydroxy-6-
bromo-4-pyrone. When the same reaction as described 
above was tried with kojic acid only tars resulted. 
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(1) Acknowledgment: The author is indebted to the Corn Products 
Company for the kojic acid used in this experiment and to the Research 
Corporation for a grant-in-aid on this project. 

(2) Analyses by Dr. Carl Tiedcke. 


