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The 1-acylated hydantoins were prepared by a method 
hitherto unreported for this class of compounds. The 
reaction time for the synthesis of the acylated hydantoins 
is much less by using an acid chloride as the acylating agent 
and carrying out the reaction in pyridine than by the usual 
method of heating the hydantoin directly with an acid 
anhydride.5 A solution of 0.02 mole of the hydantoin in 10 
ml. of pyridine was cooled and 0.02 mole of the acid chloride 
was added slowly. The mixture then was refluxed for 20-30 
minutes. The reaction mixture was poured onto crushed ice 
and the granular material which separated out was filtered 
off and recrystallized. The position of the acyl group in the 
products is inferred from their solubility in alkali. 

Acknowledgment. The authors wish to  thank 
Mr. Robert A. Mallory for the preparation of some 
of the ketones used in the syntheses of 5,5-disub- 
stituted hydantoins. 

BIOCHEMISTRY DEPARTMENT 
ORTHO RESEARCH FOUND-4TIoX 
RARITAN, KEW JERSEY 

(5) Biltz, Ber., 41, 1386 (1908). 

The Synthesis of Radioactive Diazinon 
Using P32 

SPIRO J. LOULOUDES,' J. S. KAPLANIS, AND C. C. ROAZ 

Received January 12, 1966 

Investigations of the mode of action of 0,0-di- 
ethyl-0-(2-isopropyl-6-methyl-4-pyrimidinyl) thio- 
phosphate (Diazinon) have been difficult because of 
the lack of suitable analytical techniques. The use 
of a radioactive label in the Diazinon molecule of- 
fers a partial solution to the problems of investigat- 
ing its distribution and metabolism in both mam- 
mals and insects. 

It is possible to label Diazinon with CI4, S35, or 
P32. Since the later isotope offers an easy synthetic 
route and is more readily measured radiometri- 
cally, elemental red phosphorus was selected as a 
starting material. This material was submitted to 
Oak Ridge National Laboratories for service ir- 
radiation to a specific activity of approximately 50 
mc. per gram. The synthesis of phosphorus tri- 
chloride is based on the method of Forbes, et aL2 
The two step chlorination and the use of the pow- 
dered antimony3 were utilized to increase the spe- 
cific activity and yield of phosphorus trichloride. 

Yo physical constants mere obtained on the ac- 
tive products. The T L * ~ D  of Diazinon from repeated 
practice runs with inactive materials was 1.4978. 
The values reported in the literature are 1.4978- 
1.4881.4 The specific activity of the product of two 
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active runs ranged from 1.51 to 1.62 mc./g. Bio- 
assays using the common housefly gave an LDbO 
of 2.4 p g./g. of flies for the active product com- 
pared with a value of 2.5 for a sample of the inac- 
tive product. Paper chromatographic analyses of 
the labeled product, using the methods of Kaplanis, 
et al.5 gave an R, of 0.86 using a polar stationary 
phase and 0.43 using an apolar stationary phase as 
contrasted with Rf's of 0.86 and 0.42, respectively, 
for samples of the inactive product. No radioactive 
contamination of the Diazinon was detected using 
either system. Determination of the Rf of the 
labeled 0,O-diethyl chlorothiophosphate by radio- 
metric means gave values of 0.87 for the polar st'a- 
tionary system and 0.79 for the apolar stationary 
system. Paper chromatographic analyses of unre- 
acted diethyl chlorothiophosphate distilled from the 
final reaction mixture indicated two radioactive 
spots from the apolar stationary system. The second 
spot had a value corresponding to  that of Diazinon. 
More careful purification of the unreacted diethyl 
chlorothiophosphate indicated that some Diazinon 
was actually being distilled over, under the condi- 
tions outlined here. 

EXPERIMENTAL 

Phosphorus trichloride. Two g. of the irradiated elemental 
red phosphorus was added to a 25-ml. two-necked flask 
equipped with a chlorine bubbler, water-cooled condenser, 
and drying tube. Then 2.5 g. of redistilled phosphorus tri- 
chloride was added as a solvent for the chlorination. The 
flask was heated on an oil-bath to reflux. Dry chlorine 
then was introduced through the bubbler at a rate sufficient 
to minimize clogging. After approximately one-half hour of 
chlorination, the reaction was stopped and cooled in an ice- 
bath. The remaining 2 g. of irradiated red phosphorus was 
added, the reaction brought to reflux, and chlorination con- 
tinued until white specks of phosphorus pentachloride began 
to appear. The reaction was cooled in an ice-bath and 6.5 
g. of powdered antimony was added to  convert the phos- 
phorus pentachloride to phosphorus trichloride. After the 
addition of the antimony, the reaction was allowed to come 
slowly to room temperature to avoid the violent conversion 
of phosphorus pentachloride to phosphorus trichloride. The 
phosphorus trichloride then was distilled (73-75") into a 
second reaction vessel at atmospheric pressure. Yields on 
two active runs ranged from 31 to 627, conversion of Pa 
to PC13. 

Thiphosphoryl trichloride. This compound was synthesized 
by the method of Knotz.6 The product was distilled (122- 
126') at atmospheric pressure. The yields on two active 
runs were 87%. 

0,O-Diethyl chlorothiophosphate. The method for the syn- 
thesis of this intermediate was essentially that of Fletcher, 
et al.,' modified to minimize radiological hazards. The com- 
pound was distilled at 42-45" a t  0.25 mm. The yields on two 
runs ranged from 72-790j0. 

Diazinon. Benzene (90 ml.) containing 13.03 g. of 2-iso- 
propyl-6-methyl-4-hydroxypyrimidine and 11.92 g. of 
anhydrous potassium carbonate was placed in a round- 
bottom flask equipped with a water separator and condenser. 
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The mixture was heated on an oil-bath until water started 
to collect in the water separator. The reaction then was 
cooled to 5C-60" and 16.1 g. of 0,O-diethyl chlorothio- 
phosphate  as added from a dropping-funnel. The dropping- 
funnel was rinsed with 10 ml. of dry benzene and refluxing 
was resumed. After 15 hours of refluxing, the reaction 
was cooled and 100 ml. of cold water was used to transfer 
the reaction mixture to a 250 ml. separatory-funnel. The 
benzene layer was separated and washed with 30 ml. of 
107, XaOH and then with 30-ml. portions of water until 
the water was neutral to litmus. The benzene extract was 
dried over calcium chloride for 15 minutes, then was trans- 
ferred to a 100-ml. separatory-funnel and dried over fresh 
calcium chloride for 1 1 / 2  hours. 

Alicpots of the benzene extract then weie filtered into a 
50-ml. round-bottom flask attached to a distilling head arid 
the benzene was stripped o f f  with a stream of dry air under 
reduced pressure. After most of the benzene had been 
removed in this manner, the system was placed under a 
vacuum of 0.25 mm and heat was applied. The unreactetl 
0,O-diethyl chlorothiophosphate and other low-boiling 
materials were distilled off (42-45'). The oil-bath trmpera- 
turr then WVRS raised to a temperature of 120" for '/2 hour. 
The residue in the flask contained crude Diazinon. The yield 
on thc. final step was 627,. 
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In re-examining some details of the structure and 
reactions of dehydroacetic acid in terms of its 4- 
hydrosy-2-pyrone structure, our attention was 
directed to the compound 5-carboxydehydroacetic 

(1) It. H. Wiley, C. H. Jarboe, and H. G. Ellert, J .  Am. 
Cheta SOC., 77, 5102 (1955). 

acid2 (I) which was first described in 18933 by von 
Pechman and Neger. This compound shows infra- 
red absorption characteristics similar to those of de- 
hydroacetic acid itself and of triacetic lactone which 
has been established4 as having a 4-hydroxy-2-py- 
rone structure. Some important points for rompari- 
son are summarized in Table 11. There is a narrow 
absorption band in the O-H stretching range a t  
3.30 p, similar to that observed with dehydroacetic 
acid, rather than the broad absorption indicative of 
extensive hydrogen-bonding observed with tri- 
acetic lactone. There is another absorption band not 
observed with dehydroacetic acid. This is a t  5.66 ,u 
and, even though not a t  the cristomary carbosyl 
carhoriyl position, is attributed to the carbonyl of 
the carboxyl group since this is the only difference 
in the tn-o structures. 

The most unusual feature of the chemical be- 
havior of this acid is the ease with which it has been 
reported3 to form its anilide (j-phenylcarbamyl- 
dehydroacetic acid, 11). This reaction is said to take 
place on heating the acid with aiiiliiic in acetic acid 
for 10 minutes on the water-bath. This is the only 
example kiiomii to the authors in which aniide for- 
mation takes place under such conditions. Since 
previous studies5 have shown that there are many 
possible reactions which might take place between 
2-pyrones and aniline, it seemed desirable to pro- 
vide additional information about this reaction and 
additional data establishing the structure of this 
product. We have observed that the anilide is also 
formed on refluxing the reactants in benzene or 
toluene. The anilinium salt, which first precipitates 
and can be isolated and identified as such, is con- 
verted under these conditions to  the anilide. To 
substantiate the hypothesis that the product of this 
reaction is in fact the anilide we have prepared the 
acid chloride from thionyl chloride and the carboxy- 
dehydroacetic acid and observed that 011 reac- 
tion with aniline it gives the same product. The 
infrared absorption spectra shows a general sirni- 
larity to the spectra of related compounds. The dis- 
appearance of the absorption band a t  5 . G G  p on con- 
verting the carboxylic acid to  the amide is sig- 
nificant evidence for the phenylcarbamyl structure. 
Furthermore, both of the bands in the range coin- 
monly associated with the two aniide carbonyl 
bands (at 6.0 and (3.45) arc niiich niow strong in thc 
anilide than they are in the a < d .  Thc synthetic 
data and infrared absorptiou characteristics appear 

(2) Thc Chemical Abstracts systematic nmnc for this 
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dione. Sincr dehydroacetic acid is indexed as dehydro- 
acetic acid the cwhoxy deiivative mxy be indexed as a 
pyrandione or as a derivative of the acid. 
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