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TABLE I11 
EFFECT OF VAPORS OF 3 - 8 ~ ~ s  

2,4,6-r~RICHLOROPYRIMIDIXES O S  FUNG-~L SPORES INCORPORATED 

IN SABOURAVD DEXTROSE AGAR AT 28" AFTER 5 D.LYS 
Coinpd --- Spores from---- 

I1 A .  riiger T. oir ide  A .  oryzue  
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Syinbols: :t tiiirril)er = :tpproxiintitc per w i l t  of arca sliow- 
ing iio growth, + = iio inliibition, 8 = sporistatic. 

Experimental Section16 
5-Nonylbarbituric Acid (Ii).-To a solution prepared by dis- 

solving 23 g (1 g-atom) of sodium in 1000 ml of anhydrous ethanol 
\?-ere added 34.5 g (0.57 mole) of dry urea in 300 ml of anhydrous 
ethanol and 165 g (0.57 mole) of diethyl nonylmalonate.16 The 
mixture was heated under refliix with agitation for 2.5 hr. Ex- 
cess alcohol was removed by flash evaporation, and the residue 
was dissolved in wat,er and acidified to pH 1-2 with concentrated 
HCl. The compound was collected by filtration, washed free 
of salts with water, and dried at TO' overnight. The yield of 
prodiict, was 103 g (il?), mp 195-201'. An analytical sample 
was crystallized from methanol; mp 208-209'. 

Anal.  Calcd for C131322S203: C, 61.39; H, 8.72; Y ,  11.02. 
Found: C, 61.23; H,  8.72: N, 11.28. 

5-Octylbarbituric acid (Ih) was prepared in the same manner 
as Ii  in 55T0 yield, mp 211-213' (from methanol). 

Anal. Calcd for CI?H, ,N~O~: C, 59.98; H, 8.39; X, 11.66. 
Found: C, 60.00; H,  8.31; K, 11.63. 

5-Heptylbarbituric acid (Ig) was prepared in 5lr: yield in the 
same manner as Ii; mp 207-209" (from methanol). 

Anal .  Calcd for CllHlbN203: C, 58.39; H, 8.02; N, 12.38. 
Foiind: C, 58.52; H, 7.87; X, 12.62. 

5-Nonyl-2,4,6-trichloropyrimidine (IIi).--A mixture of 50 g 
10.18 mole) of Ii, 500 ml of POC13, and 50 ml of dimethylariiline 
was heated iuider refliix with agitation for 2 hr. &lost of the 
POCI, was removed by flash evaporation, and the residiie wah 
decomposed by pouring it, onto 1.5 1. of ice flakes. The chloro- 
pyrimidine was extracted lvith ether. The extract was washed 
with water and dried over ;l'a?SO,, and the ether was flash evapo- 
rated. The residue was distilled to yield 15 g of prodiict (27'5 j ,  
1)p 147-152" ((1.45 mm). The analytical sample boiled a t  141" 
(0.25 mm). 

(16) Melting points x e r e  taken in a 3Iel-Temp meltinp point apparatus  
and  a re  uncorrected. Eltraviolet da t a  \yere obtained with a Perkin-Elmer 
Spectracord 4OOOA. The  synthetic procedures are  general. and  the malonic 
esters were commercially available except where the  alkyl groups were hexyl, 
Iieptyl, octyl. and  nonyl. These were prepared by tlie method of B. Roth- 
stein, Bull .  Sot. Chim.  Fvunce ,  2, 80 (1985). 
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Certain organophosphorus compounds containing 
wlfur have been known for a long time to  be powerful 
inhibitors of c~huliriestc.r~w.' \-cry little is lmow~i,  

however, about the cheniival properties arid toxicity 
of the corresponding selenium compounds. 

The present paper describes some methods which 
have been found convenient for the preparation of 
certain types of compounds containing the PSeC group. 
The synthetic routes adopted consist of reactions of 
phosphoro- or phosphorioselenoates with (a) aziridiiie 
or its derivatives, or (b) aminoalliylhalogenides, as 
cxeiiiplified below. I n  principle, these reactions are 
arialogous to the ~ i i e s  used for phosphorothioates.2 

(C~H~O)~€'l=O)SeC11~CIILSIl~ (a )  

CLI1,O 
c i ~ c m 2 x ( c m 2  
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\ 

/ 
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Reaction a proceeds almost immediately a t  room 
temperature. Reaction b is slower, but is best carried 
out a t  room temperature. The isolated compounds 
are less stable than the corresponding sulfur coni- 
pounds. The intermediates especially are rapidly 
attacked by oxygen from the air arid become dis- 
colored due to the formation of elemental selenium. 

The purity of the compounds was checked by gas 
~hromatography,~  and their structure was confirmed 
by infrared and iimr ~ p e c t r a . ~  The shift in the Iimr 
spectra of CH20I' is about 6.0 ppm, whereas that of 
CH2SeP is about 7.0 ppm in this type of  compound^.^ 
The infrared spectra of the prepared compounds are 
practically identical n ith the ones obtained from the 
corresponding sulfur analogs. 

The selenium derivative< reported belong to the 
most toxic phosphorus compounds known having LDjo 
values ranging from 0.02 to 0.06 mg/kg when injected 
subcutaneously in niicae, L e . ,  they are more toxic than 
the corresponding sulfur analogs. The toxicity i5 due 
to the ability of these cbompounds to inhibit cholines- 
terase, as shown in tests with human erythrocyte 
enzyme. The pIjo valuesF were in the range 6.8- 
9.7 as shown in Table I. 

Experimental Section 

Sodium 0,O-diethyl phosphoroselenoate was prepared accurd- 
ing to Foss.7 

Anal. Calcd for C4HIoXaO3PSe: C, 20.1; H, 4.23; P, 13.0. 
Found: C, 19.8; H, 4.20; P, 12.9. 

Ethylphosphonoselenoic Dichloride.*-.4 mixture of 8 g of dry,  
powdered AlC1, aiid 65.5 g (0.5 mole) of ethylphobphonous di- 

(1) 1:or a recent summary see E. Hei lbronn-\~i lkstrom, Sl,eJisl; k'eni. 

(2) (a)  Y. .kkerfeldt. Bciu Chem. Scand. ,  16, 1897 (1962): (bj  ib id . .  17, 

(3) Aerograph 1520, SE 30 column a t  162-liOO with nitrogen as  carrier 

(4) Varian A-60 h spectrophotometer; T l IS  as  external reference. 
( 5 )  1%. i is tman,  Iiersoiial comin,inicatioii. 
(0) pIs0 = -log (molar concentration for XJ'!l, inliihition). 
( 7 )  0. Foss, B c t u  Chem. S c u d . ,  1, 8 (194i) .  
(8) This  preparation procedure is similar to tlie one used for tlie sulfur 

analogs as described by  1;. \\-, Hoffinan, L). 1I. \Vadsn.ortli, and H. U. 
\\-eiss. .1. A m .  Chern. Sur . ,  80, 3045 (1938). 

T'idskr. ,  77, 598 (1965). 

329 (1963); 

gas (60 m1,"in). FID detector. 

(c) Suensk Kem.  T i d s k r . .  75, 231 (1963). 




