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Fig. 6.-Infrared absorption of polyethylene glycol. 

tory sterilizer. The first reading was invariably be- 
low the initial nominal 10% ETO concentration. 
The sudden increase in concentration at the ends of 
the cycles occurs during discharge, when the pres- 
sure drops from 30 p.s.i.g. to  atmospheric, and some 
ETO is released by the load. Such a release was 
also observed by El Khishen in the fumigation of 
grain (4). 

The ETO consumotion varied with different 
products as summarized in Table I. ETO consump- 
tion appears to  be related to the surface area of the 
product rather than the weight. The products 
which exhibited the highest rate of sorption initially, 
as shown by the decrease of ETO concentration from 
the initial 10% to  the value given by the first reading 
(second column Table I), also consumed more ETO 
during the sterilization. 

Polymerization Products of ET0.-ETO poly- 
merization products, an oily viscous fluid of dark 
brown, are found in the expansion tank where 
the ETO-COs mixture is stored a t  about 140' F. 
The residue was analyzed by the infrared method, 
and the spectra are similar to  that of polyethylene 
glycol (Figs. 6 and 7). The additional bands at 5.5, 
5.7. and 14 p could be attributed to ethylene car- 
bonates. The results agree with other reports (5,6). 

Summary and Discussion.-The rate of ETO 
sorption is rapid at the start of a sterilization cycle 
and decreases after 30 minutes to 1 hour. An in- 
crease of moisture content increases the rate of sorp- 
tion as well as the amount of ETO removed from the 
gas by the product. The absorbed gas does not 

#I . ' . . . ' ' * . . ' J 
2 3 4 5 6 7 8 9 1 0 1 1 P U 1 4 1 5  

WAVELENGTH IN MICRONS 

Fig. 7.-Infrared absorption of ethylene oxide poly- 
merization products. 

remain in the load, but a part is released when the 
pressure in the steriliiw decreases. 

If the sterilization takes place Via diffusion of ETO 
in the aqueous phase t o  bacteria as suggested by 
Mayr (3), then the rate of ETO absorption, most of 
which is probably dissolved by water in the load, 
and the amount of ETO removed from the gaseous 
phase, become a measure of the process efficiency. 
The removal is facilitated by forced diffusion and 
increased moisture content. Too much moisture, 
however, might cause a nonuniform distribution of 
ETO in the aqueous solution throughout the load, 
since a portion of ETO might be removed by the 
condensate on the outside of packages before the gas 
actually reaches the sterilization site. The impor- 
tance of relative humidity in the vicinity of the spores 
and the danger of stripping the gas of ETO before 
the spores are. reached has also been emphasized by 
Opfell and co-workers (7). An excessive amount of 
moisture would also decrease the ETO concentra- 
tion in the aqueous phase, and thicker water film 
would hinder the dfiusion of the sterilizing agent. 
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Notes 

Synthesis of 3-Alkylsydnone-4-carboxylic Acids 
By LEMONT B. KIER*, DEVINDRA DHAWAN, and MELVIN J. FREGLY 

The synthesis of the first of the alkylsydnone 
catboxylic acids is reported. A brief review 
of the effects of 3-iso~ro~~ls~dnone-4-car- 
h v ' i c  acid 00 urinary o ~ ~ u t  and blood 

pressure is included. 

a number of 3-alkylsydnones (1,2) and 3,4dialkyl- 
sydnones (3) in an effort t o  determine the effect of 
ring substituents 011 physical parameters and bio- 
logical action. A significant influence on partition 
coefficient and convulsive activity by the 3-alkyl 
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In  an effort to learn more about the influence of 

studying the effect on biological activity produced 
J-: of Phprmocy, State ring substitution, we have begun a program of 
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by introducing ring substituents other than short 
alkyl groups. This communication deals with the 
preparation and preliminary pharmacological study 
of two 3-alkylsydnone-4-carboxylic acids. A more 
detailed pharmacological evaluation and comparison 
with other sydnones is being published elsewhere (4). 

Early attempts to prepare sydnone-4-carboxylic 
acids (J) included the oxidation of 3-phenyl-4- 
methylsydnone ( 5), the reaction of potassium 
cyanide with 3-phenyl-4bromosydnone (6), and the 
reaction of carbon dioxide with the Grignard com- 
pound derived from 3-phenyl-4-bromosydnone (7). 
Kato and Ohta (8) successfully prepared the first 
sydnone-4-carboxylic acid-namely, 3-phenyl- 
sydnone-4 carboxylic acid. In their procedure they 
obtained the lithium compound by treating 3- 
phenyl-4-bromosydnone with n-butyl lithium. Sub- 
sequent treatment with carbon dioxide gave the acid. 

We have modified this procedure slightly and 
have obtained the first reported 3-alkylsydnone-4- 
carboxylic acids-namely, the 3-isopropyl and the 
3-sec-butyl acids. The two 4-bromosydnones were 
prepared by direct bromination of an acetic acid 
solution of the 3-alkylsydnones. The two bromo- 
sydnones were crystalline and stable compounds. 
Commercial n-butyl lithium in hexane was used to 
form the lithium compounds which were then car- 
bonated in situ with dry ice. Both sydnone acids 
were crystalline and easily purified. 
3-Isopropylsydnone-4-carboxylic acid as the 

sodium salt was studied along with other sydnones 
for their effects. A more detailed treatment of these 
findings will be published later (4). The 3-isopropyl- 
sydnone-4carboxylic acid had only a moderate effect 
in raising urinary output and excretion rates of 
sodium, potassium, and chloride. Theeffect was 
less than for the alkyl and dialkylsydnones 
studied. There was no effect on the blood pressure 
of hypertensive rats compared with a moderate 
activity for the other sydnones tested. The acid 
was much less toxic than the other sydnones and 
produced none of the convulsions previously re- 
ported (1). 

EXPERIMENTAL1 

3-Isopropyl4bromosydnone.-A solution was 
prepared containing 5 Gm. of 3-isopropylsydnone 
(2) and 5 Gm. of fused sodium acetate in 40 ml. of 
glacial acetic acid. A 5-Gm. quantity of bromine 
was added to this with stirring and cooling. After 
10 minutes, the solution was diluted with 400 ml. of 
water and extracted with ether. The ether solution 

1 AU melting points are corrected. Analyses were per- 
formed hy Galbraith Laboratories, Knoxville, Tenn. 

R- ]Yo + I  8 

h-0 
(1) 

was washed with sodium bicarbonate solution until 
neutral, then dried. The residue from the ether was 
crystallized from ethanol, m.p. 80 to 81.5', yield 

Anal.-Calcd. for C6H7BrN:0s: C, 28.98; H, 
3.38; Br.38.64; N, 13.52. Found: C, 29.00; H, 
3.65; Br, 38.60; N, 13.48. 

3-Isopropylsydnone4carboxylic Acid.-A solu- 
tion of 10 ml. of n-butyl lithium (16% in hexane) 
was added dropwise to  a suspension of 2 Gm. of 3- 
isopropyl-4-bromosydnone in 10 ml. of dry ether a t  
-50' with stirring. After 30 minutes, the reaction 
mixture was poured over 5 Gm. of powdered dry 
ice. After all of the dry ice had sublimed, the 
solution was shaken with water. The aqueous 
phase was washed with ether and then acidified. 
The precipitate was filtered and crystallized from 
ethanol, m.p. 143-144'. yield 60%. 

Anal.-Calcd. for C&NrO,: C, 41.86; H, 4.68; 
N, 16.28. Found:C, 42.01; H,  4.81; N, 16.26. 
3-sec-Butyl4bromosydnone.-This compound 

was prepared as previously described. The material 
was crystallized from ethanol, m.p. 61 to 62.5', 
yield 80%. 

And-Calcd. for CeH*BrN:Oz: C, 32.58; H, 
4.07; Br, 36.19; N, 12.67. Found: C, 32.74; 
H, 4.16; Br, 35.98; N, 12.80. 

3-sec-Butyl-4-carboxylic Acid.-This compound 
was prepared as previously described. The mate- 
rial was crystallized from ethanol, m.p. 88-89", 
yield 579r,. 

Anal.-Calcd. for C,HloN:O~: C, 45.16; H, 5.67; 
N, 15.05. Found: C, 45.33; H, 6.04; N, 15.32. 

70%. 
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