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If a compound is chosen at random from a list of compounds that have ex- 
hibited high repellency against insects, its chances are surprisingly small of sur- 
viving subsequent rigid suitability and pharmacology tests that are required 
before it may finally be recommended for use on humans (1). It is therefore nec- 
essary to synthesize a large variety of candidate repellents from which to choose. 
In an extensive screening program conducted by the Bureau of Entomology and 
Plant Quarantine a t  Orlando, Fla., to discover superior repellents for use against 
mosquitoes, ticks, and mites (2), considerable information has been amassed to 
enable the chemist to attempt correlations of structure with repellent activity. 
Although conclusions on structural correlation can be drawn only with caution, 
there are certain general principles that seem to hold true. For example, among 
esters (3) the chances of finding repellent compounds are very much greater 
than among hydrocarbons. Furthermore, of all the structural groups thus far 
studied, certain diols and the N , N-dialkylamides, especially diethylamides 
furnish very promising leads as a source of mosquito repellents. 

Two diols that are very effective mosquito repellents are 2-ethy1-1,a-hexane- 
diol and 2-butyl-2-ethyl-l,3-propanediol; they are also safe and suitable for use 
on human skin or for impregnating clothing. Three diethylamides have survived 
the extensive and rigorous tests leading to permissible use by the military services 
-namely, propyl N , N-diethylsuccinamate (4), o-chloro-N , N-diethylbenzaide 
(5 ) ,  and o-ethoxy-N ,N-diethylbenzamide (6). The last-named compound is one 
that resulted from the present study. The first diethylamide found to exhibit 
marked repellency to mosquitoes was N , N-diethylbenzamide, patented by Gertler 
(7). This repellent was subsequently found to be somewhat irritating to human 
skin and hence was barred from use. A series of diethylamides, many of them 
monoesters of dibasic acids (especially succinic acid), were prepared by Drake 
and co-workers (8) during World War 11, under contract with the Office of 
;Scientific Research and Development. A high proportion of these monoester 
dialkylamides exhibited mosquito repellency and were patented by Drake, Shenk 
and Eaker (4) for this purpose. They (9) also made a series of N,N-dialkyl-p- 
hydroxyamides for testing as insect repellents. 

The diethylamides tested at  Orlando (2) have been grouped according to the 
ritructural similarity of the acyl group. These compounds represent the back- 
ground information for the new diethylamides prepared in the study reported 
herein and are as follows: 

1 This work was conducted under funds allotted by the Department of the Army t o  the 
Bureau of Entomology and Plant Quarantine. 
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N, N-DIETHYLAMIDE 

Formic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 MOSQUITO REPELLENCY 

- Neg. 

1 On Skin I On Cloth 

Acetoacetic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Levulinic., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  + ++ +++ 

+++ +++ +++ 

- 

FROM DIBASIC ACIDS (MONOESTERS) 

Succinic, (monodiethylamide). . , , , , , , , . . 
Succinic, monoethyl ester. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Succinic, monopropyl ester.. . . . . . . . . . . . .  
Succinic, monoisopropyl ester. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Succinic, monobutyl ester., . . . . . . . . . . . . . . . . .  
Succinic, monoisobutyl ester. . . . . . . . . . . . . . . .  
Succinic, mono-sec-butyl ester.. . . . . . . . . . . . . . . . . . .  
Succinic, monoallyl ester.. ' . I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Succinic, monomethoxyethyl ester.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
Glutaric, monomethyl ester. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j 
Glutaric, monoethyl es ter . .  

Glutaric, a-hydroxy-a-methyl-, d a c t o n e . .  . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glutaric, monopropyl ester.. . . . . . . . . . . . . . . . . . . . .  

Adipic, monomethyl ester. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adipic, monoethyl ester., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adipic, monoisopropyl ester . . . . . . . . . . . . . . . . .  
Maleic, monoethyl ester . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

- 
+++ ++++ +++ 
Neg. 
Neg. ++++ 
Neg. 
Neg. ++++ ++ + + + +++ + +++ 

+ +++ +++ +++ 
- 
- 

+++ - 
- 

+++ 
+++ +++ +++ +++ +++ +++ 

- 

FROM AROMATIC A N D  CYCLIC ACIDS 

I Benzoic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoic, o-chloro-. , . , 
Benzoic, m-nitro-. . , . 
Benzoic, p-nitro-. 
Phenylacetic.. 
Hydracrylic, 6-pheny 
Cinnamic, . . . . . . . . . . .  
Phthalic, A4-tetrahyd . . . . . . . . . . . .  
Phthalic, A4-tetrahyd 

. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " " I  

Acetic, 1-hydroxycyclohexane- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acetic, a-cyclohexoxy-. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
Nicotinic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  .~ 

+++ ++++ + 
Xeg. + 
++ + + ++ + +++ 

- 

- 

- 

+++ 
+ 

Keg. 

- 

- 
- 

Neg. 

+++ +++ +++ +++ +++ 
Neg. 

- 

~- - 
These ratings are indicated as follows: +++-I-, excellent; if+, very good; +f, 

good; +, fair; neg., little activity. 
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In this study we prepared diethylamides, chiefly of aromatic acids (Table I). 
The ring-substituted diethylbenzamides yielded a high percentage of repellents. 
Exceptions were noted when the ring-substituent was hydroxy, alkoxy higher 
than ethoxy, di- or tri-alkoxy, or di-halogen. Among the alkoxy-substituted 
diethylbenzamides the ortho position seems to favor repellency but not the para 
position. On the other hand, among the alkyl-substituted diethylbenzamides, 
all of which exhibited appreciable repellency, the position of the substituent in 
the ring appeared to  have no decisive effect on repellent activity. 

None of these compounds are recommended for general use as repellents, as 
the necessary pharmacological data relating to their practical use have not been 
obtained. 

Acknowledgment. The authors wish to thank Carroll N. Smith, I. H. Gilbert, 
and others of the staff of the Orlando, Fla., laboratory of the Bureau of Ento- 
mology and Plant Quarantine for conducting the insect repellency tests. Detailed 
entomological results on the compounds described in this paper will be reported 
by members of the Orlando laboratory staff. 

EXPERIMENTAL 

Preparation of N ,  N-diethylamides. The organic acid (for example, toluic or cyclohexane- 
carboxylic acid) was mixed with a 50% excess of purified thionyl chloride and refluxed on 
the steam-bath for 1 to  8 hours, or until hydrogen chloride evolution ceased. Excess thionyl 
chloride was removed a t  the water pump. The acid chloride residue was vacuum-distilled; 
if a solid it was recrystallized from petroleum ether. In the case of hydroxy acids (hydroxy- 
benzoic or vanillic acid) the hydroxy group was protected by acetylation with acetic anhy- 
dride before being treated with thionyl chloride. The acetyl group was finally removed by 
mild alkaline hydrolysis. 

The acid chloride (0.1 mole) was added slowly, by means of a dropping-funnel, to  a cooled 
solution of dry diethylamine (0.2 mole) in 100 ml. of dry ether. The reaction mixture was 
stirred with a magnetic stirrer during the addition and continued for 1 hour a t  roQm tem- 
perature after all the acid chloride had been added. Enough cold water was then added to  
dissolve the precipitated diethylamine hydrochloride. The organic layer was separated 
and washed successively with 100-ml. portions of 5% hydrochloric acid solution, water, 5% 
sodium hydroxide solution, water, and finally with a saturated solution of sodium chloride. 
The ether extract was filtered through a plug of dried cotton, the ether was removed a t  the 
water-pump, and the residual diethylamide was purified by vacuum-distillation. Yields 
mere generally high. A few exceptions are noted in Table I. 

SUMMARY 

Thirty-three N , N-diethylamides, chiefly of aromatic acids, were prepared 
for testing as insect repellents. The most promising mosquito repellents of this 
series were derived from the ring-substituted benzoic acids. Some structural cor- 
relations are discussed. 

BELTSVILLE, MARYLAND 

Table I follows on pages 496 and 491: 
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