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Abstract 0 Carbamates derived from various N,N’-disubstituted di- 
amines were synthesized and evaluated as repellents for Aedes aegypti 
mosquitoes with an in uitro blood-feeding test system. Several com- 
pounds were more effective than diethyltoluamide. 

Keyphrases Carbamates from N,N’-disubstituted amines-syn- 
thesized and evaluated as mosquito repellents 0 Repellents, mos- 
quito-various carbamates derived from N,N’-disubstituted diamines 
synthesized and evaluated 0 Structure-activity relationships-various 
carbamates derived from N,N’-disuhstituted diamines evaluated as 
mosquito repellents 

Carbamates as mosquito repellents were discussed 
previously (1). Substituted 2-oxazolidones were synthe- 

sized and found to possess repellent activity (1). However, 
improvement of their repellency was desired, and a new 
synthetic effort was initiated to prepare carbamates from 
N,N’-disubstituted diamines. 

To vary the boiling-point ranges of the proposed repel- 
lents, syntheses were concentrated on ethylenediamine, 
diethylenediamine, and triethylenediamine derivatives. 
Previous studies (1) showed that repellency duration is 
a function of boiling points or volatility of repellents. 

These compounds were evaluated in the in oitro mos- 
quito blood-feeding test system reported previously (2). 
Mosquitoes used for these evaluations were female Aedes 
aegypti (yellow fever mosquito). 

R,N(CH,CH&NR, 
I 
R, 

I Table I-Physical and  Biological Properties of Carbamates Derived from N,N‘-Disubstituted Diamines R2 

Boiling 
D-:.-& Reoellencv r uiiia. 

Compound R I  Rz R3 R4 n (0.5 mm Hg) EDso EDw, r 

CsH7 H C3H7 COzCH3 1 900 2.8 79 -0.97 
CiHo H CiHo COoCHi 1 1020 0.12 0.59 -0.88 

COzCH3 CBH; COiCH; 1 1100 0.049 
COzCHs C4H9 C02CH3 1 130° 0.014 
H C6H13 C02CH3 1 146’ 0.028 
COzCH3 C6H13 C02CH3 1 160’ 0.036 
H C3H7 C02CH3 2 1120 0.25 

H C I H ~  C O ~ ~ ~ H I  3 131’ 0.23 
COzCHs C3H7 C02CH3 2 141’ 0.020 

0.13 -0.92 
0.072 -0.87 _._ .- 
0.083 -0.79 
0.21 -0.84 
2.5 -0.68 
0.073 -0.96 
4.0 -0.68 

Xi C02CH3 CjH; CO&H, 3 155O 0.018 0.10 -0.82 
Diethyltoluamide m o o  0.031 0.10 -0.81 
N,N’-Dihexamethylenecarbamide 130’ 0.00081 0.056 -0.83 

And-Calc. for C10H22N20: C, 59.37; H, 10.98 N, 13.85. Found: C, 58.84; H, 11.03; N, 13.76. See Experimental. Anal.-Calc. for C12H2,N 04: C, 55.36; H, 9.29; 
N, 10.76. Found: C, 55.15; H, 9.23; N, 10.70. Anal.-Calc. for Cl~H34N202: C, 67.08; H, 11.96; N, 9.78. Found: C, 66.99 H, 11.87; N,9.66. e Anal.-&lc. for ClsH3sNaO4: 
C, 62.75; H, 10.53; N, 8.13. Found: C, 63.05; H, 10.74; N. 8.23. Anal.-Calc. for C1 H26N202: C, 62.57; H, 11.38; N, 12.16. Found C, 62.44; H,  11.54; N, 12.05.8 Aml.--Calc. 
for C ~ H s N z 0 4 :  C, 58.30; H, 9.79; N, 9.72. Found C, 57.99; H, 9.85; N, 9.68. Anaj.-Calc. for C ~ ~ H ~ ~ N Z O Z :  C, 65.07; H, 11.70; N, 10.84. Found C, 65.07; H, 11.74; N, 10.66. ’ And-Calc. for C16H3&04: C, 60.73; H, 10.19 N, 8.85. Found: C, 60.65; H, 10.39; N, 8.66. 
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EXPERIMENTAL' 62.25; H, 11.43; N, 12.09. 

To prepare N,N'-dibutyl-N-methoxycarbonylethylenediamine (11) 
and N.N'-dibutyl-N.N'-di(methoxycarbonyl)ethylenediamine (IV), s RESULTS AND DISCUSSION 
l-liter, three-necked flask was fitted with a thermometer, an addition 
funnel, a magnetic stirrer, a reflux condenser, and a heating mantle. The 
diamine (25 g, 0.145 mole) was dissolved in anhydrous methanol ( m m l )  
and placed in the flask. A8 this solution was Slowly heated to 60'9 a 80- 
lution of methyl chloroformate (13.7 g, 0.145 mole) in anhydrous meth- 
anol (50 mlf was added dropwise Over mixture was 
stirred a t  60' for an additional 3 hr and then overnight a t  room temper- 
ature. 

The was removed in UQCuO~ and the residue was taken up in 
methylene chloride (300 ml), filtered to  remove the hydrochloride salt 
of the starting material, and concentrated in uacuo. The residue was 
dissolved in distilled water, acidified (pH 3), and extracted with ether 
(three times) to yield Fraction EI. The aqueous Solution Was made basic 
with 10% NaOH and reextracted with ether (three times), affording 
Fraction Ee. 

Table I gives the structures, boiling points, and repellency data ofthe 
tested carbamates. 

Compounds IV-VI, VIII, and X had ED50 values equal to or less than 
that of diethyltoluamide. The ED9,, values of 111-V, VII, and X were 
outstanding. These values indicate that all of these compounds should 
be considered as candidate repellents to replace diethyltoluamide, and 
advanced repellency and preliminary toxicity tests are planned. 

With these compounds, the boiling range for effective repellency in 
this test system is considerably higher that of diethyltoluamide ( 100°/0.5 
mm H ~ ) ,  being 110-1600/0.5 mm H ~ .  These less volatile repellents may 
have an increased duration of effectiveness when applied to human 
&in. 

Future studies will depend on the results of human skin tests of the 
best compounds ofthe series. 

hr* The 

DistillatL'on of E1 yielded 12.1 g of IV, bp 123'/0.35 mm Hg. 
Anal.-Calc. for C ~ ~ H B N ~ O ~ :  C, 58.31; H, 9.79; N, 9.72. Found: C, REFERENCES 

58.17; H, 9.92; N, 9.69. 

g of 11, bp 96-98'/0.4 mm Hg. 

(1) W. A. Skinner, H. T. Crawford, D. Skidmore, and H. I. Maibach, 

(2) L. C. Rutledge, M. A. Moussa, and C. J. Belletti, Mosquito News, 
Fraction E2 was dried, evaporated in oacuo, and distilled to yield 17.1 

Anal.-Calc. for C12HxN202: C, 62.57; H, 11.38; N, 12.16. Found: c, 
J.  pharm. sci., 66, 587 (1977). 

36, 283 (1976). 
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Abstract 0 Various N-substituted urea and cyclic urea derivatives were 
synthesized and evaluated as repellents for Aedes aegypti mosquitoes 
with an in uitro blood-feeding test system. Several compounds were su- 
perior to diethyltoluamide. 

Keyphrases Ureas and cyclic ureas, N-substituted-synthesized and 
evaluated as mosquito repellents 0 Repellents, mosquito-various N- 
substituted ureas and cyclic ureas synthesized and evaluated O Struc- 
ture-activity relationships-various N-substituted ureas and cyclic ureas 
evaluated as mosquito repellents 

In continuing efforts to find improved mosquito repel- 
lents, various N-substituted ureas and cyclic ureas were 
synthesized for evaluation in an in uitro blood-feeding test 
system using Aedes aegypti mosquitoes as described 
previously (1). 

N,N'- Dihexamethylenecarbamide', a urea derivative, 
was reported (2) to be effective as a repellent for mosqui- 
toes and black flies. The minimum effective dosage was 

1 Carboxide. 

0.04 mg/cm2 for mosquitoes (A. hexodontus and A. 
punctor) and 0.12 mg/cm2 for black flies (Sirnuliurn uen- 
usturn) when evaluated on human skin. The minimum 
effective dosages obtained for N,N'-dihexamethylene- 
carbamide were lower than those for diethyltoluamide 
(0.14 mg/cm2) for the same mosquitoes. 

In view of the interesting effectiveness of this N-sub- 
stituted urea, it was decided to explore the structure- 
repellent activity relationships of N-substituted ureas and 
cyclic ureas. To vary the boiling-point ranges, both open 
chain and cyclic ureas were synthesized. For the same 
reason, substituents on the nitrogens were varied in alkyl 
chain lengths. 

EXPERIMENTAL2 

Preparation of N,N'-Dibutylurea (1V)-A 1-liter, three-necked 
flask was charged with 200 ml of benzene, and phosgene was bubbled 

* Boiling points were determined using a short path distillation apparatus and 
are uncorrected. Elemental analyses were performed by the Microanalytical Lab- 
oratory, Department of Chemistry, Stanford University. Stanford, Calif. 

00223549f 791 0300-039 1$0 1.OOf 0 
@ 1979. American Pharmaceutical Association 

Journal of Pharmaceutical Sciences f 991 
Vol. 68, No. 3. March 1979 




