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Group s 
I H 

O-CH3 
m-CH3 
p-CH3 
0-e1 
p-e1 
o-OCH~ 
p-OCH, 

I1 H 
o-CH3 
m-CH3 
P-CH, 
0-C1 
p-e1 
O-OCH3 
p-OCH3 

I11 H 
P-CH~ 
p-c1 
o-OCH3 

RIP, oc 
132-133 
141-142 
105-106 
104-105 
137-138 
157-158 
114-1 15 

107.ej-108. 5 
161-162 
167-168.5 
159-160 
138-159 
205-206 
173-174 
155-156 
129-1 3 1 
99-100 

113-114 
138-140 
108-109 

TABLE I 
Yield,a Recrystn 

% solventb 

44 .5  A 
36.2 B 
38 .0  A 
31.0 A 
29.0 B 
23.0 B 
41.0 A 
43.0 A 
56.8 A 
58.0 A 
46.0 A 
44.2 A 
40.7 C 
38.0 C 
47.0 A 
51.0 A 
78.0 A 
68.0 D 
66.5 D 
82.0 D 

Analgetic Antitrichomonal i n  vitro act. : 
act.' g/ml X 10-30 

1:250 
1 : 300 

1 : 300 

1:80 

+ + 

+ 
+ 

a Yields are given for the recrystallized products. b A = EtOH-H20 (1: I) ,  B = EtOH, C = TL-BLIOH, D = cyclohexane-Et0H 
(2: 1). Anal .  C, 
N; H .  calcd, 5 89; found, 5.44. H, N; C: calcd, 57.72; found, 57.29. J Measured by the hot plate method of P. A. J. Jans- 
sen and A. Jageneau, J .  Pharm. Pharmaeol., 9, 381 (1957), at doses of 30 mg/kg. Data in reference to codeine phosphate as a standard; + means effect prolonging response time of animal POYO above that of standard; =I=, 10yG above that of standard. 0 Compared with 
metronidazole, 1: 100 g 'nil x 10-3, ef. F. Kajfei, V. SunjiC, I). Kolbah, T. Fajdiga, and 31. Oklobdiija, J .  Med. Chem., 11, 167 (1968). 

Anal> tical results obtained for C, H, and N were within &0.4% of the theoretical values unless listed otherwise. 
e Anal .  

W 

I1 I11 

All compounds were prepared by the interaction of 
the appropriate imidazole with different derivatives, 
substituted in the ring, of 1,2-epoxy-3-phenoxypro- 
pane. In  order to  obtain derivatives of 5-nitroimida- 
zole (I), formic acid was used in accord with earlier 
investigations. lo 

Experimental Sectioni1 

Group I.-2-3Iethyl-4( 5)-nitroimidazole (3.15 g, 0.025 mole) 
and 0.03 mole of the particular 1,2-epoxy-3-substituted phenoxy- 
propane in 4.Y g (4.0 ml) of formic acid were heated at 90-95' 
with stirring for 24 hr; 30 ml of l0yo HC1 was added and heated 
until all dissolved. On cooling, an oily layer was formed which 
was separated and extracted with 15 ml of lOyc HC1. The acid 
fractions were combined, extracted (CHCls), and made basic. 
Crude products were collected on the filter, washed (HsO), and 
recrystallized from solvents listed in Table I. Acidification of 
the basic filtrate yielded 1.3-1.8 g of unreacted 2-methyl-4(5)- 
nitroimidazole. Alcohols of the t,ype CHzOHCHOHCH~OC~- 

HIX have been obtained from the oily residue after extraction 
with dilute HCI in yields of 20-307, based on the epoxide used. 

Group II.-2-1\Iethyl-4(5)-nitroimidazole (3.15 g, 0.025 mole), 
0.03 mole of the particular 1,2-epoxy-3-substituted phenoxy- 
propane, and 0.5 ml (0.49 g) of pyridine in 20.0 ml (24 g) of 
CCHLNOZ were stirred and heated to 140". When a slight evolu- 
tion of brown gas was observed heating was discontinued for 1 
hr. After additional heating at 140-150' for 12 hr CCH,N02 was 
removed at 0.2 mm. The residue was washed (MeOH), filtered 
off, and recrystallized. 

Group III.-2-1\1ethylimidazole (4.1 g, 0.05 mole) and 0.05 
mole of the particular 1,2-epoxy-3-substituted phenoxypropane 
were refluxed in 8 ml (6.5 g) of n-BuOH for 1 hr. The reaction 
mixture was cooled, 5 ml of cyclohexane was added, and then the 
mixture was chilled on ice for 48 hr. Crude product was collected 
on a filter, washed with cyclohexane, and recrystallized. 
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I n  connection with the acute problem of mosquito 
transmission of drug-resistant malaria and other dis- 
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prescwt studies sliow that ,  in contr:ist to the olfnctom- 
t i t  vr results, dwutioii of' repellcricy with these coni- 
1)i)uiids on  human skin is iiirwscly proportioiinl to 
vo1:ttilit.v (E'igire 1). Thus. diethyltolunmide (1-2) i h  
:in effective topical repellent hecauw its volatility is 
optimum i i i  terms of providing an effective vapor coii- 
ccntratioii with :i iniriiinum ratc of evaporative lo 
('ompounds I-.i : \ l i d  1-10 :ire of compnrahlc i f f  ecti - 

(:i) 1,;. T. l I i~( ' a l , e ,  \\.. I'. Aartllrl. h, 1. (;rrrlm, and 
11. ( ; i I h t i .  [I. I \ .  G o t i r k .  and (', 

,CH2R 

R 'CH,Rt 



topical  repellent^.^ Thus the minimum effective 
quantity (JIEQ) was determined in an olfactometer 
with respect to application to a glass surface, :md the 
minimum effective concentration (JIEC) to prevent 
biting was determined by application to human skin. 
It was expected that differences in rates of cutaneous 
absorption and other variables peculiar to skin would 
be apparent on compari3on of rewlts obtained by the 
two methods. The JIEQ values vary little among 
v r i w  I compounds (Table 11) arid are conipar:hlr to 

T.\BLE I1 
1?EPEI,I,ENCY O F  RlXG-SCnSTITCTED ?UT,?YT-DI.\LKYL- 

.\ND - ~ ~ ~ f I N O . i L l < Y I , ~ E N Z . i M I D E s "  

MEC, 
Colnpd SlEQ,  mgh mg/2.5 cinz ' I R d  

1-1 0 <0 .1  0.2,5-0.3 
1-3 < O .  1 0.2-0.2.5 
1-2 <0.  1 0.1-0.2 

I-s 0 .1-0. 13 0.43-0.47 
1-12 >0.5 -1.0 
1-13 > 0 ,  3.5 

1-7 0.1,;-0.2 0 .4-0,43 

11-1 0 
11-8 0.3-0. .j .i 4 
11-3 0,3-0.3 
11-4 <0 .2  5 7 
11-7 < 0 . 2  00 
11-10 0.1-0.2 
11-9 0.1-0.2 61 

111-3 >0.5 5 1  
111-6 >0 .5  70 

n Within each series, compormds are listed in order of increasing 
volatility. * Total amoinit of material 011 a gla 
form size in a dual-port olfactometer (see text and ref 1);  h lEQ = 
minimum amo\nit reqriired to give an index of repellency ( IR)  
greater than 1.5 [IR = (number of mosquitoes 011 control side 
minus number on sample sideltotal number of mosqiiitoes)100]. 
c Test method on hiiman skin described in text; I IEC = mini- 
miim concentration on skin required to prevent biting 13 mill 
after application. d Index of repellency;' values are means of 
two to three determinations; values for series I compounds are 
shown in Figiire 1. 

the value for diethyltoluamide (1-2). The relatively 
high apparent 1IEQ value found for the highly volatile 
1-13 is undoubtedly due to the fact that  significant 
amounts of this compound are lost prior to testing in 
the ME& arid JIEC determinations. Application of 
such small amounts to the test surface invariably in- 
volves the use of a vehicle such as ether or alcohol. 
Testing is delayed to allow evaporation of the solvent. 
l$7he~1 this type of procedure is applied to compounds 
with relatively high volatility the effectiveness of very 
small quantities is probably missed because of evapora- 
tion prior to testing. This interpretation is consistent 
with the very short duration of effectiveness of this 
highly volatile compound (Table I and Figure 1). 
Similar reasoning may apply to some extent in the case 
of 1-12, However, the significantly low IR value' for 
this substance in comparison with other members of 
this series of similar volatility (Figure 1) suggests that  
low intrinsic potency is a major factor in the high 
JIEQ and JIEC and the extremely short duration of 
effectiveness of the compound. Of possible significance 
in this regard is the fact that  1-12 is unique in this 

(4)  C. H. Schmidt, F. -\Cree, and hl.  C Boirman, J .  Econ. Entornol , 52, 
928 11959); S. Kasrnan, 1,. .-\. 0. Roadhouse, and G F. IYright, I losyuz to  
.vm\, is, 116 (1053). 

series in terms of its high relative partition coefficient.' 
The direct relationship of repellency to volatility seen 
iri the case of the diethylbenzamides (l'igure 1) is less 
obvious in  the henzoylet~hylenedianiines (11) and the 
benzoylpiperazines (111). However, the over-all im- 
portance of volatility is still apparent. Series I1 coni- 
pounds exhibit similar arid moderately high IR values 
while the higher boiling members (5  and 8) show high 
:\IEQ values (Table 11). The still less volatile series 
I11 compounds are irieffect,ive on skin at  0.2 nig/cm' 
(Table I ) ;  their l\II<Q values are thus in the neighbor- 
hood of 0.2 rngi'cm' although their I R  values arc 
moderately high as shown in Table 11. 

The low repellency inherent in high-boiling materials 
imposes a limitation 011 the concept that  duration is 
maximized by lorn volatilit,y. As illustrated in Figure 
2 ,  decreasing volatility resulting, for example, from 

I I I I 700 

I 1 I 
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Figiire 2.-l)nratinii of effectiveiiess against mosqiiito bitiiig L I S .  

volatility and htrilctiire of topical repellents. Application rate: 
0.4 nig/rm*. Point niimbers for series I (e), series I1 (01, and 
series I11 (S) refer to compounds listed in Table I. Lines connect 
analogous compounds in the three series (ideiitical ring wb,ytitli- 
eiits). 

the progressive structural change of series I to series I1 
to series I11 results in longer duration to a point; fur- 
ther decreases in volatility actually are detrimental to 
duration due to attendent decreases in effective repel- 
lency. A given surface area must be covered more 
complet,ely (greater repellent surface area) in order to  
provide sufficient vaporization for an effective vapor 
concentration. Ot'hersj have previously concluded 
that differences in protection periods between repellents 
are correlated with differences in minimum effective 
dosage or concentration. The present results indicat>e 
that' the latter are largely dependent upon differences 
in volatility. 

The above discussion pertains to the efectz've repel- 

( 5 )  C. S. Smith, I. H. Gilbert, H. K. Gouck, AI. C. Bowman, F. Acree, ,Jr., 
and C .  H. Schmidt, Technical Bulletin KO. 1285, Agriculr~~ral Research 
Serrire, U. 8. Department of Agriculture, 1963. 




