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The comparative value of 63 synthetic 3,4-methylenedioxyphenoxy derivatives and two 
related compounds as synergists with either pyrethrins or allethrin was estimated in tests 
against the housefly, Musca domestica L., by  the turntable method. Forty-three compounds 
were demonstrated to be synergistic with each insecticide. Certain ethers, acetals, and 
esters of aromatic sulfonic acids had strong effect, whereas esters of carboxylic and car- 
bamic acids had little or no effect. The intensity of synergism was so high for 18 com- 
pounds-toxicity was raised to at least six times that expected for pyrethrins alone or 
three times that expected for allethrin alone-that further work was recommended. 

HE BEST SYNERGISTS for pyrethrins T and allethrin contain the 3,4- 
methylenedioxyphenyl group in the 
molecule, although the presence of this 
group does not in itself assure synergistic 
effect (6. 8, 72). I t  has recently been 
shown that  sesamolin, obtained from 
sesame oil and  differing structurally 
from sesamin in containing a 3,4- 
methylenedioxyphenoxy group in place 
of one of the 3,4-methylenedioxyphenyl 
groups (2, 3) ,  is a much more effective 
synergist with pyrethrins against house- 

flies, Musca domestzca L., b) the turn- 
table method than is sesamin (7). 
I t  was, therefore, desirable to prepare 
other 3,4-methylenedioxyphenoxy de- 
rivatives and evaluate them as candidate 
synergists. T h e  preparation of 66 such 
compounds has been reported ( I ) .  
T h e  present paper reports the results of 
tests with 6.1 of these compounds de- 
sigced 20 cvaluate them separately in 
mixtures with pyrethrins or allethrin 
against the housefly. T h e  purpose of 
this study is to  select the most promising 

synergists for future, more precise com- 
parison. Similar tests with two com- 
pounds that  are not 3.4-methylenedioxy- 
phenoxy derivatives are also reported for 
comparison with those of closely re- 
lated compounds-1 -allyl-3,4-methylene- 
dioxybenzene (known as safrole) and  2- 
(p-methoxyphenoxy) tetrahydropyran. 

Purified samples of the synthetic 
compounds xvere used. T h e  sample of 
pyrethrins was the complex contained in 
the extractives from pyrethrum flowers 
not further processed for the removal of 
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materials other than the toxicants. 
I t  had been proved to  be biologically 
stable \\.hen held in the dark a t  room 
temperature in a 4% kerosine solution 
a n d  compared periodically with allethrin. 
In  this sample. 617; of the total pyreth- 
rins consisted of pyrethrin I and  cinerin 
I as determined by the mercury-reduc- 
tion method. T h r  sample of allethrin 
\cas of 94Yc purity as determined by the 
hydrogenolysis method. 

Sprays of the tivo insecticides. alone 
and  mixed with each of the adjuncts, 
and  sprays of the adjuncts alone \yere 
prepared a t  concentrations determined 
by preliminary tests. T h e  sprays con- 
taining the insecticides alone \cere pre- 
pared a t  se\reral concentrations in re- 
fined kerosine. O n e  spray of each mix- 
ture \vas prepared. T h e  concentration 
!$'as usually 100 rig. of pyrethrins plus 
1000 mg. of adjunct.  or 50 mg. of alleth- 
rin plus 500 mg. of adjunct per 100 ml.  
of kerosine. There ivere some deTartures 
from these concentrations as the result of 
shortage or l o ~ v  solubility of the adjuncts. 
For the latLer reason acetone \vas used as 
a n  auxiliar!- solvent in some sprays. 
O n e  spray was prepared for each ad-  
junct  alonr a t  its concentration in the 
mixture \vith pyrethrins and  in the 
same solvent. 

Method 

Knockdoxvn in 25 minutes and  mor- 
tality in 1 day  of laboratory-reared 
adul t  houseflies \cere determined in 
replicated tests by the Campbell  turn- 
table method (4 ) .  I n  each test ap- 
proximately 100 flies averaging 2.5 to  
3.5 days of age \ v e x  used. -4 number  of 
series of tests were made, each comprising 
the tests on the same populations of 
flies and  including tests with standard 
sprays. -411 sprays in a series were tested 
simultaneously on each population. Be- 
cause all the  compounds were not avail- 
able a t  one time, the number  of sprays 
in a series varied. 

Knockdown and Mortality Results 

T h e  sprays containing the adjuncts 
alone causrd little or no knockdown and  
mor ta l in .  T h e  standard sprays con- 
taining the insecticides alone and  the 
mixed sprays caused complete knock- 
down. T h e  mean mortality results ob- 
tained i \ i th  them are given in Table  I .  

Evaluation of Joint Action 

Table I also shows the insecticide 
equivalents necessary to  assess the rela- 
tive toxicity of the mixtures. T o  obtain 
these equivalents ,and to  estimate their 
experimental error a n d  so obtain the 
requirements to  demonstrate synergism, 
the following procedure \vas used : 
In  each series a \veighted regression 
equation of probit mortality on  log 

concentration was computed for the 
standard insecticide by the method de- 
scribed by Finney (5). From this equa- 
tion the logarithms of the insecticide 
equivalents were calculated for the indi- 
vidual mortalities obtained with all the 
sprays in the series. From a n  analysis 
of variance of these log concentrations 
the insecticide equivalent required for a 
significant difference from the actual in- 
secticide content \vas calculated. This 
requirement, together with the regression 
equation and  the relative standard error. 
is also reported in Table  I. T h e  equiva- 
lents reported are  the means of the indi- 
vidual equivalents; the equivalents of 
the mean mortalities may be calculated 
directly \vith the use of the equations. 
A s  a precise comparison of estimations 
from mortalities approaching 1007, 
should not be relied upon. the calculated 
equivalents for mortality levels above 
95yc are not given. 

For mixtures containing acetone its 
toxicity has been allowed for in the 
calculation of the equivalents. This 
may be done \vith accuracy because of a 
study of similar tests on acetone-kerosine 
sprays containing pyrethrins or alleth- 
rin (unpublished). and the fact that  
ratios of toxicity by this method have 
been shown to be reproducible. T h e  
study shows that.  betLveen 0 and  75%, 
for a n  increment oi 25YG in acetone 
content: the ratio of toxicity is in- 
creased 557;. T h e  effect of the smaller 
amounts may therefore be interpolated; 
the ratio of toxicity (insecticide equiva- 
lent of a n  acetone-kerosine mixture 
divided by the actual insecticide con- 
tent)  is 1.04 for a mixture containing 
2.5% of acetone: 1.09 for 5%. 1.19 for 
10'f7c. 1.30 for 157,. and  1.42 for 207,. 
As may be seen. the values for the higher 
amounts approach significant differences 
in themselves. Therefore, to  permit 
comparison of the mixtures containing 
acetone, the equivalents reported are 
adjusted to equivalents in kerosine alone 
by means of these ratios. T h e  required 
equivalents to demonstrate synergism 
are  also those in kerosine alone. 

For mixtures containing precisely 100 
mg. of pyrethrins or 50 mg. of allethrin 
per 100 ml. .  the insecticide equivalents, 
lvhen those for the allethrin mixtures are  
multiplied by 2. are expressions of rela- 
tive per cent toxicity. For the other 
mixtures the equivalents are  to  be 
adjusted according to  the insecticide 
concentration used. 

Because the adjuncts were nontoxic a t  
the concentrations used, any  significant 
increase in toxicity over that  of the 
insecticide in each mixture may be as- 
cribed to synergistic action. There were 
22 compounds that  either were not 
synergistic o r  caused such slight syner- 
gism (toxicity increased in their mix- 
tures but 707, or less) that  the increase 
was not significant in these tests. -411 
but two, safrole and  2-(p-methoxyphen- 

oxy)tetrahydropyran, are  examples of 
compounds that  lack pronounced syner- 
gistic effect despite the presence of the 
3,4-methylenedioxyphenoxy group in the 
molecule; they are  given below. Ex- 
ceptions to the insecticide-synergist pro- 
portion of 1 to 10 are  noted in parentheses. 
I n  the names appearing in this and  sub- 
sequent groups R refers to  3!4methylene- 
dioxyphenyl and  RO refers to 3,4- 
methylenedioxyphenox y. 

T h e  22 following compounds were not 
synergistic 

Pyrefh- Alleth- 
rins rin 

Acetic acid 
Chloro-, Rester 
( R 0 ) - ,  butyl ester 

Benzoic acid 
Rester 
o-Chloro-. Rester 
$-Chloro-, Rester 
+Ethoxy-, Rester 

n-Butyric acid, Rester 
Caproic acid, Rester 
Carbamic acid 

1-Naphthyl-, Rester ( 1  : 3 )  
Phenyl-, Rester ( 1 : 3 )  

n-Butyl R diester 
Ethyl R diester 
Isobutyl R diester 

Cyclohexanecarboxylic 
acid, Rester 

Ether. R trimethylsilyl 
2-Furoic acid. Rester 
Methane, bis(R0)-  ( 1  :j) 
Palmitic acid, Rester 
Propionic acid, Rester 
Pyran, tetrahydro-, 2 - ( p -  

methoxyphenoxy )- 
Safrole 

Carbonic acid 

( 1 : 4 )  
(1 :3! 

I n  43 compounds synergism was 
demonstrated a n d  its approximate in- 
tensity with each insecticide-insecticide 
equivalent divided by actual content- 
is given beloiv. 

Pyreth- Allefh- 
rinr rin 

Carbamic acid 
o-Tolyl-, R ester 
rn-Tolyl-, Rester 
$-Tolyl-, Rester 

Allyl R 
$-Bromobenzyl R 
2-Chloroallyl R 
3-Chloroallyl R 
2,4-Dichlorobenzyl R 
3,4-Dichlorobenzyl R 

.4cetaldehyde, 2-ethyl- 
hexyl R acetal 

Ether 
n-Amyl R 
n-Butyl R 
o-Chlorobenzyl R 
p-Chlorobenzyl R 
Isoamyl R 
$-Nitrobenzyl R 
Propyl R 

Ether 

2 2 
2' 2 
2 1 

2 2 
2 ( 1 : 9 )  3 ( 1 : 9 j  
2 2 
2 2 
2 2 
2 2 

3 3 

3 2 
3 3 
3 2 
3 2 
3 2 
3 ( 1 : 7 )  2 ( 1 : 7 )  
3 2 
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Table 1. Joint Toxic Action against Houseflies of Certain 3,4-Methylenedioxyphenoxy 

W i t h  Pyrethrins 
G e m e t r i c  

mean pyrethrins 
Arithmetic mean 

Concentrction, m a r k  lity equivolenf', 
Adjunct" and Standcrd m g . / d l .  in I d a y ,  70 mg./ . i I .  

Series 1. Four Replicates 
Pyran, tetrahydro-. 2-(RO) 100 + 500 72 9 4'1 

Standard 506 79 4 5 41 
338 5- 3 306 
225 45 0 229 
150 28 4 153 

Required to demonstrate synergism 131 
Equation for standard 1~ = 2.525X - 1.090 
Relative standard error of insecticide equivalent? 10.6') 

Series 2. TWO Replicites 

Benzyl R 100 + 1000 6 3 . 4  458 
o-Chlorobenzyl R 100 + 1000 49 .1  311 
p-Chlorobenzyl R 100 + 1000 46.1 303 
2,4-DichlorobenzyI R 100 + 1000 33 8 219 

StBndard 338 51 . 2  338 
150 20 .4  150 

Required to demonstrate synergism 136 

Relative standard error of insecticide equivalent, 11 .4'; 

Ether 

Equation for standard 1. = 2.433.Y - 1.122 

Series 3. Tivo Replicates 
Chrysanthemumic acid: Rester 100 + 1009 5 6 . 4  4: 0 
Ether 

p-Bromobenzyl K 100 + 92OC 37 7 236 

3-Chloroallyl R 100 + 1000 36.7 250 

Standard 338 48 5 337 
150 19 6 148 

2-Chloroallyl R 100 + 1000 24 8 172 

3.4-Dichlorobenzyl R 100 + 1000 31 . 6  217 

Required to demonstrate syner5ism 151 
Equation for standard 1- = 2.323,Y - 0.910 
Relative standard error of insecticide equivalent, 16.3'; 

Ether 
n-Amyl R 100 + 1000 
Isoamyl R 100 + 1000 
p-Nitrobenzyl R 90 + 670e 

p hecoxy )- 0 100 + 1000 
Standard 338 

1 SO 

Pyran, tetrahydro-. 2-(p-methoxy 

Required to demonstrate synergism 
For mixtures containing usual 

For mixtures containinq 0.9 that 
amount of insecticide 

Series 4. T\vo Replicates 

49 8 
44 5 
56 2 

23 6 
50 9 
24 0 

amount 
Equation for standard I. = 2.044.Y - 0.144 
Relative standard error of insecticide equivalent. 15.1 ';C 

Series 5. Four Replicates 
Acetic acid 

Rester 
Chloro-, Rester 
( R 0 ) - .  butyl ester 

Benzoic acid 
R ester 
p-Chloro-, Rester 
o-Ethoxy-, Rester 

n-Butyric acid, Rester 
Caproic acid, Rester 
Carbonic acid 

n-Butyl R diester 
Ethyl R diester 
Isobutyl R diester 

Cyclohexanecarboxylic acid, R ester 
Ether 

2-( 2-n-butoxyethoxy )ethyl R 
n-Butyl R 
2-( 2-Chloroethoxy )ethyl R 
Cvclohexvl R 
2-Cycloh&ylethyl R 
Cyclopentyl R 
2-( 2-Ethoxyethoxy)ethyl R 

100 + 1000 
100 + 1000" 
100 + 1000 

100 + 1000 
100 + 1000" 
100 + 1000" 
100 + 1000 
100 + 1000 

100 + 1000 
100 + 1000 
100 + 1000 
100 + 1000 

100 + 1000 
100 + 1000 
100 + 1000 
100 + 1000 
100 + 1000 
100 + 1000 
100 + 1000 

22 1 
32 4 
18 0 

20 .5 
21 0 
14 2 
12 1 
16 3 

17 2 
11 2 
15 3 
18 9 

99 1 
49 4 
93 4 
91 5 
93 0 
82 2 
99 3 

326 
281 
275 

146 
337 
148 

147 

133 

150 
175 
129 

145 
134 
106 
110 
126 

128 
102 
123 
138 

> 1000 
271 
926 

1170 
871 
574 

>loo0 

W i t h  Allethrin 
Geometric 

Arithmetic mean 
mean allethrin 

m g . / d l .  in I d a y ,  70 m g . / d l .  
Concentrotion, mortality equivalenth, 

I ~- .. 

200 
133 
88.9 

50 + 250 69 1 139 
84 9 194 

144 
87 8 

71 6 
43 4 

59 .3  21 .6  56 .4  
. .  6 5 . 4  

1- = 3,516.y - 1.995 

50 + 503 74.2 112 
50 + 593 69.5 103 

67.9 
1- = 3.657.Y - 1.847 

50 + SO0 59 .5  93.4 

50 + 460d 81 9 141 
50 + 500 55 .6  88 .0  
50 + 500 57 .1  89.3 
50 + 500 67 .8  109 

133 77.9 135 
50 0 2 5 . 0  49.8 

. .  75.5 
1. = 3.388x'- 1.430 

SO + 500 
50 + 500 
45 + 340f 

50 + 500 
50 0 

133 

67.9 84 .5  
71.5 90 .7  
6 9 . 4  6 9 . 3  

33.1 47.8 
8 8 . 3  135 
35.5 49.9 

. .  73.7 

6 6 . 3  
1. = 3.668s - 1,604 

Series 6. Four Replicates 

50 + 500 4 0 . 3  66.6 
50 + 500" 4 9 . 8  7 0 , 9  
50 + 500 37.1 6 3 . 4  

50 + 500 3 2 . 8  57.8 
50 f 500' 43 .4  63 .9  
50 + 500c 49 6 70.7 
SO + 500 2 0 . 7  43.7 
50 + 500 41 .O 67.1  

50 + 500 31.4 55 .4  
50 + 500 3 0 , 8  56.8 
50 + 500 4 0 . 4  66 .0  
50 + so0 36 .7  61.6 

50 + 500 9 9 . 5  >200 
50 + 500 82 .2  144 
50 f 500 91.8 189 
SO + 500 8 8 . 0  171 
50 + 500 74 .0  125 
50 + 500 84.2 149 
50 + 500 9 8 . 3  >200 
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Derivatives and Two Related Compounds with Pyrethrins or Allethrin 

AdiuncP and Standard 

W l t h  Pyrethrins W i t h  Allethrin 
Geometric  G e m e t r i c  

mean meon 
pyrethrins Arithmetic allethrin 

mean equiva-  meon equiva-  
Concentration, mortality lentb, Concentration, mortc li  ty  lenth, 

m g . / d l .  in 1 d a y ,  70 m g . / d l .  m g . / d l .  in 1 d a y ,  % m g . / d l .  

Arithmetic 

2-Ethylhexyl I< 
R 2-n-octyl 
R Trimethylsilyl 
Propyl R 

2-Furoic acid, R ester 
Palmitic acid, Rester 

100 + 1000 74.0 479 
361 

50 + 500 
50 + 500 
50 + 500 
50 + 500 
50 + 500c 
50 + 500 
50 + 500 

200 
133 

80 7 
7 1 . 6  
44 9 

134 
115 100 + 1000 

100 + 1000 
100 + 1000 
100 + l O O O *  
100 + 1000 

63 4 
18 8 
51 5 
21 1 

~~ 

137 
284 
120 
80 .8  

7 1 . 3  
94 .1  
6 1 . 6  
57.7 
56.8 

62.1 
41 9 
32 5 6 4  

1 7 . 3  
89 4 
79 3 

Propionic acid,  ester 
Standard 

100 + 1000 
759 
506 

129 
752 
540 
347 
226 
146 

32 8 
89 
8 2 . 4  

171 
150 

338 
225 
150 

61 5 
40 .3  
20 9 

88 .9  
59 3 
39 5 

66 3 
37 9 

' 2  

108 
61 . 1  
3 0 . 8  

Required to demonstrate synergism 144 

Relative standard error of insecticide 
Equation for standard I -  2,962,Y - 2.224 

equivalent, 15.8'1 

68 
Y = 3.'838'- 2.146 

13.3 ' ;  

Series 7 .  Four Replicates Serics 8. Four Replicate5 
Acetaldehyde 

2-(2-~-butoxvethouy)ethvl R acetal 
2-n-butoxyethyl R acetal 
n-Butyl R aceral 
2-Chloroethyl R acetal 
2-(2-Ethoxyethoxy)-ethyl R acetal 
Ethyl R acetal 
2-Ethylhexyl R acetal 
Isobutyl R acetal 

p-Dioxane. 2-( R O  ) -  
Ether 

Allyl R 
2-n-Butoxvethvl R 

100 + l O O 0 c  99 6 > 1000 
100 + 1000 99 4 > 1000 
100 + 1000 74 4 371 
100 + 1000 88 3 666 
100 + 1 0 0 0 ~  100 >loo0 
100 + 1000 84 4 552 
100 + 1000 68 - 318 
100 + 1000 '6 0 391 
100 + l O O O h  99 5 > 1000 

100 + 1000 49 1 185 
100 + 1000 99 0 > 1000 

50 + 500d 100 >1-0 
50 + 500 98 6 >170 
50 + 500 83 3 107 
50 + 500 93 3 160 
50 + 5 O O t  100 >1'0 
50 + 500 91 5 191 
50 + 500 90 7 141 
50 + 500 87 2 115 
50 + 500' 96 9 >170 

50 + 500 84 - 109 
50 + 500 96 0 I82 
50 + 500 98 3 >170 
50 + 500d 67 8 71 3 
200 95 3 >170 

Furan, tetrahydro-: 2-ethoxy-j-(RO)- 100 + 1000 99 5 >loo0 
SafroleB 100 + 1000" 35 6 119 

Standard 759' 95 8 1080 
506 
338 

84 595 133 93 8 158 
66 1 292 88 9 81 9 98 1 

225 56 4 224 
150 44 0 163 

Required to demonstrate synergism 1'6 

Relative standard error of insecticide 
Equation for standard 1- = 2,2785 - 0.189 

equivalent, 26.8 ';C 

59 3 51 6 54 1 
39 5 34 6 40 1 

. .  '9 3 
1- 3.379.Y - 0 81' 

20 6 ( c  

Series 9. Four Replicates Series 10. Four Rrplicates 

Acetaldehyde, 2-methoxyethyl R 
acetal 100 + 1000 99 5 

Benzenesulfonic acid, R ester 100 + 1OOOf 99 8 
p:chloro-, Rester 100 + looof 95 5 

Benzoic acid. o-chloro-. R ester 100 + 1000h 33 8 

> 900 
> 900 

823 
138 

114 
125 

50 + 500 98 6 >220 
50 + 5OOh 99 1 >220 
50 + 500'' 92 6 181 
50 + 500" 49 0 65 8 

50 + 200 e 37 8 41 7 
50 + 150h 45 1 56 2 
50 + 2 5 0 h  '8 3 107 
50 + 5 0 0 e  71 8 99 1 

47 5 + 475h 44 8 56 1 
50 + 500" 67 4 70 4 
50 + i O O h  79 0 114 
50 + 500k 93 9 185 

Carbamic acid 
1-Naphthyl-. R ester 100 + 300" 33 9 
Phenyl-, R eTter 100 + 300* 30 1 
+Tolyl-, R estm 100 + 500f 60.7 
m-Tolyl-. R estcr 100 + loooh 51 7 

Methane. bis(R0)-  100 + 500' 4 5 . 4  

6-Toluenesulfonic acid. R ester 100 + 1OOO.f 91 6 

p-Tolyl-, Rester 100 + 1000e 5 8 . 3  

2-Naphthalenesulfonic acid, R ester 100 + 1OOOf 74 9 

228 
204 
197 
145 
316 
575 
898 
481 
342 
227 

Standard 759 93 1 200 i 
133 
88.9 
5 9 . 3  

91 8 189 
82 9 151 
63 8 93 4 
37 1 58 4 

506 
338 
225 

80 1 
67 4 
48 4 

39 5 17 o 38 0 
87 1 

Y = 3.443s - 1.416 

26 l C c  

Required to demo-istrate synergism 
Equation for standard 
Relative standard error of insecticide 

equivalent. 16.8"2, 

148 
IT = 2.772.Y - 1.571 

R = 3,4-methylenedioxyphenyl; RO = 3.4-methylenedioxyphenoxy. 1 1 5yc acetone. 

5c7, acetone. h 10yG acetone. 
2.5:; acetone. i 2 replicates. 

* Equivalents in acetone-kerosine sprays adjusted to equivalents in kerosine only. Not an R O  compound. 

e 20% acetone. 
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2-Naphthalenesulfonic 

Acetaldehyde 
acid, Rester 

n-Butyl R acetal 
Isobutyl R acetal 

Rester 
Chrysanthemumic acid, 

Ether 
2-n-Octyl R 
Benzyl R 
2-Ethylhexyl R 

(R0) -  

acetal 

Pyran, tetrahydro-, 2- 

Acetaldehyde. ethyl R 

Ether, cyclopentyl R 
p-Toluenesulfonic acid, 

Acetaldehyde, 2-chloro- 

Benzenesulfonic acid, p -  

Acetaldehyde 

R ester 

ethyl R acetal 

chloro-, Rester 

2-( 2-n-butoxyethoxy )- 
ethyl R acetal 
2-n-Butoxyethyl R 

acetal 
2 4  2-Ethoxyethoxy)- 

ethyl R acetal 
2-hfethoxyethyl R 

acetal 
Benzenesulfonic acid, R 

p-Dioxane. 2-( R 0 ) -  
ester 

Ether 
2-( 2-n-But oxyethoxy)- 

2-n-Butoxyethyl R 
ethyl R 

2-(2-Chloroethoxy)- 

Cyclohexyl R 
ethyl R 

2-Cyclohexylethyl R 

2-( 2-Ethoxyethoxy)- 

Furan, tetrahydro-, 2- 
ethyl R 

ethoxy-j-(RO)- 

3 2 

4 2 
4 2 

4 2 

4 2 
5 2 
5 3 

5 ( 1 : 5 )  3 (1 :5 )  

6 3 5 01‘ 
greater 

6 3 
6 3 3 or 

greater 
7 3 

8 3 . 5  or 
greater 

9 or 3 5 or 
greater greater 
9 or 3 5 or 
greater greater 
9 or 3 . 5  or 
greater greater 
9 or 3 5 or 
greater greater 
9 or 3 5 or 
greater greater 
9 or 3 5 or 
greater greater 

9 or 3 . 5  or 
greater greater 
9 or 3 . 5  or 
greater greater 
9 or 3 . 5  or 
greater greater 
9 or 3 . 5  or 
greater greater 
9 or 3 
greater 
9 or 3 . 5  or 
greater greater 
9 o r  3 . 5  or 
greater greater 

T h e  last 18 compounds listed approach 
the effectiveness of the best commercial 
synergists-sulfoxide ( 7 7 ) ,  sulfone (9), 
piperonyl butoxide (70), propyl isomer 
(70), and piperonyl cyclonene (6)- 
as judged Lvith the same method of 
application and  against the housefly. 
Further Ivork with the new compounds 
designed to make more precise com- 
parison of such strong effects is therefore 
warranted. 

Discussion 

Safrole was included for comparison 
with allyl 3,4-methylenedioxyphenyl 
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ether. As the compounds differ struc- 
turally only in the ether linkage and the 
ether was established as synergistic 
whereas safrole was not: the comparison 
furnishes another example of the im- 
portance of this linkage. However, 
the possession of this linkage alone does 
not give assurance of synergisric effect. 
With a compound related to the highly 
synergistic tetrahydropyran derivative 
but not containing the 3.4-methylene- 
dioxy group-2-(p-methoxyphenoxy)- 
tetrahydropyran--synergism was not 
found \vith either insecticide. I n  this 
case the replacement of the methylene- 
dioxy group with the p-methoxy group 
destroyed synergistic effect. 

I n  so far as comparisons could be 
made, the more synergistic a compound 
was with pyrethrins the more synergistic 
it was in general with allethrin. How- 
ever, the intensity of synergism had a 
pronounced trend to be greater with 
pyrethrins. 

T h e  only esters found to have an  
appreciable synergistic effect were those 
of certain aromatic sulfonic acids. 
With each insecticide the intensity was 
only moderate for the ester of 2-naphtha- 
lenesulfonic acid! bu t  relatively high for 
the others. 

Wi th  but one exception, synergism 
was demonstrated in mixtures containing 
the ethers. T h e  exception was the 
trimethylsilyl compound, which is. in 
fact, not a true ether, containing the 
linkage C--0-Si instead of C-0-C. 
In  general, the greater the number of 
carbon atoms in the substituting group 
the greater \vas the intensity? especially 
when the group \vas cyclic or contained 
an  alkoxy group. Introduction of a bro- 
mine or chlorine atom into a chain did 
not increase the intensity; in fact, for 
the benzyl analog and  its halogenated 
derivatives (and a nitro derivative as 
well) there was a decrease. 

T h e  acetals \?ere highly synergistic, 
those containing a n  alkoxy group in the 
substituted chain resulting in the high- 
est intensity with either insecticide. 

T h e  urethan derivatives-that is: the 
esters of carbamic acids-resulted in 
little or no synergism. 

Conclusions 

Forty-three compounds were demon- 
strated to be synergistic with either 
pyrethrins or allethrin. Certain ethers, 
acetals, and  esters of aromatic sulfonic 
acids had strong effect, whereas esters 
of carboxylic and  carbamic acids had 
slight or no effect. T h e  intensity of 
synergism was so high for 18 compounds 
-the toxicity of the mixtures was at  
least six times tha t  expected for pyreth- 
rins alone or  three times that expected 
for allethrin alone-that further work is 
recommended with them. 

At the concentrations tested knock- 

F O O D  C H E M I S T R Y  

domm of flies in 25 minutes was complete 
with all sprays containing the insecti- 
cides. Sprays containing the com- 
pounds alone caused no or negligible 
knockdoxvn and mortality. 
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Microbiological and Chick Assay 
of Vitamin B I ~  Activity in Feed 
Supplements and Other Natural 

Products-Correction 

I n  the article on “Microbiological 
and Chick Assay of Vitamin Blz Ac- 
tivity in Feed Supplements and Other  
Natural Products” [J. AGR. FOOD CHEM. 
4, 364 (1956)] the following corrections 
should be made in Table 11. I n  Diet I 
30 grams of soybean meal Lvere used, and  
2.3 grams of Mico mix instead of cal- 
cium carbonate. I n  Diet I1 2.0 grams 
of calcium carbonate bvere used. 

Footnote b of Table I1 should read, 
beginning tvith the second line: phos- 
phate, 225; magnesium sulfate, 125; 
manganese sulfate monohydrate, 20 ; 
potassium iodide, 0.3; zinc acetate. 
0.7 ; aluminum sulfate (alunogenite) . 
0.8; ferric citrate, 25; copper sulfate 
pentahydrate, 1.0; cobalt acetate, 0.2;  
and nickel chloride. 0.1 gram. 

\Y. L. ~ V I L L I A M S  


