
higher may be obtained by referring 
to Figure 6 and Table 11. This gives 
only an  estimate, however, and should 
not be relied upon alone. I t  is recom- 
mended, therefore, that the maintenance 
of thiono sulfur content, observed for 
small samples, should serve as the cri- 
terion for determining whether heat 
treatment of phosphoirothioates a t  a 
given temperature and for a given time 
is apt to lead to decomposition. 

The use of a continuous distillation 
process for removal of solvent from phos- 
phorothioate insecticides allows short 
contact time at  the distillation temper- 
ature and reduces the possibility of 
product decomposition to a minimum. 

The decomposition described here 
may have been a factor bearing on the 
varying results cvhich have been obtained 
in the past in comparing either the in- 
sect or mammalian toxicity of parathion 
or its homologs with their S-alkyl iso- 
mers? particularly in cases Lvhere the 
isomers were prepared by heat treat- 
ment of the parent insecticides. The 
absence of contact insecticidal activity, 
for instance. reported b:; Martin (7) for 
the methyl homolog of parathion after 
heating for 6 hours a t  150° C.  to nearly 
zero thiono sulfur content may have been 
due to the presence of mixed polymeta- 

phosphates. I t  is estimated from the 
present studies that decomposition of 
the methyl homolog could occur in ap- 
proximately 40 minutes a t  150' C. 
.4lthough the polymetaphosphates should 
be effective phosphorylating agents and 
thus should shocv in vitro inhibition 
of cholinesterase. their lack of solubility 
in benzene or ether should indicate low 
permeability to the insect cuticle and 
thus low contact insecticidal activity. 
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The discovery that a compound containing the 3,4-methylenedioxyphenoxy group produces 
a greater degree of synergism with pyrethrins than the corresponding compound containing 
a 3,4-methylenedioxyphenyl group, as in sesamolin and sesamin, led the author to syn- 
thesize new compounds containing the methylenedioxyphenoxy group as candidate syner- 
gists. This paper describes the preparation and properties of 66 of these compounds. 
In preliminary tests with the housefly by the turntable method, almost all the ethers, acetals, 
and sulfonates showed synergism, the urethans showed lesser activity, whereas the esters of 
carboxylic acids showed practically no synergism. Some of the compounds were suffi- 
ciently active to merit further study. 

OhlE OF  THE BEST AND SAFEST S INSECTICIDAL MATEFLIALS have been 
developed from the study of naturally 
occurring products. Synergists for py- 
rethrum fall in this category. From 
sesame oil Haller, LaForge and Sullivan 
( 6 )  isolated sesamin, a compound found 
to be strongly synergistic with pyrethins. 
By examination of compounds similar to 
sesamin, the 3,4-methylenedioxyphenyl 

group was shown to be necessary for 
sesamin's activity. 

The fundamental work of Haller and 
his associates triggered the search for 
synthetic synergists that could be pre- 
pared cheaply enough to be of commer- 
cial value. The search has led to the 
production of such excellent pyrethrum 
synergists as piperonyl butoxide ( 7 4 ,  
sulfoxide (73), piperonyl cyclonene ( 7 4 ,  

and n-propyl isome (72) ,  all of which 
contain the 3.4-methylenedioxyphenyl 
group. 

Of late the synergist problem has been 
complicated by the introduction of 
synthetic pyrethrin-like compounds, such 
as allethrin, introduced by Schechter, 
Green, and LaForge ( 7 7 ) .  With [this 
compound and others such as furethrin 
(g ) ,  synergists were found to be much 
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less active than with natural pyrethrins, 
the degree of synergism not necessarily 
corresponding to that obtained with 
natural pyrethrins. More recently cycle- 
thrin, a new synthetic pyrethrin, has been 
shown to be more synergizable than 
allethrin (8) .  

After the importance of the 3,4- 
methylenedioxyphenyl group for syner- 
gism had been established, further 
research on compounds exhibiting syner- 
gistic activity was more or less empirical. 
Compounds were prepared from safrole 
(or isosafrole): the cheapest source of the 
3,4-methylenedioxyphenyl group, and 
subjected to test. By this procedure 
there has been little progress in produc- 
tion of new synergists in the last few years. 

Recently further investigation of 
sesame oil was undertaken in an  attempt 
to isolate and identify any constituent 
other than sesamin that was synergistic 
with synthetic or natural pyrethrins. 
The presence of synergism other than 
that due to sesamin had been recognized 
by Haller: La Forge, and Sullivan (6) 
as \vel1 as by Parkin and Green (70). By 
systematic entomological examination of 
chromatographic fractions of sesame oil, 
two pyrethrin synergists, sesamin and 
sesamolin: Lvere found to account for all 
the activity of the oil (2). 

Sesamolin, Ivhich had not been kn0.m 
to be synergistic, was found to be about 
five times as effective as sesamin against 
the housefly in tests by the turntable 
method (,?). an equiproportional mixture 
of sesamolin and natural pyrethrins 
increasing the insecticidal value of the 
latter 31 times. This intense synergism 
established sesamolin as one of the most 
potent natural-pyrethrum synergists. 
Furthermore, this rvork indicated that 
the ultimate in synthetic synergists has 
not yet been attained, inasmuch as 
sesamolin is far more effective a synergist 
for natural pyrethrins than the best 
commercial synergist. 

The fact that sesamolin is so potent a 
synergist made it desirable to elucidate 
its  chemical structure, and on the basis 
of preliminary evidence the author 
advanced the following formula (2) : 
2 - (3?4 - methylenedioxyphenoxy) - 6- 
(3.4 - methylenedioxyphenyl) - 3,7- 
dioxabicyclo( 3.3.0)octane. 

Proof of the validity of this formula 
has recently been reported by the author 
(7 )  and by two other sources (4, 7). The 
central nucleus is believed to have a cis 
configuration, the trans configuration 
being considered unlikely. 

The  difference between the formula 

for sesamin and that given above for 
sesamolin is that sesamolin contains a 
3,4-methylenedioxyphenoxy group in 
place of one of the 3,4-methylenedioxy- 
phenyl groups of sesamin. In other 
words, one of the 3,4-methylenedioxy- 
phenyl groups in sesamolin is attached 
to the rest of the molecule by means of 
an oxygen, rather than a carbon atom. 
That this difference should result in such 
a marked increase in synergism made it 
desirable to prepare 3,4-methylenedioxy- 
phenoxy derivatives-especially acetals 
and ethers-as candidate synergists. 

The preparation of these compounds 
represents a fresh approach to the syner- 
gist problem, and this paper reports on 
the preparation of 66 of these compounds, 
which include, in addition to acetals and 
ethers, esters. sulfonates, urethans, and 
some intermediate compounds. All 
these compounds are new. They have 
been tested for synergism with pyrethrins 
and allethrin against the housefly by the 
turntable method, and some will be 
studied further. The entomological data 
will be reported in a later issue of this 
journal. 

Preparation of Compounds 

The synthesis of sesamol is 
reported bv Boeseken. Cohen. Sesamol 

and Kip (3).  ~ The folloiving is a modifi- 
cation of their directions. 

To  a stirred solution of 156 grams of 
40% peracetic acid [contains 62.5 grams 
(0.82M) of peracetic acid. 8 grams 
(0.23M) of hydrogen peroxide, 20 grams 
(1.1M) of water, 63 grams of acetic acid. 
and 1.5 grams of sulfuric acid supplied bv 
Becco Chemical Division, Buffalo 7. 
X. Y,]  maintained at 35" to 40' C.. add 
ov?r a 6-hour period a solution contain- 
ing 136 grams of acetic anhydride 
(1.33,M) and 108 grams of acetic acid. 
The slow addition is necessary to avoid 
formation of acetyl peroxide. which is 
explosive. L4110\v to stand for 16 hours 
a t  25' C, then add 2.8 grams of sodium 
acetate and 1.6 grams ofp-toluenesulfonic 
acid. 

Add the resultant solution over a 6- 
hour period to a stirred solution of 150 
grams (1.0M) of piperonal in 840 grams 
of acetic acid maintained at 30' to 35'. 
After the product has stood for 16 hours 
at 25', test for peroxides (starch iodide 
paper or potassium iodide-sulfuric acid). 
The test must be absolutely negative even 
after several minutes before the following 
distillation is attempted. If the test is 
positive, add the minimum amount of 
finely powdered sodium sulfite to get a 
negative test. The addition of too much 
sodium sulfite will cause the following 
distillation to foam. 

Distill out the solvents a t  reduced 
pressure; then at 5-mm. pressure distill 
rapidly to a boiling point of 135'. The 
distillate weighs 136 grams. Discard 
the 26-gram residue. Mix the distillate 

(sesamol formate or acetate) with 90 
grams (l .6M) of potassium hydroxide 
dissolved in 810 grams of methanol for 
2 hours at 25'. Then add 78 grams 
(1.3.M) of acetic acid and distill out the 
solvents a t  25 mm. to 65' pot tempera- 
ture. Take up the oil in 400 grams of 
ethylene dichloride and wash the solution 
with 400 ml. of water containing 2 grams 
of sodium sulfite. Dry over sodium 
sulfate and distill out the solvents a t  
reduced pressure. Rapidly distill under 
nitrogen the crude sesamol, boiling point 
110-1 15 ','2 mm. Discard the residue 
(15 grams) and crystallize the crude 
sesamol (91 grams) from 46 grams of 
toluene at  -15". Yield is 80 grams 
(58%). melting point 63'. Store the 
sesamol in an ice box under nitrogen. 

Many of the following 
preparations were carried 
out on a small scale. so 

Sesamol 
Derivatives 

that yields better than those reported 
may be possible. Special studies to 
obtain maximum yields were not usually 
made. All melting points are corrected. 
All elemental determinations but those 
of nitrogen and chlorine \yere on a 
microchemical scale. 

Ethers 

The 3.4-methvlenedioxvphenyl ethers 
are shoum in Table I. Most of these 
ethers were prepared according to 
Method I. 

Dissolve 0.02 mole of po- 
tassium hydroxide in 95% Method x 

ethyl alcohol by heating. Cool and 
add 0.02 mole of sesamol. To this 
solution add a small excess of the appro- 
priate halide and reflux for several hours 
or until the potassium halide ceases to 
form. Take up the product in about 
7 5  ml. of ether. cool, and \rash the solu- 
tion trvice lvith 10- to 20-m!. portions of 
cold 0,.j.Y potassium hl-droxide (to 
remove unreacted sesamol). once Lvith 
wat-r. and t\vice \vith saturated salt 
solution. Discard all jvashinys. Dri- the 
ether solution over sodium sulfate. 
filter. evaporate. and distill. In some 
cases the product crystallized, makin? 
unni-cessary the distillation or even the 
wash procedure. 

About 65 to 85% vields '%:ere obtained 
by this method, except in svntheses 
employing secondarv halides and alkoxy 
or polyalkoxy halides, for Lvhich the 
vields were lower. Tertiarv halides did 
not react appreciably. In th: case of the 
alkoxy or polyalkoxy halides highc-r 
yields \vex obtained bv Method 11. 

Dissolve 0.02 mole of sesa- Method I' mol in a 10% methanolic 
solution of sodium methoxide containing 
exactly 0.02 mole. To this solution 
add a small excess of the alkoxy halide, 
mix. and heat in a sealed tube at  160' 
for 2 to 3 hours. Take up the product 
in ether and water and work up as 
described above. 
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/O\fi-OR 
Table I. 3,4-Methylenedioxyphenyl Ethers H?C 

R 
Empirical 
Formula 

Propyl CioH irOo 
n-Butyl CiiHi103 
n-Amyl C 1 rH ie,O:~ 
Isoamyl c & I 6 0 3  

Cyclopentyl C izH 1 4 0 3  

Cyclohexyl C13H1603 
2-n-Octyl C i jH r rO a 
2-Ethyl-n-hexyl CisHaz0.3 
2-Cvclohexylethyl CijHvoOa 
2-n-Butoxyethyl CisHisOA 
2(2-Chloroethoxy)ethyl CllHlsOICl 
2(2-Ethox)ethoxy)ethyl ClaHlsOj 
2( 2-n-Butosyethoxy ) 

ethyl C i jH y a O  j 
Allyl C1oHioO:j 
2-Chloroallyl CioHyOaCl 
3-Chloroall yl CioH,O:iCl 
Acetic acid C&sOs 
Acetyl chloride CgHi OICl 
Acetic acid. rz-butyl 

Trimethyl silyl ClaHlrO.Si 
ester CI  :iH 1 6 0  3 

Benzyl CirH 1 2 0  a 
o-Chlorohenzyl CiiH i i03C1 
p-Chlorohenzvl Ci rHi iO.iC1 
2.4-Dichlorohenzyl CirHioOsCl? 
3.4-Dic hlorohenzyl CiiHioOsClr 

p-Nitrohenzyl CIIHIIO:?; 
p-Bromohenzvl CidH1iOsBr 

2J'-Diethyl ether 
(disesamol ether) ClsH180r 

Method 
of 

Prep- Yield, - Boiling Point 
orotion % Temp., " C .  Mm.  

I 
I 
I 
I 
I 

I1 
I1 
I 
I 

I1 
11, 

I 

I1 
I 
I 
I 

I1 
il 

h 

h 

I 
I 
I 
I 
I 
I 
I 

I1 

83 
86 
84 
75 
55 
12.5" 
51 
63 
78 
76 
48 
22 

71 
62 
75 
62 
78 
73 

82 
78 
67 
65 
64 
77 
80 
61 
. .  

53 

67-69 
87-88 
94-98~ 
81-84a 
98-101 

104-1 05 
110-1 13 
113-1 16 

11711'21 
131-133 
123-125 

142-1 45 
84-88 

111-114a 
100-1 04 

io3-io4 
127-131 
1 24-1 2 5 
125-129' 

. . .  

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

. . .  

0.08 
0 . 1  
0.04-0.07~ 
0.02-0.03' 
0.15 
0.08 
0.07 
0.08 

0.085 
0 07 
0.08 

0.08 
0 . 1  
0.03-0.04' 
0 . 0 6  

0.085 

0.08 

0.02n 
14.5 

. .  

. .  1 

M . P . ,  " C .  

. . .  

. . .  

47-485 
. . .  
. . .  
. . .  

5 6 - 5 7 e  
. . .  
. . .  
. . .  

. . .  

. . .  

64.516k. 5f 
155-156~ 
67-681 

. . .  

. . .  

63.7164.71 

Analyses, % 
Carbon 

n 2  5 Calcd. 

1 5203 66.6 
1 5147 68 0 
1 5112 69 2 
1 5114~ 69 2 
1 5404 69 9 
1.5374 70.9 
1.4996 71.95 
1.4993 71.95 

72.55 
1.5065 62 5 
1 5343 54 0 
1 5107 61 4 

1.5019 63.7 
1.5400 67.4 
1.5501 56.5 
1 , 5 5 7 8 ~  56.5 

55 1 
1 . k i p  h 

1.5106 61 9 
1.4999 57.1 
1.5850 73.7 

. . 64.0 

Found 

66.98 
67.99 
69.28 
69.12 
69.99 
71.22 
71.70 
71.85 
72.64 
65.54 
54.65 
60.96 

63.57 
67.36 

56.84 
55.29 

56.72 

h 

62.13 
57.22 
74.08 
63,96 

82-82 6) 64 0 63 87 
56 6 56 61 

68 5-69 31 56 6 56 94 
92 5-93 51 54 75 55 4 k  

119-120' 61 5 60 '5' 

01 5-103 5' 

123-1261 62 4 62.22 

" Trmperature of bath and pressure in molecular distillation. 

' Supercooled liquid. 
'I 1 1.jL> yield by method I. 
e Crystallized from petroleum ether. 
1 Crvstallized from ether. 

Q Crystallized from water. 

i Not crystallized to constant m.p. 
j Crystallized from ether-alcohol. 
k This compound may not he pure. 
1 Crystallized from chloroform-ether. 

Crystallized from ether-petroleum ether, See text for method of preparation. 

Hydrogen 
Calcd. Found 

6.71 6.64 
7.26 7.17 
7.73 7.33 
7.73 7.36 
6.84 6.79 
7.32 7.32 
8.86 8 .63  
8.86 8.68 
8.11 7.85 
7.61 7.49 
5.36 5.52 
7.12 7.20 

7.87 7.62 
5.66 5.58 
4.28 4.26 
4.28 4 34 
4.11 4 32 

ii h 

6.39 6.48 
6.71 6.68 
5.30 5 . 1 9  
4 23 4 14 
4 23 4 09 
3 40 3 35 
3 40 3 45 
3 61 3 69 
4 06 3 88 

5 24 5 29 

Four ether:; given in Table I 
Other were prepared b>- other 
Methods methods. 

2-(P-Chloroethoxy)ethyl 3,4-Methyl- 
enedioxyphenyl Ether.  Prepare accord- 
ing to hiethod 11, but use 5 moles of 
halide to 1 of sesamol. 

3,4 - Methylenedioxyphenoxyacetyl 
Chloride. Prepare from the acid by 
refluxing li-ith excess thion)-l chloride in 
benzene until no more hydrogen chloride 
is generated (exit tube through kero- 
sine). Remove excess thionyl chloride 
and benzene under !-educed pressure 
and distill the product. The  distillate 
crystallized after standing overnight and 
melted at  67-68', Chlorine found: 
16.2353; theory, 16.5Tz. I t  was used to 
prepare the butyl ester without further 
purification. 

Butyl 3,4-Methylenedioxyphenoxy- 
acetate. Treat the acid chloride above 
with excess butanol and pyridine and 
allow to remain overnilght. Add water, 
mix well, and after 0.5 hour take up  the 
product in ether and work u p  as de- 
scribed under Method 1 .  

3,4-Methylenedioxyphenyl Tri- 
methylsilyl Ether. Prepare like an 

ester from trimethylchlorosilane (in place 
of acid chloride), pyridine. and sesamol. 

Acetals 

The  acetals are shown in Table 11. 
Those compounds prepared from I inyl 
ethers \\ere made according to the follow- 
ing procedure. 

Destroy any peroxides present in the 
vinyl ether by treatment with a suitable 
alkaline reducing agent (sodium sulfite). 
Distill the vinyl ether to remove any 
stabilizer (usually di-2-ethvlhexylamine). 
Add a small drop of concentrated hydro- 
chloric acid to 0.025 mole or more of the 
vinyl ether and, while stirring the solution 
rapidly (magnetically). add 0.02 mole of 
sesamol in small portions, alloi\ing each 
portion to dissolve completely before 
making the next addition (15 minutes). 
Heat for 30 minutes a t  70' or. if the ether 
is low boiling, allow to stand for several 
hours. Add 75 ml. of ether and work u p  
as described under Method I for the 
preparation of ethers. 

2 - Ethoxy - 5 - (3,4 - methylene- 
dioxyphenoxy)tetrahydrofuran. Add 

a small drop of concentrated hydro- 
chloric acid to 0.02 mole of 2,5-diethox)- 
tetrahidrofuran maintained a t  80 while 
dry nitrogen stirs the solution. Gradu- 
ally add 0.02 mole of sesamol. then 
maintain a t  80' for 2.5 hours. Cool, 
add ether. and tvorkup as described under 
Method I for the preparation of ethers. 

Acetaldehyde, 2-(2-Butoxyethoxy)- 
ethyl 3,4-;Methylenedioxyphenyl Ace- 
tal. T o  1.5 gram of 2-chloroethvl 3,4- 
methylenedioxyphenyl acetal add 0.2 
gram of sodium dissolved in 4 grams of 
2-n-butoxyethanol. Heat a t  160 for 
2.5 hours in a sealed tube. Take up 
the product in ether and water, and work 
up  as described under Method I for the 
preparation of ethers. 

Bis(3,4 - methy1enedioxyphenoxy)- 
methane. Prepare from 0.01 mole of 
methylene iodide, 0.02 mole of sesamol. 
and 0.02 mole of potassium hydroxide 
according to Method I for the prepara- 
tion of ethers. 

Esters and Sulfonates 

The  data on these compounds are 
shown in Table 111. 
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Table II. 3,4-Methylenedioxyphenyl Acetals 

Derivativea 

Acetaldehyde, ethyl R acetal 
Acetaldehyde, n-butyl R acetal 
Acetaldehyde, isobutyl R ace- 

.4cetaldehyde, 2-chloroethyl R 

Acetaldehyde, 2-n-butoxyethyl 

.4cetaldehyde, 2-methoxyethyl 

Acetaldehyde, 2-(2-ethoxy- 

tal 

acetal 

R acetal 

R acetal 

ethoxy)ethyl R acetal 

Acetaldehyde, 2-ethylhexyl R 

Acetaldehyde, 2-(2-butoxy- 

2-RO-tetrahydropyran 
2-RO-!-dioxane 
2-Ethoxy-5-RO-tetrahydro- 

acetal 

ethoxy)ethyl R acetal 

furan 

Bis( R0)methane 

Analyses, % 
Yield, Boiling Point Carbon Hydrogen 

% Temp., O C .  Mm. nzG Calcd. Fcund Calcd. Found Derivative Prepored from 

90 
92 

93 

87 

85 

90 

89 

88 

55 
89 
35 

30 

44 

82-85 0.085 1 , 5 0 6 0  6 2 . 8  6 2 . 6 4  6 . 7 1  
106-110 0 . 1 5  1.4970 6 5 . 5  65 .65  7 . 6 1  

94-97 0 075 1 .4964 6 5 . 5  6 5 . 6 2  7 . 6 1  

111-113 0 . 0 8  1.5236 5 4 . 0  53.80 5 . 3 5  

121-125 0 .075  1.4930 6 3 . 8  63.58 7 . 8 5  

107-111 0 .09  1.5057 6 0 . 0  59 .74  6 . 7 2  

137-141 0.08 1 .4938 6 0 . 4  6 0 . 3 5  7 . 4 3  

120-124 0 .075  1.4911 6 9 . 4  69.26 8 . 9 1  

171-175 0 075 1 .4908 6 2 . 6  6 2 . 9 5  8 . 0 3  
102-107 0 . 0 6 5  1 5347 6 4 . 9  65 .21  6 . 3 5  
122-125 0 .085  1 .54l ih  58 9 58.67 5 ,395  

109-115 0 . 0 7  1 5190 6 1 . 9  62.20 6 40 

, . .  . . .  r 6 2 . 5  62.71 4 20 
R = 3,4-methylenedioxyphenyl, R O  = 3,4-methylenedioxyphenoxy. 

M.p. 121-122", crystallized from ether. 
* Supercooled liquid, m.p. 75.5-76.5 ', crystallized from ether. 

6 . 7 8  
7 . 4 6  

7 . 6 4  

5 19 

7 . 7 7  

6 . 5 6  

7 . 3 7  

8 . 8 6  

8 . 3 3  
6 . 4 5  
5 . 1 9  

6 . 1 5  

4 28 

Ethyl vinyl ether 
n-Butyl vinyl ether 

Isobutyl vinyl ether 

2-Chloroethyl vinyl ether 

2-n-Butoxyethyl vinyl ether 

2-Methoxyethyl vinyl ether 

2( 2-Ethoxyethoxy)ethyl 
vinyl ether 

2-Ethylhexyl vinyl ether 

2-Chloroethyl R acetal 
Dihydropyran 
p-Dioxene 

2.5-Diethoxytetrahydro- 

Methylene iodide 
furan 

Add a slight excess of the appropriate 
acid chloride to a solution of sesamol in 
benzene and excess pyridine. Heat the The data on the urethans are shown in 
mixture on a steam bath for 15 minutes 
or allow to remain overnight. Add Heat a mixture of 0.01 mole of sesamol 
water, mix well, allow to remain 30 plus a slight excess of the appropriate Every ether of sesamol except the 
minutes, and work up as described under isocyanate and 2 drops of pyridine for 15 trimethylsilyl derivative (not a C-0-C 
Method I for the preparation of ethers. minutes on a steam bath. Crystallize ether) exhibited synergism. and all rhe 

Urethans the product from carbon tetrachloride 
to constant melting point. 

Discussion 
Table I\'. 

Table 111. 3,4-Methylenedioxyphenyl Esters and Sulfonates 

Esters and 
Sulfonates Formula 

Ester 
Acetate CgHsOi 
Propionate CioHioO4 
n-Butyrate CllH1204 
Caproate C13HlfiOa 
Palmitate Cz3H3fi04 
Cyclohexyl carboxyl- 

Furoate CizH80j 

Ethyl carbonate CloHloOj 
n-Butyl carbonate C1zH140j 
Isobutyl carbonate C12Hl4Oj 

o-Ethoxybenzoate C16H1406 
o-Chlorobenzoate ClaHg04C1 
P-Chlorobenzoate C14Hg04Cl 
Chrysanthemumate 

(synthetic) Ci7Hzn01 

ate C14HlfiO4 

Chloroacetate CgH,OACl 

Benzoate C14H1004 

Sulfonate 
Benzene sulfonate C13H100jS 
&Naphthalene- 

sultanate C17HizOjS 
p-Toluenesulfonateh C14H12OjS 
$-Chlorobenzene 

sulfonate C13HgOsClS 

Yield, 
% 

87 
85 
82 
83 
81 

80 
90 
61d 
75 
79 
89 
93 
96 
86 
76 

76 

80 

76 
85 

75 

Boiling Point 
Temp., OC. M m .  M.P . ,  OC. 

81-3 
81-3 
92-4 

11 3-7 
. . .  

125-7 
130-2 
104-6 
100-1 
107-10 
106-9 

165-70 
156-8 

145-8 

. .  

120-6 

166-70 

. . .  

. . .  

, . .  

0 08 
0 08 
0 08 
0 07 

50-51' 

0 08 60-60 5h  
0 08 67 8-68 3 
0 08 54-55? 
0 1-0 2 33 5-34 5e 
0 . 0 7  . .  
0 . 0 7  . . .  
0 . 0 9  56-56 .3  
0 07 62-63' 
0 06 55-56' 

. .  91-92' 

0.05~ 66-67C 

0 . 1  62.5-63.55 

. . .  89~-90e 

. . .  86-87' 

. . .  84.5-85.5e 

n $5 

1.5256 
1 .5183 
1 .5118 
1 5020 

. . .  

. .  

1 ,5454j  
1 ,51111 
1 .5016 
1 ,5002 
1 .5879j 
1 ,5773.f 
1 5940f 

. . .  

. . .  

1 ,575Of 

. .  
. . .  

. . .  

Analyses, 70 
Cirbon 

Calcd. Found 

59 95 
6 1 . 8  
6 3 . 4  
66 .1  
73 .35  

6'.7 
62 05 
5 0 . 4  
5 7 . 1  
6 0 . 5  
6 0 . 5  
6 9 . 3 5  
6 7 , l  
6 0 . 8  
6 0 . 8  

7 0 . 8  

5 6 . 1  

6 2 . 2  
5 7 . 5  

49 .95  

60 .06  
6 1 . 9 9  
6 3 . 3 2  
66 .32  
73 .68  

68 02 
6 2 . 0 3  
50 63 
57 .31  
60.60 
60.58 
69 .59  
67.18 
60 .93  
61.05 

71 .07  

56.18 

62 .19  
57.80 

50.20 

~ 

Calcd 

4 48 
5 20 
5 81 
6 82 
9 63 

6 49 
3 47 
3 29 
4 80 
5 92 
5 92 
4 16 
4 93 
3 28 
3 28 

- 01 
3 62 

3 68 
4 14 

2 90 

Hvdrogen 
, Found 

4 . 5 4  
5 . 1 5  
5 . 6 8  
6 . 6 2  
9 . 4 2  

6 . 4 6  
3 . 6 9  
3 12 
4 . 9 0  
5 . 8 4  
5 . 8 3  
4 .20  
4 . 9 9  
3 . 5 2  
3 . 5 7  

6 98 

3.61  

3 . 6 5  
4 . 1 8  

2 . 8 4  
5 Crystallized from ether-petroleum ether. 
I, Crystallized from iso-octane. 

Crystallized from benzene-petroleum ether. 
Cooled in ice bath on addition of acetyl chloride. 
Crystallized from ether. 
Supercooled liquid. 

Prior synthesis reported (7). 

If not cooled. yield was only 30Yc,. 

0 Molecular still. 
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Table IV. 3,4-Methylenedioxyphenyl Urethans 

Determination of Methylenedioxyphenyl- 
Containing Synergists Used in Analysis of 
Fly Sprays 

Yield, 
Urethon Formula % M.P.,  "C. 

MORTON BEROZA 

Entomology Research Branch, 
Agricultural Research Service, 
U. S. Department of Agriculture, 
Beltsville, Md. 

Nitrogen, % 
Calcd. Found 

.\--Phenyl Ci4HiiO4N 90 122.0-122.5 C. 65 .35  C: 65 .68  
H, 4.32 H: 4.42 

;v-o-'roiyi C i J I i 3 0 4 N  87 142.5-143.5 5 . 1 6  5 . 1 5  
,Y-m-Tolyl C15H1304N 82 84 .5-85 .5  5 . 1 6  5 .12  
.V-p-Tolyl CijHiiOiN 88 152.5-153.5 5 . 1 6  5 .26  
,\--l-Naphthyl C , s H l i 0 4 N  90 158.0-158.5 4 . 5 6  4 .56  

acetals Liere strongly synergistic. The  
carboxylic acid esters showed practically 
no syncrgism whereas the sulfonic acid 
esters Lvcre strongly synergistic. 
Although the urethans were synergistic. 
thc activity \vas not sufficient to Ivarrant 
further investigation. Furthermore. the 
urethans had the disadvantage of being 
relatively insoluble in kerosine: the most 
\videly used base for insecticides. The 
compounds that are active are true 
synergists. as they show no appreciable 
toxicity in rhe absence of pyrethrins. 
Sesamol itself is not appreciably syner- 
gistic Lvith pyrethrins (5). 

The fact that so many of the foregoing 
compounds having the 3,4-methylene- 
dioxyphenoxy structure exhibited s)-ner- 
gism indicates that the premise that this 
group \vould give good synergists was 
correct. The comparison of safrole and 
the allyl ether of sesamol shows that the 
lattcr is much more synergistic. Like 
sesamin and sesamolin, this is another 
example where a compound containing 
the methylenedioxyphenoxy group is 
superior to the corresponding compound 
containing a methylenedioxyphrnyl 
group. 

Synergism \vas much greater with the 

INSECTICIDE SYNERGISTS 

natural pyrethrins than with allethrin. 
However, the results were generally 
parallel-that is. a compound synergistic 
with one \vas synergistic Lvith the other. 
although not always to the same degree. 

Of all the compounds? the acetals 
appear to be the most promising candi- 
dates for synergists of commercial value. 
Some of these cornpounds may be pre- 
pared in close to quantitative yield simply 
by adding sesamol to the vinyl ether plus 
an  acidic catalyst. This reaction is 
unsatisfactory if the addition is reversed- 
that is. if the vinyl ether is added to the 
sesamol plus the catalyst. The acetals 
are generally soluble in kerosine. 
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The chromotropic-sulfuric acid method for the determination of methylenedioxyl groups 
has been applied to the determination of pyrethrum synergists containing these groups. 
The utility of the method has been demonstrated by its application to the estimation of 
piperonyl butoxide, sulfoxide, piperonyl cyclonene, and n-propyl isome in fly sprays. The 
method may also be applicable to the determination of the synergists in aerosol formula- 
tions, and means of overcoming interferences encountered with several of the more im- 
portant constituents are given. 

M P o R T A s c E  OF THE METHYLENEDIOXY- discovery, a number of excellent syner- ergists have been reported. One is for 
PHENYL GROUP in contributing to- gists containing this group (70-72) piperonyl butoxide (7), but it is not 

applicable to other methylenedioxy- ward synergism with pyrethrins was have been produced commercially. 
first recognized by Haller and his co- phenyl synergists. The writer ( 7 )  has 
workers (6). Since their fundamental of methylenedioxyphenyl-containing syn- described a general method for the 

I 
Three methods for the determination 
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