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I N S E C T I C I D E  ACTIVITY A N D  STRUCTURE 

N-Alkyl Carbamates as Insecticides 
and Pyrethrins Synergists 

H. 1. THAYER, R. J. HARTLE, and 
A. MALLIS 
New Products Division, Gulf Re- 
search & Development Co., Pitts- 
burgh 30, Pa. 

Of a series of N-alkyl carbamates three were found to show appreciable insecticidal 
activity against houseflies: 4-indany1, 5-indany1, and 3,4-methylenedioxyphenyl N- 
methyl carbamate. Other carbamates which were not toxic were effective synergists 
for pyrethrins and allethrin against cockroaches and houseflies; one outstanding example 
of this type was 3,4-methylenedioxyphenyl N-butoxyethoxyethyl carbamate. 

OR some time certain carbamates F have been known to possess physi- 
ological activity, but  particular interest 
in this class of c o m ~ ~ o u n d s  as pesticides 
has grown rapidly since 1947 (79, 20). 
Various aryl and heterocyclic esters of 
iV-alkyl and N,A'-dialkyl carbamates 
have been shown tal be toxic to house- 
flies as well as aphids, thrips, mosquito 
larvae, and other insects (7, 7 7 ,  72, 78, 
27, and others). Also, the pyrethrins 
synergistic activity of carbamates to 
houseflies has been investigated and 
reported in a few instances. Prill 
(24, 25) has claimed certain 3,4-methyl- 
enedioxyphenylalkyl 11'-alkyl carba- 
mates to be pyrethrins synergists. I n  
contrast, several :1,4-methylenedioxy- 
phenyl .\.'-aryl carbamates show only 
slight synergism for pyrethrins ( 7 ,  2, 9) .  

OUI original interest was in determin- 
ing the effectiveness of the indanyl 
moiety in a carbamate type of insecti- 
cide or pyrethrins synergist. Because 
the 5-indanyl and 3,4-methylenedioxy- 
phenyl groups are similar to one another 
with respect to the spatial relations of 
their atoms, indanyl derivatives might 
show insecticidal or synergistic activity 
comparable to that of 3,4-methylene- 
dioxyphenyl derivatives. Our  second 
objective was to determine the effective- 
ness of Oxo-octyl-that is, mixture of 
octyl isomers obtained in the Oxo 
process (77)--derivatives of carbamates. 
Both the alcohol and the amine mixtures 
were used in the preparation of these 
compounds. 

Experimental 

Syntheses. The compounds evalu- 
ated in this study, listed in Tables I and 
11, were synthesized by one of two 
methods : 

Method A. R ' X C O  f ROH 4 
R ' N H C O O R  

Method B. R ' N H 2  + ROCOCI -+ 
R 'NHCOOR 

or R z ' N H  or Rz'NCOOR 

Choice of Method A or B was de- 
termined by the availability of starting 
materials. Methyl, ethyl, n-butyl, n- 
undecyl, and n-octadecyl isocyanates 
were obtained from commercial sources. 
n-Heptyl and n-butoxyethoxyethyl iso- 
cyanates were prepared from acid 
chlorides (76). With the exception of 
3,4-methylenedioxybenzyl alcohol (j), 
all of the alcohols, amines, and phenols 
were purchased. 

Method A. The  synthesis of bu- 
toxyerhoxyethyl isocyanate (IV) and 
the carbamate, S-16, formed by the 
reaction of I V  with 3-4-methylenedioxy- 
phenol (sesamol) illustrates this pro- 
cedure. The  reactions involved in the 
preparation of the isocyanate are as 
follows (6) : 

35% solution of Triton B in methanol 
were added 106 grams (2 moles) of 
freshly distilled acrylonitrile. The  ad- 
dition was carried out a t  a rate to main- 
tain a reaction temperature of 45' to 
50" C.  The  mixture was stirred a t  
room temperature for 1 hour after ad- 
dition was complete and then made 
slightly acidic with acetic acid and 
filtered. The filtrate was distilled a t  
reduced pressure to yield 293 grams 
(85%) of 3-(2-n-butoxyethoxy)-propioni- 
trile, boiling a t  95-97' C. a t  1 to 2 
mm.;  n# = 1.4280. 

Analysis. Calculated for C s H n O ~ S :  
C, 63.12; H, 10.00; N, 8.18.- Found: 
C. 63.07; H. 10.17: N. 7.99. 
'3-(2-n-BUTOXYETHOXY)PROPIONIC ACID 

(11). 3- (2-n-Butoxyethoxy)propionitrile 
(257 grams, 1.5 moles) was added drop- 
wise with stirring to 300 grams of con- 
centrated hydrochloric acid which was 
held at 70' C. The mixture was 
stirred a t  this temperature for 3 hours, 
followed by 30 minutes of heating 
a t  100' C. \\later was then removed 
from the reaction mixture in a flash 

CdHgOCHzCH20H 4- CH-CHCX Base_ C ~ H ~ O C H Z C H ~ O C H ~ C H Z C N  (I) 
HCI 1 H20 

C4HgOCHzCHzOCHzCH2COCI C ~ H S O C H ~ C H ~ O C H & H Z C O ~ H  (11) 

(111) 
NaN3 

3 - (2 - n - BUTOXYETHOXY)PROPIO- 
NITRILE (I). This compound was pre- 
pared by the base-catalyzed addition of 
butoxyethanol to acrylonitrile following 
the general procedure of Bruson (3). 

T o  a mixture of 237 grams (2 moles) 
of butoxyethanol (dried over calcium 
hydride and distilled) and 3 ml. of a 

C ~ H , O C H Z C H ~ O C H Z C H ~ N C O  (IV) 

evaporator. The by-product, ammo- 
nium chloride, was separated by filtration 
and washed with ether. The solvent 
was distilled from the filtrate, and the 
product was distilled a t  reduced pres- 
sure to yield 237 grams (837,) of 3- 
(2-n-butoxyethoxy)propionic acid (boil- 
ing point, 134' C .  a t  1.5 mm.). 
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Analysis. Calculated for C9H1804: 
neutralization equivalent. 190.2; C, 
56.82; H, 9.54. Found: neutralization 
equivalent, 210.0; C. 56.55; H, 9.26. 

3 - (2  - n - BUTOXYETHOXY)PROPIORYL 
CHLORIDE (111). 3 4  2-n-Butoxyethoxy) - 
propionic acid (214 grams, 1.13 moles) 
was added dropwise with stirring to 180 
grams of thionyl chloride held a t  30' to 
35' C .  After addition was complete, 
30 grams of thionyl chloride were added 
and the mixture was stirred a t  35' C. 
for 45 minutes. Distillation of the reac- 
tion product through a IO-inch Vigreux 
column gave 194 grams (82%) of 3-(2- 
n-butoxyethoxy)propionyl chloride, boil- 
ing at  91-92' C. a t  2 mm. 

Analysis. Calculated for C9Hli03C1 : 
C, 51.79; H: 8.21. Found: C. 51.88; 
H: 8.19. 

2 - (2 - n - BUTOXYETHOXY)ETHYL 

grams (0.7 mole) of sodium azide in 125 
ml. of water was chilled to 5' C. in a n  
ice bath. 3-(2-n-Butoxyethoxy)pro- 
pionyl chloride (105 grams. 0.5 mole) 
in 250 ml. of anhydrous ethyl ether was 
added to the azide solution with rapid 
stirring a t  such a rate that the tempera- 
ture did not exceed 10' C. The  reac- 
tion mixture \vas stirred at  5' to 10' C.  
for an  additional 2 hours. The  aqueous 
layer was then removed through a suc- 
tion tube and extracted once with ether. 
The  ether extract was combined with 
the original ether layer and the total 
dried over sodium sulfate in an  ice 
bath for 13 minutes. The  ether solution 
!vas then added in a slow stream with 
stirring to 500 ml. of dry benzene (c. P .  
grade) held a t  60' to 70' C. in a water 
bath. The  addition rate \\-as regulated 
to maintain a steady evolution of nitro- 
gen over a 2-hour period. After removal 
of solvents: the residual liquid was dis- 
tilled a t  reduced pressure to give 74 
grams (79YG) of 2-(2-n-butoxyethoxy)- 
ethyl isocyanate (boiling point. 84-86' 
C. a t  2 mm.). 

.4nalysis. Calculated for CSHli03S:  
C. 57.73; H: 9.15; Sj 7.48. Found: 
C .  57.40;  H, 8.94; N, 7.47. 

TOXYETHOXYETHYL CARBAMATE, S - 16 

ISOCYANATE (IV). '4 Solution Of  46 

? I ,~ -METHYLESEDIOXYPHESYL .\'-BU- 

3 . 4  ( ' H z O ~ C ~ H ~ O - C X H  ( C H Z C H ~ O ) ~ C ~ H ~  
I ,  
0 

S-16 
(7J). X solution of 62 grams (0.45 
mole) of sesamol in 400 ml. of dry ben- 
zene was refluxed. After traces of water 
were removed by separation in a Dean- 
Stark trap, 73 grams (0.39 mole) of 
2-(2-n-butoxyethoxy)ethyl isocyanate 
and 0.1 ml. of triethylamine were 
added. The  mixture was refluxed for 
6 hours, then cooled a t  room temperature 
and washed successively Lvith 200 ml. 
each of 1.5% sodium hydroxide solu- 
tion, water, dilute hydrochloric acid, 
and water. After the benzene solution 
had been dried over sodium sulfate. 
solvent was removed in a flash evap- 
orator, leaving 122 grams (96%) of 3.4- 
methylenedioxyphenyl .\'-butoxyethoxy- 
ethyl carbamate, a pale yello\r liquid; 
7iI1':' = 1.5063. 

Analysis. Calculated for C I ~ H ~ ~ O ~ N :  
C: 59.06; H: 7.13; N, 4.31. Found: 
C, 58.65; H, 7.08; N, 4.08. 

Method B. Of the two methods of 
synthesis. only Llethod B is feasible for 
.\,.\--disubstituted carbamates. A satis- 
factory method for preparing chloro- 
formates, required in Method B, has 
been described by Strain et  al.  (29) .  
.4n example of this method is the prep- 
aration of 3,4-methylenedioxyphenyl h- 
methyl carbamate, 1-5 (73), by the 
reaction of appropriate chloroformate 
and amine. 

0 

n 

1-5 
.A mixture of 80 grams (1 mole) of 

40YG aqueous methylamine solution and 
200 ml. of ethyl ether (alcohol-free) 
was chilled to 0' C. in an  ice-salt bath. 
.A solution of 55 grams (0.28 mole) of 
3,4-methylenedioxyphenylchloroformate 
(b .p, .  112-14' C. 4.5 mm.) in 150 ml. 
of ethyl ether \vas added dropxrise to 
the cold amine solution with rapid 
stirring. 'Temperature was maintained 
at  0' to 5' C. during the addition, which 
required 1 hour. The  ether layer \vas 
then extracted with \rater and dilute 
hydrochloric acid. Evaporation of ether 
folloived by drying in vacuo gave 43 
grams (787,) of 3.4-methylenedioxy- 
phenyl .\--methyl carbamate as colorless 
prisms. Recr\rstallized from benzene 
im.p. .  108-109' C . ) .  

N, 7.18. Found: S. 7.21. 
Analpis. Calculated for C y H y 0 4 S :  

Insecticidal Tests 
Houseflies [.Wuscic dorurstica (L.)] .  The 

screening method (mist roiver test) used 
\\.as first described by Campbell, Barn- 
hart, and Hutzel i.1). All compounds 
were tested in a solution of odorless 
Gulfsol S o .  10 (GSN)? a typical 
odorless-type household insecticide base 
oil (specific gravity 0.78, nI lZo 1.43: 
distillation range 380' to 480' F., 
approximately 90CG paraffinic). In 
cases of limited solubility. absolute 
ethanol or Oxodecyl alcohol \vas used 
as cosolvent: usually in an amount less 
than 5% by volume. These auxiliary 
solvents were shown not to contribute 
to synergism or insecticidal activity a t  a 
57, level by themselves or in combina- 
tion with chemicals under test. Com- 
pounds were tested in combination Lvith 
pyrethrins to determine synergistic ac- 
tivity. as well as evaluated alone to detect 
insecticidal activity (Tables I and 11). 
The  more promising materials also were 
tested by the Peet-Grady method (27). 

Cockroaches [Blattella germanicn (L.). 
Periplaneta americana (L.). and Blatta 
orientalis (L.)]. Toxicity of several of 
the carbamates alone and in combina- 

tion with pyrethrins against cockroaches 
was determined. The  CSMA official 
cockroach spray test method (28) was 
used to evaluate the test solutions; 
the oil-base sprays were applied by a 
standard procedure to adult German 
male roaches. Twentv roaches were 
used per test unit; three or four repli- 
cates constituted a test and their aver- 
ages are summarized in Table 111. 

I n  the second screening procedure, 
called the racetrack method (ZZ), three 
test insects-adult males of German 
roaches, nymphs of oriental roaches, 
and nymphs of American roaches-were 
used. Experimental insecticide 1-5 
was evaluated by this method (Table 
111). 

Discussion 

Insecticidal Activity. Of the group 
of compounds studied. seven Lrhich 
showed definite insecticidal activity when 
tested against houseflies were of the 
aryl .\'-alkyl carbamate class (see Table 
I ) .  The  three most active compounds, 
all L\'-monomethyl carbamates, in order 
of decreasing. effectiveness. were: 3,4- 
methylenedioxyphenyl ,Y-methyl car- 
bamate (1-5): 5-indanyl -V-methyl carba- 
mate (I-2), and 4-indanyl S-methyl 
carbamate (1-1) (73). The  .\'-ethyl 
derivatives were considerably less toxic, 
and .Y-isopropyl and JV-butyl carba- 
mates shoired practically no toxicity to 
houseflies. The  two 
bamates (1-3 and 1-61 evaluated were 
approximately as toxic as their .\-mono- 
ethyl isomers. 4 decrease in insecti- 
cidal activity has been reported for other 
aryl .\--alk)-l carbamates (78) when the 
-\--substituent is lengthened or two sub- 
stituents are present on the .V-atom. 

I n  our screening test 5-indanyl '\'- 
methyl carbamate (1-2) was more 
effective than the commercial insecti- 
cide Sevin (trade-mark Union Carbide 
Chemicals Co., 1-naphthyl S-methyl 
carbamate) against houseflies. The  4- 
indanyl .\'-methyl carbamate (1-1) \vas 
lrss toxic than Sevin. 3,4-Methylene- 
dioxyphenyl .\'-methyl carbamate (1-5) 
was more toric than the indanyl deriva- 
tives or Sevin; 1-5 also was superior to 
dimetan (5,5-dimethyldihydroresorcinol 
AV,S-dimethyl carbamate) and Pyrolan 
trade-mark Geigy Chemical Corp., 

1 - phenyl - 3 - methylpyrazolyl - (5) 
.\-:.\'-dimethyl carbamate]. The  >Y- 
methyl carbamate of 3.4-methylene- 
dioxy-benzyl alcohol ($22) was not 
toxic to houseflies (Table 11). 

T o  evaluate the possibility of using 
1-5 in commercial household fly sprays, 
a Peet-Grady test (Table IV) was con- 
ducted. At the concentration level of 
50 mg. per 100 ml. 1-5 was less effective 
than pyrethrins but showed a higher kill 
than Sevin. 

Comparative tests by the CSMA 
official cockroach spray test method 
showed Sevin to be superior to 1-5 
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Table 1. Properties of Substituted Aryl N-Alkyl Carbamates 
R' 

Compound 

1-1 

s-1 

s-2  

1-2 

1-3 

1-4 

s -3  

s -4  

s-5 

S-6 
s -7  
S-8 
s-9 

1-5 

1-6 

1-7 

s-10 

s-11 

s-12 

S-13 

S-14 

S-15 

S-16 

Dimetan 

Pyrolan 

Sevin 

R 
~ : ~ - C H ~ C H ~ C H I C ~ H ~  

CsHh 
5-CHy-2-(CH3)2CHCsH3 
2.4-Cl2CcH2 

R' 
CH3 

CH3 

Prep- 
orofion 

R" Method M.P . ,  ' C .  

H B 87-89 

C H I  B Liquid b.p., 
11 5-1 18/ 
1.1 mm. 

H A Liquid 

H A a n d B 9 1  

C H I  B 61 

H B 85-87 

H B 98-99 

H A 56-58 

H A 49 

H A Liquid 
H A Liquid 
H A 59 
H A Liquid 

H B 108-109 

CH3 B 78 

H B 92-93 

H A 85-86 

H B Liquid 

H A 96-97 

H B Liquid 

H B 63 

H B 73 

H A Liquid 

CH3 

CH3 , . . . . .  

H . . .  . . .  

Nitrogen, % 
Calcd. Found 

7 .33  7.41 

6 .83  6 .52  

5 .09  5 . 0 7  

7 .33  7 .40  

6 .83  6 . 6 6  

6 . 8 3  6 .85  

6 .39  6 . 3 7  

5 .98  5.71 

5 .09  5 .02  

5 .96  5 .78  
4 .81  4 . 4 8  
4 . 6 0  4 .66  
4 .06  3 . 9 5  

7 .18  7 .21  

6 .64  7 .37  

6.70 6 .64  

5 . 9 0  6 .18  

4 .78  4 .50  

4 .18  4 .23  

5.86 5 .00  

5 .53  5 .45  

4 .98  5 .45  

4 .31  4 .08  

. . .  . . .  

. . .  . . .  

. . .  . . .  

Pesticidol Acfivity 
ogoinsf Houseflies ( 4 )  

Syner- 
lnsecficide gist 

% kill ( 24  hr. )"  rat ingb 

80 . . .  
4 F 

9 F 

43 . . .  

3 F 

1 F 

9 F 

3 F 
F 

3 F 
. .  S 

. .  

100; 100(200): . , 

80( 100) 
48 . .  

46 . .  

8 G 

6 G 

2 G 

4 G 

3 G 

15 G 

5 G 

61; 52(500) 

75; 55(500) . . .  

90; 52(500) . . .  

a Compounds usually were tested at a concentration of 1000 mg./100 ml.; numbers in parentheses indicate other concentrations in mq.,' 

Synergist ratings were determined by comparison of results obtained with test solution (1000 mg. test compound + 50 mg. pyrethrins; 
The difference in "kill value," A> was taken to be an indication of 

A scale of letter ratings is used: N, A = 0-5%; S, A = 6-15%; F. A = 16-35%: and G. A = 

100 ml. at which compound was evaluated. 

100 ml.) and those obtained with pyrethrins only (50 mg./100 ml.). 
synergistic activity of the compound. 
36 or greater 7;. 

in killing German male cockroaches carbamates as synergists for pyrethrins tested in combinations containing pyre- 
(Table 111). h'hel, evaluated against or allethrin than has been reported on thrins or allethrin (24, 25). T h e  11 
this Same species of cockroach by the insecticidal carbamates. Previous in- most effective synergists of the group of 

vestigators have found 3,4-methylene- compounds we have screened contained 
dioxyphenyl >V-aryl carbamates to show either a 3,4-methylenedioxyphenyl or Gulf racetrack method Sevin and 1-5 

were about effective' This little or no pyrethrins synergism against 3,4-methylenedioxybenzyl group and 
was true for run nymphs Of houseflies ( 7 ,  2, 9, 26); in contrast, were AY-alkyl carbamates or ,V-alkoxy- 
the American and oriental cockroach. 3,4-methylenedioxyphenylalkyl .V-alkyl alkyl carbamates (Table V). T h e  cor- 

Pyrethrins Synergistic Activity. carbamates were reported to have responding indanyl derivatives showed 
Much less has been published concerning pronounced synergistic activity when definite synergistic properties but were 
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Table II. Properties of Alkyl N-Alkyl Carbamates 

/ 
R' 

R-0-C-N 
0 " 'R" 

Pesticidal Activity 
agoinst Houseflies ( 4 )  

Insecficide Prep- 
arotion Nifrogen, % % kill Synergist 

R' R" Method M.P., OC. Colrd .  Found (24  hr.)" ra t ingb 

n-C4H9 H .A Liauid. b.u.. 10.67 10.87 3 S 
Compound R 

S-17 CHI 

S-18 CzHj 

S-190 C2Hs 

48/25 &m. 

88/25 mm. 
(CH3)pCH H B Liquid: b.p., 10.67 10.24 1 S 

CHz(CHz)aCH H . . .  58 8.18 8.22 3 F 

s-200 
s-21 

H . .  
H B 

Liquid 
Liquid, b.p., 

120/25 mm. 
Liquid, b.p., 

85/10 mm. 
Liquid, b.p., 

114/5mm. 
Liquid 
Liquid, b. p., 

10 mm. 
104-1 08/ 

Liquid 
81 
54 
Liquid 
68 

48 

Liquid 

6.96 7.71 
9.63 9.38 

8 .77  8.68 

7.47 7.50 

6.96 7.80 
6.12 5.87 

2 
. . .  

3 s-22 

5-23 

CHI CHs B 

H A B 

H 
H A 

S-24 
S-25 

3 
2 

5-26 
N- 1 
N-2 
N-3 

5.18 5.23 
3 .27  3.77 

3 

5.75 6.00 
8.18 7.20 
6 .99  6.60 

. . .  

. . .  
3 

3 

5 

N 
G 

G 

G 

S-27 

S-28 

S-29 

CZHS H B 

n-C4H9 H B 4.60 5.57 

S-30 3.4-OCH20CaH3CHz C4Hg(OCHzCHz)? H A Liquid 4 13 4.21 27 G 

5 Compounds evaluated at concentrations of 1000 mg./100 ml. 
* Rating scale as in Table I .  
0 Purchased from Aldrich Chemical Co., Inc. 

not as effective-for example, S-4 us. 
S-10 (Table I ) ;  thus, the possibility of 
substituting the indanyl moiety for the 
methylenedioxyphenyl group does not 
appear to be commercially promising. 

Of the derivatives tested, 3,4-meth- 
ylenedioxyphenyl .I'-butoxyethoxyethyl 
carbamate (S-16) \vas the most effective 
pyrethrins synergist. Another .f7-alkoxy- 
alkyl derivative, S-l5% was effective and 
even the .\'-Oxo-octylcarbamate, S-I 1. 
showed fair activity (75). The  effrctive- 
ness of S-16 was investigated further 
by tects in the Pert-Grady chamber 
(Table IV).  At a synergist-pyrethrins 
ratio of 3 to 4 (37.5 mg. S-16)> S-16 
was about as effective as piperonyl 
butoxide (3,4-methylenedioxy-6-propyl- 
benzyl butyldiethylene glycol ether) ; 
lvith allethrin, S-I 6 also lsas comparable 
to piperonyl butoxide. Other carba- 
mate synergists evaluated by the Pert- 
Grady test were S-11 and S-12; although 
effective as pyrethrins synergists. S-I 6 
surpassed them. 

Another pair of tests run in the Peet- 
Grady chamber, a combination of the 
carbamate 1-5 and pyrethrins and one of 
Sevin and pyrethrins, showed 1-5 to be 
synergizing the pyrethrins slightly. The 
kill  for the combination containing 

Table 111. Evaluation of N-Alkyl Carbamates against Cockroaches 
Pyrethrins, 

Concn., Mg./lOO % Knockdown % Kill, 
M g . / 1 0 0  M L e  MLa 70 min. 30 min. 48 H r . b  Compound 

A. CSMA Official Cockroacha Spray Test .Method (28) 
1-5 1000 . . .  0 60 67 
S evin 1000 . . .  9: 98 98 

. . .  . . .  50 96 96 12 
S-16 250 . . .  0 0 5 

S-16 
Piperonyl butoxide 
Piperonyl butoxide 

250 
250 
250 

50 100 100 86 
, . .  0 0 7 
50 100 100 41 
50 100 100 34 

1ooc 95 93 84 
. . .  , . .  

S-16 1000 
1 OOe 54 38 9 

B. Gulf Racetrack Method (22); .A11 Test Compounds Evaluated at 1000 Mg./lOO M1. 

Test Insect 

1-5 
Sevin 

American nymphs . . .  0 40 100 
American nymphs , . .  3 100 100 
American nymphs 50 5 2 30d 
Oriental nymphs . . .  0 28 97 
Oriental nymphs . . .  28 97 98 
Oriental nymphs 50 2 18 20d 
German males . . .  2 90 98 
German males . . .  68 100 IO0 
German males 50 97 92 68d 

1-5 
Sevin 

1-5 
Sevin 

. . .  
German male adult cockroaches were tert insect. Spray solvent GSN. 

b Duration of tests by either method was 144 hr. ; in no instance was there any significant 

c Allethrin substituted for pyrethrins. 
d Check tests also were run on spray sol\ent. 70 kills were: American nymph, 3700; 

change in yo kill at 48 6s. 144 hr. 

oriental nymph. 05;; German males, 30c0. 
Sevin was not even additive. Th; 
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Table IV. N-Alkyl Carbamates Tested against Houseflies in Peet-Grady 
Chamber (27) 

% 
Allefhrin ( A )  or Kill 

Concn., Pyrefhrins I P ) ,  (Av.),“ 
Compound Mg. /100 MI. M g . / 1 0 0  MI. 24  Hr.  

1-5 3,4-Methylenedioxyphenyl 50 . . .  28 
X-methyl carbamate 

:V-me t h y 1 car bam at e 
1-5 3,4-Methylenedioxyphenyl 47.5b 50 P 74 

Sevin 50 * . . .  19 
Sevin 47.5* 50 P 48 

. . .  . . .  50 P 41 
s-11 3,4-Methylenedioxyphenyl 1 o o c  50 P 63 

12:-oxo-octyl carbamate 

,\‘-undecyl carbamate 

X’-butoxyethoxyethyl carbamate 

’V-butoxyethoxyethyl carbamate 

.V-butoxyethoxyethyl carbamate 

s-12 3,4-Methylenedioxyphenyl 1 o o c  50 P 49 

S-16 3,4-Methylenedioxyphenyl 1 o o c  50 P 92 

S-16 3,4-MethyI enedioxyphen yl 37.5d 50 P 79 

S-16 3,4-;Met hylenedioxyphenyl 37.5d 50 A 72 

Piperonyl butoxide 37 .5  50 P 82 

OTIe . . .  108 P 49 
Piperonyl butoxide 37.5 50 A 73 

a yo knockdowns after 10 min. were 95+% except for 1-5 and Sevin evaluated alone at 

* Solvent 50:50 (vol.) GSN-absolute ethanol. 

d Solvent 95 : 5 mixture of GSN-decyl alcohol. 
e OTI = official test insecticide. 

50 mg./100 ml. ; knockdown was 31 yo in each of these instances. 

Solvent 95 : 5 mixture of GSN-absolute ethanol. 

Table V. Screening of N-Alkyl Carbamates as Pyrethrins Synergists against 
Houseflies (4 )  

Test solutions contained compound + 50 mg. pyrethrins/lOO ml. GSN 

Synergid Roting 
M g . / l O O  M g . / 1 0 0  

Compound N a m e  ml. Plus kill“ ml. Plus killa 
s-10 3,4-Methylenedioxyphenyl 300 46 , . .  . . .  

2\7-butyl carbamate 
s-11 3,4-Methylenedioxyphenyl 250 61 100 32 

AT-oxo-octyl carbamate 

N-undecyl carbamate 

LV-methoxyethyl carbamate 

,V-ml:thoxypropyl carbamate 

12:-isctpropoxypropyl carbamate 

A’-bu toxyethoxyethyl carbamate 

n’-mlethyl carbamate 

N-ethyl carbamate 

.V-butyl carbamate 

IT-bLNtoxyethoxyethy1 carbamate 

s-12 3,4-Me thylenedioxyphenyl 250 45 100 33 

S-13 3,4-Methylenedioxyphenyl . . .  . . .  100 28 

S-14 3,4-Methylenedioxyphenyl . . .  . . .  100 32 

S-15 3,4-Methylenedioxyphenyl . . .  . . .  100 58 

S-16 3,4-Methylenedioxyphenyl 250 73 100 65 

S-27 3,4-Methylenedioxybenzyl 300 28 . . .  . . .  

S-28 3>4-Methylenedioxybenzyl 300 30 . . .  . . .  

S-29 3,4-Methylenedioxybenzyl 300 34 . . .  . . .  

S-30 3:4-Methylenedioxybenzyl . . .  . . .  100 59 

Plus kill = 5% kill observed for test solution - kill for 50 mg. pyrethrins, which ranged 
from 31-51 mc kill. 

possibility that 3,4-methylenedioxy- 
phenyl .V-methyl carbamate might have 
both synergistic and insecticidal activity 
has been suggested hy Metcalf. Fukuto, 
and \\;inton (21); results of our te5t 
would seem to support this viewpoint. 

Synergist S-16 ako was evaluated 
against German cockroaches. In  this 
application it was considerably better 
than piperonyl butoxide as a pyrethrins 
synergist (5 to 1 ratio, 250 mg. of 
synergist). \\Then used with allethrin, 
a ratio of 10 to 1 (10130 mg. of synergist) 

was necessary to obtain the same kill 
range as with pyrethrins a t  a 5 to 1 ratio. 

Additional Synergistic Studies. Since 
the .%‘-alkyl carbamates chosen for study 
showed both insecticidal and synergistic 
activity, a few tests were made to 
investigate combinations of commercial 
synergists with a carbamate insecticide 
and also mixtures of carbamate-syner- 
gists and carbamate-insecticides. Al- 
though our work in these areas is not 
completed, these findings are being 
reported at this time. 

Synergism of certain carbamate-insec- 
ticides was reported some time ago by 
other investigators-for example (79, 
27, 23). Our  tests with 1-5 against 
houseflies by the mist tower procedure 
showed that piperonyl butoxide, piper- 
onyl cyclonene { mixture of 3-n-hexyl- 
5 - (3,4 - methylenedioxyphenyl) - 2 - 
cyclohexenone and 6-carbethoxy-3-n- 
hexyl - 5(3,4 - methylenedioxypheny1)- 
2-cyclohexenone], sulfoxide (n-octyl sul- 
foxide of isosafrole), MGK 264 [N-(2- 
ethylhexyl) - bicyclo - [2.2.1] - 5 - hep- 
tene-2,3-dicarboximide) , and Sesoxane 
[trade-mark of Shulton, Inc., 2-(2- 
ethoxyethoxy) - ethyl - 3,4 - methylene- 
dioxyphenyl acetal of acetaldehyde] 
enhanced the activity of the insecticide 
when mixtures were evaluated in which 
the ratio of synergist to insecticide was 
10 to 1 (600 mg. of synergist). The  
relative decreasing order of synergist 
effectiveness was in the order named and 
ranged from 24 to 4% enhancement in 
the “yo kill” value. Fukuto ~t al.  
(8) have reported 1-5 not to be syner- 
gized by piperonyl butoxide when 
evaluated by a topical application 
method. Differences in the synergist- 
insecticide ratio and the methods of 
application may account for this variance. 

Two combinations of carbamate in- 
secticide and carbamate synergists were 
investigated as housefly toxicants. In  
one instance (1-2 f S-6) no synergism 
was observed. but in the case of 1-5 
and a more potent pvrethrins synergist, 
S-10, the toxicity of the mixture showed 
an increase of 16% in the ‘‘% kill” for 
a 10 to 1 mixture of synergist-insecticide 
(600 mg. of synergist). This type of 
synergistic combination should not be 
confused with that ieported by Gordon 
and Eldefrawi (70). which they termed 
“analog synergism” and \ihich involves 
two carbamate-insecticides rather than 
one carbamate-insecticide and one car- 
bamate-synergist. 

Summary 

Forty .V-alkyl carbamates were evalu- 
ated as insecticides and pyrethrins syn- 
ergists. Seven were shown to have 
insecticidal properties. M hile 30 which 
had negligible insecticidal activity were 
pyrethrins synergist4 and three weie 
inactive as insecticides or synergists 
toward the housefly. *More particu- 
larly, indanyl A17-alkyl carbamates were 
found to be less effective insecticides or 
synergists than their 3,4-methylenedi- 
oxyphenyl counterparts. 3,4-Methyl- 
enedioxybenzyl S-alkyl carbamates 
showed greater synergism for pyrethrins 
than carbamate esters of alkanols. 
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The insecticide, Sevin, has been determined in apples, broccoli, beans, corn, chicken, 
trout, bees, and soil at the 0.1 -p.p.m. level by electron affinity gas chromatography. 
Following acetone extraction of samples and precipitation of interferences with ammo- 
nium chloride-phosphoric acid solution, Sevin is converted to a brominated 1 -naphthyl 
acetate. This derivative is  then chromatographed and determined by electron affinity 
detection. The recovery of Sevin from samples is good. 

EVIN (N-methyl-1 -naphthyl carba- S mate) is one of the most widely used 
broad-spectrum carbamate insecticides. 
Methods for determining Sevin residues 
in crops, soil, poultrv. fish, and other 
biological material are therefore essential. 

Ralls and Cortes (3) brominated 
Sevin in a sealed tube with bromine in 
carbon tetrachloride to produce an 
electron-capturing derivative. The pro- 
cedure was recommended as a screening 
method for detecting Sevin in green 
beans a t  the 1-p.p.m. level following a 
Florisil column cleanup, but not for quan- 
titative analysis because of the produc- 
tion, in some instances, of mixed bromi- 
nated derivatives. In  thr work reported, 
a procedure is described in which Sevin 
is hydrolyzed, brominated, and esterified 
in a single step to yield presumably 
brominated 1-naphthyl acetate. Follow- 
ing extraction of samples with acetone 
and precipitation of interferences with 
ammonium chloride in phosphoric acid 
solution (2) ,  the brominated derivative 
is produced and chromatographed using 

electron affinity determination. The 
method is sensitive to about 0.05 p.p.m. 
and has been successfully applied to 
analysis of apples, broccoli, beans, corn, 
chicken, trout, bees, and soil. 

Procedure 
Blend 25 grams of a representative 

subsample with distilled acetone and 
filter to a total volume of 100 ml. accord- 
ing to the procedure described earlier 
( 7 ) .  The remainder of the isolation 
procedure is an adaptation of that of 
Niessen and Frehse (2). Transfer the 
total aqueous acetone extract to a 250- 
ml. separatory funnel and partition the 
solution for 1 minute successively with 
100, 50, and 50 ml. of distilled chloro- 
form. With samples low in moisture 
content, such as bees or soil, add about 
20 ml. of water to the acetone extract be- 
fore partitioning. Drain the chloroform 
layers through a 60’ funnel containing 
filter paper and about 20 grams of an- 
hydrous sodium sulfate and combine 
the layers in a 400-ml. beaker. Evap- 
orate the solution to dryness using air 
and a 60’ C. water bath. 

Dissolve the residue in 15 ml. of 
acetone. Add 50 ml. of the aqueous 
precipitating solution containing 1.25 
grams of ammonium chloride and 2.5 
ml. of orthophosphoric acid per liter 
and allow the solution to stand for 30 
minutes. Filter the solution through 
a Buchner funnel containing a 3-mm. 
layer of Celite 521 filter aid. Rinse 
the filter with 50 ml. of the precipitating 
solution. T o  the filtrate, add 20 ml. 
of a buffer solution (pH 12) containing 
6.4 grams of citric acid, 3.5 grams of 
boric acid, 13.7 grams of sodium hy- 
droxide, and 2.1 ml. of orthophosphoric 
acid per liter. Transfer the solution to 
a 250-ml. separatory funnel and par- 
tition successively with 75: 25, and 25 ml. 
of distilled carbon tetrachloride. Filter 
the carbon tetrachloride layers through 
sodium sulfate and evaporate the com- 
bined solutions to about 3 ml. Transfer 
the solution to a 10-ml. volumetric flask 
using carbon tetrachloride and evaporate 
the contents to dryness with air. 

Hydrolysis, Bromination, and Es- 
terification. Add I ml. of glacial 
acetic acid and 10 drops of concentrated 
sulfuric acid to the flask. Mix the 
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