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Compound 
No. 

1 
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4 
5 
6 

8 
9 

10 
11 
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15 
16 
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18 
19 

3 
& 

- 

Biological Activity of Alkyl- and Halo-phenyl-Substituted 
Carbamates 

(To kill of test species) 
500 P . P . M .  

Southern Mexican T. aflanficus 1000 P . P . M . .  
Housefly armyworm bean beetle Pea aphid mite P .  cifri mi:e 

33 0 100 0 0 0 
33 35 98 0 8 0 
0 0 0 0 0 0 

100 'L 00 100 90 94 100 
100 0 100 0 24 . .  

70 0 85 0 0 
95 0 98 5 20 2 
97 0 100 0 20 58 
96 
0 

100 
100 
100 
45 
50 
0 

17 
0 

95 

30 
0 
0 

50 
0 
0 
0 
0 
0 
0 

35 

100 
0 

100 
100 
100 
55 

100 
0 

40 
0 

100 

0 
0 
0 

80 
0 
0 
0 
0 
0 
0 

60 

0 
0 
0 

40 
34 
0 
0 
0 
0 
0 
0 

0 
0 

90 
100 

0 
0 
0 
0 
0 
0 

. .  

differences in activity causrd by chang- 
ing from 3-methyl to 3-ethyl or from 
4-chloro- to 4-bromo- substitution. Very 
little change in activity was noted. 

Compounds 12. 13. 14, and 15 are 
examples of tetra-substituted phenyl- 
carbamates and were of intrrest because 
of the insecticidal properties of com- 
pounds 12 and 13. A4gain, minor 
changes in structure-e.g., 14 and 15- 

adversely affected the over-all activity. 
We concluded from the foregoing dis- 
cussion that simple relationships among 
the number, orientation, and variety of 
alkyl- and halo-substitution in the phenyl 
carbamic esters and their biological 
activity are not immediately evident. 

However, compound 4 has been used 
in field studies and is of promise in many 
areas. The  compound was tested under 
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N-Methylcarbarnate Insecticides 

the code U-12,927, and has the trade- 
name Banol, trivial name carbanolate. 
Field control of several cotton insects, 
some mite species, and several beetle, 
mosquito, and lepidopterous larvae 
species has been demonstrated; details 
will be published separately. 
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A new series of phenyl-N-methylcarbamates has been prepared which contains various 
combinations of alkyl and alkylamino groups attached to the aromatic ring. Outstanding 
insecticidal activity has been found in screening tests with Mexican bean beetles and 
Southern armyworms with derivatives containing the basic group in the para position 
and the alkyl groups in the meta position. 

HE alkaloid physostigimine (eserine) T has long been known to display a 
complex spectrum of biological activity. 
The fact that the parent substance esero- 
line (which is lacking the N-methyl- 
carbamate fragment) is biologically in- 
ert has led to the study of a large variety 
of aromaticesters of methylcarbamic acid. 

In a series of esters derived from 
aminophenols and either N-methyl or 
-V,N-dimethylcarbamic acid, Stedman 
(78) observed that a tart-amino group 
ortho, or a quaternary group meta to the 
phenolic oxygen led to maximum 
potency as a miotic agent. Subsequently 

several large series of similar esters were 
prepared and evaluated (6, 79) to 
demonstrate relationships between struc- 
ture and mammalian toxicity. In  a 
study of aromatic N-methylcarbamates 
containing a variety of types of (non- 
basic) substituents, Kolbezen, Metcalf, 
and Fukuto ( 7 7 )  demonstrated that both 
the identity and location of the sub- 
stituent had a profound effect on its 
toxicity toward the housefly, Musca 
domestica L., and greenhouse thrip, 
Heliothrips haemorrhoidalis (Bouche) . 
They reported the N-methylcarbarnate 
of rn-tert-butylphenol to be the most 

active insecticide within the series 
studied. Very few carbamates have 
been reported, however, which display 
both basic and alkyl groups in the 
aromatic ring (73). 

Through the development of a proc- 
ess in these laboratories for the con- 
version of benzoic acids to phenols (7,8), 
large samples of isomerically pure 
rn-tcrt-butylphenol were available. This 
allowed verification of the observations 
concerning the .?'-methylcarbarnate of 
m-tert-butylphenol, and these studies were 
extended to include nitrogen-con- 
taining analogs. 
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Table I. Insecticidal and Physical Properties of Alkyl-Substituted N-Methyl Phenyl Carbamates and Their 
Corresponding Dimethylamino Analogs 

OC ON H C H3 

OCONHCH3 8. 
& R  

N 
/ \  

CH3 CH3 

Analysis LD95, P.P.Mea Moleculor lDg:, P.P.M." - Molecular 
h i p . ,  ' C .  formula o r  ref. MBB SAW M.p., ' C .  formula Analysis MBB SAW 

104-5 CioHisNOz N = 7.69 55 >500 92-4 C12HisN202 N = 12.41 100 60 

101-5 CioH13N02 N = 7.84 >500 >500 122-3 C12HlgN20z N = 12.90 >500 >500 
Th = 7.82 Th = 12.61 

Th = 7.82 Th = 12.61 

100.5 Th  = 12.61 
123-5 CiiHi5N02 M.P. 123-4b 15 300 95-7 Ci3H20X;202 N = 11.59 4 5 30 

Th = 11.87 

99- CloH13N02 M.p. = 100.5-102b 11 200 85 Cl2HI8N2O2 iX = 12 46 3 2 3  

84-5 CiiHisNOn N = 7.47 50 >500 65-6 Ci3H20N20? N = 11.60 10 9 
Th = 7 .25  Th = 11.87 

69-72 CiiHisN02 N = 7.28 140 >500 88-90 C13H20N202 N = 12.40 3 .1  4 
Th = 7 .25  Th = 11.87 

144.5 C12HiTN02 M.P. = 144-5' 10 >500 122-3 C,,HnN2O2 N = 11.24 2 .0  15 

167-9 C12H17N02 N = 6.57 >500 >500 133-8 C I ~ H ~ ~ N ~ O ?  >500 >500 
Th = 11.19 

Th = 6.79 

Th = 5.31 Th = 9.20 
95-8 CieH2:NOz N = 5.46 >500 >500 132-5 CLgH30N202 N 9.58 >500 >500 

4 Concentration of insecticide in parts per million to qive an L D g ,  with Mexican bean beetle (MBB) and Southern armyworm (SAIV I 
b ( 7 7) .  
c Analysis. Theory for Ci4H22N202; 

Systemic effectiveness has been described (4). 
C = 67.16, H = 8.86; found, C = 66.74, H = 8.44. 

To establish the general utility of this 
combination, a considerable number of 
compounds of this type was synthesized 
and tested for insecticidal activity 
(75, 76) I When a p-dimethylamino 
group was added to the above- 
mentioned ester to produce 3-tert- 
butyl-4-dimethylaminophenyl N-methyl- 
carbamate, a dramatic increase in 
potency and in the spectrum of insects 
effected was observed. A comparison of 
insecticidal activity and physical prop- 
erties of a series of alkyl phenyl carbam- 
ates with their corresponding dialkyl- 
amino analogs is shown in Table I. 
Outstanding activity was observed with 
two structural features, a p-amino group 
and rn-alkyl substituents. The  basic 
group could be substituted with a variety 
of alkyl substituents up  to a total of ten 
carbon atoms without loss of activity 
(Tables I1 and 111). The  ring-sub- 
stituted alkyl groups were most ef- 
fective when small (up to four carbon 
atoms) and located so as to hinder the 
free rotation of the amine group. By 
contrast, however, ortho substituents 
which severely restricted rotation of the 
carbamate group appeared to reduce 
insecticidal activity drastically. 

One  of these compounds, 4-di- 
methylamino-3,5-xylyl N-methylcarbarn- 
ate (trade-mark Zectran for the 
technical grade material), has under- 
gone extensive laboratory and field trials 

(7, 70, 72, 74, 20) and is now a com- 
mercial product. 

Experimental 
Insecticidal Test Methods. Primary 

leaves of Cranberry bean plants, Phase- 
oleus vulgaris L. (var. Cran.), were dipped 
in aqueous dilutions containing car- 
bamates. The leaves when dry were 
infested with third instar larvae of the 
Mexican bean beetle (MBB), Epilachna 
varivestis Muls., or third instar larvae 
of the Southern armyworm (SAW), 
Prodenia eridania (Cran). The infested 
plants were caged and held at  green- 
house temperatures of about 80" F. 
for 6 days before mortality counts were 
made. These counts were corrected 
for natural mortality by the use of 
Abbotts' formula. 

The  LDss figures shown in Tables I, 
11, and I11 are extrapolated from 
insecticidal data plotted on logarithmic 
probability paper. 

Synthesis of Compounds 
Methyl Isocyanate. The methyl iso- 

cyanate was prepared by combining 
methylamine and phosgene in a hot 
tube according to the method of Slo- 
combe and coworkers ( 7  7). 

Alkyl Phenols. Phenols with alkyl 
groups located in the desired positions 
were the starting materials for synthesis. 
Pure m-tert-butylphenol (melting point, 
43' C.) was prepared from p-tert- 
butylbenzoic acid (7, 8) .  3,5-Di-tert- 

butylphenol (melting point. 91-92' C ) 
was prepared from 3,j-di-tert-butvlani- 
line (2) by the hydrolysis of its diazonium 
salt. m-Isopropylphenol was obtained 
from the Hercules PoLLder Co , \Yil- 
mington, Del. The other compounds 
were readily available and nere purified, 
if necessary, to provide physical prop- 
erties agreeing with those described in 
the literature 

OH 

OH 
I 

@ R  + HzO (1) 

NO 

?H 

@ R  + 4H2 + 2RlCHO --+ 

NO 
OH 

R = 0- or n-alkyl groups 
R1 = primary or secondary alkyl groups 
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Table II. Properties and Insecticidal Activity 

R 

R . I .  or 
M.P.,  'C. 

11 3-4 

85 

02-3 

80-2 

L,@ 

05-6 

71" = 1 5055 

07-9 

78 

rri: = 1 5100 

I I K  = 1 5168 

69-70 

Analysis 

N = 14.49  
Th = 14.42  

N = 12.46 
Th = 12 .60  

N = 11 .14  
Th = 11 .19  
N = 10.21 

Th = 10.07  
N = 8 . 8 8  

Th = 9 . 1 4  
9 = 8 . 9 1  

Th = 9 . 1 4  
N = 8 .52  

Th = 8 .37  
N = 11.26  

Th = 11.19  
N = 10.53  

Th = 10.60 
N = 9.44  

Th = 10.07  
S = 10.56  

Th = 10.07 
N = 9 .02  

T h  = 9 . 1 4  

1 0 9 5 ,  P.P.M." 
SAW 

. ~ .  
~ 

MBB 

3 . 0  

3 . 0  

1 . o  

1 . 0  

3 . 0  

8 . 0  

10 .0  

3 . 0  

3 0  

3 . 0  

11 . o  

1 . 3  

2 . 5  

2 . 5  

4 . 0  

6 . 0  

1 2 . 5  

6 . 0  

65 .0  

3 . 0  

8 . 0  

1 2 . 0  

4 . 5  

5 . 0  

11 .\pprosiiiiate concentration of insecticides in parts per inillion to give LDQ2 for Mexican 
liean beetle (MBB) and Southern armyworm (SA\\'). 

Table Ill. Properties and Insecticidal Activity 

M.P., ' C .  

161-2 

122-3 

86- 7 

82-4 

82-4 

CH3-C - CH, 
CH, 

Molecular 
Formula Analysis 

ClsHsnN20? N = 9 .36  
Th = 9 .14  

LDyj, P.P.M." _-______ 
MBB SAW 

0 . 6  30 .0  

6 . 0  35 .0  

3 . 5  1 5 . 0  

( 6 . 0  250 .0  

3 . 5  >500 

' 1  .\pproxiindte concentraticin of insecticides in parts per million to give LD,, for Mexican 
Iran beetle (MBB) and Southern armyworm (SAL$'). 

'l'hc. preferred method pal-terned after 
rhe procedure of Karrer arid Schlapfer 
(9)  is illustrated by the synthesis of 
4-ni troso-3.5-xylenol. 

'l'\venty-four grams of 3,5-xylenol 
were dissolved in 160 ml. of methanol and 
diluted with 170 ml. of concentrated 
HCI. 'I'he solution was cooled and 
maintained at  0' to 5" C. Twenty-two 
grams of solid sodium nitrit.e was added 
in small portions, with agitation, over a 
3-hour period. After standing over- 
night at 5' to 10' C., the heavy slurry 

was diluted threefold with ice and ivater, 
filtered, washed with water and finally 
pentane, and dried to give 25 grams of 
yellow solid which melted a t  175' C. 
with decomposition. Recrystallization 
from ethanol-water did not appreciably 
increase the decomposition temperature. 

A variety of reducing agents was 
successfully used to convert the inter- 
mediate to the corresponding amino- 
phenol, including zinc and acetic acid. 
sodium hydrosulfite. sodium sulfide, and 
hydrogen. Most of the products were 

stable in air. However, o- or p-amino- 
phenols, without alkyl groups adjacent 
to the basic group, darkened rapidly in 
air. I t  was necessary to alkylate these 
materials immediately or store them as 
their acid salts in a nitrogen atmosphere. 

Symmetrical alkylation of the amino- 
phenol was accomplished by means of 
the corresponding dialkyl sulfate, pre- 
pared from the appropriate alcohol by 
the method of Surer and Gerhart (27). 
The  phenol \vas suspended in water 
containing a large excess of sodium bi- 
carbonate. A threefold molar excess of 
the alkyl sulfate was added to the hot 
(75' to 100' C.) slurry over a 1- to 3- 
hour period with heating. The stirring 
was continued for 3 to 4 hours after cool- 
ing. The crude product was extracted 
from the slurry and crystallized from an  
appropriate solvent. Loiver tempera- 
tures were used (20' to 35" C.) \vith 
methyl and ethyl sulfate. 

alternative procedure involved the 
conversion of the nitrosophenol to the 
dialkylamino derivative in one sequence 
(5) (Equation 2). The nitrosophenol 
(1.5 parts by \\eight) was suspended 
in methanol (50 parts) along with 5Yc 
palladium on charcoal catalyst (1 part) 
and hydrogenated at  25' to 50' C. 
at  a pressure of 25 to 50 p.s.i.g. \Vhen the 
theoretical amount of hydrogen had 
been absorbed to produce the amino- 
phenol, the appropriate aldehyde, diluted 
Ivith methanol, \vas added in several 
portions at  various intervals during the 
final reductive alkylation. 

\\'hen the reaction was complete, as 
indicated by the volume of hydrogen 
absorbed, the reaction mixture \cas 
filtered to remove the catalyst and the 
volume of solvent was reduced by 
vacuum distillation. Dilution of the final 
concentrate with ice and water usually 
induced crystallization of the dialkyl- 
aminophenol product. 

The  unsymmetrical dialkylamino- 
phenols were prepared from the cor- 
responding aminophenols by means of 
an  intermediate Schiff base. The  syn- 
thesis of 4 (n-bu tyliso bu tylamino) -3,5- 
sylyl ,V-methylcarbamate \vi11 be used 
as an example to illustrate the method. 
The intermediate Schiff base was pre- 
pared from 4-amino-3,5-xylenol and 
isobutyraldehyde by the method of 
Clarkson (3) (melting point. 110-14" C., 
Equation 3). 

OH 

OH 

N 
II 

CHCH(CH3): 

The base \ \as treated n i th  a slight 
molar excess of n-butyraldehyde in 
methanol solution containing 5Yc pal- 
ladium on charcoal catalkst, and hkdro- 
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genated a t  a pressure of 25 to 50 p.s.i.g. 
a t  a temperature of 25’ to 50’ C. (Equa- 
tion 4). When the theoretical amount 
of hydrogen was absorbed, the catalyst 
was removed by filtration, and the soh-  

OH 
I 

f CH3(CHz)zCHO 
+ 2Hz 

N 
CHCH(CH3)z 
I1 

OH 

N 
/ \  

(CH3)zCHCHz (CHz),CFL 

tion was poured over crushed ice. The 
tan, crude 4- (n-butylisobutylamino) -3,5- 
xylenol was recrystallized twice from 
pentane to give white needles (melting 
point, 89-90’ (2.). 

Analysis. Theory for C16HziNO: C, 
77.05; H, 10.91; N, 5.62. Found: C, 
76.60; H, 10.57; H, 5.73. 

N-Methylcarbamates. The specific 
phenol used for preparing each 
carbamate was dissolved in dry hexane, 
ether, or methylene chloride to give a 
solution approaching saturation a t  room 
temperature and treated with a 10 to 
1007, molar excess of methyl isocyanate 
and a trace of triethylamine catalyst. 
An exothermic reaction usually took 
place, and if amounts of phenol in excess 
of 50 grams were used, an ice bath was 
necessary to control the temperature. 

The crude product was purified by 
recrystallization from an  appropriate 
solvent such as hexane, carbon tetra- 
chloride, or chloroform. 

The structures were established by 
elemental analysis, as summarized in 
Tables I, 11, and 111, and by an examina- 
tion of their infrared spectra. All of the 
carbamates had characteristic absorp- 
tion bands a t  3300 to 3500 cm.? (N-H 
stretching frequency) and 1675 to 1750 
cm.-’ (carbonyl group) and other 
distinctive bands for various individual 
compounds. 
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An explanation of the inhibition of the metabolism of carbamates and other pesticides by 
methylenedioxybenzenes i s  proposed. Oxidative metabolism of the methylenedioxy- 
benzene with transfer of hydride from the methylenedioxy group is  postulated. If the 
resulting electrophilic benzodiox,olium ion were to react with a nucleophilic group in a com- 
ponent of the pesticide-metabolizing enzyme, irreversible inhibition could result. Catechol 
derivatives as possible products of this process may also compete with the pesticide at 
some limiting stage of metabolism. 

ERTAIN substituted methylenedioxy- C benzenes are synergists for a 
number of classes of pesticides of dif- 
ferent structural types (5, 74, 78, 79, 
%?2. 38), among \vhich are the carbamates 
(34. 37). These same compounds are 
antagonists (39: 44) for a few pesticides 
and are synergists for some and 
antagonists for other structurally similar 
phosphorothioates (44, 48). Of the 

action of these methylenedioxybenzenes, 
Moorefield (37) has said, “This group of 
compounds must possess a polyvalent 
and nonspecific potential for blocking 
enzyme catalysis, or act independently 
at a less critical site in the insect, or in- 
fluence the efficiency of an essential 
property common to the reactivity of all 
successful insecticides. such as aiding 
transport.‘’ \.+’hen the antagonistic 

effect of these same compounds is also 
considered, the first alternative offered 
by Moorefield seems most attractive. 
Inhibition of metabolism as a satis- 
factory explanation for the synergistic 
and antagonistic action of the methylene- 
dioxybenzenes has received a measure of 
experimental support (4-6, 8, 9, 73, 
76, 2U! 28, 29, 34, 37, 40, 50, 57). In 
higher animals the liver microsomes 
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