
compared with the other bicyclic systems 
studied. 

The rigid planar nature of this system, 
combined Lvith the presence of two 
oxygen atoms: is considered of major 
importance in deterrnining the biological 
activity. 

Sulfur can replace oxygen in the 
system with only a slight decrease in 
activity . 

Synergistic activity of the esters of 
piperonyl alcohol is considerably modi- 
fied by the nature and relative position 
of the side chain attached to the alpha- 
carbon. This apparently results from 
such factors as lipoid solubility, steric 
hindrance, and binding on the active 
surface of the target enzyme(s). 

Minimal requirernents for synergistic 
activity are the presence of the methyl- 
enedioxyphenyl nucleus in combination 
with a simple group such as methyl 
substituted in the phenyl ring. In such 
simple compounds,, nuclear methoxy 
and nitro groups gxatly enhance syner- 
gistic activity. 

The best synergi:,t studied, a-methyl- 
piperonyl benzoate (XIX), had syner- 
gistic ratios of 128, 56, and 3.9 with 
Sevin, 3,4-dimetho:ryphenyl ,\-methyl- 
carbamate, and Z’ectran. This com- 
pared very favorably Lvith the synergistic 
ratios a t  5 to 1 for piperonyl butoxide of 
75, 37.5, and 2.6: respectively. 
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occurs through hydroxylation of the 
aromatic ring or of the .\--methyl group, 
or by hydrolysis (5. 7 7 ) .  It appeared 
that additional evidence regarding both 
processes might be obtained b!- investigat- 
ing the comparative anticholinesterase 
activitl-, insecticidal action. and 
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The anticholinesterase and insecticidal activity of aryl NHCD3, NHCF3, NH2, NHSi[CHJ3, 

and N < ~  These alterations of the normal NHCHS carba- 

mate insecticides resulted in both decreased anticholinesterase and insecticidal activity 
to the housefly and mosquito larva, except for the NHCD3 carbamate which showed no 
deuterium isotope effect in either cholinesterase inhibition or toxicity. The NHCF3 and 
NH2 carbamates showed substantial synergism when evaluated in admixture with piperonyl 
butoxide. Since these compounds cannot be detoxified by NHCHzOH formation, this 
synergism suggests that the primary attack is  hydroxylation of the aromatic ring followed 
by hydrolysis of the carbamate ester. 

CH2 
carbamates are described. 

CH2 

synergism by piperonyl butoxide of carba- 
mates with modified ,$--substituents such 
as 3-isopropylphenyl NHCD3 carbamate 
and 3-isopropylphenyl NHCF3 carba- 
mate. These are isosteres of the highly 
insecticidal 3-isopropylphenyl NHCH; 
carbamate but differ in the stability of 
the C-X bonds of the .\-methyl group. 
Thus, if conversion of "CHI to 
NHCHzOH is the primary pathway of 
detoxication by microsomal oxidation, 
which can be inhibited by piperonyl 
butoxide. then both the toxicity and 
degree of synergism of the three com- 
pounds should be measurably different. 

Other alterations in the groups at- 
tached to the carbamate ,\-atom are 
known to affect activity greatly. For 
example. the .\-..\-dimethylcarbamates 
are only about 0.01 to 0.1 as active as the 
corresponding ,\ - methylcarbamates 
either as anticholinesterases and as 
insecticides ( 7 3 )  and .\-ethyl, .\-benzyl, 
and A7-phen)-lcarbamates are virtually 
inactive ( 9 ) .  To obtain additional in- 
formation on the role of the ,I--methyl 
group in biological activity, a series of 
substituted phenyl carbamates and 
phenyl .\7-trimethylsilylcarbamates was 
prepared and evaluated along with rn- 
isopropJ-lphen!-l aziridinylcarbamate 
which has a cyclic ethyleneimine ring. 
Additional data are included on a 
corresponding group of L\-acylcarba- 
mates. 

€xperirnental 

Materials and Methods. Deuterated 
3-isopropylphenyl .\-d,d.d.-methylcar- 
bamate was prepared from nitromethane 
interchanged with heavy water and 
reduced to methylamine hydrochloride 
which was added to m-isopropylphenyl- 
chloroformate prepared from the sodium 
salt of the phenol and phosgene. The 
deuterocarbamate was recrystallized 
several times from petroleum ether and 
had a m.p. of 69-72' C. as compared 

with 72-3' for m-isopropylphenyl h'- 
methylcarbamate. NMR spectra of the 
two compounds in carbon tetrachloride 
with tetramethylsilane as an internal 
standard were identical except for the 
absence in the deutero-compound of the 
doublet a t  7 values of 2.6 to 2.8 p.p.m. 
(.V-methyl protons) and showed the iso- 
propyl protons a t  1.1 to 1.3 p.p.m., NH 
proton at  2.05 p.p.m.> and isopropyl 
proton at  3.3 to 3.5 p.p.m. The spectra 
indicated a purity of >95% for the 
deutero-compound. 

ii 
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Figure 1. Infrared spectra of phenyl N-trifluoromethylcarbamate in KBr and 
3-isopropylphenyl N-trifluoromethylcarbamate in CCI, 

Table 1. Properties and Biological Activities of 

Analysis 
Compound M.P.,  C .  Theory Found 

I 3-Isopropylphenyl 72-3 ( 74) 

I1 3-Isopropylphenvl 69-72 . . .  . . .  
~Y-inethylcarbainate 

.\--d.d,d-inethylcarbamate 
111 3-Isopropylpheny! b.p. 88-90/3 C = 53.44 C = 63.5 

.Y-trifluoromethvlcar- Inm. H = 4.85  H = 6.73  
bainate 

IV Phenyl .Y-methylcar- 85-6 ( 7 4  
baniate 

V Phenyl .Y-trifluoroinethyl- 84-8 C = 46.83 C = 46.67 
carbamate H = 2.93  H = 2.71 

(' Piperonrl butoxide synergist. 
Calculated for 60% carbamate. 

Deuterated and Fluorinated Carbamates 

Musca domesfica LCjo Culex 

A B ( I  : 5 Synergism 5-fasciofus 

4 . 5  X 10-7 450 90 9 . 5  9 . 5  0,038 

4 .5  X IO-' 450 90 9 . 5  9 . 5  0.045 

- LD60, Pg./GrOm Fly Degree of pipiens 

160 Fly ChE Aftinify falone) p .b . /"  A/B I . ,  P.P.M. 

3 X 0.66  >500 1605 > 3 . 1  >IO 

500 38 13 >10 

1 . 0  >10 

2 x 10-4 1 

> l . 6  X 10-3 <0 1 >500 >500 
(10%) 

80 J. A G R .  F O O D  C H E M .  



Table 11. Properties and Biological Activities of Carbamates, N-Trimethylsilylcarbamates, and Other Modifications 

Musca domestico l C j o  Culex 
Pg./Gram Degree of prpiens 

A B ( J  : 5 Synergism 5-fosciatur 

p.b.)  A/B l . ,P.P.M. 

Anolvsis 
n 

Theory Found 130 Fly ChE Affinify lolone) 

> i . o  x 10-3 <0.2 >5oo 

Compound M.P., C .  

VI Phenclcar- 135-9 >500 10 >10 

77.5 > 6 . 4  1.17 
balnate 

phenylcarba- 
VI1 3-Isopropyl. 126-7 C = 67.04 C = 67.39 3 .7  X lo-'  0 .6  >500 

H = 7.25 H = 7.15 

( 73) 5 . 0  X 10-5 4 450 
mate 

phenyl S .V- 
dimethyl- 
carbamat- 

I X  3-Isopropyl- 
phen) laziri- 
dinylcarba- 
mate 

X 3-Isopropyl- b p., 
phenyl .V,.l-- 0 
diethylcarba- 
mate 

XI 2-Isopropouy- 
phenyl S- 
methvlcarba- 

VI11 3-Isopropvl- 90 5 . 0  0.25 

C = 70.24 C = 70.00 >1 .1  X 10-3 <0.2 >500 
H = 7.28 H = 7.43 (10%) 

>SO0 1 . 0  >IO 

loo"/ 
3"mm. 

C = 71.49 C = 71.86 >1 X < 0 . 2  >500 
H = 8.94 H = 8.93  

>500 1 . 0  8 . 2  

( 7 4  6.9  X 10-7 290 25.5 7 . 0  3 .6  0 . 3  

mate 
XI1 2-Isopropoxy- 

phenvlcarba- 
113-18 

11 8-20 

117-21 

142 

175-7 

55-6 

11 3-1 15 

55-7 

64-70 

9 3-6 

84-9 

54-9 

55-8 

C = 61.54 C = 61.94 1 . 0  X 10-3 0 . 2  >500 
H = 6.65 H = 6.53  

Mesurol (Bayer 37344)b 1 . 2  X 10-6 165 24 

27.0 >18.5 >10 

12 .5  2 .1  0.23 
mate 

3,5-\vlen!, 1 .V- 
methvlcarba- 

XI I I 4-Methylthio- 

mate 
XIV 4-Methylthio- 

3,5-xvlenvl- 
C = 56.87 C = 57.33 > 1 . 6  X <0 .1  >500 
H = 6.15 H = 6.27 (2070) 

Carbary-1 or Sevin 9 .0  x 10-7 220 900 

135 3 .7  >10 

12.5 72 1 . o  

>500 1 . 0  10 

14.5 5 .2  3 

>500 1 . 0  >10 

40 3 . 0  >10 

carbamate 
X V  1-Naphthyl -V- 

methylcarba- 
mate 

carbamate 

,\--met hvl- 

XVI 1-Naphthyl- 

XVII 3-Ethoxyphenyl 

C = 70.53 C2 = 70.72 5 X 0.04 >500 
H = 4.80  H = 5.07 (ext) 

( 74) 6 . 0  X 33 75 

carbamate 

carbamate 
X I X  3-Isopropyl. 

phenyl .Y-tri- 
methylsilvl- 
carbamate 

XX 2-Isopropoxy- 
phenyl *Y-tri- 
met hylsilvl- 

XVI I I 3-Ethoxyphenyl- c = 59.67 C = 60.03 >1 X <0.2 >500 
H = 6.08 H = 5 . 8  
C = 62.15 C = 62.49 2 . 3  X lo-'  0 .88  120 
H = 8.36 H = 7.55 

C = 58.43 C = 57.99 1 . 2  X 10-3 0.17 500 
H = 7.86 H = 7.48  

44 11.5 >10 

carbamatr 

trimethvl- 
XXI 1 -Kaphthyl >V- C = 64.86 C = 65.31 > 1 . 2  X 10-3 <0 .17  >500 

H = 6.56 H = 6.47  
ca. 500 > 1 . 0  >10 

siIvlcar6a- 
mate 

XXII  4-Methylthio- 
3,j-xylenyl 
.\--trimethyl- 
silvlcarba- 

C = 55.12 C = 55.56 >1 .1  X <0.18 >500 
H 7.43 H = 7.76 

190 2 .6  >10 

mate 
X S I I I  Phenyl 'V-tri- 

metliylsil~yl- 
C = 57.42 C = 57.93 >1 X <0.05 >500 
H = 7.17 H = 7.07 

C = 56.92 C: = 57.17 >1 X <0.05  >500 
H = 7.51 H = 7.60 

>500 1 . 0  >10 

>500 1 . 0  >10 
carbamate 

&T-t rime t h y  1- 
XXIV 3-Ethoxyphenyl 

silvlcarba- 
mate 

XXV 3-Isopropyl- 
phenyl I\'- 
methyl, I f -  

( 79) 4 .0  X 10-5 5 235 b.p. 136-40/ 
2 mm. 

(Boots R.D. 
14838) 

b.p. 146-8/2 
mm. 

(Boots R.D. 
14990) 

b.p. 140-4/ 
1 . 5  mm. 

(Boots R.D. 
15914~) 

21 1 1 . 2  0.028 

acetyl- 
carbamate 

XXVI 3-Isopropyl- 
phenyl A -  
methyl, z'bT- 
propionyl- 
carbamai e 

XXVII 3-Isopropyl- 
phenyl h- 
methyl 
butyryl- 
carbamate 

( 79) 1 . 1  X 1.8 150 14 10.7 0.034 

( 79) 4.4 x 10-5 4 .5  85 14 6.1 0.018 

" Purification of this compound was effected by several washings with ligroin (75).  
* Sample provided by Farbenfabriken Bayer, Leverkusen, Germany. 

Samples provided by Boots Pure Drug, Nottingham, England. 
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Trifluoromethyl isocyanate, b.p. - 35', 
was prepared according to Motornyi, 
Kirenskaya, and Yarovenko (16) .  With 
phenol this gave phenyl ,V-trifluoro- 
methylcarbamate, m.p. 84-8' (lit. 88'). 
LYith 3-isopropylphenol a product was 
obtained, b.p. 88-90' a t  3 mm. This 
did not give a satisfactory analysis; 
hokvever, comparisons of the infrared 
spectra of this and the pure phenyl S- 
trifluorometh>-lcarbamate (Figure 1) 
showed that the product contained 60% 
of the desired carbamate, and the re- 
mainder was unreacted m-isopropyl- 
phenol. An attempt to wash out the 
phenol with O.lyO sodium hydroxide 
solution almost completely hydrolyzed 
the carbamate within 1 minute. 

The other carbamates \vith altered 
,\'-methyl groups were prepared from 
the appropriate phenylchloroformate 
(20) by reaction with ammonia (2) ,  
ethyleneimine (8), or other amines and 
are shoivn in Table 11. .\'-trimethyl- 
silylcarbamates \sere prepared accord- 
ing to the method of Pump and i2;anna- 
gut from the appropriate phenylchloro- 
formate and hexamethyldisilazane 
(Table 11). 

These carbamates were evaluated for 
activity as inhibitors of fly head cholin- 
esterase (ChE) and as toxicants to the 
female housefly (Musca  domestica S A I D M  
strain) and to Culex pipiens quinpefasciatus 
mosquito larvae by methods previously 
described (70). 

Discussion of Resuhs 
NHCD3 Carbamate. The anticholin- 

esterase and insecticidal activity of 3-iso- 
propy1phen)-l 2V-methylcarbamate (I) 
and 3-isopropylphenyl *\--d.d,d?-methyl- 
carbamate (11) are shown in Table I. 
The tivo compounds had identical 
activities. and the values obtained for the 
former were consistent with those pre- 
viously reported (Id). These data show 
the lack of any deuterium isotope effect 
in regard to reaction Lvith ChE, intoxica- 
tion of and detoxication in insects, or 
effect of methylenedioxyphenyl synergist 
on detoxication. Neither I nor I1 was 
toxic at 500 pg. per gram to the resistant 
strain of houseflies, RYIp, selected with 
(I) (6). Both I and I1 were equally 
toxic to the larvae of the salt marsh 
caterpillar, Estigimene acrea. 

The chemical reactivity of carbon- 
deuterium (C-D) bonds is generally 
lo\yer than that of carbon-hydrogen 
(C-H) bonds, and the ratio of 
kc--o or the deuterium isotope effect has 
become an important tool for investiga- 
tions of chemical mechanisms. This 
isotope effect? which is primarily the re- 
sult of a difference in the zero-point 
energy between C-D and C-H, is 
maximal when the bond to hydrogen or 
deuterium is cleaved in the formation of 
the activated complex, and decreases to 
a limiting value, dj or 1.4, with increas- 
ing binding in the activated complex 
(23). Thus, studies of the comparative 
toxicity of DDT and a-deutero DDT to 
the housefly have shown deuterium 

isotope effects of 1.25 to 1.5 ( I ,  75): and 
this is in accord with the \vel1 kno\vn 
detoxication pathway for DDT of de- 
hydrochlorination, an Es-type elimina- 
tion (3), mediated by the enzyme DDT- 
dehydrochlorinase. The data obtained 
here xvith the SHCD3 carbamate suggest 
that the N-CH3 group is not directly 
involved in reaction with ChE and that 
the formation of NHCHpOH is not the 
primary mechanism in the detoxication 
of 3-isopropylphenyl S-methylcarba- 
mate by the housefly. Alternatively, it 
may be that slow A\'-oxide formation is the 
rate-determining step in detoxication 
with rapid rearrangement to NHCHeOH, 
in which case no isotope effect Jvould be 
observed. 

NHCF3 Carbamates, As shown in 
Table I ?  neither phenyl (\') nor 3-iso- 
propylphenyl (111) A!2-trifluoromethyl- 
carbamates were highly active. Com- 
pound I11 had an  affinity for ChE of 
<0.001 that of 3-isopropylphenyl -\'- 
methylcarbamate (I) and was non- 
insecticidal, although it was substantially 
synergized by piperonyl butoxide. The 
two compounds are isosteres as the Van 
der Waals radius of F is 1.35 compared 
with 1.2 A. for H .  However, the C-F 
bond (energy 107 kcal. per mole) is 
substantially more stable than the 
C-H bond (energy 87.3 kcal. per mole) 
(77). The degree of s)-nergism observed 
with the CF3 compound (111) again 
suggests that the main detoxication path- 
way is not through the formation of a 
NHCH20H derivative, since the greater 
stability of the C-F bond should 
markedly decrease the rate at which this 
type of detoxication could occur. The 
lack of activity in anticholinesterase and 
insecticidal activity may be attributed 
to the hydrolytic instability of the NHCFa 
carbamate (111, u* = -0.92) over the 
NHCH3 carbamate (I, v*  = -0.10). 
The modified Hammett equation, log 
(k,.'k,) = u*p (27) indicates through the 
proportionality of polar effects, that the 
NHCF3 compound hydrolyzes about 
2 X lo3 times faster than the NHCH3 
analog, Lvhere p = 2.32 and log k ,  = 
2.4, as calculated from the hydrolysis 
data of Kolbezen, Metcalf, and Fukuto 

NH2 Carbamates, The results ob- 
tained with several aryl carbamates 
(,\'-unsubstituted) are shoivn in Table 
11. These compounds (VI, \TI,  XI I ,  
XI\-, XVI: and XVII I )  are only about 
0,001 as active anticholinesterases as 
their biologically active ,V-methyl analogs 
(I, IV, XI, XI I I ,  XV, and XVII) and of 
the order of 0.1 as active as insecticides, 
even with the substantial synergism re- 
sulting from combination with piperonyl 
butoxide. The information suggests 
that the n'-methyl group is especially 
complementary to the esteratic site of 
ChE, since 3-isopropylphenyl .\'-methyl- 
carbamate (I), for example, has an 
affinity for the enzyme of about 100 

(9)  9 

times that of the LV,l\'-dimethylcarbamate 
(VIII)  and about 1000 times that of the 
carbamate (VII).  Similar effects were 
shoivn by the other pairs of carbamates in 
Table 11. The appreciable toxicity to 
houseflies shown by the synergized un- 
methylated carbamates VII:  XI I ,  and 
XIV-while not approaching that of 
the corresponding ,\'-methylcarbarnates 
I, XI ,  and XIII-again suggests that 
the major detoxication pathLvay is not 
through formation of NHCH?OH. The 
hydrolytic instability of the NH2 carbam- 
ates may be a factor in their low activity, 
as phenylcarbamate (K = 2.2 X lo4) 
hydrolyzes about 100 times faster than 
phenyl .\'-methylcarbarnate (A = 1.9 X 
10' liters, 'mole, 'minute) ( d ) .  The possi- 
bility that these unmethylated substituted 
phenylcarbamates may have a direct 
action upon the acetyl choline receptor 
protein (22) cannot be overlooked. The 
complete inactivity of 3-isopropylphenyl 
aziridinyl carbamate (IX) as compared 
\sith the moderately active 3-isopropyl- 

7-dimethylcarbamate (1'111) 
may be due to the rigidity of the three- 
membered ethyleneimine ring. How- 
ever, this compound is very unstable in 
aqueous media. 

N--Si(CH3)3 Carbamates. The bio- 
logical activity of the isomeric trimethyl- 
silylphenyl A\'-methylcarbamates has been 
described recently (72) as comparable 
to that of the familiar carbon analogs. 
Therefore? it appeared to be equally 
interesting to investigate the activity of 
the ,\'-trimethylsilylcarbamates. Silicon 
is more electropositive than carbon and 
introduces more ionic character when 
bonded to carbon or nitrogen. An ap- 
proximate measure of such bond polarity 
(as yo ionic character) is given by the 
expression 

ionic character = 100[1 - e ~ ~ ; ~ ( z ~ - z d * ]  

where X I  - s? represents the electro- 
negative difference (77). For the N- 
Si bond this value is 30y0 compared with 
1276 for the C-Si bond. Even more 
ionization of the K-Si bond should be 
expected in the structure RCONHSiR3 
because of the electron-withdraiving 
properties of the carbamyl moiety. 

The significance of the N-Si bond 
polarity relates to the manner in which 
it invites and directs reactions with suit- 
able ions and molecules. Goubeau and 
Paulin (7) suggested that ,\-trimethyl- 
silylcarbamate can be rapidly cleaved by 
water or alcohol to produce the cor- 
responding carbamate and (CH3)xSiOH 
or (CHJ3SiOCH3, depending on whether 
the reactant is water or methyl alcohol. 
Therefore, it should be expected that the 
anticholinesterase activities of the iV- 
trimethylsilylcarbamates in aqueous 
systems are really due to the correspond- 
ing carbamates, with the corollary that 
the activities for the two types of com- 
pounds are similar. The data in Table 
I1 show that this is the case for all the 
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carbamates and trimet hylsilylcarbamates 
investigated. 

The ,V-trimethylsilylcarbamates were 
toxic only when the corresponding 
carbamate shelved activity, suggesting 
that in vivo hydrolysis of the former to the 
latter occurs in the fly. The initial 
hydrolysis step migh: protect the re- 
mainder of the molecde from the action 
of other detoxication mechanisms before 
reaching the site of a'ztion. Indeed: as 
shown in Table 11, 3-isopropylphenyl 
IV-trimethylsilylcarbaniate (XIX) is 
several times as t0xi.c as 3-isopropyl- 
phenylcarbamate (XI]:). If this hypoth- 
esis is valid. i t  rvould be expected that the 
degree of synergism of the .\--trimethyl- 
silylcarbamate by piperonyl butoxide 
w-odd be less than that for the cor- 
responding carbamate'< and this is true for 
all the synergizable compounds of this 
nature in 'Tablc 11. 

It is interesting to compare the activities 
of the .Y-trimethylsil:qlcarbamates with 
the .\--ac)-lcarbamates of 3-isopropyl- 
phenol ( 7 0 )  (XX\.7-XXVII, Table 11). 
These compounds have affinities for fly 
ChE of about 0.001 t o  0.002 that of 3- 
isopropylphenyl .V-me thylcarbamate [I)  
yet retain much oC the insecticidal 
activity of the parent carbamate. This 
suggests that. like thr. trimethylsilylcar- 
bamates, they must undergo in vivo 
hydrolysis. forming, i n  the case of acyl 

compounds, S-methylcarbamates and 
the corresponding carboxylic acid. 
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Calif. 

The fate of Imidan-CI4 labeled in the carbonyl carbon was determined following adminis- 
tration of a single oral dose to rats. Ninety-eighi per cent of ihe radioactive material 
was accoirnted for in studies with three male and two female rats. Of that recovered, 
79% was excreted in the urine and 19% in the feces at the time of sacrifice, either 72 
or 120 hours after treatment. Less than 1% of the administered compound appeared 
in the urine as lmidan or its phosphorothiolate analog, N-(mercaptomethy1)phthalimide- 
S-(0,O-dirnethylphosphorothiolate)(lmidoxon). Tissue residues accounted for 2.6% of 
the administered radioactivity with no selective siorage in any tissue. Little, if any 
(<0.040/,), radioactivity was detected in the expired COz. 

HE FATE of the icsecticide, AV-(mer- T captomethyl )  ph tha l imide-S-  ( 0 :  
0-dimethylphosphorodithioate) (Imidan. 
Stauffer Chemical Co.), has been deter- 
mined in the cotton plant ( 7 5 )  and in a 
steer (70). Imidan-C'd is absorbed and 
metabolized primarily to phthalamic 

Present address, Stauffer Chemical Co., 
Research Center: Richmond, Calif. 

and,'or phthalic acids and possibly to 
benzoic acid or its derivatives following 
surface application to cotton leaves (75). 
Approximately 10% of a dermally 
applied dose of Imidan-C14 appeared in 
the urine and feces of a hereford steer 
Lvithin seven days after treatment. The 
primary degradation products in the 
urine of the steer were considered to be 
phthalic and phthalamic acids (70). 

Metabolism of several other phosphoro- 
dithioate insecticides in mammals has 
also been studied using phosphorus-32- 
labeled materials ( I?  8, 9. 77). Rapid 
degradation, extensive excretion in the 
urine and feces, and incorporation of 
trace amounts of PP2 into normal bio- 
logical constituents has usually been 
noted. With only a few exceptions (5, 8. 
70, 74, 7A), the fate of nonphosphorus- 
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